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ScienceMap2006

Highlights



【lbrminol0gyuSedinthisreport】

．Most－Citedresearchpapers

ThetopIpercentmost－Citedresearchpapersduringeachyearineachof22nelds（includingclinical

medicine，Plantandanimalscience，Chemistry，andphysics）．Forthisreport，themost－Citedresearch

PaPerSamOngthosepublishedfrom2001through2006wereused・

・Co－Citation

Indicatestwoimportantresearchpapersthatarebothcitedbyanotherresearchpaper・Frequently

CO－Citedresearchpapersarelikelytohaveacertainamountofcommonalityofcontent．Groupsof

researchpaperswithcommonalityofresearchcontentcantherefbrebeobtainedbygroupingresearch

PaPerSWithstrongco－Citationrelationships・

・Corepaper

Oneofthemost－CitedresearchpaperSthatformareSearChfront

・Citingpaper

Aresearchpaperthatcitesacorepaper

・Researchfront

Asetofmost－Citedresearchpapersobtainedwhenthemost－Citedresearchpapersforthesurveyls

targetyearsaregrouped（nrststage）usingco－Citationrelationships

・Researcharea

Asetofmost－Citedresearchpapersobtainedwhenresearchfrontsarere－grOuPed（secondstage）．

・Hotresearcharea

AresearchareacomprlSlngSixormoreresearchfronts

・Quasi－hotresearcharea

AresearchareacomprlSlng丘veorfewerresearch丘onts

．Researchgroup

A group of research areas：reSearCh on heart and blood vessels，reSearCh oninfbctious

diseases／immunology，CanCerreSearCh，Studyofobesity，brainresearch，POSt－genOmics，Plantscience

research，enVironment，Chemical synthesis，nanOSCience，COndensed matter physics，and particle

Physics／cosmology．

・lndividualResearchAreaMap

AmapshowlngWhatkindsofresearchthemesmakeuphotresearchareas・Theunitofvisualizationis

researchfronts・Thegreaterthedegreeofco－Citation，theclosertheresearch丘ontsthatformahot

researchareaappearonthemap・

・AcademicDisciplinesReJationMap

AmapshowingtherelationshipbetweenhotresearchareasandexistlngaCademicdisciplines・The

unitofvisualizationishotresearchareas．Hotresearchareasmadeupofsimilarnelds（22丘elds，

includingclinicalmedicine，Plantandanimalscience，Chemistry，Physics）appearclosertogetheronthe

map・

・ResearchAreaCorrelationMap

Amapshowingrelatednessamongresearchareas．Theunitofvisualizationisresearchareas．The

greaterthedegreeofco－Citation，theclosertheresearchareasappearonthemap・

・VerticalprqJeCtionandhorizontaIprqJeCtion

Diagramsobtainedbyapplyingorthogrqphicprq］eCtionalongtheverticalandhorizontalaxesofthe

ResearchAreaCorrelationMap・OrthographicprqleCtionontheverticalaxisistheverticalprqleCtion，

andorthographicprq］eCtiononthehorizontalaxisisthehorizontalprqjection．



ScienceMap2006Highlights

1・WhatistheScienceMap？

Thereisalonghistoryofattemptstodescribethestructureanddevelopmentofscienceandtechnology

丘om a bibliometric perspective・The dramatic development ofinfbrmation processlng teChnology and

enhancementofdatabasesofscienti丘cpapersandpatentsinrecentyearshavebroughtinnovationtoresearch

inthisaeld・ThemapplngOfknowledgeisagrowlngareaOfresearch，andavarletyOfstudiesarebeing

COnducted，mainlyintheUSAandEurope・Thetargetsofmapplngarediverse・TheylnCludeanalysISOf

relationshipsbetween丘eldsofsciencethroughexaminationofiournalcitationsandanalysISOfc0－authorships

bycountry，Organization，andresearcher・

TheNationalInstituteofScienceandTechnologyPolicy－sScienceMappro）eCtaimstoperiodicallyobserve

dynamicchangeinnaturalscience・1TheunitofthemapplnglSreSearChareas・

Analysisofscien撼cresearchusingScienceMapiscarriedoutthroughl）structuringofresearchareas

throughtheclusteringofresearchpapers，2）visualizationofresearchareasbymapping，and3）contentanalysis

ofhotresearchareas．

ScienceMap2006usedthetoplperCenthighly－Citedresearchpapers（approximately50，000）duringeach

yearineach of226elds OncludingClinicalmedicine，PlantandAnimalScience，Chemistry，Physics，etc・）

amongresearchpaperspublishedduringthesixyears2001through2006・Thesehighly－Citedresearchpapers

wereclusteredintwostages（researchpapers→reSearChfronts→reSearChareas）byusing’’co－Citation・”six

hundredeighty，SeVenreSearChareaswereobtained・Ofthese，detailedcontentanalysISWaSPerformedon124

hotresearchareasaboveacertainsize．

Thesehighlightssummarizetheresultsofthefo110wlnganalysesuslngtheScienceMap・

O Thesnapshotofthecurrentstatusofscienti伝cresearch

O ChangesinscientiGcresearch，aCOmParisonofScienceMap2004andScienceMap2006

0　0bservationofinter－／multi－disciplinaryresearchontheScienceMap

O ThebreadthandintensigofresearchactivitiesinJapan，theUSA，andChina

HowtoreadtheScienceMap

Inthemainpartofthisreport，threeScienceMaps（theIndividualResearchAreaMap，theAcademic

DisciplinesRelationMap，andtheResearchAreaCorrelationMap）areusedtovisualizeandanalyzescienti6c

research・Inthissummary，OnbTanalysISuSlngtheResearchAreaCorrelationMapisdescribed，SOtheResearch

AreaCorrelationMapwillbereferredtoasIltheScienceMap・一▼

FigurelandFigure2depicttheScienceMap・Theunitofvisuahzationisresearchareas・Researchareaswith

ahighdegreeofco－Citationarelocatednearoneanother．

IntheScienceMap2006，a11687researchareasobtainedbyclustermgresearchpaperswefemaPPed・By

Showlngtheposidonsof124hotresearchareasfbrwhichcontentanalysiswasperformed，therolesofthehot

researchareaswithinsciendncresearchasawholebecomeevident・InFigurel，thewhitedotsrepresentthe

POSitionsofresearchareas，andthereddotsthepositionsofhotresearchareas・TheScienceMapcanbe

regardedasatwo－dimensionalaerialmapshowlngtheaccumulationsofcorepapersandthe鋲）rmationof

mounminsofscienceontheland．ThehotresearchareasaremountainsthatexceedacertainelevatioIl．

Becauseshowlngal1687researchareasontheScienceMapmakesitoverlycomplex，hotresearchareasalone

areshownintheseHighhghts・（SeeFigure2．）

1ThlSISthethirdreport，The丘rstreportlSNISTEPREPORTN0．95，StudyonRapidlyrdeveloplngResearchArea即ay2005）；thesecond
reportisNISTEPREPORTNo．100，SclenCeMap2004（March2007）・



Figurel：ScienceMap2006（Showingthepositionsofa11researchareas）

Notel＝Becauseagravltat10nalmodelwasusedtocreatethlSmaP，up－downandleft－righthavenomeanlng；relatlVePOSlt10nCarrleSmeanlng・In

theseHigh11ghts，llfesciencehappenstobeposltlOnedattheupperleftandpartlClephysICS／cosmologlCalresearchatthelowerrlght・
Note2：WhltedotslndlCatetheposlt10nSOfresearchareas，andreddotstheposlt10nSOfhotresearchareas・Someresearchareaswithfew
CO－CltatlOnSWlthotherareasaresofarfromthecenterofthemapthattheyarenotlnCludedabove・
Note3：Thismapwascreatedthroughafour－StePPrOCeSS・1）DetermlnethelocatlOnOfeachresearchareaaCCOrdingtothestrengthof
CO－CltatlOnrelatlOnShlpSWlththeotherresearchareas・2）ExpresstheposltlOnOfeachresearchareawlthadot，andestablishhypothetlCalspreads

forresearchareas・3）Dlvidethatmaplntoagrldwithsquaresofagivenarea，CalculadngcorelaPerdensiりT（numberofcorepapersdⅣidedby

mesharea）foreachsquareofthegrld・4）Basedon血esevalues，aSSigncolors・

Data・TabulatedfromThomsonReuters，”EssentlalSclenCeIndlCatOrS一一bytheNatlOnalInstltuteOfSclenCeandTbchnologyPollCy
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Figure2：ScienceMap2006（ShowingthepositionsonlyofhotresearchafeaS）

Notel：TheyellowcircleslndlCatethecenterlocat10nSOfhotresearchareas・ThenumbersnexttotheyellowclrClesarethehotresearchareasIID

numbers・GradatlOnSlnthemapcorrespondtothedensltyofcorepapers・Warmcolorsrepresentgreaterconcentrationsofcorepapers，With

COlorsbecomlngcOOlerasthedensltyOfcorepapersdecreases・ThestandardforcolorslntheSclenCeMapIS一一ObservatlOnalcosmologyandan

elementarymodel丘〕rit（ID69），’一whlChhasthehlghestdcrlSltyOfcorepapers・PlaceswithamaximumdensityofaboutOp8arered；hlgher

densitleSarerePreSentedaswhlte・

Note2：Someresearchareaswlthfewco－Cltat10nSWlthotherareasaresofarfromthecenterofthem坤thattheyarenotlnCludedabove・

Data：TabulatedfromThomsonReuters川EssentialSclenCeIndlCatOrS一一bytheNatlOnalInsdtuteofScienceand一丘chnologyPoucy

iii



2・Thesnapshotofthecurrentstatusofscientificresearch

（1）Relationshipsamongresearchareas

TheresearchareasatthelowerrightoftheScienceMaparerelatedtoparticlephysics／cosmology・The

groupofresearchareasrelatedtocondensedmatterphysicsspreadsoutabovethem・Therearetwogroupsof

researchareasatthecenteroftheScienceMap・Thegroupofresearchareasrelatedtonanoscienceisatthe

center－right，andthegroupofresearchareasrelatedtochemicalsynthesisatthecenterleft・k）thelefland

belowchemicalsynthesisisthegroupofresearchareasrelatedtoenvironmentalresearch・Unlikethegroupof

researchareasrelatedtochemicalsynthesisthatconcentrateclosetogether，thisgroupISSPreadoutonthe

lll叩・

GroupsofresearchareasrelatedtolifescienceareattheupperleftOftheScienceMap・Thelowestofthese

groups andthe closest to the group of chemicalsynthesisis plant science research・Aboveit spreads

POSt－genOmics，Withhnkagetoresearchoninftctiousdiseases／immunology，CanCerreSearCh，Studyofobesity，

andbrainresearch・Abovethemisthegroupofresearchareasrelatedtoresearchonheartandbloodvessels・

（2）whatdoescore－PaPerdensityindicate？

The ScienceMap shownin Figure2canberegarded as depictlnga tWO－dimensionalaerialmapwith

accumulationsofcorepapersformlngmOuntainsofscienceontheland・OntheScienceMap，gridswithred

gradationarethosewithhighcore－PaPerdens埠Core－PaPerdensityishighinresearchareasandgroupsof

research areasinwhich many hlghly－Cited research papers are published andfrequently co－Cited・Thisis

Characteristicofallpartsofthemapwithhighdensides・

Theprocesses，bywhichregl0nSWithhighcore－PaPerdensityform，however，arenOtuniform・Figure3

Showstheorthographicpro）eCtionoftheScienceMap20060nVerticalandhorizontalaxes・Orthographic

PrO］eCtionontheverticalaxisistheverticalpro］eCtion，andorthographicpro】eCtiononthehorizontalaxisis

thehorizontalpro）eCtion・

Lookingatthebreadthofresearchareasintheseverticalandhorizontalpro）eCtions，thegroupofresearch

areasrelatedtoliftsciencehasthebroadestbreadth・Thebreadthsofothergroupsvarysomewhatintheir

Verticalandhorizontalprojections・Theparticlephysics／cosmologygroupofresearchareasisseparate丘om

otherresearchareasandhasanarrowskirt．

Theisolatedlocationoftheparticlephysics／cosmologygroup onthemapis attributable to alimited

knowledgetransferbetweenthisgroupandothergroups．Particlephysics／cosmologyhasultimategoalssuch

as the uni丘cation offorce helds and understandingof the orlgln Of the universe，and experimentaland
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theoreticalresearch are co－eVOIved over timein deep entanglement・Thereisthus a tendency towards

CO－Citationamongspeci丘cresearchpapersandresearchareas，reSultinglnarelativelynarrowdistributionbr

the group of research areas on the map・Because co－Citationwith research areas other than particle

Physics／cosmologyislimited，eVenintime series，thepeaks of particlephysics／cosmologywillprobably

Changelittle，andcorepaperswillremainconcentrated・

Thesituationisdifftrentfbrthegroupofresearchareasrelatedtolifescience．Thesubjectsofhfescience

researcharediverse（plants，animals，fungi，etc・），aSareitsapproaches（i．C．，themolecular，Cell，Organ，and

individualleveD・Thus，Widelydiversethemescanbesetandjoinedincomplexcombinationstoadvance

understandingofnature・Thismakesitpossibleforresearchareasfuse，Separate，mOVe，nuCleate，anddisappear

Onthemap・ThereisthereforenoneedforthecorepaperstoconcentrateinaslnglereglOnthewaythoseof

Particlephysics／cosmologydo・

Furthermore，Citationofliftsciencerelatedresearchpapersbeginssoonerafterpublicationthanwithother

丘elds・Inotherwords，theprocessofresearchareabrmationismorevolatile・AsnapshotofaglVentimesuch

astheScienceMapshouldtherebreenableonetoviewresearchareasinvariousphasesofdevelopment・In

fact，OntheSciencemapthatplots687researchareas（Figurel），themajorityofresearchareasareobservedin

thelifesciencerelatedreglOn・

Figure3：ScienceMap2006inhorizontalandverticalproIeCtion
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Notel：Orthographicpro）eCtlOnOnthevertlCalaxISisthevertlCalpro］eCtlOn，andorthographicproJeCtiononthehorlZOntalaxISISthehorizontal

PfO）eCtlOn・

Note2：ThehelghtofthemountalnSlndlCateSCOre－paPerdens叫Thehlgherthemourltain，thegreatertheconcentratl0nOfcorepapers・
Data：Tabulated丘omThomsonReuters川EssentialSclenCeIndlCatOrS一一bytheNationalInstituteofScienceandTechnologyPohcy
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3・ChangesinscientificresearchIaCOmParisonofScienceMap2004and

ScienceMap2006

ComparisonofScienceMap2004（coveringtheyears1999T2004）andScienceMap2006（2001－2006）and

interviewswithexperts con丘rmed steady，OngOlngChangeovertwoyears・TheimportantpolntSWereaS

丘uows．

（1）Liftscience

Twofactorscontributetothisphenomenon・First，thereisthetrendinlifescienceresearchtoattemptto

understandbroaderandmorecomplexregulatorymechanismsoflifephenomena・Researchonliftphenomena

inanimalsandplants，longfocusedonelucidatingtheregulatorymechanismsfortranscrlPtlOn丘omDNAto

RNA．Beginnlngin2000，however，muChresearchonRNAiandotherregulatorymechanismsattheRNAlevel，

regulatorymechanisms af［er PrOtein translation，andin duoproteinlocalization regulation has also been

Published・Onthe Science Map，this trend can be observedin thefusion of．一Research on eplgenetic

transcriptionalregulation（2004，ID130）’’and’’Analysisofmechanismofregulationofplantgrowth（2004，ID

33）’’toform’lMulti－hierarchicalregulatory mechanism oflife phenomena（2006，IDlll）T’（movement

indicatedbythebluearrowinFigure4）．

Figure4：Changesinlifbsciencerelatedresearch

Note：YellowarrowslndlCatehotresearchareaslnWhlChconcentrat10nSOfcorepaperscontlnuedwlthoutdⅣ1SlOn・RedarrowsindlCatehot

researchareaslnWhlChconcentrat10nSOfcorepapersdlVldedlntomultlPlegroups・BluearrowslndlCatehotresearchareasthatfusedonthe

ScienceMap2006・ThlSlrl血＝ateSaCOrreSpOndencerelatlOnShlpinwhlChtherewereatleast80corepapers，Withatleast200Verlapplngbetween

dlfferenthotresearchareas・Hotresearchareaswithatleast80corepapersaredeplCtedasyellowdots，Wh11ethelocationsofthosewlthlessthan

80corepapersarelndlCatedwithreddots・

Data：TabulatedfromThomsonReuters川EssentlalSclenCeIndlCatOrS”bytheNatlOnalInstltuteOfSclenCeandTとchnologyPolicy
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Second，theposidonofproteinresearchchanged．IntheScienceMap2004，”Researchonproteome（2004，

IDlO5）”hadasomewhatisolatedpositionbetweenchemicalsynthesisandlifescience．IntheScienceMap

2006，however，itssuccessorresearcharea，’’Isotopelabeling／quantitativemassspectrometry／proteinanalysis

（2006，ID119）；lmovedtothecenteroftheposトgenomicsgroupofresearchareas・Thiskindofresearchhas

averystrongl－chemistfy一■elementtoit，Whichcanbetakenasascienti丘ctrend・InmassspectrographicanalysIS

Of proteins，KoichiTanaka of Shimadzu Corp・developed a．一desorptlOnionization”method fbr mass

SPeCtrOgraPhic analysIS Of macromolecules，Which earned him a NobelPrizein chemistry・As genome

SequenClnguSlngmOdelorganismsadvances，COmPrehensiveresearchonproteinsisdrawlngattention・Mass

SPeCtrOgraPhyis beingaggressivelylnCOrPOratedintolife sciencerelatedresearchandhas takenrootas a

POSt－genOmicsmethod・

＜Plantscienceresearch＞

Linksbetweenpost一genOmicsandplantscienceresearchhavegrownstronger，Changlngthecharactersof

SOmereSearChareasanddividingothers・”stressresponseinplants（2004，ID34）llintheScienceMap2004

dividedinto’’Environmental stress response／metabolic proGling／ceⅡular structure and phospholipid

metabolisminplant（2006，ID33）”and’’plantdefenseagainstinfとction／plantimmunityHintheScienceMap

2006・In the2000S，reSearCh on geneidentihcation，intergenetic networks，tranSCrlPtOme analysIS，and

metabolomeinmodelplantshasgrownactive・Moredetailedresearchhasprogressed，andvariousresearch

COmmunities have丘）rmed・Expertsindicatedthat henceforth the relationship between such research and

environmentalandfood－relatedissueswi111ikelybecomeimportant・AsintheScienceMap2004，Japanis

makingastronge免）rtinplantscience・China－spresenceinthefield，however，isgrowlng，SOthattrendbears

WatChing・

＜Clinicalmedicine＞

Clmicalmedicineisoneofthemorerapidlychanglng丘eldsinscience・SincetheScienceMap2004，reSearCh

areasdirectlyrelatedtoorhnkedtoclinicalmedicinehavecontinuedatalargersizeorgrownsolargethatthey

havesplit・IntheScienceMap2006，itwasbundthatmanyresearchareasexpectedtogrowfurtherinthe

futurewerescatteredaroundthegroupofresearchareasrelatetolifescience・Theseedsforthenexthot

reseafChareashavealreadybeenpla融ed・

vii



（2）chemicalsynthesisandnanoscience

＜Chemicalsynthesis＞

Research on asymmetric synthesis uslng Organic catalysts

Showedarapidincrease・Understandingnatureatthelevelof

Chemicalstructuralfbrmulasisfundamentaltochemistry・With

1ift science and nanoscience research at the molecularlevel

PrOgreSSlng，theterritorycoveredbychemistrylSeXpanding・On

theScienceMap，ChemistrylSlocatedbetweenlifescienceand

Physics，reneCtlngthissituation・

＜Nanoscience＞

Nanoscienceissteadilyprogresslng・IntheScienceMap2004，

一IDevelopmentofnanostructureanditsapplicationtomolecular

devices（2004，IDlO6）’’isobservedasasingleresearcharea・It

hassinceexpandedtothreeindependentresearchareas，’’Study

On SuPramOlecular nanodevice by molecular machine and

Single一mOleculeconductor（2006，ID86），…DNA－nanOmaterial

andnanodevice（2006，ID87），一Iand”studyon synthesis and

OPtlCal apphcation of metal and metal oxide

nanoparticle／nanostructure（2006，IDl16）．’’Ascanbeseenin

theScienceMap（SeeFigure5），thevolumeofresearchlinking

Chemicalsynthesisandnanoscienceisincreaslng・

Figure　5：lncreasein feSearCh afeaS

between chemiCal　synthesis and

nanOSClenCe

ScLenCeMap SclenCeMap
2004　　　　　　　2006

【ProJeCtedflgure】

【SclenCemaP】
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Data：TabulatedbytheNationalInstltuteOfSclenCeand

Technology Pohcy based on Thomson Reuters’

”EssentlalSclenCeIndlCatOrS”

（3）condensedmatterphysicsandparticlephysics／cosmology

＜Condensedmatterphysics＞

Condensedmatterphysicsincludeshotresearchareasrelatedtoquantumcomputlngandsuperconductivlty・

Comparlng the Science Map2004withthe Science Map2006，the number of research papersin

”Ferromagnetic semiconductor spintronics（2006，ID　55）I’and’1Electrical control of spinin

Semiconductors／quantumcomputerusingsohdstatecomponents（2006，ID57）”increased・Expertssuggested

that while thelocation of condensed matter physicsin between chemical synthesis and particle

Physics／cosmologyonthemapwillprobablynotchange，thehotresearchareasarehkelytochangewiththe

也mes．

＜Particlephysics／cosmology＞

ComparlngtheScienceMap2004withtheScienceMap2006，thehotresearchareas丘om2004general1y

COndnued，althoughsomemerged・Thisisbecauseparticlephysics／cosmologyhasultimategoalssuchasthe

uni丘cationofforceaeldsandunderstandingoftheorlglnOftheuniverse，andresearchcontinuestoevolvein

thosedirections・Relationshipsbetweenparticlephysics／cosmologyandothergroupsofresearchareaswere

viii



notexpectedtochangeSlgni丘cantly，andindeedobservationofchangesintheScienceMapovertimefbundno

Changeinthegroup－spositiononthemap，eVenthoughresearchcontentchanged・

Particlephysics／cosmologyisa丘eldthatprogressesasexperimentationandtheorymutuauystimulateone

another・Theoryhasledtheway，butwiththelaunchoftheEuropeanOrganizationforNuclearResearch－S

（CERN）LargeHadronColliderOJHC），discoveriesofnewphenomenaandveri丘cationandtestingoftheories

WⅡltakeplace・

4・Observationofinterq／multi－disciplinaryresearchontheScienceMap

Figure6showsthenelddistributionofcorepapersintheScienceMap，andplotsinter－／multi－disciplinary

hotresearchareasbyanalysISOfheldcategory

Thedifferencesinthedistributionofhotresearchareasinnanoscienceandenvironmentweredistinctive．In

themap，thegroup of researchareasrelatedtonanoscience stakesoutacleardomainbetweenchemical

Synthesis andphysics，butthegroup of research areas relatedto environmentspreads outspatiallyThis

indicatesthatmapplngishelpfultodistinguishmultidisciplinaryresearch丘ominterdisciplinaryresearch・

Interdisciplinaryresearchthatreliesonsharedknowledgeisgeneratedwhenseparate丘eldssuchasphysics

and chemistrylnteraCt・Nanoscience typi丘es thisphenomenon・Ininterdisciplinaryresearchthatrelies on

Sharedknowledge，theimportantthingisthatresearchdevelopmentstages（researchmethodsandresearch

targets）shouldbethesameinmultiple伝elds．Ifdevelopmentstagesdiffer，generationofinterdisciplinary

researchisextremelyunlikelyForexample，interdisciplinaryresearchinnanosciencewasrealizedduringthe

early1990sbecausebothchemistryandphysicsweretargetlngnanOSCalephenomenaandmatter，theformerat

themolecularlevelandthelatteratthebulklevel・Theaccumulationofknowledgeisapreconditionthatsets

thestagebrinterdisciplinaryresearchthatreliesonsharedknowledge・Observationof suchresearchcan

therebrebeexpectedintheScienceMapwhereexistlngreSearChinteracts・Infhct，nanOSCienceappearsonthe

ScienceMapwheredifftring丘eldssuchasphysicsandchemistrylnterSeCt・

Inmultidisciphnaryresearch，Variousdisciplinesaddressscienti丘candsocialchallengesindependentlyrather

thanincol1aboration・Thusitsharesgoalsofresearch・EnvironmentalresearchりPi丘esthisphenomenon・For

example，inenvironmentalresearch，StudyofbiodiversltyrequlreSaPPrOaChes丘omplantandanimalscience，

whileresearchontheenvironmentalimpactsofchemiCalsrequlreSaPPrOaChes丘omchemistry・Theseresearch

areasstandonthefoundationofknowledgeinexistlng伝elds，andgoa1－0rientedapproachesarecommon・This

meansthatintheScienceMap，enVironmentalresearchislikelytocome丘omthevicinltyOfexistlngnelds・In

fact，theenvironmentgroupofresearchareasappearsontheScienceMapwithongolnglinkstoexistlng伝elds，

andabroadspreadwithsometimesweaktiestoenvironmentalresearch・

Itthusbecomesclearthatinterdisciplinaryresearchthatreliesonsharedknowledge（nanoscience）and

multidisciplinaryresearchthatrehesonsharedgoalS（environment）areobservedindifferingformsinthe

ScienceMap・

ThepolntStObearinminddifferwhenpromotlnglnterdisciplinarytyperesearchormultidisciplinary年Pe

research・Tbpromoteinterdisciplinaryresearchthatreliesonsharedknowledge，anarenaforinterdisciplinary

researchmustbeconstructedwhentheresearchdevelopmentstages（researchmethodsandtargets）ofmultiple

Geldsmatch・Ontheotherhand，tOPrOmOtemultidisciplinaryresearchthatreliesonsharedgoals，Cleargoals

mustbeset，andanarenaforresearcherswhohavetheknowledgetomeetthosegoalstogathermustbe

constructed．
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Figure6：Locationsofinter－／multi■disciplinaryresearchareasintheScienceMap

Note：LocatlOnSWhereatleast60percentofcorepaperslnaglVenfieldaredlStrlbutedhavethat丘eld．scolor・LocatlOnSWherelessthan60

PerCentOfaglVenheld’scorepapersaredlStrlbutedareconslderedlnterr／multl－dlSCIPllnaryandnotglVena丘eldcolorp

Data＝TabulatedfromThomsonReuters川EssendalSclenCeIndlCatOrS”bytheNatl0nalInstltuteOfSclenCeandTbclm01ogyPollCy
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5・ThebreadthandintensityofresearchactivitiesinJapan，theUSA，and
China

JapanYsaverageshareofresearchpapersinthe124hotresearchareasderivedfortheScienceMap2006is

9・6％，anincrease丘omtheScienceMap2004（9．1％）．Furthermore，thepercentageofthe124hotresearch

areas丘）rWhichJapanhasaO－PerCentSharedecreased．Withinthe124hotresearchareas，Japan’spresenceis

reladvelylargeinhotresearchareasinphysics，Chemistry，andplantandanimalscience・

The hot research area whereJapan’s share of core papersis highestis Hconstruction of arti伝cial

Photosynthesismodelmimickingantennasystemandchargeseparationsystem（ID80），’’withan80－PerCent

Share・Japan’snexthighestsharesarein’’High－temPeratureSuPerCOnductivityspectroscopy／newelectronphase

仔D58），…InnateimmuniqTqDlO8），…Branecosmology丘omtheperspectiveofdualityofamidesitterspace

andcon丘）rmal丘eldtheory（ID65），”andHGhrelin／functionandpathophysiologicalsigni丘CanCe（ID15）・”

Lookingatothercountries，eVenthoughmanynationsaroundtheworldareincreaslngtheirproductionof

researchpapers，theUSAremainsanimportantsourceofknowledgeforscienceasawhole・TheUSA▼s

activitiesasillustratedintheScienceMapshowlowersharesofresearchpapersinthechemicalsynthesisand

nanosciencegroupsofresearchareasthaninliftscience．

IntheScienceMap2004，China▼sscienti丘cresearchwaslimitedtonanoscience・OverthefollowlngtWO

years，Chinaincreasedboththebreadthandintensityofitsactivities・（SeeFigure7・）Chinaincreaseditsshare

Ofresearchpapersinnanoscience，withanincreaseintheneighboringareaofphysicsaswel1・Furthermore，in

theScienceMap2006，China▼sshareofresearchpapersinplantscienceresearchalsoincreased・Thebreadth

ofscienti丘cresearchinChinahasthusextendedtolifescience．

Figure7：ChinaIsshareofresearchpapersasshowninScienceMap2004andScienceMap2006

Note：Researchpapersharesofatleast5percentareshownlnllghtblue，andsharesofatleast30percentinred・Researchpapershareswere
Calculatedbywholenumbercount．

Data：TabulatedfromThomsonReuters，Y．EssentlalSclenCeIndlCatOrS．rbytheNat10nalInstituteofScienceandltclm0logyPolicy
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6・Futuredevelopments

＜Periodicobservationofscience＞

ComparisonoftheScienceMap2004andtheScienceMap2006andinterviewswithexpertsconarmedthat

SCienti丘cresearchgraduallychangesoveratwo－yearPeriod・EvenastheScienceMap2006wasbeingcreated，

SCiencecontinueditsdevelopmentwithaccomplishmentssuchastheproductionofiPScells・BycarrylngOut

PeriodicobservationofscienceandtakingpanoramicsnapshotsofscienceovertimewiththeScienceMap，We

Candescribedynamicchangeinnaturalscience，SuChasthewayonescienti丘cinnovationinfluencesother

researchareas．

Furthermore，COnSideringtheapplicationof theScienceMapto scienceandtechnologypolicy，丘nding

emerglngreSearChareasthatwilldeveloplnthefutureisanimportanttheme・Thisresearchexperimentedwith

attemptlngtO丘ndresearchareaslikelytodeveloplnthefuture・BeginnlngWiththenextScienceMap，trendsin

theseresearchareaswillbetracked・ThisshoulddeepenknowledgeofmethodsbruslngSCiencemapplngtO

丘ndemerglngreSearChareas・

＜LinkageoftheScienceMapwithotherdata＞

AddingstatisticaldatatotheScienceMap，SuChastheratiosofresearchpapersfromvariouscountries，is

effective・The ScienceMap2006clearlyshowedthatChinais expandingthebreadthandintenslqTOfits

SCienti伝cresearchactivlty・Inadditiontotheratiosofresearchpapersbrvariouscountries，1inkagetothe

distributionofresearchfundingorthedistributionofuniversitiesandgovernmentresearchinstitutions，for

example，ispossible・AnalysISOftherelationshipbetweenthedevelopmentofscienti丘cresearchandsuch

informationovertimecouldobtaindataontheinfluenceofresearchfundingonthedevelopmentofscientiac

researchortheroleofuniversities andgovernmentresearchinstitutionsinthegenerationofknowledge・

Moreover，detailedinvestlgationofc0－authorshipwithinresearchareascouldclaribTdependenceoninteracdon

amongresearchersandorganiZationsintheprocessofformlngSCienti丘Cknowledge・

＜Linkageofscienceandtechnology＞

Considered丘omtheperspectiveofscienceandtechnology，thebreadthofobservationuslngtheScience

Mapislimitedtoscience，intermsofresultspublishedinresearchpapers・Inordertotakeabroaderviewof

SCienceandtechnology，1tisnecessarytocreatetechnologymapsaswell，uSlngdatasuchaspatents・Usingthe

researchpaperscitedinpatentdocuments，ScienceMapsandtechnologymapscouldbelinked・Theknowledge

transfer丘omsciencetotechnologyandf王omtechnologytoscienceandGelddependencecouldbeobserved・

＜TheScienceMapasanarenafordiscussion＞

DuringlnterViews，WeWereStruCkbytheusefulnessoftheSciencemapasabasisfordiscussion・Inmost

interviewswithexperts，theyexpresstheiroplnionsbasedontheirownbackgrounds・Withshareddatasuchas

the Science Map，reSearChersfrom difftrent6elds can engagein more meanlngfu1discussion of the

developmentofscienti丘cresearch・Bysharingthesame”arena，一▼researcherscanmutuauyadjusttheirsenseof

distance・facilitatingdiscussionamongresearchersoramongresearchersandpolicymakers・Inthefuture，We

WOuldliketopursuethisideaoftheScienceMapasanarenafordiscussion・

Ⅹii



Partl





1．lntroduction

TheThirdScienceandTechnologyBasicPlanadvocatesthesecurlngOfacertainamountofresources

fbrbasicresearchthatbringsaboutdiverseknowledgeandinnovationandthesteadyadvancementofsuch

research．Asbasicresearch，thePlanlistsresearchbasedonthe丘eeideasofresearchersandresearchbased

OnPOliciesthataimsforfutureapplications・Inthepromotionofbasicresearch，althoughtheformeris

eliminatedbyprlnCiplesofthemeselectionandresourceconcentration，itisnecessarytomonitorthestatus

Ofneldbalanceandinter／multi－disciplinaryareasandtoconnrmthatthenationalgovernmentissteadily

PrOmOtlngthem・Inotherwords，itisnecessarytoregularlymonitorthestatusofbasicscienceandto

Performeffbctivebenchmarkingoflong－termbasicsciencepolicy．

Basedonawareness oftheseissues，theNationalInstitute ofScience andTechnologyPolicybegan

monitorlngthestatusofscientificresearchbyuslngdatabasesofscienti丘cpapersinFY20032・This

researchhasthefollowlngtWOPurPOSeS．

（i）Creationof．一ScienceMapsHthatprovideapanoramicviewofrecenttrendsinscience，eSPeCial1ybasic

research

（ii）Extractionofhotresearchareasthataregarneringtheattentionofresearchersandproducingmany

SCientincpapersandobservationofthoseresearchareasovertime

ThereisalonghistoryofattemptstodescribethestruCtureanddevelopmentofscienceandtechnology

knowledge丘om a bibliometric perspective・The dramatic development ofinfbrmation processlng

technologyandenhancementofdatabasesofscientificpapersandpatentsinrecentyearshavebrought

innovationtoresearChinthisfield．Themappingofknowledgeisdrawingattentionasanewtypeof

research，andavarietyofstudiesarebeingconducted，mainlyintheUSAandEurope3・Thetargetsof

mapplngarediverse・TheylnCludeanalysisofrelationshipsbetweenneldsofsCiencethroughexamination

ofjoumalcitationsandanalysisofco－authorshipsbycountry，Organization，andresearcher・TheNational

InstituteofScienceandTechnologyPolicyTsScienceMapsaredistinctiveinthatthetargetoftheirmapplng

isresearchareas．

Thisreportusesscienti且cpaperspublished丘om2001through2006tocreateScienceMaps・Itreports

theresultsofanalysisofllThesnapshotofthecurrentstatusofscienti丘cresearch”（Chapter3），’’Changesin

scientificresearch，aCOmParisonofScienceMap2004andScienceMap2006’’（Chapter4），HObservation

ofinter－／multi－disciplinaryresearchontheScienceMap一一（Chapter5），andllThebreadthandintensityof

researchactivitiesinJapan，theUSA，andChina－1（Chapter6）．Inaddition，alongwithperformingthis

researchonanongolngbasis，SurVeymethodswereaqjustedandanalysismethodswereimproved・These

ChangesarediscussedinChapter2．

2Thisisthethirdreport．Thefirstreportis一一NISTEPREPORTNo．95：StudyonRapidly－developingResearchAreas（May

2005）1’；thesecondreportis一．NISTEPREPORTNo．100：ScienceMap2004（March2007）・”

3Foracomprehensivereview，SeeB6rner，K．，Chen，C．，andBoyaCk，K．W．（2003），”VisualizingKnowledgeDomains，．．

』〝〃〟d ReⅥ厄W〆句わr椚αの〃∫de乃Ceα〝d花C／〃0わ幻′，37，179－255．



2．Methodotogy

Analysisofscienti鎖cresearchusingtheScienceMapscanbeperformedinthreesteps：1）construCtion

ofresearchareasbyclusteringscientificpapers，2）visualizationofresearchareasthroughmapping，and3）

content analysIS Of hot research areas・Below，an OVerview ofthe survey methodis glVen，and

methodologlCalimprovementsinScienceMap2006arediscussed・

2－1Constructionofresearchareasbyclustenngscientificpapers

ThemethodforclusteringscientincpapersisthesameasthatinthepreviousStudy（”NISTEPREPORT

No．100：ScienceMap2004”）．Clusteringofscienti丘cpapersobtained687researchareas・Ofthese，124hot

researchareasofatleastacertainsizewereanalyzedindetail．

Forclusteringofscientincpapers，thetopIpercentofhighly－Citedpapers（approximately50，000）

duringeachyearineachof22nelds（includingclinicalmedicine，Plantandanirnalscience，Chemistry，

Physics，etc．）amongscienti丘cpaperspublishedduringthesixyears2001through2006wereused・These

highly－Citedpapersweregroupedintwostages（scientificpapers→reSearChfronts→reSearChareas）by

uslng’’co－Citation．”

【Co－Citation】

Co－Citationoccurswhentwonotablescientificpapersarebothcitedbyanotherscienti且cpaper・Frequently

CO－Citiedscienti丘cpapersarelikelytohaveacertainamountofcommonalityofcontent・GroupsofsCientinc

PaPerSWithcommonalityofresearchcontentcantherefbrebeobtainedbyclusteringscientincpaperswithstrong

CO－Citationrelationships．

Inthisstudy，thegroupsofscientincpapersthatcornprlSethecoreofaresearchareaarecalled”corepapers，”

andscientificpapersthatcitecorepapersareca11ed r－CitlngPaPerS・”The5，538research丘ontscompiledin

ThomsonScientincTsEssentialScienceIndicators（ESI）wereusedasclustersofscientincpapersinthe員rst－Stage

Clusterlng・TheseresearchfrontsweregroupedagalntOObtain687researchareas・

DetailsoftheClusterlngareSummarizedinthetablebelow．TargetsofclusterlngfbrScienceMap2004were

highly－Citedpapers（thetopIpercentmost－CitedpaperS）fromtheyears1999through2004；fbrScienceMap

2006，theywerehighly－Citedpapers丘omtheyears2001through2006．

About200moreresearchfrontswereobtainedduringfirst－StageClustering丘）rScienCeMap2006thanfor

ScienceMap2004．ThenumberofcorepapersinCludedintheresearch丘ontswasroughlythesameinboth

Studies・Thenumberofresearchareasobtainedduringsecond－StageClusterlngfbrScienceMap2006was687，a

lO－PerCentincreaseoverScienceMap2004．

Comparedwith Science Map2004，the numberofresearch丘ontsperresearchareaobtaineddecreasedin

ScienceMap2006・The丘gureswere5・6簸てScienceMap2004，and5・2fbrScienceMap2006・Thenumberofhot

researchareas（areasincludingatleast6research丘onts）su旬ectedtocontentanalysisfbrScienceMap2006was

therefbrel24，9fbwerthaninScienceMap2004・

Referencesonco－CitationanalysIS：

Small，H．andSweeney，E．（1985a），’’ClusteringtheScienceCitationIndexusingCo－Citations．I．AComparisonof

Methods，’’鹿ie乃わ椚erricぶ，7，3－6，391－409．

Small，H・，Sweeney，E．，andGreenlee，E．（1985b），r－ClusteringtheScienceCitationIndexusingCo－Citations・II・

MapplngScience，’’Scientometrics，8，5－6，321－340．
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ImageoftheclusterlngOfscienti鋲cpapersuslngCO－Citationrelationships

Detailsofclustering（comparisonofScienceMap2004andScienceMap2006）

ScienceMap2004　　SCienceMap2006

Research Period　　　　　　　　　　　　　1999－2004　　　　　2001－2006

Su旬ect
Highly－Citedresearchpapers About47，000　　　About51，000

FirsトStage

Clusterlng

No．ofresearch丘onts　　　　　　　　　5350　　　　　　　　　5538

No・Ofcorepapersincluded　　　21，411　　　　　21，428

No．ofresearchareas　　　　　　　　　626

No．ofresearchfrontsincluded　　　3502

Sccond－Stage

Clustering

No．ofcorepapersincluded　　　15，531

No．ofhotresearchareas　　　　　　　133

No．ofquasトhotresearchareas　　　493

Notel：Hotresearcharea：reSearChareamadeupofatleastsixresearch丘onts

Note2：Quasi－hotresearcharea：reSearChareamadeupof鎖veorfbwerresearch丘onts



2－2Visualizationthroughmapplng

Inordertoanalyzetheinterrelationshipsamongresearchfrontsandtheinterfhcesbetweenresearchareas，

thefollowingthreetypesofmapswerecreated・ForScienceMap2006，improvementswereaddedtothe

ResearchAreaCorrelationMap．PartIofthisreportdescribestheresultsofapanoramicanalysisofscience

asawholeuslngtheAcademicDiscIPlinesRelationMapandtheResearchAreaCorrelationMap・PartII

describestheresultsofanalysISOfindividualresearchareasuslngtheIndividualResearchAreaMap・

（1）lndividualResearchAreaMap（SeePartll）

ThismapshowswhatkindsofresearchthemescomprlSeeaChhotresearcharea・Theunitofvisualization

isresearchfronts・Thegreaterthedegreeofco－Citationintheresearch丘ontsthatcomprlSeahotresearch

area，theclosertheyarelocatedonthemap・

（2）AcademicDisciplinesRelationMap（SeeChapter5）

ThismapshowstherelationshipsbetweenhotresearchareasandexistlngaCademic伝elds・Theunitof

Visualizationisthe124hotresearchareas．Hotresearchareaswithsimilar鎖eldcompositions（22nelds，

includingclinicalmedicine，Plantandanimalscience，Chemistry，andphysics，etc．）arelocatednearone

anotheronthemap．

（3）ResearchAreaCorrelationMap（SeeChapters3，4，5，and6）

Thismapshowscorrelationsbetweenresearchareas．Theunitofvisualizationisthe687researchareas．

Researchareaswithahighdegreeofco－Citationarelocatednearoneanother．

＜ImprovementsoftheResearchAreaCorrelationMap＞

InScienceMap2006，a11687researchareasobtainedbyclusterlngSCientificpapersaremappedinthe

ResearchAreaCorrelationMap・Bymapplngal1687researchareasandshowingthe124hotresearchareas

forwhichcontentanalysISWaSPerformed，theaimwastomakeclearerthepositionandfunctionofthehot

researchareasinscientincresearchasawhole．

Thischangetookahint丘omtopographicalmaps・ThehotresearchareasintheScienceMaparethose

thatreachacertainvolumeintermsoftheirnumberofscienti伝cpapers・IfwelikentheScienceMaptoa

topographicalmap，theseareaswouldbelikemountainsthatsurpassacertainelevation・Foramountain

Climberwhowishestotravelfrommountaintomountain，theinformationonlyaboutpeaksofmountain

WOuldbeincomplete・Thisisbecauseinformationonhowthemountainsareconnected（whetherthereare

Peaksorvalleysbetweenthehighmountains，howdeepthevalleysare，andsoon）wouldnotbeincluded．

RetumingtotheScienceMap，thisissimilartothequestionofhowthehotresearchareasareconnected

（whetherthereisinterconnectedresearch）．Inordertocoverthisinformation，itisnecessarytoaddthe

between一mOuntaindatatothemap・ThiswastheintentionbehindcreatingtheResearchAreaCorrelation

Mapuslngall687researchareas．

Inadditiontothesu旬ectsofmapplng，thevisualizationmethodfortheResearchAreaCorrelationMap

WaSalsochanged・Insteadofthepastmethodofshowingresearchareasascircles，theyarenowmappedto

ShowgradationsdependingonthedensltyOfcorepapersinresearchareas・Thisisanattempttomakethe

Visualizationeasiertounderstandinanalogywiththecontourlinesoftopographicalmaps・
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Furthermore，amethodtoconnectScienceMapsfromdif托rentperiods（inthiscase，ScienceMap2004

andScienceMap2006）wasdeveloped．Amodelthatconsidersvirtualattractionforcesbetweenresearch

areaswithsharedcorepapersinScienceMap2004andScienceMap2006Wasconsidered，andacomputer

PrOgramtOCalculateoptlmalresearchareapositiononatwotimeperiodmapwasdeveloped4・

2－3　ContentanalysISOfresearchareas

NamesandoverviewsofthehotresearchareasobtainedbyclusterlngSCientincpapersweredetermined

throughcontentanalysisbyexperts・Changeswereaddedtothemethodofcontentanalysisofhotresearch

areasinScienceMap2006・Inaddition，aqueStionnaireandaninterviewsurveyfiomtheperspectiveofa

PanOramicviewoftheresearchareaswerecarriedoutregardingthedevelopmentalstatusofhotresearch

areasinanattempttocapturethedynamismofscientincresearch．

（1）Changestothemethodusedforcontentanalysisofhotresearchareas

ForScienceMap2006，alistofJapaneseexpertswascreatedfromtheauthorsofcorepapersthatmake

uphotresearchareas・Corepaperauthorsandexpertsrecommendedbycorepaperauthorswereaskedto

CarryOutCOntentanalysis・WhentherewerenoJapaneseamongtheauthorsofcorepapersthatmakeupa

hotresearcharea，reSearCherswhoseworkisseenascloseaccordingtoinfbrmationgatheredoverthe

internetandsoonwereaskedtoperformthattask・

ThroughScienceMap2004，theNationalInstituteofScienceandTechnologyPolicy－s Scienceand

TbchnologyForesightCenter丘rstcarriedoutthecontentanalysisofhotresearchareas・Afterthat，eXPertS

inthehotresearchareaswereaskedtoverifythevalidityofthecontentanalysis．

（2）lmplementationofthequestionnaireonthedevelopmentstatusofhotresearchareas

Aquestionnaireregardingthedevelopmentstatusofhotresearchareassincethelatterhalfofthe1990s

andduringthecomlng且veyearswasglVentOthosewhocarriedoutthecontentanalysisofthehotresearch

areas・Theywereaskedaboutthefollowingtwopoints．（SeePartII．）

Contentofquestionnaire

（i）Inthehotresearcharea，Whatchangesdoyouthinktookplace丘omthelatterhalfofthe1990sto200ト2006

（thesurvey’ssubjectperiod）？Pleasemlintheappropriatenumber（S）．（Multipleanswersareacceptable．）

l・Duringthelatterhalfofthe1990S，itwaspartofasomewhatlargerresearcharea，andasresearchsubsequentlyadvanced，

itbecameanindependentresearcharea．

2・Duringthelatterhalfofthe1990S，reSearChwascarriedoutseparately，butasresearchsubsequentlyadvanced，ittendedto

fuseandfbrmareSearCharea．

3・Duringtheiatterhalfofthe1990S，thiskindofresearchareawasnotrecognized，butassubsequentlyadvanced，areSearCh

areafbmed．

4・Duringthelatterhalfofthe1990S，aPreCurSOrreSearChareaexISted，andasresearchsubsequentlyadvanced，theamountof

relatedresearchincreasedrapidly．

5・Duringthelatterhalfofthe1990S，aPreCurSOrreSearChareaexisted，butasresearchsubsequentlyadvanced，thequalltyof

theresearchchanged．

6・Duringthelatterhalfofthe1990S，aPreCurSOrreSearChareaexisted，WaSCOnSideredimportant，andmanypaperswere

4Detailsofthemethodologyaretobepublishedinafuturepaper（nowbeingpreparedfbrsubmissionbyIgamiandSaka）・
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Publishedinthearea，SOreSearChhasnotchangedquantitativelyorqualitatively・

（ii）Whatchangesdoyouthinkwilloccurinthishotresearchareaduringtheyears2006T2010？Pleasefillinthe

appropriatenumber（S）t（Multipleanswersareacceptable．）

1・ItwillprobablydividelntOmultipleresearchareas，

2・Itwlllprobablyfusewithanotherresearcharea，

3・Aquantitativeexpansionofresearchwlllprobablyoccur．

4・AqualltatlVeChangeinresearchwillprobablyoccur．

5・TherewillprobablybenonoteworthyquantitatlVeeXPanS10nOforqualltativechangeinresearch・

（3）lmplementationofinterviewsurveyfromtheperspectiveofapanoramicviewoftheresearch

areaS

ForScienceMap2006，analysISOftheScienceMapasawholewasaddedtoanalysisofindividualhot

researchareas・Tbnexpertswereaskedthefollowlngfourquestionsinaninterviewsurvey・

lnterviewcontent

（i）DoestheScienceMapexpressthestatusofscientincresearchtoday？

（ii）IftherewereapastScienceMap（丘om10－15yearsbefbre），Whatchangeswouldhaveoccurred？

（iii）IfthereisafutureScienceMap（5－10yearsfromnow），Whatchangeswilloccur？

（iv）Other

2－4PointstobearinmindregardingresearchareasobtainedwiththeScienceMap

TheresearchareasintheScienceMapwereobtainedthroughaprocessthatincludestheextractionand

ClusterlngOfhighly－Citedpapers・Theresultsthereforedependonwhatkindofscientificpaperswere

COmPiledinthedatabaseandonthethresholdvalueusedforclusterlng・Thus，Whenuslngtheresults

reportedhere，thefollowlngtWOPOlntSShouldbeborneinmind．

（1）Somefieldsareveryactiveintermsofpublishingresearchresultsinthefbrmofscientincpapers，but

Otherresearch areasfocus on applieddevelopmentandpublish fbwpapers・Themaps obtained

throughthisstudytherefbrecannotprovideacomprehensiveoverviewofscienceasawhole・

（2）Thisstudyexaminedtrendsoverthepastfbwyearsfbrresearchareasthathavereachedacertain

numberofpublishedscientificpapers・Researchareasinwhichchangeisveryrapidorthataresmall

inscalethereforemaynothavebeencapturedbythisstudy・
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3．Thesnapshotofthecurrentstatusofscientificresearch

ForScienceMap2006，the124hotresearchareasshowninFigurelwerederived・Thecontentof

individualhotresearchareasisshowninPartII．

Figurel：Listofhotresearchareas

ResearchArea LD ResearchArea

1 D ru g－elutlng Stent　　　　　　　　　　　　　　　　　　　　　　 32 Inducibledefbnsem echanism ln Plant

2
宗鑑 忠 霊醜 霊gf濫 algorith m and outcom e　　　 33 慧恕 悪霊 慧 畷 温 錘 悪法 悪 粗 乞。t

3 糧鑓轟忠恕 tudyon antitumorefb ctofhistonedeacetylase　　 34 PlantdefbnseagalnStinfbction／plantim m unlty

4 B iodefbnseby blood coagulation regulatory system　　　　　　　 35
豊 票禁賦 咄 霊 盈 趣 璃 恕顎露 紆

5 D eep m ycosis　　　　　　　　　　　　　　　　　　　　　　　 36
忠霊霊 怒 盟奇 悪霊 訟£‡彊 認悪 霊蒜 neaSW COr

6 Study on highlypathogenic avian influenzasubty pe H 5N 1　　　 37 Biodiversity

7 Bone m etabolism controlby dru g and itscllnicalapplication　　　 38 Clim atlCeffbctofairpollutantand m ineraldust

8 誌騙 績麟 Ctand adverse ef托ctofhorm one replacem ent　　 39 Earth history

9 Throm boem bolism study　　　　　　　　　　　　　　　　　　 40
G am m a－ray burstand relative celestlalexplosion

phenom cnon

10 沈 思 Onalinfbctiousdiseases／resistantbacterialinfectious　 41 Form ation and evolution ofthe galaxy

11
卸 は 謡 呈洗 鑑 atlng Organ dysfu nction by　　　 42 Solld m acrom oleculety pefu elcell／m assand heattransfer

12
監鑑8悪 霊謂慧票蕊盟erapeutic eff ect，and diagnostiC　　 43 N itride sem iconductortransistor／high－VOltageand

high一丘equency applicatlOn

13 D ru gtherapy ofdiabetes／thlaZOlidinederivatives　　　　　　　　 44
Integratpd com prehension ofbrain fu nction by neuron－glla
interactlOn

14 霹 患 憲 憲 懸 語 麗 恕 瑠 聯 鐙 豊 満 津　　 45 V isceralsensation and neuralm echanism ofem otion and

em l）athv

15 G hrelin／fu nction and pathophysiologlCalslgnl抗cance　　　　　　 46 D ecision－m akingneuroscience

16 H orm onetherapy／breastcancerpreventl0n　　　　　　　　　　 47
K ineticsofA M PA receptorand spinem orphology ln

SynaPtlCplastlClty

17
票恐 fulartargetlngtherapy／ty pe IIIty rosinekinase．related　　 48 豊 濫忠 Sand therapy developm entfbrpsychlatricand

18 簑 悪 霊 鑑鑑冒讃盟 彊禁 悪 慧悪 man　　　 49 轟 忠 恕 禁ぎOfhum an braln and dru g therapy of

19 Obeslty and diabetes　　　　　　　　　　　　　　　　　　　　 50
昌禁鎧 悪 船 ㌫ 悪 productl0n PrOCeSS録om the

20
舎忠 恕 冨恕 忠 恕m oleculartherapy targetin g EGFR　　　 51 Econom icenvironm entsurrounding buslneSSeS

21
怒忠監禁悪 認霊恕 浩設盈 忠霊怒 血　　　 52 M etam aterials

22 Cancer／gene expression pro丘Iing analysIS　　　　　　　　　　　 53
皺 恕 Ctive propediesofm agneslum diborideand its

23 芳霊璃 法l悪鬼忠 君dcllnlCalapplication ofdam aged　　 54 A ttosecond quantum dynami cs

24 崇器悪 On OfbehaviorprlnCIPleofion／w aterchannel　　　 55 Ferrom agnetic sem lCOnductorsplntrOnics

25
箆醐 孟屋温 郡 謬 On analysisand expression　　　 56 Q uantum lnfo rm ation controIw ith m ultidim ensionalphoton

26 H istonediversity and lifbphenom ena　　　　　　　　　　　　　 57
鵠 瑠 璃 釦 は 恕 爵 謡 CtOrS′叩 n加

27 Plantfu nctionalgenom icsstudy　　　　　　　　　　　　　　　 58 ヨ畔 re SuPerCOnductivity spectroscopy／new

28 Plantcellproteom e analysIS　　　　　　　　　　　　　　　　　 59 H lgh energy denslty SCience

29 Plant－m iCrOOrganlSm in teraction　　　　　　　　　　　　　　　 60 Com plex netw orks

30 悪 霊認葦塙 IeSPOnSe COntrOl／flow erbud fbrm at10n　　 61 Quantum infbrm ation／Com m unication，OPticalnanoscience

31 Redox regulation　　　　　　　　　　　　　　　　　　　　　 62 H adron spectroscopy

Data：TbbulatedbytheNationalInstituteofScienceandTechnologyPolicybasedonThomsonScientinc－S一一EssentialScienceIndicators”
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Listofhotresearchareas（COntinued）

ResearchArea ID ResearchArea

63 慧濃慧監 豊g 慧dphasewheresubstan CeSStrOngly　　 94 隷恕悪慧忠霊彊悪霊怒忠恕悪tlOn（cspcclally

64 Searchfbrquarkmatterthroughhigh－energynuClearco11is10n　　　 95 StudyonHCV an dHIV

65 惣 簑 忠 恕 臨 池 闇 謡 eofduality ofantlde　 96 Elucidationofin－Vivofu nctionofdrugtranSPOrterinhuman

66 裟 鯉 温 恕 1 恕 忠恕恕 忠恕霊忠霊は曽y競 盟だ　 97 き昔等慧芸霊慧冒品謁 も荒（宗 鑑昔t悪 ‾pOS的

67 Fleldtheory onnoncommutatlVeSPaCe　　　　　　　　　　　　 98 Apoptosis（celldeath）andinflammatlOn

68 Verincationandintegrability ofAdS／CFTcorrespondence　　　　 99 Embryonicstem cell／neuralinduct10n

69 Observ ationalcosmologyandanelem entarym odelforlt　　　　 lOO 墨 温 盈 醜 沈 監 tmOSPhereandcontinental

70 High－dlmenSionalblackholes　　　　　　　　　　　　　　　　 lOl Proteinousinfect10uSagent／new paradigm fbrgenetic
m aterial

71 監禁 粗 悪 悪 監 悪 the electro－SPlnnlng prOCeSSand lO2 Phys101oglCalfu nctionofTRP channel

72 靭誠 忠潟 悪 1昌品謡 豊Organicoxides，Organic‾inorganic lO3 ActivatiQnOfhypoxia－in duciblefhctorland fbrmationof
tumormlCrOenVlrOnment

73 Ultra丘necrystalgraln／macrostralnPrOCeSS　　　　　　　　　 lO4 Solidm acrom oleculetype fuelcell！macromolecular

electrolyte創m

74 Space－tlmeCOde　　　　　　　　　　　　　　　　　　　　　　 lO5 記譜 監忠 誠 精 霊監戚 忠 誠認謡忠 dalbcdo

75 M ultifu nctionalslgnature／multifunctionalcoding　　　　　　 lO6 Vhterenvironment

76 InteractomeanalysIS　　　　　　　　　　　　　　　　　　　　 l07 Aerosol

77 M olecule－basednano－qllantum magnet　　　　　　　　　　　 lO8 Innateimmunity

78 M acromoleculenanocomposite　　　　　　　　　　　　　　　 109 M icrobiodiversity

79 Livingradicalpolymerization　　　　　　　　　　　　　　　 llO Studyonubiqultinationandsum oylationofprotein

80 忠 霊 雰 品盈 語 怨霊離 職 昔Odel mim icking lll M ulti－hierarchicalregulatory mechanism ofllfbphenomena

81 Porouscoordinationpolymer　　　　　　　　　　　　　　　　 l12 M olecularmechanism andphysiologlCal roleofendogenous
Cannabinoidsignal

82 盈 鴫 盈 蜘 置 欝 忠 監忠恕蒜COgnition　 l13 慧 竃 忠 恕 llghtreaction apparatus／structure，fu nctlOn

83 Activationofoxygenmoleculebymetalloenzyme　　　　　　 l14 Studyoflam inatedm m andcapsule

84 Protein foldlng　　　　　　　　　　　　　　　　　　　　　　 115 Carbonnanotubesynthesisanddeviceevaluation

85 IonlCllquid　　　　　　　　　　　　　　　　　　　　　　　　 l16 恕忠認諾悪 昌細 glg恕 裏窓怨 ionofmetaland

86 醜 蒜豊 麗 悪 忠 恕 evICeby molecularmachine　 117 M icro－biosystem andm icrochemiCalsystem

87 DNA－nanOmaterlalandnanodevice　　　　　　　　　　　　　　　 118 笠豊 鎧 窓 悪 鵠 訝 lC‾lnOrganlChybrldmaterlal／

88 CatalyticasymmetricadditlOnreaCtionofcarbonnucleophile　　 ll9 籾 忘Iabellng／quantitativem assspectrom etry／protein

89 BioimaglngprObe　　　　　　　　　　　　　　　　　　　　 120 舷 窓 transistor／improvem entinpe rfbrmanceand

90 Syntheticpolymer－immobilizedcatalysttechnology　　　　　　 121 Polym erOrgan lCledandphosphorescentorganicLED

91 CatalytlCaSymmetricsynth esIS　　　　　　　　　　　　　　　 122 Bioinformatics／transcrlptOm e

92 M olecularconvers10nreaCtlOnuSlngtranSltlOnm etalcatalyst　　 123 認禁等温 窓 悪 霊票諸 宗 n’sdlSeaSeandlntraCellular

93 浩 恋 鵡 総 粗 忽 綿 鞠 apeuticm ethodof　 124 M olecularpathologyandtherapyofalzheimer’sdisease

Data＝TabulatedbytheNationalInstituteofScienCeandTeclm010gyPollCybasedonThomsonScientincIs・一EssentialScienceIndicators”
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（1）ResearchAreaCorrelationMap

Figure2andFigure3areResearchAreaCorrelationMaps・Theunitofvisualizationisresearchareas・

Thestrongerthedegreeofco－Citation，theclosertogethertheresearchareasareonthemap・

Figure2：ResearchAreaCorrelationMap（showingthepositionsofallresearchareas）

Notel：Becauseagravitationalmodelwasusedtocreatethismap，up－downandleft－righthavenomeanlng；relativeposltioncarries

meanlng・Inthemap，lifbsciencehappenstobepositionedattheupperleftandparticlephysics／cosmologlCalresearchatthelowerright・

Note2＝Whitedotsindicatethepositionsofresearchareas，andreddotsthecenterpositionsofhotresearchareas・Someresearchareaswith

fbwco－Citationswithotherareasaresofhr丘omthecenterofthemapthattheyarenotlnCludedabove・

Note3：Thismapwascreatedthroughafour－StePPrOCeSS．1）Determlnethelocat10nOfeachresearchareaaccordingtothestrengthof

co－Citationrelat10nShlPSWiththeotherresearChareas．2）Expressthepositionofeachresearchareawithadot，andestabllShhypothetical

SPreadsforresearChareas・3）DIVidethatmapintoagridwithsquaresofagiv？narea，Calculatingcore－PaPerdensity（numberofcorepapers

dividedbymesharea）fbreachsquar？Ofthegrid・4）Basedonthesevalues，aSSlgnCOlors・Seep・13fbrdetail・
Data＝TabulatedbytheNationalInstltuteOfScienceandTbchnologyPollCybasedonThomsonScientinc．S．．EssentialScienceIndicators’’
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areasTIDnumbers．

Note2：Someresearchareaswlthfewco－Citationswithotherresearchareasaresofhrfiomthecenterofthemapthattheyarenotincluded
abovc．

Data：TabulatedbytheNationalInstituteofSclenCeandTbchnologyPolicybasedonThomsonScientincrsHEssentialScienceIndicatorsl・
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InScienceMap2006，ResearchAreaCorrelationMap，al1687researchareasderivedfromclustenng

SCienti丘cpapersaremapped・Theaimofshowingthe124hotresearchareasforwhichcontentanalysISWaS

Performedistoclarifythepositionofthehotresearchareaswithinscienti丘cresearchasawhole．Thewhite

CirclesinFigure2indicatethepositionsofresearchareas，Whiletheredcirclesindicatethecenterposition

Ofhotresearchareas．

Becauseshowingal1687researchareasontheScienceMapwouldmakeitoverlycomplex，inthisreport，

Onlythepositionsofhotresearchareasare shownOnm叩S，aSinFigure3・Gradationsinthemap

COrreSPOndtothedensityofCOrePaPerS・WarmCOlorsrepresentgreaterconcentrationsofcorepapers，With

COlorsbecomingcoolerasthedensityofcorepqpersdecreases．ThestandardforcolorsintheScienceMap

is”Observationalcosmologyandanelementarymodelforit（ID69），”whichhasthehighestdensityofcore

PaPerS・PlaceswithamaximumdensityofaboutO．8arered；higherdensitiesarerepresentedaswhite．

FromtheCorrelationMap，OneCanSeethatthe124researchareasdivideintogroupsofresearchareas，

andthatgroupsareinterrelated．

TheresearchareasatthelowerrightoftheCorrelationMaparerelatedtoparticlephysics／cosmology・

Thegroupofresearchareasrelatedtocondensedmatterphysicsspreadsoutabovethem・Therearetwo

groupsofresearchareasatthecenteroftheCorrelationMap・Thegroupofresearchareasrelatedto

nanoscienceisatthecenter－right，andthegroupofresearchareasrelatedtochemicalsynthesisattheCenter

left・TbtheleRandbelowchemicalsynthesisisthegroupofresearchareasrelatedtoenvironmental

research・UnlikethegroupofresearchareasrelatedtochemiCalsynthesisthatconcentrateclosetogether，

thisgroupISSPreadoutonthemap・

Groupsofresearchareasrelatedtolifbscienceareattheupperle銃oftheCorrelationMap・Thelowestof

thesegrovpsandtheclosesttothegroupofchemicalsynthesisisplantscienceresearch・Aboveitspreads

POSt－genOmics，Withlinkagetoresearch oninfbctious diseases／immunology，CanCerreSearCh，Studyof

Obesity，andbrainresearch．Atthetopisthegroupofresearchareasrelatedtoresearchonheartandblood

VeSSels・Post－genOmicsformSabridgebetweenplantsCienceresearch，Wheretheresearchsu旬ectisplants，

andcancerresearch，Studyofobesity，andsoon，Whereitisanimals．

（2）The characteristicofareas on the Research Area Correlation Mapwith high core－PaPer

density

TheResearchAreaCorrelationMapshowninFigure2canberegardedasdepictlnganaerialmapwith

accumulationsofcorepapersform1ngmOuntainsofscienceontheland・OntheResearchAreaCorrelation

Map，areaSWithredgradationarethosewithhighcore－PaPerdensity．Core－PaPerdensityishighinresearch

areasandgroupsofresearchareasinwhichmanyhot（highly－Cited）scientincpapersarepublishedand

frequentlyco－Cited・Thisischaracteristicofallpartsofthemapwithhighdensities・

Theprocessesbywhichregionswithhighcore－PaPerdensityform，however，arenOtuniform．Herewe

Willconsiderthe characteristic ofhigh core－PaPerdensityonthe ResearchArea CorrelationMapby

COntraStlngthelifbscienceresearchareagroupwiththeparticlephysics／cosmologyresearchareagroup・
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Figure4showsanorthographicprqjectionoftheScienceMap2006ResearchAreaCorrelationMapon

Verticalandhorizontalaxes．OrthographicprqectionontheverticalaxisisthevertiCalprqjection，and

Orthographicprq］eCtiononthehorizontalaxisisthehorizontalprqleCtion・

Looking atthebreadthofresearch areasinthese verticalandhorizontalprqJeCtions，the group of

researchareasrelatedtolifbscienceisthebroadest・Thebreadthsofothergroupsvarysomewhatintheir

Verticalandhorizontalprq］eCtions・Calculatedfromtherangecoveredbytheverticalandhorizontalaxes，

however，lifb science has the widest distribution of any research area group・The particle

Physics／cosmologygroupofresearchareasisseparatefromotherresearchareasandhasanarrowskirt・

Theisolatedlocationoftheparticlephysics／cosmologygrouponthemapisattributabletoitscorepapers

beingcitedonlybycitingpapersinalimitednumberof丘elds・Particlephysics／cosmologyhasultimate

goals such as struCturing aunined neld theory and understanding the orlgln Oftheuniverse，and

experimentalandtheoreticalresearchhaveco－eVOIvedovertimeindeepentanglement・Thereisthusa

tendencytowardsco－Citationamongspecificscienti丘cpqpersandresearchareas，reSultinglnarelatively

narrowdistributionforthegroupofresearchareasonthemap・Becausecorcitationwithresearchareas

Other than particle physics／cosmologyislimited，eVenin time series，the peaks of particle

Physics／cosmologywillprobablychangelittle，andcorepaperswillremainconcentrated

Thesituationisdifrbrentforthegroupofresearchareasrelatedtolifbscience．Thesu旬ectsoflifb

SCienceresearcharediverse（plants，animals，fungi，etc．），aSareitsapproaches（i．e．，themolecular，Ce11ular，

Organ，andindividua11evel）・Thus，Widelydiversethemescanbesetandjoinedincomplexcombinationsto

advanceunderstandingofnature．

Thismakesitpossibleforresearchareasthathavedevelopedseparatelytolink，forresearchareasto

ShiR，andfornewresearchareastoappearasscienceadvances．Thereisthereforenoneedforthecore

PaPerStOCOnCentrateinaspeci丘creglOnthewaythoseofparticlephysics／cosmologydo・

Furthermore，Citationoflifbsciencerelatedscientincpapersbeginssoonerafterpublicationthanwith

Othernelds・Inotherwords，theprocessofresearchareaformationismorevolatile・AsnapshotofaglVen

timesuchastheScienceMapshouldthereforeenableonetoviewresearchareasinvariousphasesof

development・Infact，OntheResearchAreaCorrelationMapthatplots687researchareas（Figure2），the

majorityofresearchareasareobservedinthelifbsciencerelatedregion，indicatingthevarietyofits

researchthemes．

Thus，although high core－PaPer densityshownin redis seenfor bothlifb science and particle

Physics／cosmologyontheResearchAreaCorrelationMap，thecharacteristicoftheirpeaksdi胝rs・

Figure5depictshorizontalandverticalprq）eCtionsfbrScienceMap2004・Lookingatchangesovertime

fromScienceMap2004toScienceMap2006，thepositionsofthemountainsofparticlephysics／cosmology

didnotchange，Whilethoseoflifbscienceshifted．Thiscon丘rmsthecharacteristicsdiscussedabove．The

followlngChapterdiscusSeStime－SeriesanalysISindetail，includingthisdata・
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ThevisualizationmethodfortheResearchAreaCorrelationMap

Ordinarily，maPPlngObtainsonlythecenterpositionsofresearchareas・Thereistherefbresome丘eedominhowto

depictthebreadthofindivldualresearchareasonthemap・OntheIndividualResearchAreaMaps，thebreadthof

researchareasisexpressedusingtheradiusesofcircles．

Thistime，reSearChareabreadthontheResearchAreaCorrelationMapISeXPreSSedusingaGaussianfunction・This

hastwo伝ctors・ThenrstfhCtOristhedesign－baseddecisiontoanaloglZethemapwithtopographicalmapsasdescribed

inthetext・ThesecondfhctorisatechnicalissueinvoIvingtheuseofcircles・Becausethemaximumnumberofcore

PaPerSinaresearchareadividedbytheminimumnumberisontheorderoflO4，itisdifnculttousecirclestoexpress

Sizeonamap．

InconcretetermS，reSearChareas’corepapersweredistributedintermSOfaGaussianfunction，Centeredonpositions

foundwithamapplngPrOgram・CorepaperdistributionintheScienceMapISeXPreSSedbysupelT）OSlngtheGaussian

functionobtainedfbreachresearchareap（X，y）（the687researchareasinScienceMap2006）．Thevalueofp（x，y）

integrated丘）rallsurfhcesisthetotalthenumberofcorepapers・

Foractualvisualization，inordertoexpressthedistributionofCOrePaPerSOnatW0－dimensionalplanebyuslng

COmPuterS，theScienceMapwasdividedintoameshofareadxxdy．Next，thenumberofcorepapersincludedinthe

meShwerecounted，andcorepaperdensity（numberofcorepapers／（dxxdy））wascalculatedtoapproximatep（x，y）・For

theResearchAreaCorrelationMap，COlorsweredeterminedinaccordancewiththecore－PaPerdensityineachmesh．

Figure4：ScienceMap2006inhorizontalandverticalprq］eCtion

【HorizontaIprojection】

【
＜
e
芸
c
a
言
「
丘
．
e
C
t
i
O
⊃
】

Notel＝Orthographicpr（リeCtionontheverticalaxisistheverticalprq）eCt10n，andorthographicprq］eCtlOnOnthehorizontalaxisisthe

horizontalprqeCt10n，

Note2：Theheightofthemountainsindicatescore－PaPerdensity．Thehigherthemountain，thegreatertheconcentratlOnOfcorepapers・
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Figure5：ScienceMap2004inhorizontalandverticalprqection

【Horizontalprojection】

Notel＝OrthographicprqeCtionontheverticalaxisistheverticalprq］eCtion，andorthographicprQJeCtiononthehorlZOntalaxisisthe

horlZOntalprqection．

Note2＝TheheightofthemountalnSindicatescore－paPerdensity・Thehlgherthemountaln，thegreatertheconcentrationofcorepapers・
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4・Changesinscientificresearch，aCOmParisonofScienceMap2004and

ScienceMap2006

4－1Thedynamicsofscientificresearch

This chapter addresses the dynamics ofscientincresearch as glimpsedthroughthe Science Map・

Changesbetween2004and2006willbe discussedthroughtheresults oftheinterview surveyand

COmParisonofthetwoResearchAreaCorrelationMaps・

Figure6showstheResearchAreaCorrelationMapinScienceMap2004，WhileFigure7showsthesame

mapforScienceMap2006・ThewaysinwhichhotresearchareasaredeveloplngCanbegraspedbyuslng

corepapersincludedinbothScienceMap2004andScienceMap2006asmarkers・Thenumberofcore

papersfbundinbothScienceMap2004andScienceMap2006showstheircorrespondencerelationship・

Yellow arrowsindicate hotresearch areasin whichconcentrations ofcore papers continued without

division．Red arrowsindicate hot research areasinwhich concentrations ofcore papers dividedinto

multiplegroups・BluearrowsindicatehotresearchareasthatfusedontheScienceMap2006・Thisindicates

acorrespondencerelationshipinwhichtherewereatleast80corepapers，Withatleast200Verlapplng

betweendiffbrenthotresearchareas．

Areaswithhighcore－PaPerdensityaccordinglylnCludemanycorepapersheldoverfromScienceMap

2004・Thismayseemobvious，butconverselyltmayindicatethatinorderforaresearchareatogrowlarge，

acoreofongolngSCientincknowledgeisnecessary．

Below，thisreportdiscussesthedynamicsofscientificresearchinvariousresearchareas・

15



Figure6：ScienceMap2004

Note：Hotresearchareaswlthatleast80corepapersaredepictedasyellowdots，SOmeWithareanames，Whiletheposltionsofthosewith

lessthan80corepapersareindicatedwlthreddots．

Data：TabulatedbytheNat10nallnstituteofScienceandTbchnologyPolicybasedonThomsonScientinc・S・・EssentlalScienceIndicators”
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Figure7：ScienceMap2006

Note‥Hotresearchareaswlthatleast80corepapersaredepictedasyellowdots，SOmeWlthareanames，WhilethepositlOnSOfthosewlth

lessthan80corepapersareindicatedwithreddots．

Data：TbbulatedbytheNatlOnalInstituteofScienceandTechnologyPolicybasedonThomsonScientinc’S’fEssentialScienceIndlCatOrS”
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（1）Lifescience

Herewewilldiscussheartandbloodvesselsresearch，brainresearch，Studyofobesity，CanCerreSearCh，

research oninfbctious diseases／immunology，POSt－genOmics，andplant science research，Which canbe

groupedtogetheraslifbsciencerelated．

LookingatlifbscienceasawholeinScienceMap2004andScienceMap2006，inScienceMap2006，its

research areas arelaidoutvertical1ylike abackbone．Thisisbecausepost－genOmicsisin aposition

bridgingplant science research that fbcuses mainly onplants andfungiandheart andbloodvessels

research，brainresearch，Studyofobesity，CanCerreSearCh，andresearchoninfbctiousdiseases／immunology

thatfocusmainlyonstudyinganimalsandfungi・ThechanglngrOleofpost一genOmicsasabridgebetween

researchareasmatchedtheoplnionofexpertsintheinterviewsurveyaSWell．

Weexaminedhotresearchareasconsideredlikelytohavemadeam叫OrCOntributiontothispositional

Change・ForScienceMap2004，l－Researchonepigenetictranscriptionalregulation（2004，ID130）’’and

”Analysisofmechanismofregulationofplantgrowth（2004，ID33）”werederivedasseparatehotresearch

areas，butfor ScienceMap2006，theyfusedto fbrmHMulti－hierarchicalregulatorymechanismoflifb

Phenomena（2006，ID111）．”Researchonlifbphenomenainanimalsandplantslongfocusedonelucidating

the regulatory mechanismsfortranscrlPtionfromDNAto RNA・Beginnlngin2000，however，muCh

researchonRNAiandotherregulatorymechanismsattheRNAlevel，regulatorymechanismsafterprotein

translation，andinvivoproteinlocalizationregulationhasalsobeenpublished・Atrendtowardsresearch

thatattemptstounderstandmorecomplexandbroadbasedregulatorymechanismsoflifbphenomenais

apparent．

Furthermore，’’Research onproteome（2004，IDlO5）H remainedin Science Map2006as一’Isotope

labeling／quantitative mass spectrometry／protein analysis（2006，ID119），H butits position on the map

Changed・InScienceMap2004，ithadasomewhatisolatedpositionbetweenchemicalsynthesisandlifb

SCience・InScienceMap2006，however，ltmOVedtothecenterofthepost－genOmicsgroupofresearch

areas・In mass spectrographic analysIS Ofproteins，Koichi Tanaka of Shimadzu Corp．developed a

desorptlOnionizationmethod丘）rmaSSSPeCtrOgraPhicanalySISOfpolymers，WhichearnedhimaNobel

Prizein chemistry・This kind ofresearch has a very strong▼一chemistryl－element toit・Asgenome

SequenClnguSlngmOdelorganismsadvances，COmPrehensiveresearchonproteinsisdraWlngattention．

Massspectrographyisbeingaggressivelyincorporatedintolifbsciencerelatedresearchandhastakenroot

asapost－genOmicsmethod．Onecantakethisasascientinctrend．

Tbday，theadvancementofgenomicsisaccelerating．DNAhasbeensequenced，buttherearemoretypes

Ofproteins，andtheirspatialpositions，amOuntS，andtimlngOfexpressionvary・Asthesebecomeclearerin

thefuture，the distancebetweenunderstandingoflifbphenomenaandmolecularbiologyandclinical

medicinewi11becomeshorter・Asclinicalmedicinerelatedresearchareasgrowmoreintimatelyconnected

Withpost－genOmics，diseasewillbeunderstoodatthemolecularlevel・Researchwilldeepen，Withmore

advancedtreatmentsbecomlngaVailable・

Theprogressofpost一genOmics，however，hasbeenaccompaniedbyanothernoteworthychange・Inthe

interviewsurvey，ltWaSPOintedoutthatl－Inthepast，lifbscienceresearchdidnotrequlrelargeamountsof

researchfunding・TheriseofgenomicshasbroughtaboutasortofresearchstyleintheUSAthatrequlreS
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theinvestmentoflargeamountsoffunds，andothercountriesarefo1lowlngSuit・”Unlessresearchfunding

ismaintainedataCertainlevel，COuntriescanfallbehindinglobalcompetition・

Inaddition，aSPOSt－genOmicshasadvanced，reSearChatthemolecularlevelhasflourished・Research

themeshavethusfragmented，andsomefbarthatfbwpeoplehaveagraspoftheoverallpICture・Thereare

some sCience Map2004research areas such as HStemce11therapy onnervOuS，hematopoietic，and

cardiovascularsystem（2004，ID27）▼，thathavedividedfbrScienceMap2006，andresearchcommunities

addresslngmOredetailedresearchareform1ngWithinsuchresearchareas・The丘agmentlngOfresearch

communitiestoobtainmoredetailedresearchresultsisapositiveoutcome，butresearchandsystemsthat

sharetheresultsamongcommunitiesarenecessary・ResearcherswholookattheentirepiCture，SuChas

PhysiologlStS，areneeded．
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Figure8：ScienceMap2006（enlargedviewoflifbscienceresearchareasandlistofresearchareas）

lD R ese arch A rea

1 D ru g－elutln g Stent

2
Stage classlficat）On，treatm entalgor］thm and
Ou tCOm e PredlCtlOn OfhepatocarclnOm a

3
BasIC and clln lCalstudy on an tltum Or effect of
hlStOne deacetylahe （H D A C ）inhib ltOrS

4
BlOdefen se by b lood coagul at10n regulatory

SyStem

6 Study on high ly patho gelllC aVlan lnn uenZa
Subtype H 5N l

7 B one m etabollSm COntrO lby dru g and ltS CllnlCal
appllCatlOn

8 H istory ofe任ect and adverse effect ofhorm One
replacem entth erapy （H R T）

9 T h om boem bollSm Sn ldy

10
C onventl0n allnfectlOuS dlSeaSeS／resIStant
bacter）al lnfectlOuS dlSeaSeS

11
C ontrolof lym phocyte－aCtlVatlng Organ
dysfu n ct10n by antlbody therapy and others

12
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13
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23
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24
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（2）Plantscienceresearch

Next，letusturnourattentiontoplantscienceresearch，Whichaddressesmainlyplantsandfungi・”Stress

responsein plants（2004，ID　34）．’in Science Map　2004　dividedintoIHEnvironmental stress

response／metabolicpronling／cellularstruCtureandphospholipidmetabolisminplant（2006，ID33）Y．and

．．PlantdefbnseagainstinfbctionblantiⅡununity▼一inScienceMap2006．Thestrengtheningtiesbetween

POSt一genOmicsandplantscienceresearchlikelyinfluencedthisdivision．Inthe2000S，reSearChongene

identi丘cation，intergeneticnetworks，tranSCrlPtOmeanalysis，andmetabolomeanalysisinmodelplantshas

grownaCtive・Moredetailedresearchhasprogressed，andvariousresearchcommunitieshaveformed・

Regarding”Plant defbnse againstinfbction／plantimmunity（2006，ID　34），’’Kiyotaka Okada

（Director－General，NationalInstituteforBasicBiology）pointedout，HThroughresearchonmodelplantsof

thethalecress（drabi痺sisthaliana），isolationofstrainsvulnerabletoinfbctionhasprogressed，leadingto

furtheradvancesinresearch．Isolationofreceptorsrelatedtoinfbctionwithmoldorbacteria（toll－1ike

receptors）in particularisflourishing．Thistype of research was handled by agricultural science

departmentsas”plantphysiology，■一andfbwresearchersadoptedmethodsfrommolecularbiology・Research

WaSStymied．Atthatpoint，basesequencingofthalecressmodelplantsandaninfluxofyoungreSearChers

activatedtheplantscienceresearchandtransfbrmedtheresearchareaintooneofJapan．sstrongeroneS・■l

Theyoungresearcherswhoappearedonthesceneinl985and1986includeOkada，YoshiroShimura（now

PresidentoftheNationalInstitutesofNaturalScience），KazuoShinozaki（nowDirectoroftheRikenPlant

ScienceCenter），andYoshibumiKomeda（nowaProfessorattheUniversityofTbkyo）・Thefburmen

enteredtheneldofplantphysiology丘omotherresearchareas・Theyareexamplesoftheimportanceof

interaction among researchers丘om dif托rent丘elds．On the other hand，it was pointed out that the

accumulationofresearchfromaplantphysiologyperspectiveisam呵OrreaSOnthattheimportanceof

Japan一spresenceinmolecularbiologyresearchonplantsgrewsorapidly・Inadditiontomolecular－level

，aPPrOaChessuchasgenesandproteins，itisimportanttohavephysiologicalperspectivesonplantbodies・

Henceforththerelationshipbetweensuchresearchandtheenvironmentwilllikelygrowstronger・Japan

ismakingastronge伍）rtinplantscienceresearch，butintheinterviewsurveyitwaspointedoutthatthere

isnoroadmapshowinghowtoleveragetheknowledgeobtainsintheplantscienceresearchtosocial

issuessuchasenvironmentandfoodissues．AsforChinalsactivitiesinplantscienceresearch，anincrease

inthepercentageofpapersfromChinainhotresearchareashasbeenobserved．（See6－2below・）

（3）Clinicalmedicine

Heartandbloodvesselsresearch，brainresearch，Studyofobesity，CanCerreSearCh，andresearchon

infbctiousdiseases／immunologyaredirectlyorindirectlyrelatedtoClinicalmedicine・

First，COmparlngScienceMq）2004andScienceMap2006，thenumberofhotresearchareasdecreased

Slightly．InScienceMap2004，Clinicalmedicinehadmanyhotresearchareaswithasmallnumberofcore

papers・CorepapersinthesehotresearchareasremainedinScienceMap2006aswell，SOthehotresearch

areaseithergrewandcontinuedorgrewanddivided．

Looking at examples ofhot research areas that continued，一■Clinicaltrialoftherapeutic agentfor

cardiovasculardisease（2004，ID15）”wassucceededby一一Studyonriskassessment，therapeutice飴ct，and
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diagnostic methodforcardiac diseases（2006，ID12）．日日Researchon cancertherapy（2004，ID14）．▼

COntinuedas’’NewdevelopmentinmoleculartherapytargetingEGFRmutationsandothers（2006，ID20）．‖

’’ResearchoninfbctionmechanismandtherapyofHCVandHIV（2004，IDllO）▼▼continuedas”Studyon

HCVandHIV（2006，ID95）．’▼

Ontheotherhand，SOmehotresearchareasdividedbetweenScienceMap2004andScienceMap2006・

”SignaltransducingmoleculesassociatedwithlifeStyle－relateddiseases（2004，ID26），一一whichwasasingle

areain Science Map2004，dividedinto three areas，”Thromboembolism study（2006，ID9），”

”Arteriosclerosis，abnormallipidmetabolismandabnormalcarbohydratemetabolisma飴ctingtheonsetof

acutecoronarysyndrome，andinhibitoryef托ctofhypolipidemicagentsandproglycemicagentsonthe

OnSetOfacutecoronarysyndrome（2006，ID14），一一and一一Elucidationofin－VivofunctionofdrugtranSPOrter

inhuman（2006，ID96）・”LookingattheIndividualAreaMapfor”Signaltransducingmoleculesassociated

Withlifbstyle－relateddiseases（2004，ID26）．▼in ScienceMap2004，reSearCh丘ontsrelatedto signal

transductionpathsassociatedwithspecificdiseasessuchasmyocardialinfhrctionandmalignancieshada

StruCture Ofloose connections within aframework ofresearch on slgnaltransduction・Subsequently，

researchondi飴rentkindsofsignaltransduCtionadvanced，andtheirtieswithspeci鋲cdiseaseresearch

SuCh asheartandbloodvessels researchandcancerresearch strengthened，reSultingindivisioninto

multipleareas・Inaddition，”Stemcelltherapyonnervous，hematopoietic，andcardiovascularsystem（2004，

ID27）’’dividedintoHBiologicalelucidationandclinicalapplicationofdamagedtissuerepairmechanism

（2006，ID23）’’and”Causeanalysisandtherapydevelopmentfbrpsychiatricandnervedisease（2006，ID

48）．’－

Furthermore，HResearchonimmunesystem（2004，ID116）Hsplitinto”Suppressionofimmunereaction

Centeredonfoxp3－POSitive，CD25－POSitiveandCD4－POSitiveregulatoryTcells（2006，ID97）．▼and一一Innate

immunity（2006，ID108）・’’Immunesystemresearchtargetstwotypesofimmunity，aCquired（HSuppression

Ofimmunereactioncenteredonfoxp3－POSitive，CD25－POSitiveandCD4－POSitiveregulatoryTcells（ID

97）”）andnatural（”StudyonHCVandHIVlID95］一Iand”InnateimmunitylIDlO8］．”）Formerly，Only

acquiredimmunitywasunderstood・SubsequentresearchshowedinmolecularbiologytermSthatacquired

immunityworksafternaturalimmunityhappens．Tbday，reSearChonnaturalimmunityisdrawingattention，

andaresearchcommunityhasformed，leadingtothesplit．

Asisthe casewith”Innateimmunity（ID108），‖10years agoresearchon▼▼Ghrelin／functionand

Pathophysiologicalsigni丘cance（ID15）”didnotexist．GhrelinresearchisadvancingalongwithresearCh

Onaging（growthpromotionandsenesCenCeinhibition）andobesity．Intheinterviewsurvey，anOPinionwas

glVenStatlngthatcirculatorysystemdisease，thesu旬ectofheartandbloodvesselsresearch，ischronicand

requlreSlongtreatmentperiods，andtheprognosischangesdependingonhowacuteepisodesarehandled・

Inordertomaintainqualityoflifbinanagingsociety，SyStemSfortreatingthiskindofdiseaseneedto

improve・Inthepast，embryonicstemcellresearchcouldonlybeperformedatalimitednumberofresearch

institutions，butYamanakaetal・atKyotoUniversitychangedthissituationbyestablishingiPScells．A

respondentintheinterview surveyPOintedoutthatnow anyresearchinstitution canparticIPate，SO

COmpetitionwillincrease・Therelationshipbetween”Embryonicstemcell／neuralinduction（ID99）Mand

CanCerreSearChisnoteworthy・Inaddition，becauseinfbctiousdiseaseresearchisinfluencedbyglobal

Warmlngandotherenvironmentalchanges，reSearChondiseasessuchasmalariamaybecomeimportantin

Japaninthefuture．
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（4）Chemicalsynthesis

Twohotresearchareas，”Catalyticasymmetric synthesis（2006，ID91）．▼and HMolecularconversion

reactionusingtransitionmetalcatalyst（2006，ID92），”areatthecoreofchemicalsynthesisinScienceMap

2006・RyqjiNoyori，a2001NobelLaureateforchemistry，lSaPlOneerinthelatterresearcharea・This

asymmetricsynthesisusingtransitionmetalsascatalystsischaracterizedbyhighcatalyticactivity，With

minuteamountsofplatinumoriridiumproducinglargequantitiesofsalvagedmaterials・

Comparlng Science Map2004and Science Map2006，the number ofcore papersin－1CatalytlC

asymmetricsynthesis（ID91，2006）”increased．Thishotresearchareacomprisesresearchfrontsthatuse

Organic catalystsforasymmetric synthesis・Asymmetric synthesis uslng Organic catalystsis relatively

environmentallyfriendlybecauseitdoesnotrequlremetalcatalysts・

Intheinterviewsurvey，areSPOndentpolntedoutthefbllowlngaboutchemistrylngeneral・’’Su旬ects

SuChasstructuralanalysisofproteinandDNApolymerasecannowberesearchinuniversitychemistry

departments，SO the territory of chemistry has expanded・Thefundamental point of chemistryis

understandingmatteratthelevelofchemicalstruCturalfbrmulas．GenomedatasuchasproteinsandDNA

CannOWbestudiedatthemolecularstruCturallevel，aSaCOnSequenCe，thegapbetweenlifbscienceand

Chemistry has become smaller・In condensedmatterphysics as we11，reSearCh at the molecularlevel

（chemical structuralformulalevel）is advancing．H On the Research Area Correlation Map as well，

Chemistryislocatedbetweenlifbscienceandnanoscience，matChingtheopinionofthatexpert・

（5）Nanoscience

Thecorehotresearchareasfornanoscienceare▼▼Carbonnanotubesynthesisanddeviceevaluation（2006，

IDl15）”and”Study on synthesis and optical application of metal and metal oxide

nanoparticle／nanostructure（2006，ID116）．HTheseresearchareashavedevelopedrapidlyoverthepastlO

years・ExpertspointedoutthatlOyearsagotheyweremuchsmal1eronthemap・

As can be seenin Science Map2006，nanOSCienceis steadily progresslng・For example，tOPICS

COmPrlSlngthesinglehotresearcharea一一DevelopmentofnanostruCtureanditsapplicationtomolecular

devices（2004，IDlO6）．▼inScienceMap2004havegrownanddividedintothreeindependentareas・They

arellStudyonsupramolecularnanodevicebymolecularmachineandsingle一mOleculeconductor（2006，ID

86），…DNA－nanOmaterialandnanodevice（2006，ID87），▼一and”Studyonsynthesisandopticalapplication

Ofmetalandmetaloxidenanoparticle／nanostruCture（2006，ID116）．’’

Intheinterviewsurvey，areSPOndentpointedoutthat一▼Physicshasapproached丘ombulkandchemistry

frommoleculestonanoscience・Theboundariesbetweenphysics andchemistry seemtobegradually

gettlngVaguer・一一Forexample，reSearChoncarbonnanotubesduringthel990swascarriedoutmainlyby

Physicists，butinabout2000，Chemicalmodincationofnanotubesbecamepossible．Thishasledrecentlyto

PartlCIPationbychemistsinthisresearch・LookingatchangesbetweenScienceMap2004andScienceMap

2006（FigurelO），reSearChlinkingchemicalsynthesisandnanosciencehasincreased・
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Figure9：ScienceMap2006（expandedviewofchemicalsynthesis／nanoscienceandlistofresearchareas）
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Figure10：Increaseinresearchareasbetweenchemicalsynthesisandnanoscience

ScienceMap2004　　ScienceMap2006
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Data・TabulatedbytheNationallnstituteofScienceandTechnologyPolicybasedonThomsonScientinc－S一一EssentialScienceIndicators，一

AnincreaseinresearchareaslinkingchemicaIsynthesisandnanoscience

ResearchAreaCorrelationMapsfbrchemicalsynthesisandnanoscience，Withtheirhorizontalpr（りeCtions・Thetwo

PeaksfbrnanoscienceinScienceMap2004haveresoIvedintoone．Inaddition，thevalleybetweenchemicalsynthesis

andnanosciencebecamehigher，indicatlnganincreaseinresearchareaslinkingthetworesearches．
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（6）Condensedmatterphysics

Condensed matter physics mainlylnCludes hot research areas related to quantum computlng and

SuPerCOnductivity．（SeeFigurell．）ComparingScienceMap2004andScienceMap2006，thenumberof

SCientincpapersin”Ferromagneticsemiconductorspintronics（2006，ID55）l’and”Electricalcontrolof

SPininsemiconductors／quantumcomputerusingsolidstatecomponents（2006，ID57）”increased・The

interviewsurveyfoundthattheseresearchareasdidnotexistlOyearsago．Incondensedmatterphysics，

researchersseemstoclusterinareaswherebreakthroughshavebeenachieved，SuChashigh－temPerature

SuPerCOnductivity20yearsagoandlasercoolingl0yearsago，andthencarryoutsteadyresearchoncethe

boomhasquletedsomewhat．

’．Quantumelectronicsanditsapplicationtoquantuminformationprocessing（2004，ID70）’’inScience

Map2004dividedintotwohotresearchareas，一一Quantuminformation／Communication，OPticalnanoscience

（2006，ID61）”and’’Newquantumcondensedphasewheresubstancesstronglyinteractwitheachother

（2006，ID63），”inScienceMap2006．

Thelatterareaincludesthreeresearchthemeslooselylinkedbytheperspectiveofthephysicsofstrongly

COrrelated systems（researCh on Bose－Einstein condensation throughlaser cooling，reSearCh on

high－temPerature SuPerCOnductivity，reSearChonhigh－energynelds）．Thisindicatesalooserelationship

betweenparticlephysics／cosmologyandcondensedmatterphysics・Particlephysics／cosmologyresearchers

indicatedthatalthoughlinkswithcondensedmatterphysicsareweak，theyareongolng・Thepositional

relationshipofthefieldsontheResearchAreaCorrelationMapmatchesthesenseoftheexperts・

TheoplnionoftheexpertsintheinterviewsurveyWaSthatthepositionofcondensedmatterphysics

betweenchemicalsynthesisandparticlephysics／cosmologywillnotchange，butthehotresearchareas

derivedwillvaryovertime．Theyfurtherindicatedthat”Ferromagneticsemiconductorspintronics（2006，

ID55），””Electricalcontrolofspininsemiconductors／quantumcomputerusingsolidstatecomponents

（2006，ID57），’’and”Quantuminfbrmation／Communication，OPticalnanoscience（2006，ID61）▼一would

PrObablyentertheapplicationphase，WhileresearchonllNewquantumcondensedphasewheresubstanCeS

StrOnglyinteract with each other（2006，ID63）”in the condensed matter physics neld wouldlikely

continue．

（7）Particlephysics／cosmo10gy

Expertspolntedoutthattherelationshipbetweenresearchonelementaryparticlesandspaceresearchhas

grownstrongeralongwithgreaterprecisionandimprovedobservationparametersinspaceobservation．

Thisagreeswiththepositionsofhotresearchareasonthemap．（SeeFigurell．）

Comparlng the Science Map2004withthe Science Map2006，the hot research areas丘om2004

generallycontinued，althoughsomemerged・Intheprq］eCtionsshownin

Figure4andFigure5，althoughthecore－PaPerdensityofparticlephysics／cosmologybecomeslower

Slightly，in the aerial view of science，its mountains are conspICuOuSly high and narrow・These

CharacteristicsdidnotchangebetweenthetwoScienceMaps，indicatingthatthepatternOfresearchactivity

itselfdidnotchange・Thisisbecauseparticlephysics／cosmologyhasultimategoalssuchasconstruCtionof

auninedneldtheoryandunderstandingoftheorlglnOftheuniverse，andresearchcontinuestoevoIvein
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thosedirections．

Relationshipsbetweenparticlephysics／cosmologyandothergroupsofresearchareasarenotexpectedto

changesigni丘cantly，andindeedobservationofchangesintheScienceMapovertimefoundnochangein

thegroup’spositiononthemap，eVenthoughresearchcontentchanged・

Particlephysics／cosmologylSa丘eldthatadvancesasexperimentsandtheoriesstimulateeachother・

Theoryhasledtheway，butthelaunchoftheEuropeanOrganizationforNuclearResearch－S（CERN）Large

HadronCollider（LHC）isexpectedtoleadtothedevelopmentofresearch・Discoveriesofnewphenomena

throughtheverincationandtestlngOftheorieswilltakeplace．
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Figurell：ScienceMap2006（Expandedviewofcondensedmatterphysics／particlephysics／cosmologyandlist

Ofresearchareas）
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4－2　Newly－derivedresearchareas

Figure12shows19hotresearchareaswhosecorepapershavenooverlapwiththecorepapersofthe

133hotresearchareas derivedfbr ScienceMap2004・Inotherwords，these are－1newly－derivedhot

researchareasHinScienceMap2006・TheaveragenumberofcorepaperscomprlSlngtheseresearchareas

islowat32・4，abouthalfthe77・Oaverageofthe124hotresearchareas・Averageyearofpublication

Shouldroughlyindicatetheperiodwithinwhicharesearchareaformed・Theaverageyearofpublicationin

theseresearchareaswas2003．7，Whilefbrall124hotresearchareasitwas2003．4．

Thesenewly－derivedhotresearchareascanbedividedintothreepatternS（A，B，andC）・

＜PatternA（Figure12，redIDs）＞

Thereis no overlap between the relevant research area’s core papers and core papers comprlSlng

researchfrontsinScienceMap2004・Inotherwords，COnneCtionswithprecursorresearchhadnotyet

fbrmed，buttheysurfhcedasresearchareasafterScienceMap2004・Example：Visceralsensationand

neuralmechanismofemotionandempathy（ID45）

＜PatternB（Figure12，blueIDs）＞

Thereisoverlapbetweentheresearcharea－scorepapersandcorepapersinScienceMap2004，andthe

averageyearofpublicationisold（be丘）re2003．4）．Inmostcases，therewassomewhatmatureprecursor

research，andpartofthatareasplitoffandwasderivedasanewarea．Example：Proteinfblding（ID84）

＜PatternC（Figure12，WhiteIDs）＞

Thereisoverlapbetweentheresearcharea－scorepapersandcorepapersinScienceMap2004，andthe

averageyearofpublicationisrecent（after2003．4）．Therewasalinkwithprecursorresearch，butnewly

Published scientific papers fbrmed strong co－Citation relationships，and a new field was derived fbr

ScienceMap2006．Example：Metamaterials（ID52）

Figure12：Newly－derivedhotresearchareas
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PaPerS

2 Stageclasslficat10n＿treatm entalpontlm and outcom el1redlCt10n Ofhe11atOCarClnOm a 14 2002．6 6

5 D eep m ycosIS 45 2004．0 tb

10 C onventionalinfbctiou s diseases ／resistantb acterlallnfbctious diseases 59 2003．2 26

28 P lant cellproteom e an alysIS 25 2003．2 13

36 AssIStlVeteChnologyfordetectlOn，PrediCtl0nandcourltermeaSureOfanlmalandplantactlviQ，Changecaus edbyc］1nuteChange 38 2004 ．1 10

40 G am m a－raY burstand relatlVe CelestlalexDloslOn phenom enon 66 2004 ．9 12

43 N ltride sem icondu ctor tran sistor ／h igh－V Oltage and hlgh－fr equency appllCat10n 19 2003 ．1 10

44 Integrated com prehenslOn Of brain fu nct10n bv n euron一定Iia lnteraCtlOn 19 2004 ．7 3

45 V isceralsen sation an d neuralm echanism ofem otlOn and em pathy 17 2003 ．7 0

46 D ecision一m aking neurOSCience 13 2003 ．3 4

52 M etam aterials 66 2003 ．8 15

59 H igh energy densitY SCience 28 2004 ．2 6

71 N ano丘berteclm ology w ith the electro－Splnnlng PrOCeSSand tlSSue englneerlng reSearCh 49 2003 ，5 16

77 M olecu le－b ased nano－du antum m aEnet 32 2003 ．6 8

83 A ctiv ation ofo xv Een m Olecu le bv m etalloenzvm e 29 200 3．6 8

84 Proteln fbldlng 45 2003 ．1 16

94 EDldem lOloglCalstudYaboutth ee鮪ctofaLrDOllutlOn（especlally DartlCle－1ike substances10n cardlOVaSCulardlSeaSe 13 2004 ．1 2

105 Quantl丘catlOnOfwatervapor，Clouds，aerOSOlarld albedo basedon sateulte and ground－basedobservatlOn 18 2004 ．3 8

113 Photosvn thetic llght reaction aDDaratu S／stru Cture，fu nction and regulation 26 2003 ．7 7

Note：PatternAIDsarehighllghtedinredandPatternBIDsinblue．

Data＝TabulatedbytheNationalInstituteofScienceandTechnologyPolicybasedonThomsonScientlnC．S”EssentialScienceIndicators”

29



4－3　Expl0nngCandidatesforhotresearchareas

Figure13　showsthecompositionofresearchareasfbrScienceMap2004andScienceMap2006・As

notedinthe一▼Surveymethod一一Chapterabove，thenumberofresearchfrontsperresearchareaissmallerin

ScienceMap2006thaninScienceMap2004・HotresearchareasinScienceMap2006therefbretotal124，

9fbwerthaninScienceMap2004．

Lookingatquasi－hotresearchareas（researchareaswithnveorfbwerresearchfronts），Ontheother

hand，therewere493inScienceMap2004，and563inScienceMap2006，SOScienceMap2006hadmore・

Ofthese，areaSinwhichtheaverageyearofpublicationofcorepaperswasnew（20020rlaterfbrScience

Map2004and20040rlaterfbr ScienceMap2006）numberedl31inScienceMap2004and171in

ScienceMap2006・Thus，mOrethanhalfthelargeramountofquasi－hotresearchareasinScienceMap

2006canbeaccountedforbyareaswhoseaverageyearofcore－PaPerPublicationwas20040rlater・

Inaddition，aSSeenintheprevioussection，almostallnewly－derivedhotresearchareasinScienceMap

2006（Figure12）includesomecorepapersthatwerepartofresearch丘ontsinScienceMap2004・

ThefactthattheresearchareasofScienceMap2006includemorequasi－hotresearchareasandthat

moreofquasi－hotareasincludecorepaperspublishedmorerecentlysuggeststhat ScienceMap2006

COntainsmanyareaswiththeseedstobecomehotresearchareasinaccordancewithPatternCasdescribed

intheprevioussection．

Figure13：ComparisonofScienceMap2004andScienceMap2006

Avg．yearofpublication

20020rIater

Avg．yearofpublication

20040rIater

軒閻≡仙
1999　　　　2001

】　　　　　　1

2004　　　　　2006

WealsolookedatthepositionsonScienceMap20060fthequasi－hotresearchareaswhosecorepapers

hadanaverageyearofpublicationof20040rlater・Inprevioustimeseriesanalyses，itwasfbundthat

researchareascomprlSlngaSmallnumberofresearchfrontsareunstable，andsomeofthemwilldisappear

OVerthe course ofatime series analysis・The fbllowlng analysis therefbre addresses only quasi－hot

researchareaswithatleastlOcorepapers・Ofthe186quasi－hotresearchareaswithanaverageyearof

COre－PaPerPublicationof20040rlater，49hadatleastl0corepapers．Below，thesequasi－hotresearch

areasarecalledHhotresearchareacandidates．一l
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Figure14showshotresearchareacandidatesplottedontheResearchAreaCorrelationMap・Theyellow

dotsarehotresearchareacandidates・Theyareshownwiththeaverageyearofpublicationoftheircore

paperS・

AbouthalfthehotresearchareacandidatesarefbundintheupperleftportionoftheResearchArea

CorrelationMap（thelifbscienceregion）．Severalareasareintheenvironmentregion，Whichhasfbwhot

researchareasinScienceMap2006・Becausetheenvironment丘eldhasfbwerscientincpapersthanother

nelds，nOtmanyareaShavebeenderivedashotresearchareasintheScienceMaps．Inlightofgrowlng

WOrldwideinterestinglobalwarmlngandotherenvironmentalissues，adistinctgroupofenvironment

researchareasmayfbrmonfutureScienceMaps．

Below，WefbcusattentiononhotresearchareacandidateswithdistinctivepositionsontheResearch

AreaCorrelationMap，SuChasalocationbetweenlifbscienceandnanoscience・・

First，thereis onehotresearch areacandidate（MA”onthemap）locatedbetweenlifb science and

nanoscience・ThisisanarearelatedtoHDevelopmentofmicrofluiddevicesfbranalysisofsinglecells・HTo

date，eXPerimentsoncellshavetargetedmultiplecellsintesttubesandPetridishesfbrcollectionofdata・

Thismeansthatthedataintegratedtheconditionsofindividualcells・Theaimofthisresearchistobeable

totakejusta fbwcells，aPPlyapproprlate Stimuli，andobservechangesinrealtime・Ifthis method

becomes established，Various chemistry operations such as mixlng Ofreaction solutions，reaCtions，

isolation，Purincation，detection，and so on can be micr0－miniaturized・This wouldreduce the space

requiredfbrresearch，lessenenvironmentalimpact，SaVetime，andlowercosts・

Thehotresearchareacandidatebetweenlifbscienceandenvironment，Shownas”B▼▼onthemap，is

”Research on the threat offrog extinction丘om chytridiomycosis・M Today，amPhibian species and

population worldwide are declining・Pollution ofthe growth environment，enVironment destruction，

Climatechange，andtheimpactofexoticspecieshavebeenlistedasmaJOrCauSeS，butinrecentyears

chytridiomycosIS，aninfbctiousfungaldiseasehasattractedattentionandresearch・Itisaninfbctious

diseasecausedbyachytridfungusthatisparasiticontheepidermisesoffrogs・Researchhasfbundthat

whenglobalwarmlnglnCreaSeSrainfall，thebodytemperaturesofcoldbloodedfrogsmakeiteasyfbrthe

chytridtoprolifbrateandfortheinfectionto spread・Thisareaischaracterizedbyitsintegrationof

perspectives丘omecology（PrOteCtingtheecosystemsofamphibians，includingfrogs），enVironmental

science（globalwarming），immunologyandinfbctiousdiseaseresearch，Plantandanimalscience，and

clinicalmedicineinitsresearch．

InbetweennanoscienceandCOndensedmatterphysicsis▼▼Thephysicsofgraphene，Hshownas－1CMon

themap・In2004，meaSurementOfthephysicalpropertiesofgraphene，aSubstancemadeofasinglelayer

ofgraphite，becamepossible・Boththeoreticalandexperimentalresearchonitselectricalconductivlty

characteristics，quantumHalleffbct，andsoonareprogresslng・Theaverageyearofpublicationfbrthis

area’scorepapersisverynewat2005．6．

▼▼D”onthemapisthehotresearchareacandidate一一Biofuelcells・▼一Theareaincludesthesequenclngand

analysIS Ofthe genome oftheiron－reducingbacterium Geobacter sulfurreducens，Whichis attractlng

attentionfbritspotentialasabiofuelcellmaterial丘）ritsabilitytobioremediateradioactivemetaland

generateelectricity．Theareaisexpectedtodevelopamongthelifbscience（POSt－genOmics），Chemical

Synthesis，andenvironmentgroups．
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ThehotresearchareacandidateME，…VariousNMRmeasurementmethodssuchaspulsedfieldgradient

SPlneCho，’’islocatedbetweenchemicalsynthesisandenvironment．

Thehotresearchareacandidate”F▼▼betweencondensedmatterphysicsandparticlephysics／cosmology

OnthemapIS“ResearchontheCasimireffbct”．TheCasimirefrbctisapeculiarattractionfbrcethattakes

Placewhentwounchargedmetallicplatesareplacedparalleltoeachother・Thereasonthephenomenon

WaSmaPPedbetweencondensedmatterphysicsandparticlephysics／cosmologylSthatitissometimes

broughtupindiscussionsofwormholesincosmology・

Figure14：Thepositionsofresearchareasexpectedtodevelopinthefuture

Note：Yellowdotsarehotresearchareacandldates・TheyareshownwiththeaverageyearofpublicationofthelrCOrePaPerS・

Data＝TabulatedbytheNationalInstltuteOfSclenCeandTechnologyPollCybasedonThomsonSclentific－S・・EssentlalSclenCeIndicators”
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5・Observationofinter－！multi－discIPIinaryresearchontheScienceMap

This chapterdiscussestheresults ofanalysIS Ofinter－／multi－disciplinaryareasuslngtheAcademic

DiscIPlinesRelationMapandtheResearchAreaCorrelationMap・

5－1AnalyslSuSlngtheAcademicDiscIPlinesRelationMap

（1）HowtoreadtheAcademicDisciplinesRelationMap

First，therelatednessofexistingacademic丘eldsandthe124hotresearchareaswasexamined・Figure

15showstheAcademicDisciplinesRelationMap・Itcomparesthedistributionacross22nelds50fthe

COrePaPerSCOmprlSlnghotresearchareasandusesamodelinwhichhotresearchareaswithsimilarneld

distributionratiosareattractedtoeachother（agravitymodel）tohlOVeeaChhotresearchareatothemost

Stablepositionforthemapasawhole．Hotresearchareaswithsimilarnelddistributionsoftheircore

PaPerSthereforetendtoclustertogether・

Therelativepositionrelationshipsofhotresearchareasonthemapareimportant；locationintermsof

up，down，left，Orrightisnotsignincant・Dataonthedistributionacrossthe22且eldsofthecorepapers

COmPrlSlnghotresearchareasisfoundinPartIIH4・Fielddistributionofcorepapersmakinguphot

researchareas・．一ThenumbersintheAcademicDisciplinesRelationMaparetheresearchareaIDsasslgned

toeachhotresearchareainthedatabase・ThenamesofthehotresearchareascorrespondingtotheID

numbersarelistedontheAcademicDisciplinesRelationMap・

HotresearchareasoutsidetheroughlycirculardottedlineinthecenteroftheAcademicDisciplines

RelationMaparethosewithatleast60percentofcorepapersfhllintooneofthe22fields・Hotresearch

areasinsidethedottedlinearethosewithlessthan60percentofcorepapersfhllintoaslnglefield，and

arethusinter－／multi－disciplinaryareas・

OntheAcademicDisciplinesRelationMap，reSearChareaIDsshadedinredarehotresearchareas

WhereJapanesescientincpapersaccountforatleastl5percentofthepapers・Thoseshadedinorangeare

greaterthan9percentbutlessthan15percent・Thoseshadedinyellowaregreaterthan4percentbutless

than9percent・ThoseshadedinbluearegreaterthanOpercentbutlessthan4percent・Thosethatare

unshadedareOpercentJapanesepapers．

The22fieldsarethefbllowlng：agrlCulturalsCiences，biologyandbioChemistry；Chemistry；Clinicalmedicine；COmPuter

SCience；eCOnOmicsandbusiness；englneerlng；environment／ecology；geOSCiences；1mmunOlogy；materialsscience；

mathematics；miCrObiology；mOlecularbiologyandgenetics；multidisciplinary；neurOSCienceandbehavior；

PharmaCOlogy／toxicology；Physics；Plantandanimalscience；PSyChiatry／psychology；SOCialsciences／general；andspace
SClenCeS．
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（4）Characteristicsofthe124research areasasseenfromtheAcademicDisciplines Relation

Map

Ofthe124hotresearchareas，40areinthelifbsCiencerelatedfieldsofclinicalmedicineorplantand

animalscience．Ofthose40，mOrethanhalf（23）areinclinicalmedicine．Chemistry，Physics，engineering，

andmaterialsscienceaccountforanother40hotresearchareas，With5derivedinenvironment／ecology

andgeosciences．Inaddition，SPaCeSCiencesandsocialsciences，generalhaveafbwhotresearchareas．

Theinter－／multi－disciplinary丘eldaccountsfbr320fthe124hotresearchareas，about25percentofthe

total．
ノ

＼

ComparingScienceMap2004andScienceMap2006，thenumberofinter－／multi－disciplinaryareasfbll

fromabout30percentto25percent・Sixhotresearchareasthatwereinter－！multi－disciplinaryareasin

ScienceMap2004，includingl－Ghrelin；itsmechanismofaction（2004，ID113）”andMHigh－efficiency

dye－SenSitisedsolarcell（2004，ID103），HshiftedintospecificfieldsinScienceMap2006．Theprocessby

Whichinter－／multi－disciplinaryareasshiftintospeci丘C鎖eldsisprobablyrelatedtotheprocessbywhich

researchercommunitiesfbrm・ThefbllowlnglSahypothesis・

Whenresearchisemerglnganditsresearchercommunityisnotyetclearlyde且ned，eaChresearcher

Publishesinhisorherownspecialtyneld・Scientificpapersthusappearinvariousnelds・Thesesresearch

areasareclassinedasinter－／multi－disciplinaryareas，becauseresearchareasarejudgedtobe“inter－／multi－

disciplinaryareas”basedon且elddistributionofcorepapersinthisanalysis・Subsequently，however，aS

timepassesandtheresearchercommunitydeterminesthemostimportantvenuesforpresentlngreSults，

OPPOrtunities to publish scienti丘c papersinJOurnalsin a specinc丘eldincrease・This resultsin

inter－／multi－disciplinaryareasshiftinglntOSPeCincnelds．

Fromthis hypothesis，We Can Surmise thatbecause the content ofinter－／multi－disciplinary areasis

COnStantlychanglng，thereisnoreasonthatthenumberofinter－／multi－disciplinaryareasderivedforthe

ScienceMapshouldremainnxed．ItwillbenecessarytolookatthenextScienceMapinordertojudge

themeanlngOfthedecreaseinthenumberofinter－／multi－disciplinaryareasobservedinScienceMap

2006．

None ofthel24hot research areasislocatedin the且elds ofagrlCulturalsciences，lmmunOlogy，

PharmaCOlogy／toxicology，microbiology，Ormathematics．Becausethisstudyderivesresearchareaswithat

leastacertainnumberofcorepapers，reSearChareasinfieldswithfbwcorepapers，SuChasmathematics，

arenotobserved・Inthiscase，therolesofmathematicsandsooncanbemeasuredthroughthedistribution

Ofcoremathematicspapersinthehotresearchareas・Thisanalysisfoundthatscienti丘cpapersbelonglng

tosuchexistlngaCademicfieldswereincludedinthecorepapersofthe124hotresearchareas・The

existlngaCademicneldsofagrlCulturalsciences，immunology，Pharmacology／toxicology，microbiology，

andmathematicsthereforehavefundamentalcharacteristicsandareelementsthathelpmakeupthehot

researchareas．
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Figure15：AcademicDisciplinesRelationMap

・Thismapcomparesthedistributionacross22neldsofthecorepapersthatmakeuphotresearchareas・Itwascreatedusingamodelinwhichhotresearchareaswithsimilarfielddistributionsareattractedtoeachother（agravitymodel）・

・Aboutone－fourth（32）ofthehotresearchareasareinter－／multi－disciplinaryareaswhosecorepapersdonottendtobelongtoaspeci丘C丘eld・

・TheJapanesepresenceisrelativelystronginhotresearchareaswithcorepapersthattendtowardsphysics，Chemistry，andplantandanimalscience・
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5－20bservationofinter－／multi－disc．plinaryresearchontheResearchAreaCorre．ationMap

Thissectiondiscussesobservationsofinter－／multi－discIPlinaryareasontheResearchAreaCorrelation

Map．

Figure17showsthenelddistributionofcorepapersontheResearchAreaCorrelationMap，With

inter－／multi－disciplinaryhotresearchareasplottedaccordingto analysis ofthe丘eldclassincationof

JOumals・The22fieldclassi丘cationswerecompressedint08neldclassificationsonthemap・Figure16

Showstherelationshipsbetweenthe22丘eldsandthe8fields・Onthemap，reglOnSWithcore－PaPer

distributionofatleast60percentinaspecincneldareshownwiththe丘eld▼scorrespondingcolor・Regions

Wherecore－PaPerdistributioninaspecincneldislessthan60percentareconsideredtohaveahighdegree

Ofinterdisciplinary／multidisciplinarynatureandareasslgnednocolors・

Lookingatthepositionsofinter－／multi－disciplinaryhotresearchareasasplottedontheResearchArea

Correlation Map，mOSt arefoundin the nanoscience，enVironment，andlifb science（especiallyin

POStqgenOmicsandbetweenpost一genOmicsandclinicalmedicine）伝elds．

Thediffbrencesinthedistributionofhotresearchareasinnanoscienceandenvironmentweredistinctive．

Inthemap，thegroupofresearchareasrelatedtonanosciencestakesoutacleardomainbetweenchemical

Synthesisandphysics，butthegro叩Ofresearchareasrelatedtoenvironmentspreadsoutspatially・This

indicatesthatmapplngishelpfultodistinguishmultidisciplinaryresearch丘ominterdisciplinaryresearch・

Thefollowlngisahypothesis・

Figure16：Therelationshipbetweenthe22fieldsandthe8丘elds

22fjelds　　　　　　　　　　　　　8fields

Chemist

ふ蓋越逆盛謎！遠山皿血」‰心血⊥監J
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Engineenng

Environment／eCOlogY

Geosciences

Clinicalmedicine

Agriculturalsciences

BlOlogY＆bioChemistrY

＿＿＿塑型如し

Microbiology

聖虫垂些垣上皇虫茫＿＆星型生垣

Neuroscience＆behavior

Pharmacologv／toxICOlogv
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Figure17‥ThepositionlngOfinter－／multi－disciplinaryareasontheResearchAreaCorrelationMap

Note＝Regionswithcore－PaPerdlStributionofatleast60percentinaspeclficneldareshownwlththefield－scorrespondingcolor・Reg10nS

Wherecore－paPerdlStributioninaspecinctieldlSlessthan60percentareconsideredtohaveahighdegreeof

lnterdiscipllnary／multidisclplinarynatureandareasslgnednocolors．

Data＝TabulatedbytheNat10nalInstituteofScienceandTechnologyPolicybasedonThomsonScientlnCIs”EssentialScienceIndicators”
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Interdisciplinaryresearchthatreliesonsharedknowledgeisgeneratedwhenseparateneldssuchas

Physicsandchemistryinteract・Nanosciencetypi丘esthisphenomenon・Ininterdisciplinaryresearchthat

reliesonsharedknowledge，theimportantthingisthatresearchdevelopmentstages（researchmethodsand

research targets）should be the samein multiple nelds．For example，interdisciplinary researchin

nanosciencewasrealizedduringthe early1990sbecausebothchemistryandphysics were targeting

nanoscalephenomenaandmatter，theformeratthemolecularlevelandthelatteratthebulklevel．In

researchthatreliesonsharedknowledge，ifdevelopmentstagesdi飴r，generationofinterdisciplinary

researchisextremelyunlikely・Inotherwords，theaccumulationofknowledgeisapreconditionthatsets

thestageforinterdisciplinaryresearchthatreliesonsharedknowledge・Observationofsuchresearchcan

therefbrebeexpectedintheResearchAreaCorrelationMapwhereexistlngreSearChinteracts・Infact，

nanoscienceappearsonthemapwheredi飴ringneldssuchasphysicsandchemistryintersect・

Inmultidisciplinaryresearch，Variousdisciplinesaddressscientincandsocialchallengesindependently

rather thanin collaboration・Thusit shares goals ofresearch・Environmentalresearch typines this

Phenomenon・Forexample，StudyofbiodiversityrequiresapproachesfromplantandanimalscienCe，While

researchontheenvironmentalimpactsofchemicalsrequires叩PrOaChes丘omchemistryTheseresearch

areasstandonthefoundationofknowledgeinexisting丘elds，andgoa1－0rientedapproachesarecommon・

ThismeansthatintheResearchAreacorrelationmap，enVironmentalresearchislikelytocome丘omthe

Vicinityofexisting丘elds・Infact，theenvironmentgroupofresearchareasappearsontheResearchArea

COrrelationmapwithongolnglinkstoexistlng丘elds，andabroadspreadwithsometimesweaktiesto

environmentalresearch・Ifinformationexchangewithintheenvironmentgroupofresearchareasdeepens，

inthefutureitmaycometocomprlSeadistinctresearcharealikechemicalsynthesis・

Researchinlifb scienceincludes bothinterdisciplinary and multidisciplinary aspects・In proteome

research，for example，development ofthe desorptionionization methodfor mass spectrometry of

biopolymersinchemistryandincreasedinterestincomprehensiveinvestlgationofproteinsinlifbscience

OCCurredatthesametime，SOlifbscienceresearchaggressivelyadoptedmassspectrometry，andittookroot

asapost－genOmicsmethod・Thatisanexampleofinterdisciplinaryresearchrelyingonsharedknowledge・

Ontheotherhand，defbatingcancerisasharedgoalofresearchersusingvariousapproachesinavarietyof

nelds，namelyclinicalmediCine，immunology，andmolecularbiology・Thereforeresearchinlifbscienceis

expectedtohaveamixtureoftheinter－andmulti－disciplinarycharacteristiCS・

In ordertopromotethe success ofinterdisciplinaryresearchthatrelies on sharedknowledge，the

developmentstatusofscientificresearchmustbecarefullytracked・Inadditiontoascertainingthatthe

developmentstagesofmultipleneldsmatchasscienti鎖cresearchdevelopsoverthemediumandlong

termS，breakthroughsthatcanaccelerateintegrationofneldsneedtobeobservedatanearlypoint・Based

OnSuChobservation，arenaSforinter－disciplinaryresearchmustbecreatedattheapproprlatetime・Ifa

Sharedarenawerecreatedforphysicistsfrom30yearsagoandchemiststoday，thedi胝renceintheir

accumulationsofknowledgewouldpreventnanosciencefrombeingcreated・

Inordertopromotemultidisciplinaryresearchthatreliesonsharedgoals，Cleargoalsmustbeset，andan

arenafbrresearcherswhohavetheknowledgetomeetthosegoalstogathermustbeconstruCted・Inthe

USA，forexample，aninitiativecalledCyber－enabledDiscoveryandInnovation（CDI）beganduringFY

2008・ThegoalofthisinitiativeistoexplorenewknowledgemanagementandvisualizationtooIstoextract

usefulinformation丘omthevariouskindsofdatathathavegrownexponentiallylnreCentyearS．Thisissue

isrecognizedinnumerous茄elds，includinganalysISOfscientincpapers，PatentanalysIS，genetic data

analysis，and web analysIS・In order to grapple withthis sharedissue，CDIis to gather expertsin
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informationscience，SCiencepolicyresearch，bioinformatics，andsoontoadvanceresearch・Thisisagood

exampleofhowtopromotemultidisciplinaryresearchthatreliesonsharedgoals・
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6・ThebreadthandintensityofresearchactiVitiesinJapan，theUSA，and
China

6－1ThestatusofactivitiesinJapan

（1）ThestrengthofJapanlspresenceinthe124hotresearchareas

InordertocomparetherelativestrengthofJapan▼spresenceinthehotresearchareas，aVerageSharesof

m叫OrCOuntriesinthe124hotresearchareasinScienceMap2006and133hotresearchareasinscience

Map2004wereCalculated．（SeeFigure18．）

Figure18：Changesinnationalsharesinthehotresearchareas

Note：ResearchpapershareswerecalculatedusinglntegerCOuntlng．

Data＝TabulatedbytheNationalInstituteofScienceandTechnologyPolicybasedonThomsonScientincIs”EssentlalSclenCeIndicators”

ComparedwithScienceMap2004，theUSAIssharefbll，WhilethesharesofGermany，theUK，Japan

France，SouthKorea，andChinaincreased．

（2）HotresearchareasinwhichJapan．Spresenceisre．ativelystrong

Amongthel24hotresearchareas，Japanlspresenceinphysics，Chemistry，andplantandanimalscience

wasrelativelylarge・HotresearchareasinwhichJapanesescienti丘cpapersaccountedformorethan9

PerCentareShowninFigure19．

Japanesescientificpapershadashareofmorethan9percentin140utOfthe19hotresearchareasin

physics・InlOofthese，Japanesepapersaccountedfbrmorethanl5percent・Thephysics－relatedhot

researchareaswiththehighestratioofJapanesescienti丘cpaperswasMHigh－temPeratureSuPerCOnductivity

SPeCtrOSCOPy／newelectronphase，”at44percent．

Japanesescientificpapershadashareofmorethan9percentin80utOfthe16hotresearchareasin

chemistry・Japanesepapersaccountedformorethan15percentin▼一ConstruCtionofarti丘cialphotosynthesis

model mimicking antenna system and charge separation systemll（80percent），’’Macromolecule

nanocomposite▼一（33percent），and作Catalyticasymmetricsynthesis’’（18percent）・

InlifbscienCe，Japanesescienti丘cpapershadashareofmorethan9percentin60utOf8hotresearch

areasinplantandanimalscience．ThehighestratioofJapanesepaperswasin’’Plant－microorganism

interaction，▼一at22percent．In▼▼Ghrelin／functionandpathophysiologicalsignincance”（clinicalmedicine），

theratioofJapanesepaperswashigh，at34percent．
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Figure19‥HotresearchareaswhereJapan－sshareofcorepapersisatleast9percent
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（3）HotresearchareaswhereJapanVspresenceisrelativelyweak

Japan－spresencewassmallinpsychiatry／psychology，enVironment／ecology，andcomputerscience，With

fbwhotresearchareasinwhichJapanesescienti且cpapersaccountedfor9percentormore・Insocial

SCiences，general，andeconomics，JqpanhadnopresenCeatall・

Ofthe32inter－／multi－disciplinaryareas，theratioofJapanesescientincp叩erSWaSmOrethan9percent

in8areas・Inthepreviousstudy，Japanesepapersaccountedfbrmorethan9percentofpapersin190utOf

39inter－hnulti－disciplinaryareas，SuggeStlngSOmethingofaJapanesepresenceintheseareas，butthat

declinedsomewhatinthecurrentstudy・

Figure20showsdistributionbycountryofscientincpapersacrossthe124hotresearchareas・Compared

Withthepreviousstudy（ScienceMap2004），hotresearchareaswhereJapanhadnoscientincpapers

declinedfromabove20percentto20percent．France，SouthKorea，andChinaexhibitedthesametrend．

Figure20：Distributionofvariouscountriessharesofscientincpapersacrossthehotresearchareas
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（4）Japan’spresenceontheResearchAreaCorrelationMap

Figure21showstheratioofJapanesescientincpapersonScienceMap2006・Onthemaps，reglOnS

WheretheratioofJapanesescientincpapersis5percentarelightblue，andreg10nSWheretheratioisat

least30percentarered・Therearetwomaps，OneShowlngSharesofcorepapersthatareJapanese，andthe

OtherdepictlngSharesofcitlngPaPerSthatareJapanese・TheformeristheJapanesepercentageofcore

PaPerSthatcomprlSeSareSearCharea，WhilethelatteristheJapanesepercentageofscientincpapersthat

Citethosecorepapers・

The hotresearch areawiththe highestratioofJapanesecorepapersis HConstruCtion ofartificial

Photosynthesismodelmimickingantennasystemandchargeseparationsystem（ID80），llat80percent．

Thisisfollowed by’’High－temPerature SuPerCOnductivity spectroscopy／new electron phase（ID58），l一

一’Innateimmunity（ID108），…Branecosmologyfromtheperspectiveofdualityofantidesitterspaceand

COnformalneldtheory（ID65），’’and一一Ghrelin／functionandpathophysiologicalsigni丘cance（ID15），一一allof

WhichhavehighratiosofJapanesepapers・

WiththeexceptlOnOfID65，thevicinitiesofthesehotresearchareasarered，indicatlngthatJapanese

researchfbrmSthecoreoftheareas・AsfbrID65，WhileJapanesescienti丘cpapershaveahighshare，On

themapltisyellow・ThisisbecausethecorepapersthatcomprlSeID65arefbwinnumberrelativetoall

PaPerSinparticlephysics／cosmologyresearchareas，andthereforetheJapaneseshareofCOrePaPerSinthe

VicinityofID65isrelativelylow・Asthiscaseillustrates，OnemuStCOnSiderthesizeofthehotresearch

areaanditsrelationshipswithnearbyresearchareasinordertointerpretthepercentagesfbrJapanese

SCientincpapersshowninFigure19・

Note＝Researchpapersharesof5percentaredepictedinllghtblue，andsharesof30percentormoreinred・Researchpapershareswere

CalculatedusinglntegerCOuntlng・

Data＝TbbulatedbytheNationalInstituteofScienceandTechnologyPollCybasedonThomsonScientificTs”EssentialScienceIndlCatOrSf一
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WhenillustratlngJapanesesharesofscienti丘cpapersontheResearchAreaCorrelationMap，eVenif

OneSaySthatJapanesesharesarehigh，thisdoesnotnecessarilymeanthattheresearchareaswillhavethe

SamemeanlngOnthemap．Lookingat

Figure3，forexample，COre－PaPerdensltyarOund▼一Researchoninfbctiousdiseases／immuology一一ishigh，

andthatneldaccountsforaverylargenumberoftheworld－sscientifiCPaPerS・Onemaythereforesaythat

in一一Innateimmunity（IDlO8），▼▼Japan has a strongpresencein ahot research area thatis fiercely

COmPetitiveinternationally・InordertoretainthisvlgOrintothefuture，Japanmayneedtoinvestresources

equlValenttoitsinternationalcompetitors．

On the other hand，COre－PaPer densityaround”Construction of artincial photosynthesis model

mimickingantennasystemandchargeseparationsystem（ID80）Misnotsohigh・Thishotresearchareais

locatedwherenanoscienceandchemicalsynthesisoverlap・ItistherefbrepossiblethatID80isahot

researchareaontheborderbetweennanoscienceandchemicalsynthesis，WhereJapanunlquelyleadsthe

WaylnreSearCh．

HHigh－temPeratureSuPerCOnductivityspectroscopy／newelectronphase（ID58）’’and”Superconductive

propertiesofmagnesiumdiborideanditsapplication（ID53）‖formanisolatedislandonthemap，andthe

Japanese share ofscienti丘C papersis high．Superconductivityhas along historyin research and

development・ThehighshareofJapanesecorepapersreflectsthecountry▼saccumulationsofknowledge

andhumanresourcesinsuperconductivityresearCh．

Lookingatnearbyregionsonthemap，thenumberofcorepaperscomprisingsuperconductivityresearch

islowerthaninquantumcomputlngandsoon・Furthermore，interactionwithotherresearchareasisnot

particularlycommon・Lookingattheworldsituationtherefbre，theextentofsuperconductivltyreSearCh▼s

overlapwithscientificresearchasawholeislikelytoremainsmall・Consideringdynamicchangein

scientincresearchasawhole，1nadditiontoadvanclngSuPerCOnductivityresearchitself；howtoconnectits

accumulatedknowledgeandhumanresourceswiththedevelopmentofotherresearchareasisalong－term

lSSue．

45



6－2　ThestatusofactivitiesintheUSAandChinaintheScienceMap

HerewewilldemonstratehowtoreadthestatusofothercountriesontheScienceMapbyuslngtheUSA

andChinaasexamples．Onthemap，diffbrencesbetweentheleadingcountryinscientincresearch（the

USA）andonethatisrapidlygrowinginvigor（China）areclearlyvisible・Below，Wediscussthisinmore

detai1．

（1）TheUSA

IntermSofcorepapers，theUSAhasahighshareineveryhotresearcharea（atleast50percentin90of

them）．LookingattheoverallbalanceoftheResearchAreaCorrelationMap，however，therearegradations

inthatcountry，ssharesofcorepapers，aSillustratedinFigure22・Comparedwiththelifbsciencegroupof

researchareas，theUS shareofscientincpapersinthechemicalsynthesisandnanosciencegroupsof

researchareasissmaller．

ComparingUSsharesofcorepapersandcitlngPaPerS，theUSAhasasmallershareofcitlngPaPerS・

ThiscorrespondswiththeincreasedproductionofscientincpapersinChina，andtheconcomitantdecrease

inthepercentageofscienti丘cpapersthatareAmerican6・AlthoughtheUSA－sshareoftotalresearchpaper

PrOductiondeclined，itsshareofcorepapersremainedhigh・Thisindicatesthateventhoughresearchpaper

PrOductioninmanycountriesisincreaslng，theUSAwillremainamaJOrSOurCeOfknowledgeforscience

asawhole．

Figure22：USsharesofscientincpapersinScienceMap2006la］corepapersandlb］citingpapers

［b］

Note・Researchpapersharesof5percentaredepICtedlnlightblue，andsharesof80percentormorelnred・Researchpapershareswere

Calculatedusingintegercountlng・

Data二ThbulatedbytheNationalInstituteofSclenCeand一kchnologyPolicybasedonThomsonScientinc－S一．EssentialScienceIndicatorsf一

6MicroanalysISOfresearchpapersfbundthesamesituation．
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（5）China

ChinalssharesofscientincpaperscontrastthoseoftheUSA・Comparedtocorepapers，theChinese

shareofcitlngPaPerSishigher・ThisindicatesthatChinaisinacatching－uPPhaseintermSOfscientinc

research．

Lookingatcorepapers（Figure23［a］），theChineseshareisparticularlyhighin”Studyonhighly

pathogenic avianinfluenza subtype H5Nl（ID6），H HHadron spectroscopy（ID62），”and’’Pathogenic

mechanismandpreventive／therapeuticmethodofsevereacuterespiratorysyndrome（SARS）（ID93）・”The

Chineseshareofscienti伝cp叩erSineachcaseismorethan25percent・

ComparingScienceMap2004andScienceMap2006，boththebreadthandintensityofChina’sscientinc

researchincreased．

Focusingoncitingpapers（Figure23lb］），inScienceMap2004，China’sshareofscientificpapersin

nanosciencewas10－15percent（yellowregion）．InScienceMap2006，China’sshareinnanosciencewas

evenlarger，reaChing33percentinMStudyonsynthesisandopticalapplicationofmetalandmetaloxide

nanoparticle／nanostructure（ID116），▼▼theredregiononthemap．FurthermOre，thebreadthofChina’s

activitiesbroadened，WithareasinwhichtheChineseshareofscientificpaperswaslO胃15percent（yellow

regions）spreadingtocondensedmatterphysics．

OfparticularnoteareresearchareasrelatedtoplantscienceresearCh・InScienceMap2004，theChinese

shareofscientificpaperswasverysmallintermSOfbothcitlngPaPerSandcorepapers・InScienceMap

2006，however，theChineseshareincitlngPaPerSinparticularincreased・ThespanofChinesescientinc

researchactivitiesisthuswidemigtoincludelifbscience・CurrentlytheincreaseintheChineseshareof

corepapersisnotespeciallypronounCed・Inthefuture，however，increasedqualitylSeXPeCtedalongwith

thegrowlngquantlty．
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Figure23：ChinesesharesofscientincpapersinScienceMap2006［a］corepapersand［b］citingpapers

［b］

Note：Researchpapersharesof5percentaredepICtedlnlightblue，andsharesof30percentormoreinred・Researchpapershareswere

CalculatedusinglntegerCOuntlng．

Data‥TabulatedbytheNationalInstltuteOfScienceandTechnologyPolicybasedonThomsonScientinc．S．一EssentialSclenCeIndicators”

Figure24：ChinesesharesofscientincpapersinScienceMap2004la］corepapersandlb］citingpapers

［b］

Note・Researchpapersharesof5percentaredepICtedinlightblue，andsharesof30percentormoreinred，ResearchpapeTSharesweTe

Calculateduslngintegercountlng・

Data：TabulatedbytheNatlOnalInstituteofScienceandTechnologyPolicybasedonThomsonSclentincIsnEssentialScienceIndicators一一
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7・Conclusionsandfuturedeve10PmentS

Thereisalbnghistoryofattemptstodescribethestructureanddevelopmentofscienceandtechnology

丘omabibliometricperspective・ThedramaticdevelopmentofinformationprocesslngteChnologyand

enhancementofdatabases ofscienti伝cpapersandpatentsinrecentyearshavebroughtinnovationto

researchinthisfield・ThemapplngOfknowledgeisattractingattentionasanewareaofresearch，anda

varietyofstudiesarebeingconducted，mainlyintheUSAandEurope7・Thetargetsofmappingarediverse・

TheylnCludeanalysisofrelationshipsbetween丘eldsofsciencethroughexaminationofjoumalcitations

andanalysisofco－authorshipsbycountry，Organization，andresearcher．

TheNationalInstituteofScienceandTechnologyPolicy▼s ScienceMapprqjectaimstoperiodically

Observedynamicchangeinscienti丘cresearch・TheunitofmapplnglSreSearChareas・

Themethodologytocreatethesciencemapbasedonclustenngofhighly－Citedpaperswasestablished

throughtheformertWOStudies．ScienceMap2006followedthesamemethodology・ScienceMap2006also

addedchangestothesurveymethodsthatwillcontinueinfuturestudies，aSWellasimprovementstothe

analyticalmethods．

First，NISTEPcommissionedoutsideexpertstocarryoutcontentanalysisofresearchareas，mqPPlng

WhichhadpreviouslybeenperfbrmedatNISTEP．Obtainingthecooperationofabroadcorrmunityof

expertsisintendedtoenablemoreaccurateanalysis・Furthermore，theResearchAreaCorrelationMapwas

usedtotakeabroadviewofscienceasawhole，andaninterviewsurveyWaSCarriedoutregardingwhether

thepositionsofresearchareasonthemapwereapproprlateandwhethernewresearchareashaveappeared

OVerthepastl0years．

Inaddition，themapplngmethodswereimproved・AnimprovedvisualizationmethodmadetheResearch

AreaCorrelationMapeasiertounderstand，andamethodwasdevelopedtoconnectScienceMapscreated

atdi飴renttimes（inthiscase，ScienceMap2004andScienceM坤2006）・

BelowwediscussScienceMap2006’sconclusionsandfuturedevelopments・

7－1Conclusion

（1）Changesinscientificresearch，aCOmParisonofScienceMap2004andScienceMap2006

ComparisonofScienceMap2004（coveringtheyears1999－2004）andScienceMap2006（2001－2006）

andinterviewswithexpertscontirmedsteady，OngOlngChangeevenovertwoyears・TheimportantpolntS

wereas丘）llows．

Lifescience

Inlifbsciencerelatedresearchareas，POSt－genOmicsisinapositionbridgingplantscienceresearchthat

focusesmainlyonplantsandfungiandheartandbloodvesselsresearch，brainresearch，Studyofobesity，

cancerresearch，andresearchoninfbctiousdiseases／irrmnologythatfocusmainlyonstudyinganimals

andfungi．

Twofhctorscontributetothisphenomenon・Firstisatrendtowardsresearchthatattemptstounderstand

morecomplexandbroadbasedregulatorymechanismsoflifbphenomena・Researchonlifbphenomenain

7Foracomprehensivereview，SeeB6rner，K．，Chen，C．，andBoyack，K．W（2003），一一ⅥsualizingKnoWledgeDomains，．T

d〃〝〟αRevew〆句わr椚誠の〃炭肺ced〝d乃C〃0わの′，37，179－255．
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animalsandplantslongfocusedonelucidatingtheregulatorymechanismsfbrtranscrlPtionfromDNAto

RNA・Beginnlngin2000，however，muChresearchonRNAiandotherregulatorymechanismsattheRNA

level，regulatorymechanismsafterproteintranslation，andinvivoproteinlocalizationregulationhasalso

beenpublished・IntheScienceMap，aneXamPleofthistrendisthefusionofllResearchoneplgenetic

transcriptionalregulation（2004，ID130）lTand”Analysisofmechanismofregulationofplantgrowth（2004，

ID33）．’toform一一Multi－hierarchicalregulatorymechanismoflifbphenomena（2006，IDlll）・”

Secondisachangeinthepositionofproteinresearch・InScienceMap2004，”Researchonproteome

（2004，IDlO5）”hadasomewhatisolatedpositionbetweenchemicalsynthesisandlifbscience・InScience

Map2006，however，itssuccessor，”Isotopelabeling／quantitativemassspectrometry缶roteinanalysis（2006，

ID119），Mislocatedinthecenterofthepost－genOmicsresearcharea．Inmassspectrographicanalysisof

PrOteins，Koichi Thnaka of Shimadzu Corp・developed a desorptlOnionization methodfor mass

SPeCtrOgraPhicanalysisofpolymerS，WhicheamedhimaNobelPrizeinchemistry・Thiskindofresearch

hasaverystrong Hchemistry”elementtoit・Asgenomesequencingusingmodelorganismsadvances，

COmPrehensive research on proteinsis drawlng attention・Mass spectrographyis being aggressively

incorporatedintolifbsciencerelatedresearchandhastakenrootasapost一genOmicsmethod・ScienceMap

2006showsthistrendclearly．

PJantscienceresearch

Asthetiesbetweenpostrgenomicsandplantscienceresearchgrowstronger，thenatureofresearchareas

Changed，and some researchareas divided．Inthe2000S，reSearChon geneidenti丘cation，intergenetic

networks，tranSCriptomeanalysIS，andmetabolomeanalysisuslngmOdelplantshasgrownaCtive・More

detailedresearchhasprogressed，andvariousresearchcorrmitieshaveformed．Expertspolntedoutthat

inthefuturetherewillbeanemphasisontherelationshipbetweenenvironmentalissuesandfoodissues・

Asin Science Map2004，Japanis making a strong effbrtinplant science，but China－s presenceis

Strengthening，SOthistrendbearswatching．

Clinicalmedicine

Clinicalmedicineisoneofthefhster－Changingfieldsinscience・Researchareasdirectlyorindirectly

relatedtoclinicalmedicinehavemaintainedorincreasedtheirsize，Orincreasedinsizeanddivided，Since

ScienceMap2004・Researchareasthatareexpectedtodevelopinthefuturearescatteredinthevicinityof

lifb scienceinScienceMap2006，SOthe seedsofcomlnghotresearchareasinthe丘eldarealready

emerglng・

Chemicalsynthesis

ResearchonasymetricsynthesisuslngOrganiccatalystsshowedrapidgrowth・Thefundamentalpolnt
Ofchemistryis understandingmatteratthelevelofchemicalstructuralformulas・Asresearchatthe

molecularlevelhasadvancedinlifbscienceandnanoscience，Chemistryhasexpandeditsboundscompared

Withthepast・OntheResearchAreaCorrelationMapaswell，Chemistryislocatedbetweenlifbscienceand

Physics，reflectingthatsituation．

Nanoscience

Nanoscienceissteadilyprogresslng・IntheScienceMap2004，一一DevelopmentofnanostruCtureandits

applicationto molecular devices（2004，IDlO6）”is observed as a singleresearch area．Ithas since

expandedtothreeindependentresearchareas，”Studyonsupramolecularnanodevicebymolecularmachine
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andsingle－mOleculeconductor（2006，ID86），MDNA－nanOmaterialandnanodevice（2006，ID87），”and

”StudyonsynthesisandopticalapplicationofmetalandmetaloxidenanoparticlehlanOStruCture（2006，

ID116）・”Ascanbe seeninthe ScienceMap，thevolumeofresearchlinkingchemicalsynthesis and

nanoscienceisincreaslng・

Condensedmatterphysics

Condensedmatterphysicsincludesthehotresearchareasofquantumcomputingandsuperconductivity・

ComparingScienceMap2004andScienceMap2006，thenumberofscientificpapersin”Ferromagnetic

Semiconductor spintronics（2006，ID55）．．and”Electricalcontrolofspinin semiconductors／quantum

COmPuteruSingsolidstatecomponents（2006，ID57）一一increased．Accordingtoexperts，thepositionof

COndensedmatterphysicsbetweenchemicalsynthesisandparticlephysics／cosmologywillprobablynot

Change，butthehotresearchareasderivedwilllikelyvaryovertime・

Pa止icfephysics／cosmofogy

ComparlngtheScienceMap2004withtheScienceMap2006，thehotresearchareasobservedin2004

generallycontinued，althoughsomemerged．

Thisisbecauseparticlephysics／cosmologyhasultimategoalssuchasconstruCtionofaunifiedneld

theoryandunderstandingoftheorlglnOftheuniverse，andresearchwillcontinuetoevoIveinthose

directions．Relationshipsbetweentheparticlephysics／cosmologygroupofresearchareasandothergroups

OfresearchareasarenotexpectedtochangeSignincantly・ObservationofchangesintheScienceMapover

timewilllikely丘ndnochangeinthegroup－spositiononthemap，eVenthoughresearchcontentchanges・

Particlephysics／cosmologylSafieldthatadvancesasexperimentsandtheoriesstimulateeachother・

Theoryhasledtheway，butthela皿ChoftheEuropeanOrganizationforNuclearResearch’S（CERN）Large

HadronCollider（LHC）isexpectedtoleadtothedevelopmentofresearchinwhichdiscoveriesofnew

phenomenathroughtheveri丘cationandtestingoftheorieswilltakeplace・

（2）Theobservationofinter－／multi－disciplinaryresearchontheScienceMap

Interdisciplinaryresearchthatreliesonsharedknowledge（nanoscience）andmultidisciplinaryresearch

thatrelieson亭haredgoals（environment）areobservedindiffbringformsintheScienceMap・

Interdisciplinaryresearchthatreliesonsharedknowledgeisgeneratedwhenseparateneldssuchas

Physicsandchemistryinteract．NanoscienCetypi丘esthisphenomenon．Ininterdisciplinaryresearchthat

reliesonsharedknowledge，theiI叩Ortantthingisthatresearchdevelopmentstages（researchmethodsand

researchtargets）should be the samein multiple丘elds．Ifdevelopment stages di飴r，generation of

interdisciplinaryresearchisextremelyunlikely・Forexample，interdisciplinaryresearchinnanosciencewas

realizedduringtheearly1990sbecausebothchemistryandphysicsweretargetingnanoscalephenomena

and matter，theformer at the molecularlevelandthelatter at the bulklevel．The accumulation of

knowledgeis a precondition that sets the stage brinterdisciplinary research that relies on shared

knowledge・Observationofsuchresearchcanthere丘）rebeexpectedintheScienceMapwhereexisting

researchinteracts・Infhct，nanOSCienceappearsontheScienceMapwheredi飴ring丘eldssuchasphysics

andchemistryintersect．

Inmultidisciplinaryresearch，Variousdisciplinesaddressscienti丘candsocialchallengesindependently

rather thanin collaboration・Thusit shares goals ofresearch・Environmentalresearch typifies this
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Phenomenon・ForexanTPle，inenvironmentalresearch，Studyofbiodiversityrequiresapproaches丘omplant

andanimalscience，WhileresearchontheenvironmentalimpactsofchemicalsrequlreSaPPrOaChes丘om

Chemistry・Theseresearchareasstandonthefoundationofknowledgeinexisting鎖elds，andgoa1－0riented

approachesarecommon．ThismeansthatintheScienceMap，enVironmentalresearchislikelytocome

fromthevicinityofexisting伝elds．Infhct，theenvironmentgroupofresearchareasappearsontheScience

Mapwithongolnglinkstoexistingnelds，andabroadspreadwithsometimesweaktiestoenvironmental

research．

Thepointstobearinminddiffbrwhenpromotinginterdisciplinarytyperesearchormultidisciplinary

type research・To promoteinterdisciplinary researchthat relies on sharedknowledge，an arenafor

interdisciplinaryresearchmustbecohstruCtedwhentheresearchdevelopmentstages（researchmethods

andtargets）ofmultiple丘eldsmatch．Ontheotherhand，tOPrOmOtemultidisciplinaryresearchthatrelieson

Sharedgoals，Cleargoalsmustbeset，andanarenaforresearcherswhohavetheknowledgetomeetthose

goalstogathermustbeconstruCted．

（3）Japanlsstrengthofpresenceinscientificresearch

Japan’saverageshareofscientificpapersinthe124hotresearchareasderivedforScienceMap2006is

9・6％，anincreasefromScienceMap2004（9．1％）．Furthermore，thepercentageofthe124hotresearch

areasforwhichJapanhasaO－PerCentSharedecreased・Withinthe124hotresearchareas，Japan▼spresence

isrelativelylargeinhotresearchareasinphysics，Chemistry，andplantandanimalscience・

The hotresearch areawhereJapan．s share ofcorepapersis highestis”Construction ofarti丘cial

Photosynthesis model mimicking antenna system and charge separation system（ID80），H with an

80－PerCentShare・Japan’snexthighestsharesarein”High－temPeratureSuPerCOnductivityspectroscopy／new

electronphase（ID58），…Innateimmunity（IDlO8），…Branecosmology丘omtheperspectiveofdualityof

antidesitterspaceandconformalneldtheory（ID65），”and”Ghrelin／functionandpathophysiological

Signi丘cance（ID15）．”

Lookingatothercountries，eVenthoughmanynationsaroundtheworldareincreaslngtheirproduction

Ofscientificpapers，theUSAremainsanimportantsourceofknowledgefbrscienceasawhole・TheUSAfs

activitiesasil1ustratedintheScienceMapshowlowersharesofscientificpapersinthechemicalsynthesis

andnanosciencegroupsofresearchareasthaninlifbscience．

InScience‾Map2004，China．sscientificresearchwaslimitedtonanoscience・OverthefollowlngtWO

years，Chinaincreasedboththebreadthandintensityofitsactivities．Chinaincreaseditsshareofscientinc

PaPerSinnanoscience，Withanincreaseintheneighboringareaofphysicsaswell・Furthermore，inScience

Map2006，China▼s shareofscientincpapersinplantscienceresearchalsoincreased・Thebreadthof

SCienti伝cresearchinChinahasthusextendedtolifbscience．
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7－2Futuredevel0PmentS

Basedonourexperiencewiththisstudy，thefollowlngarefourdevelopmentswewilladdtofuture

research．

Periodicobservationofscience

ComparisonofScienceMap2004andScienceMap2006andinterviewswithexpertscon丘rmedthat

SCientincresearchgraduallychangesevenoveratwo－yearPeriod・EvenasScienceMap2006wasbeing

Created，SCiencecontinueditsdevelopmentwithaccoI叩IishmentssuchastheproductionofiPScells・By

CarrylngOutPeriodicobservationofscienceandtakingpanoramicsnapshotsofscienceovertimewiththe

ScienceMap，WeCandescribedynamicchangeinscience，SuChasthewayone scientificinnovation

innuencesotherresearchareas・FurthermOre，COnSideringtheapplicationoftheScienceMaptoscienceand

technologypolicy，丘ndingemerglngreSearChareasthatwilldeveloplnthefutureisanimportanttheme・

ThisresearchexperimentedwithattemptlngtO丘ndresearchareaslikelytodevelopinthefuture・Beginnlng

WiththenextScienceMap，trendsintheseresearchareaswillbetracked・Thisshoulddeepenknowledgeof

methodsforuslngSCiencemapplngtOfindemerglngreSearChareas．

LinkageoftheScienceMapwithotherdata

AddingstatisticaldatatotheScienceMap，SuChastheratiosofscienti丘cpapersfromvariouscountries，

isef托ctive．ScienceMap2006clearlyshowedthatChinaisexpandingthebreadthandintensityofits

SCienti丘cresearchactivity．Inadditiontotheratiosofscienti丘cpapersforvariouscountries，linkagetothe

distributionofresearchfundingorthedistributionofuniversitiesandgovernmentreSearChinstitutions，for

example，ispossible・AnalysISOftherelationshipbetweenthedevelopmentofscientificresearchand

relatedinformationovertimecouldobtaindataontheinfluenceofresearchfundingonthedevelopmentof

SCienti丘cresearchortheroleofuniversitiesandgovernmentresearchinstitutionsinthegenerationof

knowledge．Moreover，detailedinvestigation of c0－authorship within research areas could clarify

dependence oninteraction among researchers and organizationsin the process offormlng SCienti丘c

knowledge．

Linkageofscienceandtechnology

Consideredfromtheperspectiveofscienceandtechnology，thebreadthofobservationuslngtheScience

Mapislimitedtoscience・Inordertotakeabroaderviewofscienceandtechnology，1tisnecessaryto

createteClmologymapsaswell，uSlngdatasuchaspatents・Usingthescientincpaperscitedinpatent

documents，ScienceMapsandtechnologymapscouldbelinked・Knowledgetransfbrfromscienceto

technologyand丘omtechnologytoscienceand伝elddependencecouldbeobserved・

TheScienceMapasanarenafordiscussion

Duringtheinterviewsurvey，WeWere StruCkbytheusefulness ofthe Sciencemap as abasisfor

discussion・Inmostinterviewswithexperts，theyexpresstheiroplnionsbasedontheirownbackgrounds・

WithshareddatasuchastheScienceMap，reSearChersfromdiffbrentneldscanengageinmoremeaningfu1

discussionofthedevelopmentofscienti丘cresearch・Bysharingthesame．．arena，”researcherscanmutual1y

aqjust their sense ofdistance，fhcilitating discussion among researchers oramOng reSearChers and

policymakers・Inthefuture，WeWOuldliketopursuethisideaofthe ScienceMapasanarenafor
discussion．
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1．DetaiIsofsurveymethodoIogy：ContentanaIysISOfhotresearchareas

Resultsofcontentanalysisofthe124hotresearchareasestablishedthroughdatabaseanalysisareshown

beginnlngOnPage61・ContentanalysisofthehotresearchareasconsistedofthefollowlngmatterS・

（i）HotresearchareasandhotresearcharealDs

HotresearchareaswereasslgnednamesexpresslngtheircontentbyexpertsinJapan・Thehotresearch

areaIDnumbersareconsecutivenumbers．

（ii）Statisticalinformationonhotresearchareas

Thenumberofresearchfrontsthatcomprisehotresearchareas，thoseinwhichthenumbercitations

rapidlyincreased，thenuniberofcorepaperscomprlSlngareSearCh丘ontandthenumberofJapaneSe

corepapers，thenumberofcitedpapers，thenumberoftimescited，andtheaverageyearofcorepaper

Publicationwereaddressed．

（iii）lndividualResearchAreaMap

IndividualResearchAreaMapswereshowninordertoexpressvisuallytherelatednessofresearch

frontswithinhotresearchareas・ThefollowlnglSaneXPlanationofthemapofindividualresearch

areaS．

●　CirclesintheIndividualResearchAreaMapscorrespondtoresearchfronts・

●　ThenuのbernexttoacircleistheIDnumberofthatresearChfront．

●　TheareaofaglVenCircleisproportionaltothenumberofcitationsofcorepapersinthatresearch

丘ont．

・Deepcolorsindicateresearchfrontswhosecitationsofcorepapersincreasedmarkedly（rapidly

developingresearch丘onts）．

．Diagonallineswithinacircleindicatearesearchfrontthatisnewin2006・

●　Thestrongertheco－Citationrelationshipbetweenresearchfronts，thecloserthelocationoftheir

circles・Theweakertherelationship，themoredistanttheircircles・

●　Researchfrontswithacertaindegreeofco－Citationrelationshipareconnectedbylines・
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Inaddition，theCOntentOfresearchfrontsisindicatedinIndividualResearchAreaMapsinacCOrdance

With（1）and（2）below．

（1）Whenagroupofresearch丘ontswithsimilarcontentcanbedepictedinanIndividualResearch

AreaMap，thatgroupofresearch丘ontsissurroundedbyalineanditscontentiswrittenonthe

lllap・

（2）WhenitisdifnculttodepictagroqpofresearchfrontsonanIndividualResearchAreaMap，

importantresearchfrontsintheresearcharea（i．e．，thosewithlinkstomanyotherresearchfronts

OrWhosenumberofcitationsisincreasingrapidly，etc．）aredepictedonthemapandtheircontent

iswritten．

（iv）DescriptionofHotResearchArea

An”Areaoverviewandresearchfrontcontent”isprovidedtodescribeeachhotresearcharea．Tothe

extentpossible，thissectionislinkedtotheinteq3retationsofIndividualResearchAreaMap．Ageneral

descriptlOnOfthehotresearchareaandthecontentofitsconstituentresearch丘ontsareprovided．The

COntentOfresearch丘ontsisdescribedinaccordancewith（1）and（2）below．

（1）Whenagroupofresearchfrontswithsimi1arcontentcanbedepicted，thecontentisitemized．

（2）Whenitisdifnculttodepictagroupofresearch丘・OntS，thecontentofimportantresearch丘・OntSin

the research area（i．e．，those withlinks to many Otherresearchfronts orwhose number of

Citationsisincreasingrapidly，etc．）isitemized．

Thecontentanalysisresultsfbrhotresearchareaswererecheckedandcon丘rmedbythoseresponsible

fortheanalyses．
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2・ResultsofcontentanaIysISOfhotresearcharea

Followlngarethetableofcontentsandresultsforthe124hotresearchareas．

旧No． Nam e ofR esearch area Page

1 D ru g－elutlng Stent 61

2 Stage classifi cation，treatm entalgorithm and outcom e prediction ofhepatocarcinom a 61

3 B asic and clinicalstudy on antitum ore飴ctofhistone deacety lase（H DA C）inhibitors 62

4 B iodefbnse by blood coagulation regul atory system 62

5 D eep m ycosis 63

6 Study on highly pathogenic avian influenza subtype H 5N l 63

7 B one m etabolism controlby dru g an d its clinicalapplication 64

8 H istory ofe飴ctand adverse ef托ctofhorm onereplacem enttherapy （H RT） 64

9 T hrom boem bolism study 65

10 Conventionalinfbctiousdiseases／resistantbacterialinfe ctiousdiseases 65

11 Controloflym phocyte－aCtivating organ dysfu nction by antibody therapy and others 66

12 Study on risk assessm ent，therapeutic ef托ct，and diagnostic m ethod fo r cardiac diseases 66

13 D ru g therapy ofdiabetes／th iazolidine derivatives 67

14
A rteriosclerosis，abnorm allipid m etabolism and abnorm alcarbohydrate m etabolism 67
affbcting the onsetofacute coronary syndrom e，and inhibitory e胝ctofhypolipidem ic
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10（1） 90（20） 1368 6792 2003．9
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N am e of N ew qu an tu m co n d en sed p h ase w h ere su b stan ce s
R A ID 6 3

R A StrO n g ly in teract w ith e ach oth er

＃of R P s
（＃ofH otRFs） ＃of core p apers U nique citations C itations M eanpubliCation year

34（6） 24 1（1 1） 5996 22778 2 003．5
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N am eor Search fo r quark m atterthrough high－energy
RA ID 64

RA nuclearcollision

＃ofRfs
（＃orHotRPs） ＃ofcorepapers U niquecitations Citations Meanpublicationyear
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N am e of B rane cosm ology 丘om the perspective of duality of anti
R A ID 65

RA de sitter space and confo rm alneld theory

＃ofRf s
（＃ofHotRfs） ＃ofcorepapers U nique citations C itations M eanpublicationyear

6（0） 17（6） 800 1482 2001．4
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R A

Explore physics beyond the　standard m odel 丘om flavor
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anom alous m agnetic efnciency

＃ofR Fs
（＃0用otRFs） ＃ofcore papers U nique citations C itations M eanpublicationyear
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N am e or

RA
F ield theory on n on com m u tative space RA ID 67

＃ofRFs
（＃扉HotR瑚 ＃ofcore papers U nique citations C itations M eanpublicationyear

8（1） 36（1） 1509 3611 2002．2
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R A ID 68
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N am e of O b serv ation al c o sm o lo g y an d an elem en tary m o d el
R A ID 69

R A b r it

＃of R f s
（＃ofHotRFs） ＃of core p apers U niqu e citation s C itations M ean publication year

52（11） 4 15（40） 10 189 402 67 2003．3
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N am c of

R A
H ig h ■d im en sio n a l b lack h o les R A ID 7 0

＃of R F s
（＃ofHotRfs） ＃of core p apers U n ique citations C itations M ean publicationyear

8（1） 79 （8） 1164 3942 2004．0
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ご e Of 慧 怨 霊 悪 霊 慧 electro．spIIm lng PrOCeSS　 R A ID
71

（A 鑑蕊 ）　 ＃ofcore papers　 U nique citations　　 C itations
M eanpublicationyear

9（3）　　　　　　 49（1）　　　　　 1058　　　　　　　 3318 2003．5

A pplication of nanofibers
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㊨01

Q 訂1＿＿＿
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72

（E，鑑蕊 ）　 ＃ofcorepapers　 U nique citations　　 Cib tions
M eanpublicationyear

13（5）　　　　　　 50（0）　　　　　 1992　　　　　　　 4066 2003．7
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N am c of
R A ID 7 3R A　　 U ltra 丘ne cry stal grain ／m acro strain p ro cess

＃of R f s
（＃ofHotRfs） ＃ofcore pap ers U nique citation s C itation s M ean publiCation year

13（1） 83（16） 154 1 4253 2 003．5
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N am e of
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（＃ofHotRfs） ＃ofcorepapers Uniquecitations Citations M eanpublicationyear
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N am c of

R A
M ultifu nctionalsignature ／m ultifu nctionalcodin g RA ID 75

＃ofRf s
（＃ofHotRfs） ＃ofcorepapers U nique citations C itations M eanpublicationyear

8（0） 37（2） 524 1191 2002．9
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N am e or

RA
Interactom e analysis RA ID 76

＃ofRfs
（＃ofHotRPs） ＃ofcorepapers U niquecitations Citations Meanpublicationyear

9（4） 51（4） 3127 6036 2004．0
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N am e of

R A
M o lecu le －b ased n an o －q u a n tu m m ag n et R A ID 77

＃ofR f s
（＃ofHotRPs） ＃ofcore pap ers U nique citations C itation s M ean publication year

7（1） 3 2（4） 836 1892 2003．6
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N am e of
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M acrom olecule n anocom posite RA ID 78

＃ofRfs
（＃ofHotRfs） ＃ofcorepapers U nique citations C itations M eanpublicationyear
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N am e of
79R A　　 L iv in g ra d ica l p o lym erizatio n　　　　　　　　 RA ID

（A 鑑蕊 ）　 ＃ofcore papers　 U nique citations　　 C itations
M ean publication year

13（4）　　　　　　 63（7）　　　　　　 2550　　　　　　　 7018 2003．2

P olym e rs and bIock
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（E，鑑蕊 ）　 ＃ofcore papers　 U niquecitations　　 C itations
M eanpublicationyear
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N am e of

R A
P orous coordination p olym er R A ID 81

＃ofR Ps
（＃ofHotRfs） ＃ofcore papers U nique citations C itations M eanpublicationyear

19（3） 67（4） 3629 8835 2003．5
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RA ID 82
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＃ofRf s
（＃ofHotRFs） ＃ofcore papers U nique citations C itations M eanpublicationyear
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N am e of

RA
A ctivation ofoxygen m oleculeby m etalloenzym e RA ID 83

＃ofRPs
（＃ofHotRFs） ＃ofcorepapers Uniquecitations Citations Meanpublicationyear

6（1） 29（0） 913 2005 2003．6
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Nam eof
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（＃ofHotRfs） ＃ofcorepapers Uniquecitations Citations Meanpublicationyear
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Name of

RA
D N A －nanOm aterialand nanodevice RA ID 87

＃ofRFs
（＃ofHotRPs） ＃ofcorepapers Uniquecitations Citations Meanpublicationyear

18（3） 91（1） 3275 6940 2003．3
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N am e o f

R A
B io im ag ln g P rOb e R A ID 89

＃of R f s
（＃ofHotRFs） ＃of core p apers U n ique citations C itations M ean publication year

13（4） 56（7） 1434 3 157 2004．0

憲 霊 ご芸Ct　 ノQ
／のト

Q L ／ 欄

の ノノノー滴 、・－ 、＿、彿∴ ㊧

Research on fluoresc ent

se nsor m oIeCules that

detect m etalions
吟嘲

Research on o rgan ic

旦／溜慧慧霊。
N am e of

R A
S y n th etic p o ly m er－im m o b iliz ed cataly st tech n o lo g y R A ID 90
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N a m e o f

R A
C a ta ly tic a sym m e tri c sy n th e sis R A ID 9 1
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＃o f co re p ap ers U n iq u e c ita tio n s C itatio n s M ean publication year
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N am e of P atho gen ic m ech an ism an d p rev entiv e／th erap eu tic
R A ID 93

R A m eth od of severe acu te resp iratory sy n drom e （SA R S）

＃ofR F s
（＃ofHotRPs） ＃ofcore pap ers U niqu e citation s C itations M ean publication year
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N am e of
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M ean publication year
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N am e or

RA
Em bryonic stem cell／neuralinduction RA ID 99
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3．QuestionnaireSurveyonhotresearchareas

ThosewhocarriedoutcontentanalysISOfthehotresearchareasweresurveyedregardingdevelopmentin

theirrelevantareassincethesecondhalfofthel990sandinthe丘veyearsafterthesurveyPeriod・

Beforethe丘rstquestion，theywereaskedtoevaluateonascaleofl（．．Idonltthinkso一．）to5（1’Ithink

SOM）whethertheIndividualResearchAreaMapfortheirhotresearchareasappropriatelyvisualizesthe

internalstruCtureOftheresearcharea・TheresultswereasinFigurel・Theyindicatethatthevisualization

Ofhotresearchareasinthisstudyisgenerallyclosetothefrontlinesenseofresearchers・

Figurel：Evaluationofthevisualizationofhotresearchareas

Idon．tthinkso（1）
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The丘rstquestionaskedwhatchangesrespondentsthinktookplaceoverthelOyearsfromthelatterhalf

Ofthe1990sto2001－2006（thesurvey－ssu旬ectperiod），Withanswersselectedfromthecategoriesbelow・

Multipleanswerswerepermissible．TheresultswereasinFigure2．

Figure2：PastchangeSinthehotresearchareas
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1・Ihringthelatterhalfofthe1990S，itwaspartofasomewhatlargerresearcharea，andasresearchsubsequentlyadvanced，lt

becameanlndependentresearcharea．

2・Duringthelatterhalfofthel990S，reSearChwascarriedoutseparately，butasresearchsubsequentlyadvanced，lttendedtofuse

andfbrn1areSearCharea，

3・Duringthelatterhalfofthe1990S，thiskindofresearchareawasnotrecognized，butasitsubsequentlyadvanCed，areSearCharea

bmed．

4・Duringthelatterhalfofthe1990S，aPreCurSOrreSearChareaexisted，andasresearchsubsequentlyadvanced，theamountof

relatedresearchincreasedrapidly・

5・Duringthelatterhalfofthe1990S，apreCurSOrreSearChareaexisted，butasresearchsubsequentlyadvanced，thequalityofthe

researchchanged．

6・Duringthelatterhalfofthe1990S，apreCurSOrreSearChareaexisted，WaSCOnSideredimportant，andmanyPaPerSWerePublished

inthearea，SOreSearChhasnotchangedquantltativelyorqualitatively・

Acharacteristicofthe124hotresearchareashandledinthisstudyisthatoverthepastlOyears，the

VOlumeofresearchhasincreased，Whileatthesametime，thequalityhaschanged．Inaddition，therearehot

researchareasthatformedwhendiffbrentresearchcommunitiesmerged，andothersthatformedthrough

researchcommunitiesdevelopedwhilecarrylngOutreSearChthathadnotbeenrecognizedasaresearch

area・Inotherwords，Ourmethoddoesnotaddressonlyresearchareasthathaveahighnumberofpapers

Publishedandarealreadyimportant，italsoanalyzesresearchareasthathavetheabilitytocreatescientinc

dynamismandchange・

Thesecondquestionaskedwhatchangesrespondentsthinkwilltakeplaceovertheperiodfrom2006

through2010，Withanswersselected丘omthecategoriesbelow・Multipleanswerswerepermissible・The

resultswereasinFigure3．

Figure3：Futurechangesinthehotresearchareas
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2 ． It w ill p ro b ab ly fh se wi th an O th e r re se arch a rea ．

3 ． A q u an titativ e e x p an sion o f re sea rch w ill p ro b a b ly o c cu r・

4 ． A q u a litativ e c h an g e in rese arc h wi 11 p ro b ab ly o cc u r・

5 ． T h ere w lll p rob ab ly b e n o n o te w o rth y q u an tltativ e e x p an sio n o f or q u al itativ e c h an g e in re se arc h ・



RespondentsexpectedmostofthehotresearChareastochangeoverthecoming丘veyears・Fewerthan5

PerCentOfthemindicatedtheyexpectednonoteworthyquantitativeexpansionorqualitativechangein

research・Regardingthemeansofchange，forbothquantitativeexpansionandqualitativechange，itis

notablethatexpectationsforfusionarehighatalmost30percent，COmParedwithlessthan20percent

givingthatanswerforthe蝕stquestion（ontheprocessofpastchange）．

Next，thestudyexaminedtherelationshipbetweenresponsestothe丘rstquestion（pastchangesinthe

researchareas）andthesecondquestion（futurechanges）．Becausemultipleresponsesarepossibleforboth

questions，thetotalvaluesdonotmatchthenumberofhotresearchareas．

Figure4：FuturechangesexpectedinhotresearchareasjudgedasH1．Duringthelatterhalfofthe1990S，it

WaS Part Ofa somewhatlarger research area，and as research subsequently advanced，it became an

independentresearcharea”

Figure5：Futurechangesexpectedinhotresearchareasjudgedas”2．Duringthelatterhalfofthe1990S，

researchwascarriedoutseparately，butasresearchsubsequentlyadvanced，ittendedtofuseandforma

researchareaH

Figure6：Futurechangesexpectedinhotresearchareasjudgedas’’3．Duringthelatterhalfofthe1990S，

thiskindofresearchareawasnotrecognized，butasitsubsequentlyadvanced，areSearChareaformed”

Figure7：FuturechangeSeXPeCtedinhotresearchareasjudgedas”4．Duringthelatterhalfofthe1990S，a

PreCurSOrreSearChareaexisted，andasresearchsubsequentlyadvanced，theamountofrelatedresearch

increasedrapidlyH

Figure8：Futurechangesexpectedinhotresearchareasjudgedas1．5．Duringthelatterhalfofthel990S，a

precursorresearchareaeXisted，butasresearchsubsequentlyadvanced，thequalityoftheresearchchanged”
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Figure9：Futurechangesexpectedinhotresearchareasjudgedas一一6．Duringthelatterhalfofthel990S，a

PreCurSOrreSearChareaexisted，WaSCOnSideredimportant，andmanypaperswerepublishedinthearea，SO

researchhasnotchangedquantitativelyorqualitativelyH

Puture l：▼p ivid¢ 1 0

Future 2：Fuse 0

FLAqe3‥C匝虚血肺expansion ．0

n止u陀4：0の馳癒帽dⅧ 0

Future＿5：No change 1

Forexpectedchangesinthehotresearchareasaswell，”quantitativeexpansionHand一Iqualitativechange▼■

WereO鮎nselected・’’Quantitativeexpansion．，andHqualitativechange一一renectchangesinthestatusof

COmmunities related to the hot research areas（the number ofpeopleinvoIved，the backgrounds of

Participatingresearchers，etc・）・TheseCanbeexpectedtocreatedynamicchangeinnewsciences，andtobe

reflectedin丘equentchangestotheScienceMap・
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4．Fielddistributionofcorepapersmakinguphotresearchareas

・AcademicDisciplinesRelationMapisdepictedusingthedataof丘elddistribution6f124hotresearch

arCaS．

・TheFiguresbelowshowthe丘elddistribution（bypercentage）ofthecorepapersthatcomprisethe124

hotresearch areas derivedforthis study・Foreachhotresearch area，the丘eldwiththehighest

percentageofcorepapersisshaded．Inthecaseof”Drug－elutingstents（IDl），’’forexample，eVeryCOre

paperfhllsintothe▼一clinicalmedicinel－category，SOthepercentageforthatneldislOOpercentanditis

Shadedonthis丘gure．

・ID of hot research areas that are shaded areinter／multi－disciplinaryin　this study・

Inter／multi－disciplinaryresearchareasasusedherearethosehotresearchareasinwhichcorepapersdo

notexceed60percentinanyneld・Inthecaseof”Pathogenicmechanismandpreventive／therapeutic

methodofsevereacuterespiratorysyndrome（SARS；ID93），一一forexample，theneldwiththehighest

percentageofits corepapersis clinicalmedicine，butitonlyaccountsfor54・5percent，SOitis

COnSideredaninter／multi－disciplinaryarea．
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