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Absfra仁t   

Thispapercomparestherobustnessofinfbrmationretrieval（IR）metricstoincompleterelevanceassess皿entS，uSing  

fburdif詣rentsetsofgraded－relevancetestcollectionswithsubmittedrunS－tWO録omTRECandtwo丘omNTCIR．  

Weinvestigatetheefftctofreducingtheoriginalrelev弧Cedataondiscriminativepower（i．e．，howoftenstatisticalsig－  

nificancecanbedetectedgiventheprobabilityorTシpeIError）andonKendal1’srankcorrelationbetweentwosystem  
rankings．Accordingtotheseexperiments，Q’，nDCG／andAP′proposedbySakaiaresuperiortobprefproposedby  

BuckleyandVborheesandtoRank－BiasedPrecisionproposedbyMo飴tandZobel．Vhalsoclarifysomeproperties  

Ofthesemetricsthatimmediatelyfbllow倉omtheirde血itions．  

1. Introduction 

InfbrmationRetrieval（IR）evaluationusingiTIC叩klereト  

evanCeaSSeSSmentSisbeBinnlngtOreCeiveattentlOn．Large＞  

SCaletestcollectioTLSCOnStruCtedthroughpooHT7gSuCllaSthe  
TREC，CLEFaJldⅣmIRcolIectionsareallincompleteto  

SOmedegree，in血atonlyasmallsampleof也edoctmentcol－  

］ectionhasbeenjudgedfbrrel即anCefbreach［opic．Vnli）e  

thecollection sizestendto growmonotonicallylnOrderto  
mimicreal－WOTlddata such astheW曲，theavailal）le man－  

POWerfbrTelevance貼SeSSmentS ORen remain more orless  

COnStant，andtherefbreIRres飽rChersareexpectedtolivewith  

tlleincompletenessissueaslongtheyadheretotheCTⅧ押／d  

四郎［3】．   

AtACMSIGIR’04，BuckleyandⅥ）Orhees【3］proposedan  

IRevaluationme扇ccalled毎TすCbinarypreftrence）whidlis  

hi由Iy00mla短dwitbA礪mgePr∝i5ion（AP）wb飢蝕1】Ⅳ1e－  

VanCeaSSeSSmentSareaVailableamdisyetmoreTObustWhen  

therelevanceassessmentsareTeduced．RecentTRECtracks  
havestartedusing也isme扇calongwithAP．Bprefpenalises  

asystemifitmnksaju恕dnon7tdevm7tdocumentabovea  
judgedrelevantone，andisindq）edeTldentofhowtheゆd如d  

documentsareretrieved．   

AtSIGIR’07，Mo飽t，VhbberandZobel【8］introduced  

弧IRevaluation7nebiccalledRank－BiasedPrecisionmBP）  

Wbichぬ町Claimdiss山鹿】e鈷reⅧ】也donwi払hcompk短  

relevancedata・RBPassunesthattheprobabilitythattheⅥ虎T  

movesfk）madocunentatRankrtoRank（r＋1）isacon－  
StantP，re里ardlessof血erelevanceO即el）ofthedoctJmentat  

Rankr・AsitdoesnothaveaTeCallcomponent，addingmore  

relevantdocume71tStOthe“qrels’’（therelevancedata創e）aト  

WaySiIICrea醍StheRBPsco凪   

AIsoatSIGIR’07，Sakai【14lrqportedthat響plyhgQ－  

measure（Q），APandnoTmalisedDiscountedCumulativeGain  

（nDCG）toacon＆tぴどd枇i．e．，a Z7inkedlistofdoctJmentS  

Obtainedbyremovmga11叩如dgeddocumentSfromtheong－  
ina）list，isasimplerandabettersolutionthanbpreffbrhaJl－  

dlingrelevancedataincompl8teneSS・Themetricsappliedto  

COlldensedlistswillller組員erbere長汀edtoasQ’，AP’and  

nDCGl，reSPeCtively・   

mis paper compaTeS 仕ほ 鵬貼bess or qぐ），Ap（′），  

nDCG（／），匝refandRBPtohcompleterelevanceassessments，  

usingfburdi飴rentsetsofgraded－relevancetestcollections  

widlSIJhmi弛drunS－tWO蝕mTRECandlwo斤omNTCIR．  

W邑investlgatedlee鮎ctofreducingtheonglnalrel即anCe   

dataonLhscTjminafivepoweT・［11］，Orhowoftenstatisticalsig－  

ni爺cancecanbedetectedgiventheprobabilityof軸eIErroT；  

andon肋血ZlゝTm2kcorTe）ationbetweentwosystemrank－  

ings［11］．Accordingtotheseeq）eriments，Q′，nDCG′andAPl  

areSl甲eriortobprefandRBRAstheseresultsholdacrosstwo  

di8もrentevaluatione庁brts，namelyTRECandNTCIR，Webe一  

Iievethatthese蝕1dingsareverygeneral．   
ThispapergeneralisesSakai’swo止［14］，inthat（a）While  

heusedtheNTCIR・3andNTCIR－5Japanese／Chinesedata，  

WeuSeTREC2003andTREC2004TObusttTaCkdataplusthe  
NTCIR－6Japanese／Chinesedatatoobtainmoregenemland  
Substandalconclusions；O））WecompareR13Pwiththeother  

metrics，aRerdismsslngSOmePrqpertiesofthemetricsthat  
immediatelyfbllow魚・Omtheirdefinitions．  

2 RelatedⅥわrk  

Thereareatlea5ttWOaPPrOaChestotacklingtherelevance  
datai71COmP】etenessprdblem：OneistotrytoconstruCtabet・  
tertestcollectionmoree鈴ciently，andan0theristodeviseor  

ChoosereliableIRmetrics，giwnatestcollection．Thispa－  

Pertakesthelatterapproach，OfchooslngreliableIRmetrics  
fbrhandlingrelevaJICedataincompleteness．AIongthisline，  

AsIam［1］atSIGIR’06andⅥlmazandAslam［17］atCIKM  
’06proposedllldJCedAP，Subco〟ecLio17APand擁T7Td．4P．  

InducedAPisexactlywhalwecallAP′（OrA帽P′r14］）．Vhdo  

notconsiderSubcollectionAPandIn鈷rTedAPinourpresent  
Shldy，becallSe（a）Whi）ethegoalofⅥlmazandAslamwas  

toestimatethetrueAPvalues，0urSisnot：Wtpre良一toex－  

ploredi茸irentmetrics，eSPeCially也osethatcanhandlegraded  

relevance；巾）BothSubcollectionAPandInftrredAPrequire  

howldgeortll叩㈲如他山吻頑画docum孤b，Whicblim－  

itstheirapplicability；（SlibcollectionAPrequiてeSeVenmOre  

knowledge，namely，howsmallthesl血collect10nwithrele－  
VanCeaSSeSSmen【siscomparedtodleentiredocumentCOllec－  

tion・）（c）AccordingtoBompadaelaL［2］，InfbrredAPisnot  

asrobustas（theoriginal）nDCGfbrevaltLationwithincom－  

pleterelevancedata．   

Gr6n画st’s属甜丁卿me扇c【5］，aS血plev濾antoH甲或  

WaSSl血equentlyusedby凱ttcheretaL［4］atSIGIR，07．  

However，aSWe血alldiscussinSection3，itsw訟hessisclear  

丘omitsdehition．凱ttcheTefaL［4］alsousesPrecisionatZ  

ju砲gddocumentS，WhichreliesoncondensedlistsjustlikeQ／，  

AP／andnDCG／・Howeveちitiskn0wnthatPrecisionisvery  
unstableandinsensitive，a11ddoesnotaveragewell［12］．  
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Moreover，Weleta＝2becauseitisknoⅥlthatuslnga  
largelogari血mbasemakesnDCGcolmterintuitiveandinsen－  
sitive【13］，despitethefactthatthisparameterwasdesigned  

tore鮎ctperSistencejustlikeQ－rneaSWe’sβ・W畠shallcome  
backtothisissueinSection3．2．   

AtSIGIR2007，Sakai［14］reportedthatQ’，AP′and  
nDCG′（theapp王icationofQ，APannDCGtocon＆7LSed揖LT；  
SeeSectionl）aresimplerandbettersolutionstotheproblem  
ofevaluatinglRsystemswithincompl由relevancedatathan  

如材【3】．   
Letr／denotetheTankofadocumentinacondensedlist，  

whoseoriginalrankwasr（≧rl）．LetNdenotethenumberof  
ju砲ednonTYh）m7Jdocuments・menbpTqCanbeexpressed  
出払Ilowst14】：  

3：Metrics   

3．1q（′），A‡I（′），nI）CG（′）andbpref   

LetL：denoteaTe［elCehn，e］，andlet9ain（L：）denote  

theBainvahJefbrretrievlnganL：－relevantdocumenL With－  

Outlossofgenerality，thispaperassumesdlatWehaveS－  

relevant（high1yrel郡ant），A－relevant（relevant）andB－relevant  

bartia11yrelevant）documeTltSaSinNTCIR［7］inadditionto  

judgednonrel即antdocumentS．Moreover，Weletgain（S）＝  

3，9ain（A）＝2and9ain（B）＝1herea鮎rasitisknown  

thatrnetricssuch asQandnDCGarerobusttothechoice  

Ofgainvalues［12j．AsfordleTRECdata，Whjchonlyhave  

‘亀ighlyrelevanで’and”relevant”documentS，WetTeatthefbr－  

merasS－relevantand血elatterasB－relevant（radlerdlanA－  
relevant）．nisisbecauseitisknoⅦlthattypicallyone－halfof  

therel即antdocumentSintheTRECqrelsareonlypaTtiallyor  

marginallyrelevant【15］．   

LetR（L：）denotethenu血beTOfL：－relevantdocumentS，and  

kt月＝∑∠月（£）・Letcg（r）＝∑1＜‘＜一夕（宣）deno亡ethe  

m椚〟ね伽eg加わat鮎nkγOr仇esystem；砲叫Wb母指タ（五）＝  

押血（£）ifdledocⅦれentatRankまi5∠一花hⅣantand♂（宣）ニ  

00therwise（i．e．，ifthedocumentatRankiiseitherjudged  
nonrelevantor叫judged）．Let9I（r）andqgI（r）denotethe  

（Cumulative）inofani＆a］Tankedoutput，Whereanideal  

ranl（edoutputlSOne血atsatis鮎sg（r）＞Ofbrl≦r≦R  

andg（r）≦g（r－1）丘汀r＞1．ForNTCIR，払rexa叩Ie，  

listlng叩allS－relevantdocuments，fbllowedbyallA－relevant  

documentS，fbllowedbyallB－relevantdocumentSPrOducesan  
idealrankedou申ut．LetisreI（r）beoneifthedocumentat  

Rankrisrel即antandzerootherwise，and】etcount（r）＝  

∑1＜i＜，isrel（i）・Clearly，preCisionatRankrisgh，enby  

P（rテ⊇cm雨（r）／r．   

Q－meaSureisde蝕edasfbllows：  

Q一冊α肌＝去∑料d（岬嘲  （1）  

r  

min（月，r′－CO肌叶′））  

桓reJ＝去∑料d（r′）（ト  
r／   

min（月，Ⅳ）  

（5）  

wherer′－COunt（r’）isthenumberofjudgedれOnrelevantdoc－  
umentsrankedabovetherelevaJltOneatRankr’，Orthemis－  
p［aceme71（Pena砂withTe甲eCttOthisparticularrelevantdoc－  

1menLCleLarly，fbranytopICSuChthatR≦N，bprefreduces  
to：  

mh（月ノーC仙雨（r′））  

如び＝去∑料d（γ′）（ト  
rJ  

（6）  

lnfhct，R≦Ninholdsfbra1lofourTRヱCandNTCIRtopICS  

（SeealsoT血Ie2），SO卸す如血即巧叩印inourstu郎・   

Sakai［14】pointedoutthalrheor）lyessentialdi飴rencebe＞  

tweenAPIandbprefisthat，Wbilethefbrmerusesr（fbrscal－  
inBeaChmi甲IacementpenaltyrI－COunt（rJ），thelatteruses  
aconstant（e．g．，R）．CompareEq．6with   

Aヂ′   ＝去∑r′£閃J（r′）雪山   （7）  

＝去∑r′わγ叶）（1－ヤ軽））・（8）  

Scali喝byaconstantisgeneTallynotgood）eSPeCiallyifthe  

constantislarge，becauぷethismeans山attheml甲Iacement  

penaltieswithre甲eCttOthetoprankedrelevantdocumentS  

arevirtuallyignored［14］．Inotherwords，坤reflacksthe“top  

heaviness”ofAP′，Whichisoneofthemainstrengthsofthe  
originalARItiscleardlatbpreLN【14］andRankEff［5］both  

su飴一丘omthisproblem，aStheyuseNandR＊Nfbrscal－  

ingthemisplacementpenalty，re甲eCtively．Sakai［14］showed  

e叩edmentallytbatbpreLNin血∋dpe血msveⅣpOOrly   

3．2 RBPandPersistence  

Ⅵ厄nowfbrmallydefheRBP［8，9］・Let71denotethehigh－  

estrelevancelevelacrossalltopICS．RBPcanbeexpressedas  
fbllows：  

脚＝法論∑g（γ）〆‾1 
（9）  

Wherep（≦1）is apersistenceparameteTIAhighvalue  
Ofprqpresentsapersistentuser；alowvalueTePreSentSan  
impatient oTle．AsMo飽t and Zobel［9］exp】oredp ＝  

0．5，0．8，0．95，WeStartOurOWneXperimentswiththesame  

Values，denotingeachversionofRBPbyRBR5，RBR8and  

RBP．95．In allofour experiments，Welet9ain（71）＝  

9ain（S）＝3・RecallthatourNTCIRdatahaveS－，A－andB－  

rekNantdocumentS，butot汀TRECdatahaveS－andB－rel訊′ant  
docⅦⅥ孤bon王y  

β叩（r）＋coum叶）  
β月（γ）＝   （2）  

βc射（γ）＋r   

WhereBR（r）iscalledtheb）e”慶dmJねandβisapeTds－  

1enceparameteTIBecauseBR（r）hasanrinthedenominator  
LiustlikeP（r）），Q－m組Sl汀eisguatanteedtobecomesma11er  

asarelevantdocumentgOeSdowntheTankedlist．Alargeβ  

（e．g．，β＝100）alI即iates仇ise蝕重犯dmakesq－me鮎We  

morefbTgivil唱fbrrelevantdocumentSnearthebottomofthe  

r誠kdlist．Conv訂鑓l弟a部】allβ（8．g．，β＝1）imposesmoTe  

penalty Sakai［13］showedemp正icallythatP＝1，10are  

goodchoices，SOWetakeP＝1仙oughoutthispaper・Note  

alsothatβ＝OreducesQ－meaSuretOAP：  

AP＝去∑前（r）空地＝∑諦（r）珊・（3）                         r  
r r   

ForaglVenlogarithmbasea，1etthe＆scounledgainat  

R弧krbe勾（r）＝タ（r）／log。（r）鈷Tγ＞α弧ddg（r）＝g（r）  
fbrr≦0・．Simi1arly，let4gI（r）denotetl－edisco一皿tedgainfbr  

anidealrankedlist．nDCGatdocumentcut－0仔Eisde蝕edas：  

陀βCC上＝∑勾（r）／∑如（丁・）・ （4）  

1＜r＜】 1＜ーくi  

Throughoutthispaper，Weletl＝1000asitiskn0Ⅵ乃一  

thatsma11docunentcut－Offn11rtthestabilityOfnDCG【12］．  
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TheasstmptionbehindRBPisthattheuser，af（erexam－  

ininBthedocumentatRankT・，wi11examiTlethedocumentat  
Rank（r＋1）withprobabilitypoTStOPSCanningtherankedlist  

Withprobabilityl－P．Thus血ernodelassumesthatthetran－  

Sitionprdbabilityisindq）endentoftheTeleNanCeOfthedoclト  

mentatRankr，Wllichisnotnecessarilyrealistic．Ontheo血eT  

hand，thisassumptlOnmakesRBPeasytointeTPretandtocom－  

Pute．Moreover，MoEht，W旛玩randZobel【8］arguethatRBP  

issuitablefbrevaluadonwithincompleterelevancedataasitis  

guaranteedtoincreaseasmorerelevancejtldgmentsareadded  
（SillCeitdoesnothavearecallcomponent）andtheerrordue  
to叩judgeddoctLmentSCanbeqtLanti重ed．   

However，We Can discusS RBP’s possible weaknesses．  

Firstly，RBPmayglVeaVeTylowscoreeNentOanidealranked  
OutPut：lnfhct，thefhctthatitdoesnotrelyonrecallimplies  

tllatitdeniestheveryexistenceofan”ideal”rankedouq）ut．  

FromEq．9，itisclearthattheR月Pfbranidealrankedlistina  

binaryrelevanceenvironmentequals（トp）∑た1Pr－l・Tb－  

bl∈1shoⅥ′S血eR月pⅦluefbTanidealrankdo叫匹tfbTp＝  

0．5，0．8，0．95and月＝l，10，100，1000．1Ⅵ1enp＝0．95，由一  

example，anidealrankedollQ）utfbratopicwithR＝10rele・  

VantdocumentsreceivesanRBPof．4013，WhileonefbratopIC  
withR＝100relevantdocumentsreceives．994l．Wもetherit  

isgoodtoaveragesuchameasurementacrosstqpICSCanbe  

debated，butitisatleastaLhctthattopICSwithrnanyrel訊′ant  

docⅦne11tSCanhaveafhrlargerimpactonMeanRBPthan  
thosewith氏wrelevantorLeS．Moreover，1五blelshowstheex－  

tTemeCaSeSOfwhenR＝1：ItcanbeobservedthattheRBP  
Ofanidealrankedouq）ut（i．e．，Onethathastheonlyonerel一  

即孤tdocunentatR孤kl）canmnge舟omO．05匝＝0■95）  

andO．5（p＝0．5），SinceRBPinthiscaseequaIsl－P．Itis  

notclearwhytheuser’spersistence（theprobabilityofmoving  
丘omadocumenf舟omRa戒r【0也a【atRank（r＋1））sl10uld  

in伽encethee駄ctivenessvalueofthesamerankedo11Q）utSO  

drastica11y，eVenthough0nlytlledocumentatRamklisbein里  

exam五はd   

Wifurtherr10tethatdependingonrecallisnotnecessaト  

ilybad．The＝realusermayhavesomeideaofthentmlberof  

Televantdocuments，duefohisbackgroundknow】edge，Orif  
not，bylookingatthetotalnumberofhitsshownintheIR  
interfhce．MoTeOVer，eVenifthisisnot也ecase，agOOdIR  

perfbrmaTICeme扇cisno（necessari】yonedlaIc）ose7）・mimics  

“usersatisfhction”．Forexample，auSerTnaybeverysatis魚ed  

WiththeTankedo坤ut，havingfbtmdadecentdocument，but  

‡lema）′如l7emissedteno血erdocⅦme痛dⅦta陀inねct】nOre  
relevaIltthantheonehehasfbund．Tllatis，tl）eu5erTll（TVbe  

h脚jzLStbecauseheLsigTTOTY7nt．Froma00nSCientioussys－  

‡emdevel甲er’spo】ntOrView，irわe加0≠，JtIla†tbereareteれ  

relevantdocumentsdlatShouldberetrieNed，thenhewouldde－  

SlgnaSyStemthatcanretrieveasmanyofthemaspossible  

ra鮎rthar）aSyStemthatmakestheuser‘刊appy”byshowing  

JuStOllerelevantdoctmentandhiding血eotherrelevantones  

COmPletely．HenceQandAPdependdirectlyonR，thenumー  
berofjudgedrelevantdoctunents，andevennDCGdqpendson  

itindirectly，aSitreliesollanidealrankedou申ut．   

Figurelcomparesthe“top－heaviness”ofRBnAP，Qand  

nDCGっbyconsideringarankedollQ）utthatcontai】1SeXaCt】y  
OnerelevanIdocument，andmakingltmOVe魚・OmRallklto  
Rank20．The gTaPh atthe top sl10WS tlle Sihlatio】1When  

月＝10，aTlddleOneattbebottomsllOl入▼SdleSih遁tiollⅥrhell  

R＝100，bothtmderabinaryrelevanceenvironment．Note  
【hatthethreeRBPctLrVeSarenOtaBbctdbythevalueofR．  

Tabfel．VaIuesofRBPfbranidea）ranked  

OUtPut．  

Fromthe毎ure】itcanbeobservedthatRBP．5isprobablytoo  
top－heavy：itbasicallyignoresanyI℃1evan【documer）tretTieved  

belowRanklO．Thismakesevaluationveryunstable，aSWe  
shal1seeinol∬eXPerimentsinSection5．RBR8givesarea－  
sonab】e＝mnk－biasい：RBP．95looksalmosflik∋aS加igbtliIlち  
comparedtootherme扇cssuchasQ－meaSureandnDCG・  

InFigurel，thetop－lleavinesscurveofAPisalmostcom－  

p】etelyhiddenby血a！ofQ－meaS一∬e，becauseinabinaryrel－  

evaJICe environment，Q－meaSure＝ APholdsifthereis  
norelevantdocumentbelowRankR，WhileQ－meDSure＞  
AP holdsifdlereis atleast one relevant doc11mentbelow  
R弧kR［10］．¶luStheAPcurveactuallybeginstodeviate  

丘omtheQ－meaSureOneatRankllindlegraPhatthetop  
（wh汀己月＝10）．   

ItcanalsobeobsenTedthatthetop－heaviness curves of  
nDCGhaveaminorproblem‥nDCGwithaloBarithmbase  
Of2cannOtdistinBuishbetweenasystemthathasarelevallt  
doctmlentatRanklalldonethathasarelevantdocumentat  
Rank2．Thisisbecause，aCCOrdingtotheorlglnalde血itionof  
nDCG（Whichwestickto），gab7Lh5COZmti曙CannOtbeapplied  

toranksabovea（＝2）■Thisisprecisely血yusin声alargea  

withnDCGisnogood［13］：itmakesthetop－heavmesscurve  
even8atter，（OneTadlerinelegantWaytOaVOidthisproblem  
is，hsteadofle血叩dg（r）＝タ（γ）／log。（r）食汀γ＞α，tOlet  

d9（r）＝g（r）／log。（r＋a－1）fbral1rsothatgaindiscount－  

ingcanbeappliedtoeveryrank．）Itsho111dalsobenotedthat  

thetop－heavinesscunTefornCG［6】，the11ndiscolmtedversion  

OfnDCG，isacompletelynatline．Thatis，tOnCG，itdoes  
notmatteratallatwhichranktherelevantdocumentisLbund．  
TbisexplainswhynCGperfbrmsverypoorly〔12］・   

Tbsun呼，theiRmetricsweconsiderinthisstudyal1have  

amedlanism，eaCllinitsownway，Ofpenalisingrelevantdocu－  
mentsfbundnearthebottomoftherankediist．Butthegraphs  
suggestthatus111gP＝0・5fbrRBPmaynotbegoodfbrre－  
1iableeⅣall迫tion．Thiswewi1lverifyinolⅣeXperimentsde－  

scribedbe］ow．  

4 FullandRedueedI）ata  

Thble2providessomestatisticsoftlleTRECandNTCIR  
血也WeuS由ねreva】混tingt】1e沢me扇csねrthepl叩OSeOr  

evaluationwithincompleterelevanceassessements・Wtchose  

these d2Lta SetS aS We Wantedりad hoc’－test co11ectionswith  

gTadedre］evancedata．The“TRECO3”and“TRECO4”dataare  

丘omtheTREC2003and2004robust打ack，andthe“NTCIR－  
6J，，andりNTCIR－6C＝data are舟omtheNTCIR－6Crosslin－  

gualtTaCk．TheTRECr皿SareEnglishmonolingualrulS，  

andtlleNTCIR－6J（NTCIR－6C）ー皿Si11Cludeboth1nOnOlin－  

gualandcrossling血1runSfbrtheJapanese（Chinese）doc11－  

mentre打ievalsl加ask   

ForconductingourdiscriIninati＼′epOWereXPerimentsde－  

SCribedinSection5，Werandomlyse】ectedonenm丘omeach  
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Figure2．Reductionrate（エaXi＄）vs．abso－  

】uteperfbrmanceva［uesaveragedover30   
runs（yaxis）．  

Figure2sIlOWStbee脆ctorrel即弧Ce血b陀ductionon  

theabsoluteoverallperfbTmanCeS（e．g．，MeanAP）averaged  
acrossal130runSfbreaclldataset．（TLeNTCIRgraphsaTe  

Om拍dduetolackof甲aCe，）mellOd加地Iaxis帽p托醍l血  
tllereducdonmteゴ．Itisclea一也at血evaluesortlleme打ics  
basedontheoriginalrankedlists（AP，Q，nDCGandRBP）  
quicklydimimishastherelevancedatabecomesmoreandmore  
incomplete，misisnotnecessari1ya鮎w：RBPhasbeende－  

Signedtobehavethisway．）Inconlrast，thebpref・R（i・e・，bpref）  

curveisrelatively鎖at，andthismuchsl甲POrtSWllatBuckley  

andlもodleeSrq）Orted［3］．However，itisalsoclearthatthe  
Q′，APlandnDCGJcurvesarejustasnatasthebpTefone・   

5 DiscriminativePoⅥ′er  

This section compares血e robustness ofIR metrics to  

incomplete relevaLnCe aSSeSSmentSin terms ofdiscrimina－  
tivepower（orsensitivity）usinBSakai’sBootstrapSensitivity  

Method［11］．Tlleinputtothismethodareatestcollection，a  

setofrunS，anIRme扇c，anddleSigni重carICelevelαfbTbooト  
straphypothesistests・Us血gresampledtopICSetS，themethod  

com血血aboob仕apも沖Od妃Sistestfbre、′eⅣS）rStempalr，and  

computesthediscriminativepower，i・e・，fbrhowmanysystem  

pairstheIRmetricwasabletodetectasigni鮎antdi飴TenCe｝  

andtheestimatedovera11perfomancedi貌rencerequiredto  
acllievethatslgni薫cance・   

7bble3comparesthediscriminativepowerofQ（］），AP（／），  

nDCG（／），bprefしRandRBPwjd71heoTjki77a］100％Tden，a”Ce  

血血 Forexamp】ちT放心」（a）血0Ⅵ－Stllatq－meaSl汀elⅥaか  

agestodetectastatisticalsigni丘cancefbr80pairsoutof120  

Figurel．Comparisonof“top－heaviness”・  

TabJe2．TRECandNTCIRdataused jnour  

Partl叩atlngteamS．Thus，withtheTRECO3data，fbrexample，  

WeuSed16runS，Whichyields16＊15／2＝120combinationsof  
teamsfbrsigni貢cancetesting．ForcomputmgKendall’srank  
COrrelation，WeWantedmorerunS，SOWerandomlysampled  

30nms丘ollleaChdataset，disregardingwhichteameachrun  

COmeS負・Om．Notethatthestatisticalsigni重canceofKenda11’s  

rankcorrelationd甲endsonthenl汀nbeTOfrunS【11］．   

Tbexaminetlleefrbctofrelevancedataincompletenesson  
tlleIRme扇cs，WeCreatedJ官血ced摺仏棚JCg血拍たom dle  
fullrelevancedata，fbllowlngtheonglnalBuckley∧もorhees  
methodology【3］：First，fbr each topic，We Created a ran－  

domisedlistofjudgedrelevantdoclunentSOfsizeR，andasep－  

araterandomisedlistofjudgednonrelevantdocumentSOfsize  
凡mm，払r飽Cb柁血c血〃mねj∈（90，70，50，30，10），  

We Created a reduced setofrelevaIICe data by takingthe  
鮎stRjandNj docunents丘omthetwolists，reSPeCtively，  
血ere月ゴ ＝ maよ（1，か肌Cαね（月＊j／100））aれd叫 ＝  

max（10，iruncate（N＊j／100））．ThecontantslandlOhave  

beencopied＆om【3］，rq）reSentingtheminimum 

． 

tice，theconstantlOwasseldomusedsinceNwasgeneral1y  
Verylarge・）misstTati鮎dsamplingisessential1yequivalentto  

raJldomsampling舟omtheentiTeSetOfjudgeddocuments［17］．  
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Table4．Discriminatjve poweratα＝0・05  

WithlO％qreI5．  

1bb】e3・Discriminativepoweratα＝0・05  
JU、拘qre帽・   

ldisc．power t d胤requ加d   
（a汀RヱCO3   

q   ‡0／120司箔．7％   0．07   

q′   77ノ120＝64．2％   0．07   
AP  77ノ120＝名4．2％   0．07   
A〆  77／120＝毛4．2％   0．09   
mDCG  71ノ120＝59．2％   0．0易   

nDCG／  71ノ120＝5p．2％   0．Og   

bpreLR  占9／120ニ57．5％   0．Og   
RBE富  57／120＝47．5％   0．0富   

RBR95  55ノ120ニ45．8％   0．04   
R8n5  45／120＝37．5％   0．】2   

（b）TR王CO4   

q   63／9l＝69．2％   0．08   

q′   62β1＝占臥l％   0．Og   
AP   61／91＝67．0％   0．07   
AP／  61／91＝67．0％   0．07   
nDCG  5g／91＝83．7％   0．0苫   

nDCG／  58βlニ63．7％   0．09   
bpreLR  57／9l＝62．6％   0．09   
RB已95  45／91＝4タ．5％   0．05   
R8ng  36βl＝39．6％   0．09   
RBP．5  30／9l＝33．0％   0．12   

（c）NTCほ■J   

nDCG  4g／66＝了2．7％   0．09   
nDCG′  4了／66＝7l．2％   0．10   

q   47侶6＝7】．2％   0．0左   

0．09   
q′   47／66＝了l．2％  0．10   
APJ  4占侶6＝占タ．7％   0．0タ   

bpr正且  42／66＝63．6％   0．12   
RBP．95  42／66＝63．6％   0．07   
RBRg  40ノ66＝60．6％   0．0注   

RBE5  36ノ66＝54．5％   0．10   

咤がTCrRjC   

nDCG′  43ノ55＝了乱2％   0．10   

q   42／55＝7‘．4％   0．07   
nDCG  42／55＝7‘．4％   0．09   
RBP．95  42ノ55＝7‘．4％   0．06   

AP′   42／55＝7‘．4％   0．07   
bpreLR．  4ヱ／55＝7占．4％   0．08   
AP   41／55＝74．5％   0．0含   

q′   40／55こ＝72．7％   0．08   
RBn8  35ノ55＝63．6％   0．09   
RBP．5  27／55＝49．1％   0．1さ   

】disc．p押er】di爪req山red   
（a）TRECOユ   

AP′   63／120＝52．5％   0．14   

q′   61／120＝50．8％   0．13   

nDCG′  ‘0ノ120＝50．0％   0．14   
bpre仁R  47／120＝3タ．2％   0．1占   

q   32／120＝2占．7％   0．09   

nDCG  29／120＝24．2％   0．09   
旭E95  2d／120軍2l．7％   0．0】   

AP   13／120＝10．旨％   0．08   
kBEg  6／120＝5．0％   0．03   

㈲TR£CO4   

q′   50／91ニ54．9％   0．1l   
AP′  46／91＝50．5％   0．12   

mDCG／  43ノタ1ニ47．3％   0．12   
nDCG  42／91＝46．2％   0．09   
もpreLR  37ノ91可0．7％   0．15   

0．‖   

q  29ノ9】＝3】．9％    RBP．95  24／91＝26．4％   0．01   

AP   15／91＝l占．5％   0．09   
RBRg  10ノ91＝11．0％   0．04   

（c）mC収JJ   

q‘   46ノ66＝69．7％   0．10   
mDCG  45／66＝6g．2％   0．06   

AveP／  44ノ66＝6‘．7％   0．11   
mDCG′  44／66＝石6．7％   0．10   

q   43／6（5＝‘5．2％   0．05   
bpreLR  39／66＝59，l％   0．il   
RBn95  36／66＝54．5％   0．01   

AP   34ノ66＝51．5％   0．04   
RBR宜  21／占6＝3l．告％   0．03   

（d卿TCIR・6C   

q′   ユ9／55＝70．餅滝   0．11   
AP／  39／55＝70．9％   0．11   
bpreLR  39／55＝70．9％   0．12   
nDCG／  38ノ55＝69．1％   0．12   
nDCG  37／55＝67．3％   0．06   

q   33／55＝60．0％   0．04   
RBP．95  31／55＝56．4％   0．02   

Aア   2冨ノ55＝50．9％   0．04   
RBn8  12／55＝21．8％   0・q3   

NTCIR＿5．Thble4jssimi‡artoTbble3bul払TeUthelO％reL  

卯α〃Cg血叫thlばr甲reSentl喝血e“tails’’of也ecwves・Wき  

SummaJiseFjgtFe3andl五ble4inwords：   

o ForTRECO3andTRECO4，Q／，AP′andnDCGlaremore  

robl迅t地肌0血訂me扇cstoincomp】etere】eⅦmCeaSSeSS－  

ments．TheoriginalnDCGdoeswellfbrTRECO4but  
not鈷TTRヱCO3．  

・Similarly，fbr NTCIR－6Jand NTCIR，6C，Ql，Ap′，  
nDCG′andnDCGarethemostrobust．（Bpref甲peNS  

todowellfbrNTCIR－6C，btltithasaproblem，aSWe  
血a11discⅦSSlaterl扇喝職ble5．）   

O R13P．95，APandRBP．8areatthebottomofthelist，eX－  

actlyinthisorderfbrallfbtFdatasets．   

●Tbs11mVP，theovera11winnersintennsofrdbustness  
toincoTnPleterelevanceassessmentsareQ′，AP′and  

nDCG′．APandRBPclearlylacktherobustness．nDCG，  

QandbpreLRlieinthemiddle．   

TneaboveaJlalysISWaSbasedonthenumberofstatisti・  
Ca11ysigni£cantdi航rencesdetectedgivenincompletenessrel・  

evanCedata．Thebasicassumptionhereisthatthesetofsig・  
Tli負cantb，dii海rentpalrSatX％reductionrateisbasicallya  
Subsetofonewiththe丘dlrelevancedata．However，itmight  
bethecasethatmostoftheseconclusionsatX％reductionrate  

areinfhctinconsisten【withtheoriginalco71Clusionswiththe  

lOO％relevancedata．WtthtLSPTOvideanadditionalanalysis  

inThb】e5，雨Iichissimjlarin甲mttOthe“accl汀aCy”ofBom・  

PadaelaL［2］．Tbetablecompares，fbreachmetric，theset  

（16＊15／2）combinadonsofteiamSatα＝0．05，andthatadif・  

ftrenceofamlmdO．07isrequiredinordertoacllievesignifi・  

Can¢e筈Ⅳen50tpplCS．  

Wi蝕tsummariseThble3inwoTds：   

・ForTRECO3andTRECO4，Q（′），AP（l），nDCG（′）and  

寧p把LRaremored血dmiれa血e血皿RβP．   

●ForNTCIR－6J，Q（’），AP（′）arldnDCG（′）aremoredis－  

CriminativethanbpT℃LRandRBR   

・For NTCIR－6C，Q（I），AP（／），nDCG（′）bpreLR and  

RBP．95aTemOrediscrimhativethan良BR8andRBR5．   

●Tbsumtp，theovera11wi11nerSgⅣenlOO％relevance  

dataareQ（′），AP（′）andnDCG（′）．   

1tisc】e訂舟0∬】籠ble3tbaIsma】Ivalues orクゐTR8P  

hurtdiscriminathTePOW訂∵misisprob血1ybecauseasmallp  

l11akesRBPtoo“topheaヽす’：AswellaVeSeeninFigurel，uS－  

mgp＝0・5impliesthatIRsystemsaTemOreOrlessevaluated  
basedonthetoplOdocumentSOnly，雨1ichmakesevaluation  

、′引γ？nStablり12】・FoT也isTeaSO叫Ⅵ佗dmpRBRO5鮎mol汀  

expenmentsllenC曲血．   

Rgue3sl10Ⅵ－S仇ee飴cfofTe】evancedatarductioれOn  

discriminativepowerforAP（′），Q（l），nDCG（’），bpreflRand  
RBn95andRBR8・Tberesultsaresimilartothosereported  
bySakai【14］，Whousedfotudatase＞tS丘omNTCIR－3and  

－56－   



TabIe5．NumberofsignificantdifFerences  

detectedwithlO％qreJsbutnotwithlOO％  
TabIe7．KendaH，s rank corre暮ation：100％  

RBPrankingscanbequitedi脆TenL¶1isaloneisnotneces－  

sari1ya鮎w：1t）uStmeanS也atRBPismeastmngsomething  

slibstantiallydifftrent丘omtheothermetTics．RecallthatRBP  

disTeg訂血recall．   

Figure4shows血ee鮎ctofrelevancedatareductionondle  

systemrankingfbreachmetTic：Tbus｝theAPraJlkingatX％  

reductionTateiscomp訂edwithtlleOnglnalAPranking，and  

soon．T塊1e7summarisesthe負gtuesbysortlngthemetrics  

byKendalrsrankcorrelationatlO％reductionrate，Figtue4  

andTもtIle7show血at：  

。Qr，AP′andnDCG′areconsistentlyamongthemostro－  
bustmetricsintermsofsys†emrankingstabilityBpreL  
doeswell払rTRECO4．  

・AsFigwe4shows，thesystemrankingsbyAPandRBR8  

collapseasrelevancedataisTeduced・RBR95isalsonot  

verygood：at30％reductionrate，itsKenda11’srankcor・  

relationwiththeonglnalrankinglSaSlowasthatofAP  
fbrTRヱCO4andforNTCIR－6J；itperfbmlSaSPOOrlyas  

RBngfbrNTCIR－6C．  

・7bsumuP，Q′，AP’andnDCGlareagaintheoveral1win－  

ners，andtheadvantageofin加ducinganewmetriclike  

bprefisnotclearintermsofsystemrankingstabilityei－  
ther．R13PisnotasgoodasQ’，AP′andnDCG′interms  
ofsystemrarikingstability，eVenwithp＝0・95・Ågain，  

nDCG，QandbpreLRlieinthemiddle・  

7 Conclusions  

mispapercomparedtherdbushessofIRmedcstoin－  
comp】eterelevancedata，uSingfburdi飴rentsetsofgraded－  

relevance test collectionswith submitted nms－tWO  
TREC andtwo丘omNTCIR．OuTdiscriminativepowerex－  

perimentsandrankcorTelationexperimentsagreedthatq，  
AP／andnDCGl，theapplicationofQ－meaStUe，APandnDCG  
tocondensedlists，arelnOrerObustdlanOtherme扇cstorel－  

evanCedataincompleteness；thatAPandRBPlackthero－  
busbess；andthatnDCG，Qandbpref＿Rlieinthemiddle・  

AstbeseresultsholdacrosstwodinrellteValuationefrbrts，  
namelyTRECandNTC‡R，Webelievethatthese蝕dingsare  

verygeneral．ItisalsointerestingthatQ’，nl）CG／andAP’  
arecomparableintermsofrobustnesstoincompleterelevance  
dataeventhoughQandnDCGarecleadys叩eriortoARIn  

ofsigni鮎antlydi銑rentpalrSat10％reductionratewith血at  

withthefu11relevancedata．Forexample，Tもble5（a）shows  

that，fbrTRECO3，APdet∝tedastatisticalsigni鮎ancefbr13  

caseswi血the10％reJevancedata，buttwoofthem（15％）are  
notamongthesetofcasesdetectedbyAPwiththelOO％rel－  
evanCedata．AssunlngthattheconclusionswiththelOO％  

relevancedataarethegroundtruth，thenumberspresentedin  
thehb】らT印ⅣSent川e汀OrSけ・Asc孤be錐¢n，血enumberor  
erTOrSaregeneral1ysma11，S叩POrtlngtheafbTementionedas－  

sumption．野preLR，however，叩PearStObequiteunrelial）1e  
丘omthisviewpointaswell：Forexample，Tbble5（d）shows  

thatasmanyaslOcasesoutofthe39signi鮎antdifrtrences  
detectedbybpTef＿RatlO％reductionrate（SeealsoTbble4（d））  

areincoTISistentwiththeonglnalbprefresults・Tbis，agaln，is  

notgoodnewsfbrbpr正  

6 RankCorrelation  

Thble6sl10WStheKelldal1，srank cotTelationvaluesbe－  
tweeneachpalrOfmetricsg－Ventheorigi一一alrelevanced  

（TheNTCIRTeSultsareOmittedduetolackof甲aCe，）Asmen－  
tionedearlieT，Werandomlysampled30runS丘omeachdataset  
fbrcomputlngthevalues：With30rumS，thecorrelationissta－  
tisdca11ysigni丘calltifitisoverO・34［11］；ValuesoverO・9are  

showninboldtoindicatehighcomlations・Itcanbedbserved  

thatwhilethesystemrankingsbyAp（I），Q（′），nDCG（／）and  
bprefRcanbequlteSimi1aTglVenthefu1lrelevancedata，the  
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