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Abstract

With the adwent of electronicdictionaries significantprogresshasbeenmadein improving the
accessibilityof dictionaryentriesallowing for speedyandwide-rangingdictionarylookups.Nonethe-
less,very little work hasbeendonein trying to accommodteusererrorsor supplemenknowvledge
deficienciesn dictionarylookups. Thesetwo factorsarecommoncause®f failed searcheanduser
frustration,especiallysofor learnersof aforeignlanguagerying to useadictionaryasalearningaid.

We have developedFOKS, a systemaimedat learnersof the Japaneslanguag, which works on
removing therequiremenhof knowing theprescriptvely correctreadingof thewordin orderto beable
to look it up in adictionary Userscanentertheir bestguessasto the readingof the word andhave
the systemsuggestikely correspoding dictionaryentries. While calculatingthe candicate entries,
FOKS consides commonreadingerrorsand sourcef readingconfusion,anddisplaysdictionary
entriesthatcouldgive riseto thereading.

In this paperwe describehowv we increasethe error coverageof the FOKS systemby addinga
mechaism to handlereadingerrorsbasedon characterico-occurrene andcommonsubstrings.We
usea corpusof generallapansetexts to extractthe character/suktring confusian setsandassigna
probalility measurgo eachpair in the confusionset. Basedon the extractedsetswe cangenerate
novel readingsfor eachdictionary entry and assigna plausibility of suchreadingsappearingn a
dictionaryquery The generatiorprocesss constrainedvith variousthreshold to limit the overall
numbe of readingsgeneréed. We add the resultingreadingsetto the existing FOKS systemand
evaluae the overall chang in performanceon the dataobtainedfrom the Japanes@roficieny Test
collectionaswell astheeffectof theincreaseshumberof readingontheoverallnumkberof candidates
displayedo theuser

1 Introduction

Learring aforeignlanguageis atime-corsumingandpainstakingprocess andmadeall themore daun-

ing by the existenceof unknown words (Groot 2000). Without a fast, low-costway of looking up

unknown wordsin a dictionary, the learnirg processs impeded(Humble 2001). This is particulaty

truein non-alphaletic languagessuchasJapanesesthereis no easyway of looking up the compnent
charatersof new words. This researchattemptgo alleviate the dictionarylook-up bottleneckby way
of acomprdnensve dictionary interfacewhich allows Japaneskarnesto look up Japaneseordsin an
efficient, robustmanrer.

The Japanesevriting systemconsistsof the threeorthograghies of hiragana, katakam and kanji,
which appea interminded in modern-day texts. The hiraganaand katakanasyllabaries, collectively
refered to askana,are relatively small (46 charaters each) and mostcharaters take a unique and
mutually exclusive readirg which caneasilybe memorizel. Kanathusdo not presenta major difficulty
for thelearner Kanji charaters(ideogams),on the otherhand presenta muchbiggerobstacle.The
high numker of thesecharacterg1,94 prescibed by the governnent for daily use,andup to 3,00



apparing in nevspagers and formal pubications (NLI 1986) in itself presets a challerge, but the
matteris furthercomgicatedby thefactthateachcharactecanandoftendoestake on severaldifferent
andfrequently unrelatedreading, andthatreading undego morpho-plonolagical changesin theword
formation process. The kanji 3%, for exanple, hasreadngs including hatsid andta(tsu) whereas %
hasreading including omote hyouandarawa(reru). Learrerspresentedvith the string3%3& happyou
“announcenent™ for the first time will, therefae, have a possiblylarge numter of potentialreadirgs
(conditionedon the number of commpnentcharactereadirgs they know) to choosefrom. With pager
dictionaries,look-up typicdly occursin two forms: (a) directly basedn thereadingof theentireword,
or (b) indirectly in a kanji dictionary via compmentkanji charactes andan index of words involving
thosekanji. Clearlyin thefirst casethe correctreadingof the word mustbe known in orderto look it
up, whichis oftenan unreasonablessumptionIn the secondcase the comgicatedradicalandstroke
court systemsnake thekarji look-up procescumba@someandtime consuning.

With electroric dictionaies — both comnercial and publicly available— the options are exparded
someavhat. In additionto readng- andkanji-basedlook-up, for electronictexts, simply copying and
pastingthe desiredstringinto the dictionarylook-up window gives usdired accesgo theword.? Sevs-
eralreadirg-aidsystemge.g.ReadingTutor* (Kitamura & Kawamul1998; Kawamuraetal. 2000) and
Asunap® (Nishinaet al. 2000 Nishinaet al. 20Q)) provide greaterassistancéy segmerting longer
texts andoutputting individual translationgor eachsegment(word). While thesedictionariesandread-
ing aidesare a welcomeadditionto the learnets repertdre, they provide little helpto the userwhen
thetext is not availablein electrorc form. To dealwith texts availableonly in hardcopy the userstill
need to input the word into the dictionary interface. It is often possibleto usekara-kanji corversion
to manuallyinput compmentkaniji, assuminghatat leastonereadingor lexical instantiationof those
kanji is known by the user Essentially this amauntsto individually inputting the reading of words
thedesiredkanji appearin, andsearchig throughthe candidatesreturnel by the kanakanji corversion
system.Again, this is complicatel andtime inefficient sothe needfor a moreuserfriendly dictionay
look-up methodremains. Finally, mary electroric dictionariessuppot the useof regular expressions
(REGEXPs)n searchessnablingookup of wordswhenpartialinputis possible However, suchqueries
oftenresultin alarge nunber of alphaetically (or phoretically) orderel respoises,making it hardto
locatethe desiredentryevenit whenit is includedasoneof theresporses.

In order to allow the userto maximizethe useof availableknowledgeof kanji charactes andtheir
readirgs,andremove therequrementthatthe userpossessehecorrect readng knowledgeof theword
sheis trying to lookup, we have implemertedthe FOKS (Forgiving Online Kanji Search)system.The
systemis aweb-basedacility thatallows theuserto enterthe estimatedeadingof anovel word. Based
on the input readirg the systemcalculateshe dictionary entriesthat could be perceved astaking that
readirg anddisplaysthe canddatesfor the userto choosefrom. Sincethe (minimum) input is a single
field (i.e.theestimatedeading , thesystenctanreadilybeusedoy smallhard-helddevices suchasweb-
enalted cellularphanes.Furthemore thesystencaneasilybeintegratedwith avoicerecogition/input
systemto completelyremove the needto typetheinput®

Oncethe canddate entriesaredisplayedto the usershecaneasily selectthe target word from the
list of canddatesto obtainthetranslationof theword. For exanple, theusercansearcHor thestring 58
_E zujou“overhead by inputtingthereadingtoujou or atamajau, derived from morecomman readirgs
of thecharactes 5 and_t, tow/atamaandjou, respectiely. We have previously demorstratedthatthis

1n this paper we loosey foll ow the Heplurn systemof romanization with the exception thatwe romanke long vowels as
separat chamctes giving riseto hyouinstea of hyooor hyo for ¥ & 9. Theothe notabk divergence—taken from (Badkhouse
1994)—-b the useof theuppe-caseN for syllable-find nasalgcorrespondingo thekanaA/) andlower-casen for syllable-initial
nasalgasfoundin 7z, for example.

2Here,hatsuundegoesgeminaion andhyousequetial voicing to producehappyou.

3Although even herg life is complicated by Japaesebeing a non-sgmeriing language, putting the onuson the userto
corredly identify word boundaies.

4http://langu age.tiu.ac.jp/

Shitp://hinok i.ryu.titech.a c.jp/

6Thelimiting fador hereis theaccuray of the speecirecogition system.
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Figurel: Resultdisplayed by FOKS systemasaresposeto quely atamgou

systemis effectivein guidingtheuserto thetarget dictionary entryevenwhenqueriedwith anincomrect
readirg (Bilac etal. 2003.

In this paperwe describehow we expand the errorhandlingability of the FOKS systemby addirg
awareressof errorsinducedby chaacter/substringo-accurrerce. Thisis thetypeof errorwherelearn-
ersreplae the readirg of an unknown kanji characterby the readingof a known characterdue to
comnon kanasuffix or comnon context. For exanmple, a usermight try to read®&® % nagusameru
“console,comfat” asosamerwdueto knowledge of string##1% % osameru‘dedicate,offer’. In asim-
ilar fashion a learnerfamiliar with the commanly-occurring §f# soshoulawsuit” may construct the
erraneousreadirg kishoufor #25f kiso“(to) chaige”. We startout with a corpus andextractconfusion
setsof character/soistring pairs. Thenwe createnovel (erroreous)readirgs for all dictionay entries
contairing any membes of the corfusion setandintegrateit with the setgeneatedfor the previous
versionof the FOKS system.

The remainekr of this paperis structuredasfollows. Section2 describeghe previous version of
the FOKS systemand the error typesthat it is able to hande, and also points out someremainirg
problems.Section3 describesiow we exterd the error coveragethrough the creationof confusion sets
andgeneratio of novel reading to account for previously unhandlederror types. Finally, Section4
providesananalysisandevaluatian of the system.

2 System description

The FOKS systemwas implemented at the Tokyo Institute of Techrology as a meansof improving

dictionary accessibilityfor learnersof the Japaneséanguage. It is basedon the notion that learners
acqure Japaneseharactereadirgs gradially, startingwith the mostcomman charactes andreadirgs
andthenmoving onto rarerones.Dueto suchordeing of thelearningprocessthey might be unable to

constret the prescrigively correct readingfor a novel string,eventhoughfamiliar with some(or all) of

thecharactes containel in the string.

The majoiity of electronic dictionariesrequre accuratereadingknowledge in orderto look up a
desireddictionany entry, sincethey employ directmatching sometimesaugmatedwith REGEXPS(see
above) asthelookup criteria. Unlike mostotherdictionay interfacesthe FOKSsystendoes notassume
correctreadingknowledge of thetarget string,but insteadriesto estimatavhatstringtheuseris looking



for basedon the input reading The systemjudgesthe plausibility (in the form of a compgitional
probability) of eachreadirg-dictiorary pair basedon the probability of eachkanji charater taking a
particdar readingandtheoverall readingundergoing further morpto-phonolagical changs. Thecorpus
frequeng is thencombined with the calculatedorobability to producethe overall plausibility measure
of thereadirg given the desireddictional entry,

The basedictionary for the FOKS systemis the publicly-available EDICT Japanese-Hjish elec-
tronic dictionary.” We extractedall entriescontainirg at leastone kanji chaacterand creatednovel
(potentially erracneous)readirgs, which we scoredfor plausibility asdescribedabose. Corpus frequen-
ciescalculatedover the completesetof 200,00+ sentencei the EDR Japaneseorpis (EDR 1995
were usedto prodice the final plausibility measure.Oncethe comgete setof reading is generated
it is storedin a relatioral databaseand queriedthrough CGlI scripts. Sincethe readirgs and scores
arepre-alculated thereis no time overheadin resposeto a userquery Figurel depictsthe system
output for the quey atamajou® We canseethat the target string 58 _L is the highestranking candi-
date,meanimgy thatthe usercaneasilyaccessts translationeventhowh theinitial quey wasbasedon
anincorrect readng. Notice thatcorventional electroric dictionariesemploying a direct matchsearch
criterion would not returnary candidcatessinceatamajai is not a valid word in JapaneseThe system
is availablefor public useandeasilyaccessibleéhrowgh any Japaneséanguage-eabledweb browser
Currenly, only a Japanese-Hjish dictionary is includedbut it would be a trivial taskto addlinks to
translatios in alternatve languagsoncethe dictionariesare available. Furthemore, sincethe whole
geneationandscoringprocesss fully automatiat would be straightbrwardto apgdy the sameprocess
to a differentJapanesdictionar.®

2.1 Error handling ability

The versionof the FOKS systemasdescribedabove is ableto hande a wide range of comma errors
by learnes of the Japaneséanguage. Among theseis the substitutionof onekanji charater readirg

for anotherresultingin anincorrectoverall readirg. For exanple, the FOKS systemallows the userto

acces} £} geka“surgery” via the moresalient(but incorrect) readirg of gaika Herethe learnerhas
appliedoneof the standardreadirgs for 4+ gai, soto“outsideputer” to obtainthe overall readingand
gueied the systemaccordngly to obtainthetranslation.While quering a corventioral systemwould

resultin an unsucessfulsearch the FOKS systemguidesthe userto the translationdirectly based
on this incorrectreading Additionally, the systemcanhandlequerieswherethe userhasincorrectly

predcted phanologcal alterndion (resultingin queries like hathyouor hatsuhyo whensearchig for

3% happyou“annowncemeti’) or wherethe learneris confusedasto the correctvowel lengthof the

charaterreading (resultingin quefes suchasryoukou for #&4T ryokou “travel”).

However, in evaluaion of the Japanes@roficieny Testdata(seebelon) we wereableto pinpant
systematicerror typesthat we are currenlly unable to handle. Namely we were ableto isolatethree
erra types:

1. Errorsdueto characteco-ocurren@. Thelearnerapgies areadingfrom akaniji characteoccu-
ring in the samecontext. E.g.,a userunfamiliar with the character# geki, hage(shii) “violent,
fierce” might apply a known readng of the charactetiz geN, kibi(shii) “strict,severe” dueto the
comman kara suffix (i.e. # L v» hageshii“violent” vs. & L \» kibishii “strict”).

2. Errors dueto characteidevel semanticsimilarity. Characterdike 75 migi “right” and 2 hidari
“left” haveasimilarmeaningandassuchareeasilyconfusedby learnersresultingin anerraneous
reading Semanticconfusion sometimeccus at theword level, too, suchasbetweenk = kaji
“fire” and k% kasai“(disastraus)fire”.

"hitp://www.c  sse.monash.edu .au/jwb/edic t.html

8Thisis a screeshotof the systemasit is visible at http://www.fo ks.info/

9For example,we have emplo/edthe samemethoalogy to allow searchig ENAMDICT, apropernamedictionaryin EDICT
distribution, on the sameprinciples.



3. Errors dueto graphc similarity of charactes. This is a comma erra type in learnes from
nonkanji langtagebaclgrourds. For examge, Z bo, haka“grave’ andZ ki, moto“base” are
graphcally very similar, resultingin possiblesubstitutionof reading amongwords containirg
them(e.g.Z=H#t bochi “graveyard’ and3Hs kichi “base”).

3 Extendingtheerror coverage

In this paperwe concefrate on the first of the threeerror typesoutlinedabore, sinceit accouts for
a significantportion of the failed queiesin our evaluatian data. The main causeof this errar is users
associatingharacteswith thecortext in whichthey commanly occur andconsegentlybeingunableto
distingushthecontext from thereadirg knowledge.In this sectionwe describenow we extractpossible
canddatesfor this type of error and createadditioral (erroreous)reading for dictionay entriesto
enalbe the systento hande errors dueto chacterco-occurence.

3.1 Extracting thecharacter confusion sets

We captue the contet similarity of charactes by looking at their corpus occurencein differentword
contets, in orderto modelcharater co-occurrerte tendenciess pereived by a learnerdealingwith
Japanestexts. Learnes oftenassociateharactereadng knowvledgewith their context. In otherwords,
they find it easyto identify reading in afixedcontext, but becone confusedwhenthe context charges.
We aimto captue suchcontextual effectsandusethemto extendthe error coverageof our system.

We employ Mutual Information (MI) asthe measue of correlation betweentwo charactes. It is
calculatedaccordng to equatio 1, wherethe numeratorand derominatorrepresehthe praobability of
two charactes occuring togetherandindependettly, respectiely.

P(a,b)

]\/II((Z, b) = lOQQW

1)
RougHy speakimg, it is ameasue of how muchonecharactetells usaboutthe other The probabilities
of eachevert in equatio 1 arecalculatedbasedn Maximum Lik elihood Estimation,ascalculatecbver
the EDR Japaneseorpus.

We calculateM| for eachpair of units foundin a given word (e.g. & kibi and L v> shiiin &L
U kibishii “strict”), andretainall pairsof units with an M| value over an experimentally-determine
threshdd value of 6. After repeatingthis processfor all words, we meige the confusion pairs into
confusionsetshy taking eachkanaunit occuring in a corfusion pair asanindex andmeiging all kaniji
charaterunitsit is confusablewith. Confusionpairsconsistingof kanji only arememgedinto confusian
setsindexed on eachkanji. Within eachcorfusion set,we nomalizethe probabilitiesof the memlers
to sumto 1, basedn the corpis frequenciesof the sourcewords.

3.2 Generating novel readings

Having extractedthe confusionsetswe proceedto geneateandscorethevariouws reading for plausibil-
ity. We first sgmert eachdictionaryentryup into singlekanji charactes andkanacharacte sequenes.
Then for eachconfusion pair containedn the word, we replaceeachmemter with alternatereadirgs
of the charactes in the confusion setindexed on its courterpart. For exanple, given a confusion pair
(4 osa ® % mery derived from theword #1% % osameru‘obtain’ anddictionay entry & % na-
gusaneru “comfort” segmertedinto unitsasf nagusaand® % mery we would createanovel readirg
of osamerufor &% % dueto a common pivot elemen (i.e. ® % mery.*° The overall probability of
eachgeneatedreadingis obtaina underthe assumptiorof sggmentindependene by calculatingthe
productof the probabilitiesassignedo eachmemberof the confusionsetandtheoriginal probability of
thereadiry.

10since (Rt nagusa ® % mery is nota pairin our sampleconfusbn setwe would not crede a nagusamerueadirg for 1%
5.



| | Conventional | FOKS | COOC | FOKS+ COOC |

Number of Queries 118 1180 118 1189
AverageNumberof Results 2.3 11.0 4.5 141
SuccessfuQueries 18 547 56 581
Error Reduction (%) 0 45.2 3.5 481
MeanRank 1.6 1.8 10.1 2.9

Tablel: Perfomancecomparisonon the Japaneseroficiercy Testdata

We exhaustiely generateeading for all dictionary entriesin this mannersingthe confusiondata.
Theresultingsetis thenstoredin therelationd databasé¢o be queriedby theuser

4 Evaluation

Findinganapprriatetestsetwasasignificantprodem. Many publicationson Japaneskanguageedu-
cationmentioncomnon learnererrors (MEIJI 1997), but to our knowledgethereis no readilyavailable
databaecontainingreal-life exanmplesof learnerreadingerrors.We thusoptedto usethe Japanesro-
ficiengy Testdata(Suzulkawa & Katori 1996 Matsuokal995 for evaluation. The Japaneseroficieny
Testis offeredby the Japanesgovernmen asa mears for learnes of Japanes#o evaluae their lan-
guage ability. In the vocalulary compmentof the test,subjectsareaskedto selectthe correctreading
for akanji-containingword out of four candidates(only oneof whichis correct) Theincorrectreadirg
canddatesarecarefuly craftedto exploit readirg erra'scomnonin learnerof thelanguage.Therdore,
we feel this setis apprgriatefor evaluatingthe effectivenessof the FOKS system.

We divide evaluationinto two parts.In thefirst partwe evaluatethe characteco-ocurrerce module
(COOC)indepenlently to selectthe bestthresholdparaneters. For the secondpart, we comline the
bestversionof the COOCdatawith the original FOKS systemdataandevaluatethe overall chang in
performane. We are particulaly interestedn the relative changein the nunmber of dictionay entries
correctly retrieved whenqueied with anincorrectreadirg (givenassuccessfufueriesin Tablel), the
average number of resultsretumedfor eachquery andtherank of the entryin the canddatelisting.

We extracdeda setof 118 incorrectreadirgsfrom thelevel 2 JapanesProficieny Testsampledata
andran queriesover differentimplemerationsof the system. Theresultsaregivenin Table1. Here,
the corventioral systemrepresets directmatchover the EDICT dictionay. We canseethat,basedon
athreshdd valueof § = 3.6, the COOCmodule increaseshe numbe of incorectreading handed by
341 without incurring an excessiely large increasdn the nunber of resultsgeneated(+3.1).12 The
meanrankof theresultingsystems 2.9 showving thatwhenthetargetis in thecandidatdisting it is high
enowgh to be easilylocated.As such,the additionof the COOCmoduleshouldincreasehe usefulress
of the FOKS systento learrersof Japanese.

5 Conclusion and futurework

The FOKS systemis a Japansedictionaly interfaceaimedat removing the presuppositionof infallible
readirg knowledgein looking up wordsandencouagingtheuserto maximally useavailableknowledge.
In this paperwe have explained how we expard the error handing ability of the systemto include
the effects of characterco-accurrerte. We extrad potenial confusion pairs from corpus databased
on mutualinformation and generatenovel readirgs for dictionay entriescontainng suchpotertially
confusing chaacters,scoringthe readirgs with a plausiblity measue in the process. The generéed

1INotice however that the numberis highe for the COOC module alone, shaving that we get someoverlap in genersed
readirgs. In suchcase we combinethe plausbility scores.

121t js possibek to extend coverage by redudng the value of the 6 threshdd, but the meanrank tendsto increaseappreiably
with relively little gainin coverage.



readirgs have beenaddedto the FOKS systemto extendits coverage.Initial evaluationshavs thatthe
nunmberof successfusearchedasednincarectreading increasesvhenusingtheimprovedsystem.

In Sectiord, we saw thatwhile weincreasedhenumber of successfullyhandledqueies,thesystem
still failedto retum the desireddictionary entryin alarge numker of caseslin orderto furtherimprove
our system,we needto evaluae userdataand analyzereal-world patterrs of readng errors. To this
effect, we arecollectingquerydatafrom our web sener andintendto useit to perform extensve anal-
ysis. The readinggeneation andscoringprocedurecanbe adjustecby addirg and modfying various
weightparanetersto alterthecalculation of probabilities,andthustweakthesystermoutpu to maximize
dictionary accessibility

Above, we identified two other major types of error commaly appeaing in query datathat our
systemcurrertly doesnot handle,namelyerras dueto graghic or semanticsimilarity of kanji. In the
future, we would lik e to expard our mode to incomporatethesefactors.
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