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Abstract
Learnerof Japarsefacegreatdifficulty whentrying to lookupwordscontainingkan;jiin adictionary dueto therequiremenbf knowing
thecorrectreadingof thetargetword. We propcsea systenmthatimitatesthe cogritive procesdearnergo throughin generatingeading
for novel kaniji strings,and provide directaccesdo the dictionaryentriesbasedon the generatedeadings In doing sowe remove the
correctreadingrequiremen Thesystemdescribedereis implementedn aweb-base@nvironmentandfreely availablefor generalse.
In this papemwe provide ananalysisof queryanderrordatacollectedby our sener.

1. Introduction

Learring a foreign languageis a time-corsumingand
painstaking proess.andmadeall themoredauriing by the
existen@ of unknavn words. Without a fast,low-costway
of looking up unkrnown wordsin a dictionary, the learnirgy
processis impeded(Humble, 20071). This is particulaly
truein nonalphaletic languagessuchasJapanesesthere
is no easyway of looking up the compnentcharactes of
new words. This researchattemptsto alleviate the dictio-
narylook-up bottleneckby way of acompehenste dictio-
nary interfacewhich allows Japaneséearnersto look up
Japaneswordsin anefficient, robustmanrer.

The Japanessvriting systemconsistsof the three or-
thogaphiesof hiragana, katalkana and kanji, which ap-
pearinterminded in modern-d texts. The hiraganaand
katalkanasyllabaries,collectively referral to as karg, are
relatvely small (46 charactes each),and mostcharactes
take a unique and mutually exclusive readingwhich can
easilybememoized. Kanathusdo not presentamajordif-
ficulty for thelearner Kanji charactes (ideogams),onthe
otherhand,presehamuc biggerobstacle The highnum-
berof thesecharacter$l,5 prescribedy thegovernment
for daily use,andup to 3,000appearig in newvspapes and
formal publicaions (NLI, 1985)) in itself presets a chal-
lenge but the matteris further comgicatedby thefactthat
eachcharater canandoften does take on several different
andfrequently unreldedreadngs (broady dividedinto on
readirgs of Chineseorigin and kun reading of Japanese
origin: Backhose,1994. Thesereading often undego
morpho-fhondogical changs,suchasgemimationandse-
quertial voicing, in the processof word formation (Tsu-
jimura, 199). Thekaniji ¥, for exanple, hasseveralread-
ings including hatsu' and ta(tsu), whereas# has read-
ingsincluding omote, hyou andarawa(reru). Learnes pre-
sentedwith the string 2% happyou “annauncemett 2 for

*SeeBilac etal. (2004)for anextendedversionof this paper

LIn this paper we follow the romanizatiorstyle usedin Bilac
etal. (2003).

2Here, hatsu undegoesgeminationandhyou sequentialoic-
ing to producehappyou.

thefirst time will, therefae, have a possiblylarge numter
of potentialreadirgs (corditioned on the number of com-
porentcharactereading they know) to chosefrom.

With Japanespaperdictionaries,look-up typically oc-
cursin two forms: (a) directly basedon the readirg of
the entireword, and/or(b) indirectly in a kanji dictionay
via componert kanji charatersandanindex of wordsin-
volving thosekanji. Clearly in the first case,the correct
readng of the word mustbe known in order to look it up.
Quiteoften,thisis anunreasonablassumptia. In the sec-
ondcasethecomgicatedradicalandstroke countsystems
make the kaniji look-up processumlersomeandtime con-
suming For example,to look up &% seNi “transition”
without knowing the correctreadingthe userneed to look
upeachcharaterindividually (i.e.look up+Z viaits radical
3z or stroke court of 15, and% via its radical >k or stroke
cownt of 11).

With electronc dictionaries — both commecial and
pubicly available — the optiors are expandedsomeavhat.
In addition to readirg- and kanji-basedlook-up, for elec-
tronic texts, simply copying and pastingthe desiredstring
into thedictionary look-up window givesusdirectaccesso
theword3 Severalreadirg-aid systemge.g ReadingTu-
tor* andAsunar@) provide greaterassistancéy segment-
ing longertexts and outpttting individual translationsfor
eachsgment (word). While thesedictionaies and read-
ing aidesareawelcomeadditionto thelearnetsrepertare,
they providelittle helpto theuserwhenthetext is notavail-
ablein electronicform. To dealwith texts availableonly in
hardcopy theuserstill need to inputthewordinto thedic-
tionary interface.lt is often possibleto usekana-kanji con-
versionto manuallyinput componentkanji, assuminghat
at leastonereadingor lexical instantiationof thosekarji
is known by the user Essentiallythis amours to individ-
ually inputting the readngs of wordsthe desiredkaniji ap-
pearin, and searchig through the canddatesretumed by

SAlthough even here life is complicatecby Japarsebeinga
non-sgmerning langua@, puttingtheonusontheuserto correctly
identify word bourdaries.

4http://langu

Shttp://hinok

age.tiu.ac.jp/
i.ryu.titech.ac. ip/
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the kana-kanji corversionsystem. Again, this is compli-
catedandtime inefficient, herce the needfor a moreuser
friendly dictionary look-up methal remains.Finally, mary
electroric dictionaries supprt the use of regular expres-
sions (REGEXPSs)in searchesenablinglookup of words
whenpartialinputis possiblg Breen,2000). However, such
quetesoftenresultin alarge numter of resporses,making
it hardto locatethe desiredentry even whenit is included
in the systemoutput.

In order to allow the userto maximizethe useof avail-
ableknowledge of kanji charactes andtheir reading and
remove the requrementthat the user possessethe cor
rectreadingknowledgeof theword heis trying to lookup,
we have implemened the FOKS (Forgiving Online Kanji
Searchpystem.The systemis aweb-baedfacility thatal-
lowstheuserto entertheestimatedeadirg of anove word.
Basedontheinputreadingthe systemcalculateshedictio-
nary entriesthat could be perceved astaking thatreadirg
anddisplaysthe candidategor the userto chosefrom.

Oncethe candidhte entriesare displayed the usercan
easilyselecthetargetword from thelist to obtainthetrans-
lation of theword. For exanple,theusercansearchor the
string BE_E zujou “overhead”by inputting the readirgy tou-
jou or atamajou, derived from more comman readirgs of
the charaters 8 and L, tou/atama andjou, respectiely.
We have previously demorstratedthat this systemis ef-
fective in guiding the userto the target word even when
queied with anincorrectreadirg (Bilac etal., 2003.

In this paperwe provide an analysisof querydatacol-
lectedby our dictionary senerin anattemptto evaluatethe
adeaquagy of the error modéd usedto predict (thatis gen-
erateandscore)erroreousreadngs andevaluatethe effec-
tiveressof the systemin leadingthe userto the dictionay
entrybasedntheincorectreadng.

The remainekr of this paperis structure as follows.
Section2. describesomnon errortypesandtheir causes.
Section3. describeghe current versionof the FOKS sys-
tem andthe error typesthatit is ableto hande. Finally,
Section4. providesan analysisand evaluation of the sys-
temperfamance

2. Common readingerrors

Previously Bilac et al., (2003) proposeda classification
of commonlearnirg errorsaccodingto severalbasictypes.
While this classificatiorwasadeaiatefor constructing the
system,we felt thata morefine-graned classificationwas
necessaryo describethe errorsactually appeaing n the
quer data. Accordngly, we classify the error types as
given in Table1. As canbe seenfrom this table, a larger
number of causesan affect the derivation of anincomect
readirg for atargetentry. Quitecommaly, severalcauses
combne simultaneasly, makingtheclassificatiordifficult.
In Sectiord.,welookinto theobsenreddistribution of these
errar classeshput first, we introduce the FOKS systemin
greate detail.

3. System description

The FOKS systemwas implemerted at the Tokyo In-
stitute of Techndogy asa mears of improving dictionary
accessibilityfor learnersof the Japaneséanguaye. It is

basednthenotion thatlearnes acquie Japaneseharacter
readngs gradually, startingwith the mostcomman charac-
tersandreading andthenmoving onto lessfrequentones.
Dueto suchordeing of thelearnirg procesghey mightbe

unéable to constructthe prescrigively correct readingfor a

novel string, eventhoughfamiliar with some(or all) of the

chamacterscontairedin thestring.

Unlike mostotherdictionaly interfacesthe FOKS sys-
temdoesnot assumeorrectreadng knowledge of thetar
getstring,butinsteadriesto estimatevhatstringtheuseris
looking for basedon theinputreading The systemjudges
the plausibility (in the form of a likelihoodscore)of each
readng-dictionary pair basedon the prohability of each
kanji charater taking a particularreadng andthe overall
readng undegoing further mompho{phondogical changes.
Thecorpws frequeng is thencombinedwith the calculated
probability to produwce the overall plausibility scoreof the
readng giventhedesireddictionay entry.

Thesystenis built undertheassumptiorthatthe cogni-
tive processa usergoesthrouch in deriving areadirg for a
novel stringis thefollowing: (a) for eachkanji in theword
postuateaplausible(possiblyerroreous)eading (b) form
anoverall readirg for the word by combiring the individ-
ualreadirgsof all compnentsand(c) whennecessarap-
ply any phanologcal/morghologicd changsto the overall
readng to getthefinal readingpostulate Dependiig onthe
prdficiency of the learney the numter of choicesavailable
ateachstepvaries.

The systemimitatesthis cogritive processy first cal-
culatingtheprobabilitiesof eachreadinggiven akaniji char
acterandthe probailities of various morpho-plonological
chargesaffecting the overall readingbasedon dictionay
data and a training corpus (Bilac et al., 2009. Then,
for eachdictionay entry we apply the extractedreading
and their calculatedprobabilities to geneate novel read-
ings which we scorewith a likelihood measurebasedon
the above probailities and corpus frequencies. The score
is assignedinderanassumptiorof sggmert indepermlence,
thusfailing to take into accountthe interadion of various
readngs and phanological changs. Although this devi-
atesslightly from the obsenationsof the researches (I1td
andMester 1995; Frellesvig,1995 it simplifiesthe calcu-
lations significantlyand shoud still be adeqate for mod-
elling learnersof thelanguaye.

Currertly, FOKS handes all the error typesgiven in
Section2. excep for types7 and12, althoudh the handing
of types8 and14 s limited.

3.1. Implementation Details

The base dictionay for the FOKS systemis the
pubicly-availade EDICT Japanes&nglishelectronicdic-
tionary.® We extractal all entriescontairing at leastone
kanji characterand createda setof novel (potenially er-
roneous)reading, which we scoredfor plausibility asde-
scribedabove. Corpisfrequertiescalculatecverthecom-
pletesetof 200,00+ sentence# the EDR Japaneseor-
pus(EDR, 1995 wereusedto obtainthe final plausibility
measue. Oncethe compete setof reading is generategit
is storedin arelatioral databasendqueied through CGl

6http://www.c sse.monash.edu.a  u/jwb/edict.ht ml
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TypeNo. Description

Example

Inadequate choice of kanji reading

Vowel length confusion

Inadequate palatalization

Incorrect voicing

Incorrect gemination

Other phonological

Dueto graphic similarity of characters
Due to grapho-phonetic character similarity
Dueto character co-occurrence

10 Proper nouns (personal and place names)
11 Idiomatic expressions

12 Character-level semantic similarity

13 Inadequate kana content

14 Other

OO ~NOOUL A WNPEP

4 taikai “convention” misreadasookai or daikai
F# shusai “organization’misreadasshuusai
=R aryuu “epigone” misreadasaruu
M5t dankai “baby boom” misreadasdangai
fii ! dasshutsu “escape” misreadasdatsushutsu or dashutsu
Z T harusame “spring rain” misreadasharuame
EH#b bochi “graveyard” confusedwith 3£#8 kichi “base”
f# yami,in “darkness”misreadason or oto dueto ¥ oto,on “sound
# L v hageshii “violent” misreadaskibishii dueto the commonsuffix
5LR(T [Hirosaki], wheresi mae,zen “front” hasanuncorventionalreading
nEE koohii “coffee” wherereadingandmeaningdo not correspod
KZE kaji “fire” confusedwith ‘K 5% kasai “(disastrousYire”
1&F€ kokkei “comical” misreadassuberukei dueto /& % suberu “(to) slide”
EEZT chiriakuta “garbage”(inexplicably) misreadaschiNke

Tablel: Comma Error Types

scripts. Sincethe reading and scoresare pre-calculated,
thereis no time overheadn respamseto auserquey.

In addition to readirg-basedearchthesystenmprovides
the meansto limit the searchspaceby various additional
constrénts (number of charaters, prefix, etc.). Also, the
userscansearchin “simple” modewherely the candidaes
are selectedbasedon direct matchwith only the correct
readirgs, effectively redwcing the searchability to thatof a
cornventioral dictionary system.

The systemis availablefor public useandeasilyacces-
siblethrough ary Japanestanguag-enakted web browser
athttp://www.  foks.info

4. Evaluation

The FOKSwebsitewasinitially madeaccessibldo the
pubic in Novenber 2001 Sincethat time we have col-
lectedlogsfor all queries to our system(94,180 queiesto
date). Basedon the sequene of userinput, queriescan
be divided into two groyos: full queries with input read-
ing andtarget dictionawy entry pairsrecordel’ andpartial
queries whereit is not possibleto determire the target en-
try.2 Thelattergroup is ignored for the purposesof evalu-
ationsincewe only aim to analyzehow the systemmodels
usererrors at the readng-level. We thususeonly the full
queilesin evaluation.

The conplete set of full queriescontans 5,82 in-
put/taget entry tokens. Of these,we analyzed4,67 to-
ken pairscompising 2,658 distincttypes. In 2,076 cases
(1,158 distincttypes),or 44.48% of the data,theinput read-
ing is notthe correctdictionary readingof thetargetentry.
The high percentageof queres with an erroreousreadirg
clearlyshownsthatthe ability to handlereadingerrorshelps
the usergetto the target entryin a large number of cases.

"Here theuserenterechreadingandsubsequety selectedhe
targetentryfrom thelist of candidaesdisplayed

8Here, theusereitherqueriedthesystemwith astringcontain-
ing kanji character®r a regular expressiornto obtainthe transla-
tion directly, the userwasonly interestedn the readinganddid
not click throughto the translation,or the target entry was not
availablein the canddatelisting.

TargetEntry Incorrectinput ~ Frequeng
T FF shisal “town” ichii 120
&LE T raNkouge “fluctuations”  raNkouka 99
I dashi “festival car” yamasha 78
F makuai “intermission” makukaN 58
R heNrei “giving back” heNmodos 1
TAE kousaku “construction” kosaku 1
Hi 5, chiteN “spot” jiteN 1
—J& hitoiki “one breath” ichii 1

Table2: Exampe full queres

Table2 givessomeexamples of storedpairswith their oc-
currencefrequengy.

The remainng 2,59 pairs (1,594 distinct types)were
caseswherethe input readingwas the correct dictionay
readng of the target entry. In suchcasesour systemre-
turned12 9 canddatesonaverag andthetarge entrymean
rankwas3.2. This shavs thatthe number of candidae en-
triesis low enowghthatthecorred¢ onesarenotobscuedin
thelist andcompetentusersarenot unduly penalized

As asecondstep,we looked at eachunique input/taget
pairwheretheretheinputreadingdid not correspondo the
correctreadng of the target entry (1,158 pairsin all), and
classifiedeachentryascorrespnding to oneor moreof the
erra typeslisted above. The erroranalysiswascondicted
by ateacherof Japanesasa Fordagn Languagewith over
30 yearsof teachim experience. Table 3 gives the most
comnmon errortypeswith represetative exanples. We can
seethat (uniquely) type 1 errois arethe mostcomma, ac-
cownting for 61.1% of the data,and an additioral 18.8%
wheninstance<lassifiedaccoding to multiple errortypes
arefactoredin. From this we canconclule that chosing
the correct readingfor a charactertbasedon the available
context is the hardestprobdem the learrer hasto dealwith.
Sucherror distribution is adequately reflectedin the read-
ing setwe geneateasthe majority of the probaility mass
is assignedo typel erras.

FromTable3 we canseethatinstance®f multiple error
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Error o
Type &

1 61.1yasai— 33X kasai “family court”

1,5 4.3 shukkatsu— #uf% shukushou “victory celebration”

2 3.8 soushi— BH 1k soshi “obstrud”

5 3.8 dakkai— K% taikai “convention,congress”
1,11 3.3 mizunaitsuki— 7K2EH minazuki “June”

14 3.2 chiNke— EEJF chiriakuta “garbage”

1,4 3.2 kijiN— #15 chakushiN “arrival”

1,2 3.0 shoiji— £V % waraigoto “laughing matter”

4 2.6 taNji— %57 taNshi “terminal”

ExampleQueryandTargetString

Table3: Mostcomnon errorcombimationsin inputqueres

ErrorType Frequeng %
1 926 79.9

5 101 8.7

2 87 7.5

4 84 7.3
11 48 4.1
14 37 3.2
10 16 14
3 15 1.3

6 14 1.2
13 13 11
7 9 0.8
8,9,12 3 0.3

Table4: Individual errar typeshy frequeng

classificationare relatively frequent (19.5% of all types),
uncerlining the effectiveneswof our model at moceling the
effeds of compmunderrors.To ascertairtherelative impact
of the individual error types,we calculatedthe proportion
of queiesfor whichagiven errortypewaseviden, asgiven
in Table4.? Fromthis, we canonceagainseethaterra type
1 (readingchoice)is the most prevalent sourceof readiry
confusion, but alsothat phorology (errar types4, 5 and6)
leadsto errorsin 17.2%o0f the cases.Note the appearace
of errortypes?7 and 12 in Table 4 despitetherebeingno
explicit handing of themin thereadng geneationprocess.
Thisis dueto othererrortypesconspiing to produceread-
ings which happe to coindde with the effects of graphic
andsemanticsimilarity, respectiely.

For 3.2% of input readings, our judge could not deter
mine the sourceof readng error (and henceassignecer-
ror type 14). There aretwo possibleexplanationsfor this.
Oneis thatthe error mocdel usedin our systemallows for
theapgication of varioussourcef confusionin alayered
fashion ultimately maskingtheindividual errortypes.The
other possibleexplanationis that foreign languagelearn-
ers sometimesbtain and storereadirg knowledgebased
on its context and self-deived rules which native speak-
ers(eventeacher®f the language)cannotreadly identify.
However, this hypothesisvould needfurtherexplorationon
larger datasets.

The mostsignificantshortconing of our evaluation is
that we only have full queriesin caseswhereour system
offeredthe target entry asa candidate. The failure of the

®Percentagedo not addup to 100%sincea singleinput can
involve morethanoneerrortype.

systemto returnthetarget entry canbe ascribedo: (a) the
target entry not beingin the dictionary, (b) the systemnot
hardling the errortype presentn the query or (c) the pro-
videdinput beingtoo ill-motivatedto make the connetion
with the target entry. Currenly, we have no way of differ-
entiatingthesethreeeffects,and moreover, we areunable
to determire which of the partial querieswere successful
(but the translationrwasnot accessedandwhich werenot.

5. Conclusion and future work

The FOKS systemis a Japanesalictionay interface
aimedatremoving the presyppositionof comgete andcor-
rect readirg knowledge in the word look-up process. By
allowing accesgo dictionary entriesbasecbn (predictably)
incorrectreadirgs,FOKSencairagegheuserto maximally
useavailableknowledge. In this pape& we analyzdtheer
ror distribution in actualinput dataobtainedfrom system
quey logs. The systemlogs containinitial input andtar
getentry pairswhich wereclassifiedaccoding to the error
type (if any) appeaing in theinitial readinginput. Using
this datawe demamstratedthe effectivenessof the FOKS
prababilisticmodelin readingerrar mockling.

Finally, we identified two major typesof erra com-
monin learnes of Japaneséut currertly not handledad-
equately: erras dueto graphc or semanticsimilarity of
karji. In thefuture we would like to expard our modelto
incomoratehandlirg of thesefactors.
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