Increasing the error coverage of the FOK S Japanese dictionary
inter face

Slaven Bilacf, Timothy Baldwin* and Hozumi Tanaka'

1 Tokyo Instituteof Technology2-12-10okayamaMeguroTokyo, JAPAN
{sbilac,tanaka  }@cl.cs.titech.ac.jp

x Centerfor the Studyof Languageandinformation(CSLI)
210Panaméstreet
Stanford,CA 94305-4115USA
tbaldwin@csli.stanford.edu

Abstract

With the adventof electronicdictionaries,significantprogresshasbeenmadein improving the
accessibilityof dictionaryentriesallowing for speedyandwide-rangingdictionarylookups.Nonethe-
less,very little work hasbeendonein trying to accommodatesererrorsor supplemenknowledge
deficienciesn dictionarylookups. Thesetwo factorsarecommoncause®f failed searcheanduser
frustration,especiallysofor learnerof aforeignlanguagerying to useadictionaryasalearningaid.

We have developedFOKS, a systemaimedat learnersof the Japanes&anguagewhich workson
removingtherequiremenof knowing theprescriptvely correctreadingof thewordin orderto beable
to look it up in a dictionary Userscanentertheir bestguessasto the readingof the word andhawe
the systemsuggestikely correspondinglictionaryentries. While calculatingthe candidateentries,
FOKS considerscommonreadingerrorsand sourcesof readingconfusion,anddisplaysdictionary
entriesthatcouldgive riseto thereading.

In this paperwe describehow we increasethe error coverageof the FOKS systemby addinga
mechanismto handlereadingerrorsbasedon characteico-occurrencandcommonsubstrings.We
usea corpusof generaldapaneséexts to extractthe character/substringonfusionsetsandassigna
probability measurego eachpair in the confusionset. Basedon the extractedsetswe cangenerate
nowel readingsfor eachdictionary entry and assigna plausibility of suchreadingsappearingn a
dictionaryquery The generatiorprocesss constrainedvith variousthresholdgo limit the overall
numberof readingsgenerated.We addthe resultingreadingsetto the existing FOKS systemand
evaluatethe overall changein performanceon the dataobtainedfrom the Japanes@roficiencyTest
collectionaswell astheeffectof theincreaseashumberof readingntheoverallnumberof candidates
displayedo theuser

1 Introduction

Learningaforeignlanguages atime-consumingndpainstakingprocessandmadeall themoredaunt-
ing by the existenceof unknavn words (Groot 2000). Without a fast, low-costway of looking up
unknavn wordsin a dictionary the learningprocesss impeded(Humble2001). This is particularly
truein non-alphabetitanguagesuchasJapanesesthereis no easyway of looking up the component
character®f new words. This researchattemptgo alleviate the dictionarylook-up bottleneckby way
of acomprehensie dictionaryinterfacewhich allows Japaneskearnerdo look up Japaneseordsin an
efficient, robustmanner

The Japanesevriting systemconsistsof the threeorthographieof hiragana katakanaand kanji,
which appearintermingledin modern-daytexts. The hiraganaand katakanasyllabaries,collectively
referredto as kana,are relatively small (46 characterseach),and mostcharactergake a uniqueand
mutually exclusie readingwhich caneasilybe memorized Kanathusdo not presenta major difficulty
for the learner Kaniji charactergideograms)pn the otherhand,presenta muchbiggerobstacle.The
high numberof thesecharacterg1,945 prescribedby the governmentfor daily use,andup to 3,000



appearingn newspapersand formal publications(NLI 1986))in itself presentsa challenge but the
matteris furthercomplicatedy thefactthateachcharactecanandoftendoestakeon severaldifferent
andfrequentlyunrelatedeadingsandthatreadingaunderganorpho-phonologicathangesn theword
formation process. The kanji 3§, for example hasreadingsincluding hatsd andta(tsu) whereas#
hasreadingsncludingomote hyouandarawa(reru). Learnerspresenteavith the string %3 happyou
“announcement” for the first time will, therefore have a possiblylargenumberof potentialreadings
(conditionedon the numberof componentharactereadingshey know) to choosefrom. With paper
dictionariesJook-uptypically occursin two forms: (a) directly basedn thereadingof the entireword,
or (b) indirectly in a kanji dictionaryvia componenkanji characterandan index of wordsinvolving
thosekanji. Clearlyin thefirst case the correctreadingof the word mustbe known in orderto look it
up, whichis oftenanunreasonablassumptionln the secondcase the complicatedradicalandstroke
countsystemsnakethe kanji look-up processumbersomandtime consuming.

With electronicdictionaries— both commercialand publicly available— the optionsare expanded
somavhat. In additionto reading-andkanji-basedook-up, for electronictexts, simply copyingand
pastingthe desiredstring into the dictionarylook-up window givesusdirectaccesgo theword3 Sev-
eralreading-aicsystemge.g.ReadingTutor* (Kitamura& Kawamural998;Kawamuraetal. 2000)and
Asunar@ (Nishinaet al. 2000; Nishinaet al. 2002)) provide greaterassistancéy segmentindonger
texts andoutputtingindividual translationgor eachsegment(word). While thesedictionariesandread-
ing aidesare a welcomeadditionto the learners repertoire they providelittle helpto the userwhen
thetextis not availablein electronicform. To dealwith texts availableonly in hardcopy the userstill
needso input the word into the dictionaryinterface. It is often possibleto usekana-kanjicorversion
to manuallyinput componenkaniji, assuminghatat leastonereadingor lexical instantiationof those
kanji is known by the user Essentially this amountsto individually inputting the readingsof words
thedesireckaniji appeaiin, andsearchinghroughthe candidateseturnedby the kana-kanjicorversion
system.Again, this is complicatedandtime inefficient sothe needfor a moreuserfriendly dictionary
look-up methodremains. Finally, many electronicdictionariessupportthe useof regularexpressions
(REGEXPs)n searchesnablingookupof wordswhenpartialinputis possible However, suchqueries
oftenresultin a large numberof alphabeticallyor phonetically)orderedresponsesnakingit hardto
locatethe desiredentryevenit whenit is includedasoneof theresponses.

In orderto allow the userto maximizethe useof availableknowledgeof kanji characterandtheir
readingsandremovetherequirementhatthe userpossessete correctreadingknowledgeof theword
sheis trying to lookup, we hawe implementedhe FOKS (Forgiving Online Kanji Search)ystem.The
systemis aweb-basedacility thatallowstheuserto enterthe estimatedeadingof anovel word. Based
on the input readingthe systemcalculateghe dictionaryentriesthat could be perceved astaking that
readinganddisplaysthe candidatedor the userto choosefrom. Sincethe (minimum)inputis asingle
field (i.e.theestimatedeading), thesystencanreadilybeusedby smallhand-heldlevicessuchasweb-
enablectellularphonesFurthermorethe systencaneasilybeintegratedvith avoicerecognition/input
systenmto completelyremo\e the needto typetheinput®

Oncethe candidateentriesare displayedto the usershecaneasily selectthe targetword from the
list of candidateso obtainthetranslationof theword. For exampletheusercansearchor thestring 88
|k zujou“overhead™y inputting the readingtoujou or atamajoy derived from morecommonreadings
of thecharactergf and_F, towatamaandjou, respectiely. We hawe previously demonstratethatthis

1In this paper we looselyfollow the Hepburnsystemof romanizationwith the exceptionthatwe romanizelong vowels as
separateharactergiving riseto hyouinsteadof hyooor hyo for Ok 5. Theothernotabledivergence—taknfrom (Backhouse
1994)—isthe useof theuppercaseN for syllable-finalnasalgcorrespondingo the kanaA ) andlower-casen for syllable-initial
nasalgasfoundin 7z, for example).

2Here,hatsuundergoegieminatiorandhyousequentialoicing to producehappyou

3Although even here, life is complicatedby Japaneséeing a non-segmentinganguage putting the onuson the userto
correctlyidentify word boundaries.

4http://language.tiu.ac.jp/

Shitp://hinoki.ryu.titech.ac.jp/

6Thelimiting factorhereis theaccuracyof the speecirecognitionsystem.
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Figurel: Resultdisplayedoy FOKS systemasa responsé¢o queryatamajou

systemis effective in guidingtheuserto thetargetdictionaryentryevenwhenqueriedwith anincorrect
reading(Bilac etal. 2003).

In this paperwe describehow we expandthe error-handlingability of the FOKS systemby adding
awarenes®f errorsinducedby character/substringo-occurrenceThisis thetypeof errorwherelearn-
ers replacethe readingof an unknovn kanji characterby the readingof a known characterdue to
commonkanasufiix or commoncontet. For example,a usermight try to read& & % nagusameru
“console,comfort” asosamerwlueto knowledgeof string#1% % osameru‘dedicate offer”. In asim-
ilar fashion,a learnerfamiliar with the commonly-occurringkia soshou‘lawsuit” may constructthe
erroneouseadingkishoufor #Z 7 kiso“(to) chage”. We startout with a corpusandextractconfusion
setsof character/substringairs. Thenwe createnowel (erroneousyeadingsfor all dictionary entries
containingany membersof the confusionsetandintegrateit with the setgeneratedor the previous
versionof the FOKS system.

The remainderof this paperis structuredasfollows. Section2 describeghe previous versionof
the FOKS systemand the error typesthat it is ableto handle,and also points out someremaining
problems.Section3 describesiow we extendthe error coveragethroughthe creationof confusionsets
and generatiorof novel readingsto accountfor previously unhandlederror types. Finally, Section4
providesananalysisandevaluationof the system.

2 System description

The FOKS systemwas implementedat the Tokyo Institute of Technologyas a meansof improving
dictionary accessibilityfor learnersof the Japaneséanguage.lt is basedon the notion that learners
acquireJapaneseharactereadingsgradually startingwith the mostcommoncharacterandreadings
andthenmovingon to rarerones.Dueto suchorderingof thelearningprocesgheymight be unableto
constructhe prescriptively correctreadingfor anowel string, eventhoughfamiliar with some(or all) of
thecharactergontainedn thestring.

The majority of electronicdictionariesrequire accuratereadingknowledgein orderto look up a
desireddictionaryentry, sincetheyemploydirectmatchingsometimesugmenteavith REGEXPs(see
above) asthelookupcriteria. Unlike mostotherdictionaryinterfacesthe FOKS systendoesnotassume
correctreadingknowledgeof thetargetstring, butinsteadriesto estimatevhatstringtheuseris looking



for basedon the input reading. The systemjudgesthe plausibility (in the form of a compositional
probability) of eachreading-dictionarypair basedon the probability of eachkanji characteitaking a

particularreadingandtheoverallreadingundegoingfurthermorpho-phonologicathangesThecorpus
frequeng is thencombinedwith the calculatedorobability to producethe overall plausibility measure
of thereadinggiventhe desireddictionaryentry,

The basedictionaryfor the FOKS systemis the publicly-available EDICT Japanese-Englistiec-
tronic dictionary’ We extractedall entriescontainingat leastone kanji characterand creatednovel
(potentiallyerroneousyeadingswhich we scoredfor plausibility asdescribedaboe. Corpusfrequen-
ciescalculatedover the completesetof 200,000+sentence# the EDR Japaneseorpus(EDR 1995)
were usedto producethe final plausibility measure.Oncethe completeset of readingsis generated,
it is storedin a relationaldatabaseand queriedthrough CGl scripts. Sincethe readingsand scores
arepre-calculatedthereis no time overheadn responsédo a userquery Figurel depictsthe system
outputfor the queryatamajou® We canseethat the targetstring 58 _I is the highestranking candi-
date,meaningthatthe usercaneasilyaccessts translationeventhoughtheinitial querywasbasedon
anincorrectreading. Notice that corventionalelectronicdictionariesemployinga direct matchsearch
criterionwould not returnary candidatesinceatamajouis not a valid word in JapaneseThe system
is availablefor public useandeasilyaccessibléhroughany Japanestanguage-enabledeb browser
Currently only a Japanese-Englistiictionaryis includedbut it would be a trivial taskto addlinks to
translationsn alternative language®ncethe dictionariesare available. Furthermore sincethe whole
generatiorandscoringprocesss fully automatidt would be straightforwardo applythe sameprocess
to a differentJapanesdictionary®

2.1 Error handling ability

Theversionof the FOKS systemasdescribedabow is ableto handlea wide rangeof commonerrors
by learnersof the Japaneséanguage.Among theseis the substitutionof one kanji characterreading
for anotherresultingin anincorrectoverall reading.For example the FOKS systemallows the userto

accesgMEl geka“surgery” via the moresalient(but incorrect)readingof gaika Herethelearnerhas
appliedoneof the standardreadingsfor #} gai, soto“outside,outer"to obtainthe overall readingand
gueriedthe systemaccordinglyto obtainthe translation.While queryinga corventionalsystemwould

resultin an unsuccessfusearch,the FOKS systemguidesthe userto the translationdirectly based
on this incorrectreading. Additionally, the systemcan handlequerieswherethe userhasincorrectly
predictedphonologicalalternation(resultingin querieslike hahhyouor hatsuhyouwhensearchingor

F3% happyou‘announcement”pr wherethe learneris confusedasto the correctvowel lengthof the

charactereading(resultingin queriessuchasryoukoufor f#%{T ryokou“travel”).

However, in evaluationof the Japanes®@roficiencyTestdata(seebelon) we wereableto pinpoint
systematicerror typesthat we are currently unableto handle. Namely we were ableto isolatethree
errortypes:

1. Errorsdueto characteco-occurrenceThelearnerappliesareadingfrom akanji characteoccur
ring in the samecontext. E.g., a userunfamiliar with the charactef#% geki, hage(shii) “violent,
fierce” might apply a known readingof the characteri geN,kibi(shii) “strict,severe” dueto the
commonkanasuffix (i.e. # L\ hageshii“violent” vs. &% L\ kibishii “strict”).

2. Errorsdueto charactedevel semanticsimilarity. Characterdike £ migi “right” and £ hidari
“left” haveasimilarmeaningandassuchareeasilyconfusedy learnersresultingin anerroneous
reading.Semanticconfusionsometimesccursat the word level, too, suchasbetweenk = kaji
“fire” and kK kasai“(disastrousire”.

“htp://www.csse.monash.edu.au/ jwb/edict.html

8Thisis a screenshoof the systemasit is visible at http://www.foks.info/

9Forexamplewe have employedhe samemethodologyto allow searchindENAMDICT, a propernamedictionaryin EDICT
distribution, on the sameprinciples.



3. Errorsdueto graphicsimilarity of characters.This is a commonerror type in learnersfrom
non-kanjilanguagebackgroundsFor example = bo, haka“grave” and 2 ki, moto“base”are
graphicallyvery similar, resultingin possiblesubstitutionof readingsamongwords containing
them(e.g. =M1 bodi “graveyard” and Z:#t kichi “base”).

3 Extendingtheerror coverage

In this paperwe concentrateon the first of the threeerror typesoutlined above, sinceit accountsor
a significantportion of the failed queriesin our evaluationdata. The main causeof this erroris users
associatingharactersvith thecontextin whichthey commonlyoccur andconsequentlypeingunableto
distinguishthe contextfrom thereadingknowledge.In this sectionwe describenow we extractpossible
candidatedor this type of error and createadditional (erroneousyeadingsfor dictionary entriesto
enablethe systemto handleerrorsdueto characterco-occurrence.

3.1 Extracting the character confusion sets

We capturethe contextsimilarity of characterdy looking at their corpusoccurrencen differentword
contets, in orderto modelcharacterco-occurrencéendenciesasperceved by a learnerdealingwith
Japanestexts.Learneroftenassociateharactereadingknowledgewith their context.In otherwords,
they find it easyto identify readingdn afixed context,butbecomeconfusedvhenthe contextchanges.
We aimto capturesuchcontextuakffectsandusethemto extendthe error coverageof our system.

We employ Mutual Information (M) asthe measureof correlationbetweentwo characters.lt is
calculatedaccordingto equationl, wherethe numeratoranddenominatorepresenthe probability of
two character@ccurringtogetherandindependentlyrespectiely.

P(a,b)

MI(G, b) = loggm

1)

Roughlyspeakingijt is ameasureof how muchonecharactetells usaboutthe other The probabilities
of eacheventin equationl arecalculatecbasecn MaximumLikelihood Estimation ascalculatedver
the EDR Japaneseorpus.

We calculateMI for eachpair of units foundin a givenword (e.g. g kibi and L > shiiin gk L
U kibishii “strict”), andretainall pairsof units with an Ml valueover an experimentally-determined
thresholdvalue of 8. After repeatingthis processfor all words, we mergethe confusionpairs into
confusionsetshy taking eachkanaunit occurringin a confusionpair asanindexandmergingall kaniji
charactewunitsit is confusablavith. Confusionpairsconsistingof kanji only aremergednto confusion
setsindexed on eachkanji. Within eachconfusionset,we normalizethe probabilitiesof the members
to sumto 1, basedn the corpusfrequencie®f the sourcewords.

3.2 Generating novel readings

Having extractedhe confusionsets we proceedo generat@ndscorethevariousreadingdor plausibil-
ity. Wefirst segmeneachdictionaryentryupinto singlekanji charactersndkanacharactesequences.
Then,for eachconfusionpair containedn the word, we replaceeachmemberwith alternatereadings
of the charactersn the confusionsetindexed on its counterpart.For example given a confusionpair
(%" osa & % mery derivedfrom the word #% % osameru‘obtain” anddictionaryentry & % na-
gusamertfcomfort” segmentethto unitsasf nagusaand % mery we would createanovel reading
of osamerufor ¥ % dueto a commonpivot element(i.e. % mery.1° The overall probability of
eachgeneratedeadingis obtainedunderthe assumptiorof segmenindependencéy calculatingthe
productof theprobabilitiesassignedo eachmemberof the confusionsetandthe original probability of
thereading.

10since(& nagusa ® % mery is nota pairin our sampleconfusionsetwe would not createa nagusamerueadingfor #1%
2.



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

Numberof Queries 1189 1189 | 1189 1189
AverageNumberof Results 2.3 11.0 4.5 14.1
SuccessfuQueries 18 547 56 581
Error Reduction(%) 0 45.2 3.5 48.1
MeanRank 1.6 1.8 10.1 2.9

Tablel: Performance&omparisoronthe JapaneseroficiencyTestdata

We exhaustrely generateeadingdor all dictionaryentriesin this mannewusingthe confusiondata.
Theresultingsetis thenstoredin therelationaldatabasé¢o be queriedby the user

4 Evaluation

Findinganappropriatgestsetwasa significantproblem.Many publicationson Japanesanguagesdu-
cationmentioncommonlearnererrors(MEIJI 1997),but to our knowledgethereis no readily available
databaseontainingreal-life examplesof learnerreadingerrors.We thusoptedto usethe Japanesero-
ficiengy Testdata(Suzukava & Katori 1996;Matsuokal995)for evaluation.The Japanes@roficiency
Testis offeredby the Japanesgovernmentasa meansfor learnersof Japanes#o evaluatetheir lan-
guageability. In the vocalulary componenbf the test,subjectsareaskedto selectthe correctreading
for akanji-containingword out of four candidategonly oneof whichis correct). Theincorrectreading
candidatearecarefullycraftedto exploitreadingerrorscommonin learnerof thelanguageTherefore,
we feel this setis appropriatdor evaluatingthe effectivenesf the FOKS system.

We divide evaluationinto two parts.In thefirst partwe evaluatethe charactero-occurrencenodule
(COOC)independentiyto selectthe bestthresholdparameters For the secondpart, we combinethe
bestversionof the COOCdatawith the original FOKS systemdataandevaluatethe overall changen
performance We are particularlyinterestedn the relative changein the numberof dictionaryentries
correctlyretrieved whenqueriedwith anincorrectreading(givenassuccessfufjueriesin Tablel), the
averagenumberof resultsreturnedfor eachquery andtherankof theentryin the candidatdisting.

We extracteda setof 1189incorrectreadingdrom thelevel 2 JapanesPBroficieny Testsampledata
andran queriesover differentimplementation®f the system.Theresultsaregivenin Table1. Here,
the corventionalsystemrepresentslirect matchover the EDICT dictionary We canseethat,basedon
athresholdvalueof = 3.6, the COOCmoduleincreaseshe numberof incorrectreadingshandledby
34 without incurring an excessiely largeincreasdn the numberof resultsgenerated+3.1)1? The
meanrankof theresultingsystems 2.9 shoving thatwhenthetargetis in thecandidatdisting it is high
enoughto be easilylocated.As such the additionof the COOCmoduleshouldincreasghe usefulness
of the FOKS systento learnersof Japanese.

5 Conclusion and futurework

The FOKS systemis a Japanesdictionaryinterfaceaimedat removingthe presuppositiorf infallible
readingknowledgein looking upwordsandencouragingheuserto maximallyuseavailableknowledge.
In this paperwe have explainedhow we expandthe error handlingability of the systemto include
the effects of characterco-occurrence.We extract potential confusionpairs from corpusdatabased
on mutualinformation and generatenovel readingsfor dictionary entriescontainingsuch potentially
confusingcharactersscoringthe readingswith a plausibility measurdn the process.The generated

1INotice however that the numberis higher for the COOC module alone, shaving that we get someoverlapin generated
readingsIn suchcasesve combinethe plausibility scores.

121t js possibleto extendcoverageby reducingthe valueof the @ threshold but the meanrank tendsto increaseappreciably
with relatively little gainin coverage.



readingshave beenaddedto the FOKS systemto extendits coverage.Initial evaluationshows thatthe
numberof successfusearchebasedn incorrectreadinggncreasesvhenusingtheimprovedsystem.

In Sectiord, we saw thatwhile weincreasedhenumberof successfully-handlegueriesthesystem
still failed to returnthe desireddictionaryentryin alarge numberof casesin orderto furtherimprove
our system,we needto evaluateuserdataand analyzereal-world patternsof readingerrors. To this
effect, we arecollectingquerydatafrom our web serverandintendto useit to performextensie anal-
ysis. The readinggeneratiorand scoringprocedurecanbe adjustedby addingand modifying various
weightparameterso alterthecalculationof probabilities andthustweakthesystemoutputto maximize
dictionaryaccessibility

Above, we identified two other major typesof error commonlyappearingn query datathat our
systemcurrentlydoesnot handle,namelyerrorsdueto graphicor semanticsimilarity of kanji. In the
future,we would like to expandour modelto incorporatehesefactors.
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