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Abstract

This pape gives an overview of the evaluation campagn
resultsof the IWSLT04* workshg, which is organized by
the C-STAR? consortiumto investigate novel speed transla-
tion techndogiesandtheir evaluation The objedivesof this
workshopis to provide aframework for theapgdicability vali-
dationof existing machire translationevaluationmethalolo-
giesto evaluatespeechranslationtechrologies. The work-
shopalso strives to find new directionsin how to improve
currentmethals.

1. Intr oduction

The drasticincreasein demanls for the cambility to as-
sisttrans-lingualcornversationstriggeredby IT techndogies
suchasthe Internetand the expansionof borderlesscom-
munitiessuchasthe incressednumbe of EU cowntries, has
accderatedresearchactiities on speeckto-speechransla-
tion techndogy. Mary researclprojectshave beendesigné
to advane thistechndogy, suchasVERBMOBIL, C-STAR,
NESPQ.E!, andBABY LON. Theseprojects,exceptfor C-
STAR, have mainly focusedon the corstruction of a pro-
totype systemfor several languagepairs. On the cortrary,
oneof C-STAR’s ongdng projeds is the joint development
of a speeb corpws that canhande a comman taskin mul-
tiple languaes. As afirst resultof this actiity, a Japanse-
Englishspeeb corpuscompisingtourism-relategentenes,
originally comgled by ATR, hasbeentranslatednto the na-
tive languagesof the C-STAR members.The corpus senes
as a primary sourcefor developing and evaluating broad
coveragespeechtranslationtechndogies [1]. This corpis
is usedin the researchand development of multi-lingual
speecko-speechiranslatiorsystem®na“commonuse”ba-
sis.

For the effective andefficient researchranddevelopment
of speeb-to-speechranslationsystems,the evaluation of
currenttranslatiomgudity is veryimportant.In particularthe
systemdevelopmentsdoneby usinga commnon corpts, like
C-STAR projed, requirecarefulevaluationof the prominert

linternational Workshop on Spolen Language Translation,
http://wwslt.ar.jp/IWSLT2004

2Consortiumfor SpeechiranslationAdvancedResearchhttp://www.c-
starorg/

translationtechniqies. Therefore, thereis strong demand
for the establishmeof evaluation metricsfor multilingual
speeb-to-speechranslationsystems.

For this purpose,the Evaluation Campmign 2004 was
carriedout using partsof the multilingud corpus(cf. Sec-
tion 2.1). Thetaskwasto translate500 Chineseor Japanse
sentenesinto Endish. Depending on the amoun of per
mittedtrainingdata,threedifferentlanguayeresourceondi-
tions(SmallData Track, Additiond Data Tradk, Unrestricted
Data Tradk) weredistinguished Thetranslationqudity was
measuredising both human assessmenisubjectiveevalu-
ation) andautomaic scoringtechniqies(automdic evalua-
tion). The evaluationresultsof the submittedMT systems
aresummarizd in Section3.

The corpuws suppliedfor this yea's conference therefer
enetranslationstheoutput of theparticipatingMT systems,
andthe evaluationresultswill be madepublicly available af-
ter the worksh@. Theseresourcesanbe usedasa bendt-
mark for futureresearcton MT systemsandMT evaluation
methoalogies.

We hope that IWSLT2004 will bemmethe first stepto-
wardestablishingtandardnetricsanda standardcorpus for
speeb-to-speecmulti-lingual translationtechnadogy.

2. Evaluation Campaign 2004

The Evaluation Campign 2004 was carriedout using parts
of the multilingud corpusjointly developel by the C-STAR
partnergcf. Sedion 2.1). Thetaskwasto translates00 Chi-
neseor Japansesentegesinto Endish.

Depending on the amownt of permittedtraining data,
three different languae resourceconditiors (Small Data
Tradk, Additiond Data Track, UnrestrictedData Track) were
distinguishedcf. Section2.2). Eachparticipantwasallowed
to registeronly oneMT systemin ead of the datatracksbut
could submitmultiple translationresults(runs) for the same
track.

In total, 14 institutionstook partin thisyea’s workshop
submitting20 MT systemdor the Chinese-to-English(CE)
and8 MT systemdor the Japaese-to-EnglisJE) transla-
tion tasks.

Thetranslationqudity wasmeasurd usingboth human
assessmentsubjectiveevaluation) and autanatic scoring
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techniqies (automaticevaluatior). The subjectve evalua-
tion wascarriedout by Englishnative spealrs. Thetrans-
lation quality wasjudgedbasedn theflueny andadeqiacy
of thetranslation(cf. Section2.4). For the automaic evalu-
ation, five differentautanatic scoringmetrics(BLEU, NIST,
WER, PER GTM) were applied(cf. Section2.5). All run
submissionsvere evaluatedusing the automatic evaluation
schems. However, dueto high evaluation costs,the subjec-
tive evaluationwaslimited to onerun submissiorper track
for ead participan, which could be selectecdby the partici-
pantsthemseles. Theresultsof the submittedMT systems
aresummarizedn Section3.

2.1. Multilingual SpokenLanguageCorpus

The Basic Travd ExpressionsCorpus (BTEC*)® is a collec
tion of sentewesthat bilingual travel experts conside use-
ful for peope goingto or comingfrom another courtry and
cover utterancs for every potertial subjectin travel situa-
tions[2].

For the Evaluation Cammign 2004, partsof the Chinese,
Japansee, and English subsetsof the BTEC* corpws were
used.Detailsof thesuppliedWSLT04 corpusaregivenin Ta-
ble 1, whereword tokenrefersto the numbe of wordsin the
corpusandword typerefersto the vocébulary size. The par
ticipantswere suppliedwith 20,000sentenceairsfor each
translationdirectionrandonty selectedrom the BTEC* cor
pus,andthetrainingsetsfor CE andJE weredisjunct.

Table 1: ThelWSLT04 corpus

type language| sentenceount| avg. | word | word
total |unique length| tokens | types

Chinesel| 20,000 19,288 9.1 |182,904 7,643

training English 19,949 9.4 |188,935 8,191
Japanesg 20,000 19,046| 10.5 [ 209,012 9,277

English 19,923 9.4 |188,712 8,074

Chinese|| 506 | 495 6.9 | 3,515 | 870

develop Japanese 506 | 502 | 8.6 | 4,374 | 954
English || 8,089| 7,173| 7.5 | 67,410|2,435
Chinese|| 500 | 492 7.6 | 3,794 | 893

test Japanese 500 491 8.7 4,370 | 979
English" || 8,000| 6,907 | 8.4 | 66,994 2,496

* referencdranslationsisedfor automaticevaluation

A development setof addtional 506 sentees,including
up to 16 referenceranslationswasprovidedto the partici-
pantsto usefor thetuningof their MT systems.

Thetestsetconsistedf 500sentenesrandanly selected
from partsof the BTEC* corpusresened for evaluation pur-
poses. The Chinese datasetwas createdfrom the original
Japanse-Englishtestset,and a consisteng chedk wascar
ried out to guararnee that the Japaeseand Chinese source
sentenes had the samemearing as the Endish reference
translationsThereforethetestsetof the CE andJEtransla-
tion taskswereidenticd exceptfor having differentsentene

3Up-to-date information on the BTEC* corpus can be found at
http://cstaatr.jp/cgar-corpus

orders. Up to 16 referencetranslationswere usedfor the
automaic evaluation of the translationresults;the distribu-
tionsof the numter of uniquereferenceranslationdor each
sourcesentene aresummarizedn Table2.

Tale 2: Distributionsof unique referencdranslations
#of referencd) 16 | 15 | 14| 13[ 12| 11|10| 9 | 8| 7

test(500) 169/101|73|60|44|25/12| 9 | 6 | 1
develop(506)(|191| 95|89 (6732|199 |2 | 2| 0O

Word segmentationsfor the Chinesé andJapanse sub-
setsare provided whenappropriatetools were not available
for the participaris. However, the participars were permit-
tedto usetheir own languae resourcesslong asthey did
notinterferewith thelanguaeresourcecorditions of there-
spectve datatracks(cf. Section2.2).

Tale 3 gives someexamplesof the EnglishIWSLT04 corpus.

Table 3: Endish samplesentence

My nameis Paul Smith.

Are theticketson saleyet ?

Thankyou for the nicemeal.

| 'd like oneof those, please

Let me have tenthirty-five centstamps

| have to transferto anotherflight in HongKongatthree.
Okay, hereyou are. If you needarything else, let meknow .

2.2. Data Track Conditions

Three different language resourceconditions were distin-
guished Thetraining dataof the SmallData track waslim-
ited to the suppliedcorpws only. The Additioral Data track
was set-upfor CE only andlimited the useof bilingud re-
sourcesto the ones listed in Table 4. Theseresourcesre
publicly available from the LDCS.

Tabe 4: LDC resources

corpus 1D corpus name

LDC2000T46 HongKongNews Parallel Text
LDC2000T47 HongKongLaws Parallel Text
LDC2000T50 HongKongHansard$arallel Text
LDC2001T11 Chineselreebank2.0

LDC2001T57 TDT2 MultilanguageText Version4.0
LDC2001T58 TDT3 MultilanguageText Version2.0
LDC2002L27 ChineseEnglishTranslation_exicon version3.0
LDC2002T01 Multiple-Trandation ChineseCorpus
LDC2003T16 SummBanki.O

LDC2003T17 Multiple-Trandation ChinesgMTC) Part2
LDC2004T05 ChineseTreebani4.0

LDC2004T09 ACE 2003Multilingual TrainingData

No restrictionson linguistic resourcesvereimposedfor
the UnrestrictedData track.

4Semi-automatisegmentatiorusinga tool provided by NLPR, a mem-

berof the C-STAR consortiumhttp://nlprwehia.accn/english/inde.html
5Automaticsegmentatiorusingthe CHASENTtool, http://chasemaist.jp
6Linguistic DataConsortium http://wwwldc.upenn.edu/
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Table 5 gives an overview of the kinds of linguistic re-
sourcegermitted(,/) or not-pemitted (x) for eachdataset
condtion.

Table 5: Permittedinguistic resources

DataTrack
Small Additional Unrestricted

Resources

IWSLTO4 corpus
LDC resources
tagger

chunler

parser
externalbilingual
dictionaries
otherresources

X[ x| x| x| x|

X

<SS

X
X

2.3. Evaluation Specifications

In cortrastto the TIDES' seriesof MT evaluations,the ob-
jective of the IWSLT workshopss the evaluation of speeb

translationtechologies. In this framework, orthograhic

featuresare lessrelevant and thereforeignoredin the eval-

uationof the MT outputresults. The evaluationparaneters
usedfor automaic andsubjectve evaluationareasfollows:

e case-insesitive, i.e.,lower-caseonly

e nopunduationmarksi.e.,remove’.’ '’ 2" """

e noword compaunds i.e.,repla@’-’ with blark space
¢ spelling-outof numeals

No text pre-procgsingwas carriedout, i.e., the partici-
pantswereresponsibldor providing their translationoutpu
in agreenentwith the above mentionel evaluationspecifica
tions. In the caseof a sentene count mismatchor the exis-
tenceof non-ASQl charaters(sourcelanguagewordsthat
werenottranslated)n the Englishtranslationoutput,therun
submissiorwasrejectedandno evaluationwascarriedout.

2.4. Subjective Evaluation

Previous competitive MT evaluations, like the series of
DARPA MT evaluationsin themid 1990’s[3], evaluatedma-
chinetranslatioroutpu with human referenetranslation®n
the basisof fluercy andadeqiacy[4]. Flueng refersto the
degreeto which the translationis well-formedacmrding to
the grammarof the taigetlanguaye. Adeqiacyrefersto the
degreeto which the translationcommunicatesthe informa-
tion presen in the referenceoutpu. The fluency andade
quagy judgmaents corsist of one of the grades listed in Ta-
ble 6.

This evauation methalology was adoged for the
IWSLT04 workshop. The grading assignmentsfor each
graderwere split into two parts. First, the MT output was
displayedandthegradermadto judgethefluencyof thetrans-
lation. In the secoml step,a referene translationwasgiven

"http://iwwwldc.upenn.edu/Proje¢® DES/tidesnt.html

Tale 6: Humanassessment

Flueny Adequagy

5 | FlawlessEnglish 5 | All Information

4 | GoodEnglish 4 | MostInformation

3 | Non-natve English 3 | MuchInformation

2 | DisfluentEnglish 2 | Little Information

1 | Incomprehesible 1 | None

Table7: Workloadof grades
1stgrader| 2ndgrader| 3rdgrader] #inputdata

Teaml GO G2 G9 200
Team2 G4 G5 G8 160
Team3 Gl G3 G6 80
Team4 GO G3 G7 60

andthe graderhadto evaluate the adeqiacy of the transla-
tion. In orderto minimize gradinginconsistenies betwesn
grades dueto contectual misinterpretation®f the transla-
tions, the situationin which the sentege is uttered(corpus
anndationslik e “sightseeing or “restaurant) wasprovided
for theadeqiagy judgment.

Ead translationof a single MT systemwas evaluated
by threejudges. However, in orderto minimize the costs
of subjectve evaluation all translationresultswere pooled
i.e., in the caseof identicaltranslationsof the samesource
sentene by multiple MT engnes,thetranslatiorwasgraded
only once andthe respectie rank was assignedo all MT
engireswith the sameoutput. Whenthe MT engines failed
to outputary translationfor a given input, a scoreof 0 was
assignedo theempy output.

In total, ten Englishnative spealerswereinvolved in the
evaluationtask,whereeachgrade hadto evaluatethe output
of all MT systemdor a certainnumbe of sourcesentenes
assummarizedn Table 7.

In orderto validae thereliability of ead gradertwo ad-
ditional evaluation datasetswere prepared The first (com-
mor) datasetwasusedto compae the gradingdifferen@s
betweea graderst consistedf 100sentenesrandonty se-
lectedfrom all MT outputssubmittedfor subjetive evalu-
ation. The comma dataset was evaluatedby all human
grades. The second(grade-spedfic) datasetwasusedto
validate the self-consistengof eachgraderwho hadto eval-
uatel00sentencerandonty selectedrom thesubsebf MT
outpus assignedo him or herasecoml time.

2.5. Automatic Evaluation

Variousautomaic scoringmetricshave been propcsedwithin
the MT evaluation conmunity. For the IWSLT04 workshop
we utilized the five metricssummarizedn Table 8.
Exduding NIST, the scoresof all automaticevaluation
metricsarein the rangeof [0,1]. NIST is always positive,
andits scoringrangedoesnot have a theoreticalupper limit.
In cortrastto mWER and mPER highe BLEU, NIST, and
GTM scoresndicae bettertranslations.For the BLEU/NIST
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Tale 8: Automaic evaluationmetrics

mWER: Multiple Word Error Rate theeditdistancebetweerthe
systemoutputandthe closestreferencdranslation5]

mPER: PositionindependeninWER avariantof mWER
thatdisregardsword ordering[6]

BLEU: thegeometrianeanof n-gramprecisionby thesystem
outputwith respecto referencdranslationg7]

NIST: avariantof BLEU usingthearithmeticmeanof
weightedn-gramprecisionvalues[8]

GTM: measureshesimilarity betwea texts
by usinga unigram-base&-measurg9]

(vllaf andGTM (v1.2) scoresthe softwareversionsindi-
catedin parerthesesvereused.

Thetranslationoutputwascompaedwith upto 16 refer
encetranslationghatwerepre-processeih orderto corform
with the formatrequiredby the evaluation specifiationsde-
scribedin Sedion 2.3.

Before comparing the datasets,the MT systemoutput
andthe referene translationsweretaggel by usinga pub
licly availate part-of-speechagge’®.

All scoringscriptswereapplied,andtheresultsweresent
back automadically to the participans via email using the
IWSLTO04 evaluationsenert?,

2.6. Evaluation Campaign Participants

In total, 14 institutionstook partin the EvaluationCampé#gn
2004 usinga large variety of translationmethalologies(cf.
Tale 9). The mostfrequentlyentaed types werestatistical
madine translation(SMT) engnes (7), but exanple-based
(EBMT) systemq3) andonerule-basedRBMT) translation
systemwere also entered Moreover, four institutions ex-
ploited hybrid MT appro@hesthat comkined corpus-based
MT, translationrmemoriesandinterlinguaappro&hes.

Tale 9: MT systentypes

SMT | 7] ATR-SMT, IBM, IRST, ISI, ISL-SMT, RWTH, TALP
EBMT | 3| HIT, ICT, UTokyo
RBMT | 1| CLIPS
Hybrid | 4| ATR-HYBRID (SMT+EBMT)
IAl (SMT+TM)
ISL-EDTRL  (SMT+F)
NLPR (RBMT+TM)

For CE, 13 participants submitted20 MT systemsand
ten MT systemswere submittedby six participars for the
JEtranslationtask(cf. Table 10).

In total, 11,13 translationgafter poding) from 28 MT
systemshadto be evaluated To summarizethe evaluation
results,we assignedan ID to each MT systemaslisted in
Tabe 11.

8http://iwwwnist.gav/speech/tsts/mt/resurces/scoring.htm
Shttp:/nip.cs.gu.edu/GTM
Lonhttp:/vww.es.jhu.eui~bril/RBT1_14.tarZ
Uhttps://www.sltatrjp/EVAL/interface

Table10: MT systemsubmissions

Data Track |CE |JE

Small 9|4
Additional 2
Unrestricted| 9
Organization| 13

ol b |

Tabe 11: MT systemlD

CE
Small Additional Unredricted
ATR-SMT (ATR-S) : [10] IRST : [14] CLIPS : [19]
HIT 1 [17] ISl : [15] HIT D [11]
1Al 1 [12] IBM D [23]
IBM 1 [13] ICT : [20]
IRST 1 [14] IRST |
1SI 1 [15] 1SI : [15]
ISL-SMT (ISL-S) : [16] ISL-EDTRL (ISL-E) : [21]
RWTH 1 A7 ISL-SMT (ISL-S) : [16]
TALP 1 [18] NLPR 1 [22]
JE
Small Unrestricted
ATR-SMT (ATR-S) : [10] ATR-HYBRID (ATR-H) : [10]
IBM K] CLIPS 1 [19]
ISI : [15] RWTH : [17]

RWTH L [A7] UTokyo 1 [23]

2.7. Evaluation Campaign Schealule

The schedile of the evaluationcampagn is summarizedn
Tabe 12. Thetraining corpts of the suppliediWSLT04 cor-

Tale 12: Evalugion campignschedie

Event Date
EvaluationSpecifiations Februaryl5, 2004
Application Submission April 15,2004
Notification of Acceptance April 30,2004
SampleCorpusRelease May 7, 2004
Training CorpusRelease May 21,2004
DevelopmentCorpusRelease  July 15,2004

EvaluationSener Online
TestCorpusRelease August9, 2004
RunSubmission August12,2004
ResultFeedbacko Participants Septembef0,2004
Camera-readfaperSubmission Septembel7,2004

Workshop SeptembeB0 - Octoberl, 2004

Augustl, 2004

puswasreleasedhreemonthsin advanceof the official test
runs. The participaris wereableto validate their systemper

formanceone week ahea by submittingtranslationresults
of the developrent datasetby using the autamatic evalua-
tion sener.

Theofficial testrun periodwaslimited to threedays,dur-
ing which the automaic scoring result feedtack from the
evaluation sener to the participantvia email was switched
off in orderto avoid ary systemtuningwith thetestsetdata.

After theofficial testrun period,the participantsstill had
acessto the evaluationsener in orde to try out new ideas
andcomparetheir effectivenesstowardtheir own official test
run results(automaic scoringonly). In addition, the par
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Talbe 13: Expected difference between two assessments
when each translationwas evaluated twice by the same
grader

GraderlD | Flueny | Adequag
GO 0.21 0.33
Gl 0.37 0.39
G2 0.35 0.44
G3 0.49 0.38
G4 0.34 0.34
G5 0.22 0.44
G6 0.77 0.64
G7 0.29 0.44
G8 0.44 0.44
G9 0.46 0.55

Average | 0.39 0.44

ticipantshad access to an extendedversiont? of the evalu-
ation sener that allowed themto selectspecificevaluation
paraméersandvalidate the robustness of their MT systems
for differentevaluationspecifiations.Pleaseeferto the par
ticipantsMT systemdescriptionsn the IWSLT04 workshop
procedingsfor detailson their findings.

3. Evaluation Results
3.1. Subjective Evaluation Results

This sectionreportsresultson subjedive evaluationswith re-
gardsto thefollowing points:

e How consistentlydid ead grader evaluate transla-
tions?

e How consistenthydid agroupof threegrades evaluate
them?

e How wereMT systemganked accading to subjectve
evaluation?

The varian@ amorg subjectve evaluatiors was cawsed
by thevariane within gradergintra-gradewariarce)andthe
varian® betweergrades (inter-gradervarian®). Thus,after
analying thesevarian@s,the MT systemswereranked ac-
cordingto subjectve evaluationwith regard to theandysis.

3.1.1. Self-consistencyf Graders

This section shavs the results of chedking the self-

consisteng of subjectve evaluationfor ead grade. For this

purposethe grades evaluated100randanly selectedrans-
lations'® twice. This cheking wasschedledsothatthesec-
ond assessmentdid not follow the first assessmentsFor

eachgradertheaveragedifferencebetweenthefirst andsec-
ondgradesvascalculded,andtherateof thefirstandseconl

gradesbeingdifferentwasalso calculatel. Tabe 13 showvs

theexpecteddifferencebetweenthetwo assessmenter each
grader Tahle 14 shavs theerrorratefor eat grader

Lhttps:/iww.slt.atrjp/EVAL
L3Notethatthe 100translationsveredifferentfor eachgrader

Tale 14: Error rate of eachgraderin the sametrial asTa-
ble13

GraderlD | Flueny | Adequag
GO 0.19 0.23
Gl 0.33 0.34
G2 0.32 0.34
G3 0.47 0.33
G4 0.26 0.32
G5 0.14 0.40
G6 0.53 0.55
G7 0.28 0.39
G8 0.37 0.37
G9 0.33 0.37

Average | 0.322 0.364

Theexpecteddifferen@sof fluency andadequag ranged
from 0.21to 0.77andfrom 0.33to 0.64 respectiely, which
were around0.4 on averag. This indicaes that the qual-
ity of two MT systemavhosedifferencein eitherfluency or
adgjuay is lessthan 0.8 canrot be distinguished In other
words, we camot judgewhich MT systemis betterby this
subjectve evaluationresultsby regardng individual grade’s
error

As showvn in Table 14, the error rateswere corsiderably
largerthanexpected.Even in the smallestcase jndicatedby
bold-facefigures,they werearourd 20%.

Suljective evaluationis a classificatiortask. If we meige
two classeghat are difficult to distinguish,we canreduce
theerrorratein practice To reduetheerrorrate,theauthors
consideedfour binaryclassificationsasfollows:

e “5” versus'lessthan5”,

e “larger thanor equa to 4” versus'lessthan4”,

¢ “larger thanor equd to 3" versus'lessthan3”, and
e “larger thanor equa to 2” versus'lessthan2”.

Tables15and16 shav theerrorratesof theabove binary
classificationsn fluengy andadeqacy, respectiely. Theer-
ror ratesof thebinary classificaionsin fluency andadejuacg
(cf. Tabes 15 and16) weremuchsmallerthanthoseof the
5-gradeclassification(cf. Talde 14). Theminimal errorrates
of thebinaryclassificatios rangel from 0.01to 0.07.

3.1.2. Consistencyf Medan Grades

This section shavs the results of checking corsiseng
amoryg the mediangrades of threegrades. For this check
100 translationswere randonty selectedfrom all MT out-
putssubmittedfor subjective evaluationandevaluatedby all
human graders.For eachpair of teamsfor threegracersas
shavnin Table7, theaverageof differen@sbetwea& median
grades wascalcuated. Tade 17 shows the expecteddiffer-
enc betwea two mediangrades. The expecteddifferenes
of fluercy andadeaiagy rangel from 0.44to 0.75andfrom
0.34to 0.61, respectiely, which werearound0.55on aver-
age

This indicatesthat the performane of two MT systems
whosedifferencein eitherfluency or adegiag is lessthan
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Tale 15: Errorrateof binaryfluercy classifications

GradersID | 5orless| >4ornot | > 3ornot | > 2ornot
GO 0.01 0.07 0.06 0.07
Gl 0.05 0.10 0.15 0.07
G2 0.08 0.03 0.13 0.11
G3 0.12 0.06 0.23 0.08
G4 0.07 0.07 0.09 0.11
G5 0.05 0.09 0.06 0.02
G6 0.11 0.17 0.30 0.19
G7 0.04 0.09 0.13 0.03
G8 0.09 0.06 0.19 0.10
G9 0.11 0.06 0.18 0.11

Average 0.073 0.08 0.152 0.089

Table16: Errorrateof binaryadeqacy classifications

GradersID | 5orless| >4ornot | >3ornot | > 2ornot
GO 0.08 0.10 0.07 0.08
Gl 0.17 0.10 0.08 0.04
G2 0.07 0.13 0.13 0.11
G3 0.05 0.13 0.16 0.04
G4 0.09 0.06 0.08 0.11
G5 0.11 0.11 0.10 0.12
G6 0.07 0.22 0.27 0.08
G7 0.08 0.10 0.16 0.10
G8 0.11 0.13 0.15 0.05
G9 0.13 0.13 0.15 0.14

Average 0.096 0.121 0.135 0.087

1.1camotbedistinguishedthuswe canrot judgewhich MT
systenis betterby thesesubjetive evaluationresultswithout
giving corsiderationto individual grade’s error.

3.1.3. Rankirg MT Systems

From the discussiondn Sectiors 3.1.1 and 3.1.2, the au-
thorsshaw two typesof ranking listsacordingto theaverage
gradesandthe ratiosof 5-gradetranslations.The error rate
of the first binary classificationdescribedn Section3.1.1,
“5" versus‘lessthan5”, is the smalleston averageamorg
the four binary classifications.For morereliableranking a
rankingbasedon thefirst binary classificationvasaddtion-
ally calcuated.

The first ranking lists are typicdly usedin MT system
compaisons whichareheredter calledthe reguar ranking
lists. The scoresin this ranking arein the rangeof [0,5].
Higher scoresindicate that the corresponthg MT systems
arebetter but they arenot necessarilyusefulfor ouranalysis
becaisethe self-consisteng of eah grade waslow; here
they aregiven for comparisonpurpose®nly.

Therefore,in addtion to theregular rankingof MT sys-
tems,we condictedanalternatve rankingaccadingto ratios

of 5-gradetranslationsin thisranking,we usedassessments

by thegrade whoseerrorratewasthe smallestamongthree
graders.Table 18 shows the errorratefor this rankng. The
values whose headis “Total” are the weighted average of
the error ratesfor Teamsl to 4, wherethe weightsarethe
numbe of sourcesentenesassignedo eachteam(cf. Table
18). Thesecondankinglistsaremorereliable,andtheseare
hereaftercalledthe alternative ranking lists. The scoresn

Tale 17: Expecteddifferencebetwesntwo medians of three
grades by team

Flueny
T2 | T3 | T4

Adequay
T2 | T3 | T4

Teaml(T1) || 049 ] 0.75 | 0.47 ] 054 | 0.61 | 0.34
Team2(T2) || - | 068| 066| - | 059 0.48
Team3(T3) | - - o044 - - | o051

[ Ae | 0.58 I 0.51 |

Table 18: Errorrateof assessmentsy grademwith thesmall-
esterrorrateamory threegraders

| | Flueny | Adequay |
Teaml | 0.01 0.07
Team2 | 0.05 0.09
Team3 | 0.05 0.05
Team4 | 0.01 0.05
Total 0.03 0.07 |

thisrankingarein therangeof [0,1]. Higherscoresndicae
thatthe corresponihg MT systemsarebetter

Note that the regular ranking lists are basedon the me-
dians,eadt of which is a medianamongthe grades by three
grades, while the alternatve ranking lists are basedon the
gradeassignedy the graderwith the smallesterrorrate.

Table 19 shaws the regular rankinglists andthe alterna-
tiverankinglists. In sometracks,aline is foundbetwesntwo
MT systemDs. In theregular ranking,thisindicateghatthe
differencebetwea scoresabove the line is within twice the
value of the correspading expecteddifferenceon average,
0.58for fluency or 0.51for adegiagy asshavn in Table 17.
In the alternative ranking this indicatesthat the difference
betwea scoresabove theline is within twice thevalue of the
correspoding errorratein total, 0.03for fluercy or 0.07for
adeyuagy asshaowvn in Tabe 18. For the CE suppliedtrackin
theregular rankingin Table 19, for example,aline is found
betwea theMT’sID in thefirst placeandtheMT’sID in the
lastplace in the secon andthird columms. With regardsto
fluercy, we camotjudgewhich MT systemis betterthanthe
othersamory the top five MT systems.On the otherhand
no line is found betwea the MT’s ID in the first placeand
the MT’s ID in thelast placein the forth andfifth columns.
With regards to adequagy, we canrot judgewhich MT sys-
temis betterthanthe othersamory all the MT systemson
this track. Moreover, in sometracks,we canfind a asterisk
mark (x): The scoreof a marked MT systemis not signif-
icantly lessthanthat of the MT systemplacedin the first
position,which wascalcuatedaccadingto at-testbasecn
5-fold crossvalidation Heredter, all scoresof eitherad-
equay or fluercy are comparedwith the highest scoresof
ead track.

A summaryof the alternatve ranking for ead track is
asfollows: in the CE suppliedtrack, the secondbestMT
systemhasa flueng/ scorethatis twice smallerthanthe ex-
pededdifferenceof 0.03 andall MT systemsexceptthelast
have adewag/ scoreswithin twice thevalue of the expected
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differenceof 0.07. In the CE additioral track, the secon
bestMT systemhasafluercy scorethatis twice smallerthan
the expecteddifference andall MT systemshave adejuay
scoreswithin twice the value of the expecteddifference In
the CE unrestrictedrack,thetwo bestMT systemdave flu-
eny andadequagy scoreswithin twice the value of the ex-
pecteddifference In the JE suppliedtrack, the secoml best
MT systemdasafluercy scorethatis twice smallerthanthe
expecteddifference andall MT systemsexceptthelasthave
adeaiagy scoreswithin twicethevalue of theexpecteddiffer-
ence In theJEunrestrictedrack,thesecondestMT system
hasfluency scorethatis twice smallerthanthe expecteddif-
ference;andthebesttwo MT systemdhave adeqag/ scores
within twice the value of the expecteddifference. A sum-
maryof theregular rankingfor eachtrackis omittedbecaise
it is easyfor thereadergo follow them.

Although the objedive of this paper is not to discuss
the supeiority of MT systemsfor corvenierce, the authors
briefly summarize¢he commontenderieswith regular and
alternatve rankingsandsomedistinctive obsenationsasfol-
lows: (1) SMT or Hybrid MT systemswereranked in the
uppe-half positionsthatis, ATR-SMT, ISL-SMT, IS, IRST,
andRWTH for the CE suppliedtrack; IRST for the CE ad-
ditional track; IRST, and ISL-SMT for the CE unrestricted
track; ATR-SMT, ISI, andRWTH for the JE suppliedtrack;
and ATR-Hybrid and RWTH for the JE unrestrictedtrack.
(2) Most MT systemwere betterthanonly one RBMT. (3)
For adgquag, ATR-SMT wasranked in a lower-half posi-
tion in theregular ranking,but it wasranked in anupper-half
positionin the alternatve ranking.

3.2. Automatic Evaluation Results

Tale 20 shaws the rankinglists ac@rding to the automaic
evaluationmetrics.Asteriskmarks(x) in thistablederotethe
samestatusasin Tale 19 (insignificart differen@ betwee
themarkedMT systemandthebestMT system).

A summaryof ranking lists on eadt track acording to
MmWERis asfollows: In the CE suppliedtrack,only the sec-
ond andthird bestMT systemsn mMWER have scoresthat
arenot significartly differentfrom that of the bestMT sys-
tem. In the CE additiona track,thesecondestor worseMT
systemshave mMWER-scors thataresignificartly inferior to
that of the bestMT system. In the remainingthreetracks,
the resultsarethe sameasin the CE addtional track. The
summarie®f rankinglists on ead trackaccordng to there-
mainingautomaic evaluation metricsareomittedbecauseit
is easyfor thereadergo follow them.

As with the subjetive evaluation results, the authors
briefly summarizéahecomman tendermiesin rankingaccad-
ing to the automatic evaluationmetricsasfollows: (1) SMT
and Hybrid MT systemswereranked in the upper-half po-
sitions,thatis, ATR-SMT, RWTH, IRST, ISI, andISL-SMT
for the CE suppliedtrack; IRST for the CE additiona track;
IBM, IRST, ISL-SMT, and ISL-EDTRL for the CE unre-
strictedtrack; RWTH, andISlI for the JE suppliedtrack; and

ATR-Hybrid, RWTH for the CE unrestrictedrack. (2) Some
SMT systemsijncludingISL-SMT andRWTH, wereranked
in the bestor secondestpositionin therankinglists corre-
spondng to almostof all the autonatic evaluationmetrics,
even if they might have beenoptimizedwith a particularau-
tomaticevaluationmetric.

3.3. Correlation between Subjective and Automatic
Evaluation Results

Tale 21 shavs the correlationco-eficientsbetweersubjec-
tive and automaic evaluationresults. (A) shavs the cor
relation co-eficientsbetween average grades for eitherflu-
eng or adequagy andautomaic evaluation scores;(B) and
(C) shawv the correlationco-eficients between ratios of 5-
gradetranslationsfor eitherfluency or adeqiagy and auto-
maticevaluationscores.

(A) and (B) arethe resultsbasedon eitherall CE MT
systemar all JEMT systems(C) is theresultsbasedn ei-
therpartial CEMT systemsr partial JEMT systemswhich
were selectedsuch that the differen@s in the their scores
weretwice larger thanthe error rates. A partial versionof
(A) wasnotbe calalatedbe@usethe numbe of theremain-
ing MT systemwastwo or three.

As shown in the uppe resultof (A), BLEU is the auto-
matic evaluation metric most closely correlatedto average
grades of fluercy for CE or JEMT systems.Thus, BLEU is
themostpromisingautomdic evaluationmetricaccadingto
averagegradesof fluency.

As shawn in the lower resultof (A), NIST is the auto-
matic evaluation metric mostclosely correlatedo the aver-
agegradesof adewiag/ for CE or JE MT systems. Thus,
NIST is the mostpromisingautorratic evaluation metric ac-
cordingto averagegrades of adeaiagy.

As shovn in theupperresultof (B) and(C), BLEU is the
automaic evaluation metricmostcloselycorrelatedo ratios
of 5-gradetranslationsn fluency for CE or JEMT systems.
Thus,BLEU isthemostpromisingautanaticevaluationmet-
ric accading to ratiosof 5-gradetranslationsn fluency.

As shawn in the lower resultof (B), BLEU is the au-
tomatic evaluation metric most closely correlatedto ratios
of 5-gradetranslationsn adejuag/ for CE MT systemsbut
only the fourth mostclosely correlatedto ratios of 5-grade
translationsn adejuagy for JEMT systems.mWERis the
automaic evaluation metricmostcloselycorrelatedo ratios
of 5-grace translationsn adegiagy for JEMT systemdsout as
well asthethird mostcloselycorrelatedo ratiosof 5-grade
translationsn adegag/ for CE MT systems.On the other
hand asshawn in the lower resultof (C), mPERIs the au-
tomaticevaluationmetricmostcloselycorrelatedo ratiosof
5-gradetranslationsn adequagy for CE or JEMT systems.
Consideing theseobsenations, we coud not saywhich is
best,thelower resultof (B) or (C). Therefore,from thesere-
sults,we could not judgewhich automaic evaluation metric
is the mostpromisingin regard to ratiosof 5-gradetransla-
tionsin adewagy.
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4. Discussion

Various problems of subjectve evaluation (flueng, ade
quag) werefoundthroughthis evaluationcampign. A sum-
mary of key findings is given asfollows:

e The gradedescriptionis ambigwus. As a result,the
interpretationof gradesfor fluency or adeqag/ de-
perdedon eachgrade:.

e Self-corsigency of agraders subjectve evaluationre-
sults was poor due to the way the translationsto be
evaluated were displayedor to the way the graders
wereselected.

e Thevarianceof medangradedy multiplegradersvas
large dueto the way the grades were selected. The
numter of graderss requiredto be assmall aspossi-
ble.

e Somesingle referencetranslationsshavn to graders
for adequagy evaluation were ambigwous, which re-
sultedin the interpretationsof somereferene trans-
lationsbeingdepemlentto graders.

e (adeaqiag) Someimesthe translationhasMORE in-
formationthanthe referene translation. If the infor-
mation was of corsiderableimportarce or essential,
thelowestrankwasassigned.

e (adeaqiag) Sometimeshe Endish is OK in part of
the sentencebut had incomprénensiblepartsaswell.
If the incomprehesible parts came at the begin-
ning of the sentencethe gradersoften gave the ade
guacy a highe scorebecaisethe sentene endedwith
somethingunderstandale. However, if the sentene
ended with somethilg incompehensibleJower rank-
ingsweregiven If it camein themiddle(e.g.,“do you
have redcoffeeor tea”) it coud go eitherway.

e (adeqiag) If numerich expressionswere not trans-
lated exactly, frequently the lowest grade(“None of
it") wasassigned

e (fluercy) The rank of very short utterance such as
“Okay” dependsontheword andthesituationcortext.

e (fluercy) Sometims the target sentene wasflawless,
but the mearing of the translationand the reference
translationswere comgetely different (highestrank
for fluency andlowestfor adewagy).

We needsubjectve evaluation resultsthat are as error
free aspossibleto further promoteautomaic evaluation re-
search.The authas will discussthe above problemsin this
workshop
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Talde 19: Rankirg lists accading to subjedive evaluationresults

Chinese-to-EnglisiCE)

Regular ranking Alternative ranking
Tradk Flueny Adequag Track Fluercy Adequagy
Score| MT_ID || Scae | MT.ID Scae | MT_ID || Score| MT.ID
CE| U || 3.776 | °IRST 3.6& | °ISL-S CE | U | 0.558]| *IRST 0.446 | °ISL-S
3.776 | *ISL-S* || 3.5%6 | *IRST* 0.532 | “ISL-S* || 0.394 | *IRST
3.400 | "NLPR || 3.2%4 | "SL-E 0.406 | "NLPR || 0.294 | "ISL-E
3.036 | “IBM 3.18 | “HIT 0.326 | “IBM 0.258 | “ICT
2.954 | SISl 3.0 | cICT 0.296 | "ISL-E || 0.250| *IBM
2.934| "ISL-E || 2.9% | *IBM 0.286 | sISI 0.228 | "NLPR
2.718 | ©ICT 2.96 | "CLIPS 0.224 | ¢HIT 0.226 | ¢HIT
2.648 | “HIT 2.80 | "NLPR 0.222 | °ICT 0.178 | ISl
2.570 | "CLIPS || 2.7& | ISl 0.180 | "CLIPS || 0.164 | "CLIPS
A || 3.256 | *IRST 3.110 | *IRST A | 0.410| *IRST 0.316 | *IRST
2.846 | sISI 2,724 | ¢Sl 0.284 | “ISI 0.212 | sISl
S || 3.820| *ATR-S || 3.338 | “RWTH S || 0.582 | *ATR-S || 0.338 | *RWTH
3.356 | “RWTH || 3.08 | *IRST 0.420 | *ISL-S || 0.296 | *ATR-S*
3.332| ¢ISL-S || 3.0& | ‘ISl 0.390 | *RWTH || 0.290 | *ISL-S*
3.120 | *IRST 3.0% | °HIT 0.356 | *IRST 0.284 | *IRST*
3.074 | sISl 3.08 | ¢ISL-S 0.344 | sISl 0.268 | ISl
2.948 | *IBM 3.02 | sTALP 0.314| sIBM 0.258 | ™Al
2.914| MAl 299 | SATR-S 0.278 | ™Al 0.250 | *TALP
2.792 | STALP 2.93 | MAl 0.246 | TALP 0.232 | IBM
2.504 | ¢HIT 2.9% | sIBM 0.186 | “HIT 0.196 | “HIT

Japaese-to-EnglisfJE)

Regularranking Alternative ranking
Track Flueny Adequag Track Flueny Adequagy
Score| MT_ID Scae | MT_ID Scae | MT_ID Score| MT_ID
JE| U || 4.308] "ATR-H || 4.208 | "ATR-H JE| U [ 0.68 | "ATR-H || 0.600 | "ATR-H*
4.036 | *RWTH 4.066 | *RWTH 0.68 | “RWTH | 0.564 | *“RWTH
3.650 | “UTokyo || 3.316 | “UTokyo 0.506 | “UTokyo || 0.360 | “UTokyo
2.472 | "CLIPS 2.602| "CLIPS 0.1 | "CLIPS || 0.120| "CLIPS
S || 3.484 | *ATR-S 3.412 | *RWTH S || 0.5 | *ATR-S || 0.358 | *RWTH
3.480 | *RWTH* || 3.086| °ISI 0.4400 | *RWTH 0.304 | “ISI
3.106 | sIBM 2.990| sIBM 0.36 | sISI 0.262| sIBM
3.102 | sISl 1.942 | *ATR-S 0.33% | “IBM 0.126 | *ATR-S

s, e, r, or h appendedto MT_ID indicatesthatthe MT systemis SMT, EBMT, RBMT, or Hybrid MT, respectiely.
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Tabe 20: Rarking lists accading to automaic evaluationresults

Chinese-to-Englisi{CE)

mMWER mPER BLEU NIST GTM
Track | Scae | MT_ID Score| MT_ID || Score| MT_ID || Scae | MT_ID | Score| MT_ID
CE | U || 0.3@ | °ISL-S 0.319| °ISL-S 0.524 | °ISL-S 9.56 | °ISL-S 0.748 | °ISL-S
0.457 | °IRST 0.393| °IRST 0.4 | °IRST 7.50 | "ISL-E 0.684 | °*IBM
0.5%5 | °IBM 0.427 | "ISL-E 0.39 | *IBM 7.36 | °IBM 0.671| °IRST
0.53L | "ISL-E 0.442 | °IBM 0.311 | "NLPR 7.24 | °IRST 0.666 | "ISL-E
0.573 | “ISlI 0.487 | “HIT 0.27% | "ISL-E 6.13 | “HIT 0.611| “HIT
0.5 | "NLPR 0.499 | “ISI 0.243 | ¢HIT 6.00 | "CLIPS || 0.602 | sISI
0.5% | ¢HIT 0.531| "NLPR 0.243 | sISl 5.92 | "NLPR 0.584 | "CLIPS
0.68 | "CLIPS 0.542 | "CLIPS || 0.1& | "CLIPS 5.42 | SISl 0.563 | "NLPR
0.846 | ¢ICT 0.765| ¢ICT 0.0 | ¢ICT 3.64 | ¢ICT 0.386 | ¢ICT
A || 0.4% | °IRST 0.420 | °IRST 0.351 | *IRST 7.39 | °IRST 0.655 | °*IRST
0.572 | “ISI 0.480 | “ISlI 0.311 | “ISI 5.82 | ‘ISl 0.632 | “ISI
S || 0.4% | SRWTH 0.390 | *RWTH || 0.4%4 | SATR-S 8.55 | SRWTH || 0.720 | SRWTH
0.480 | SATR-S* || 0.404 | sISL-S* || 0.414 | °ISL-S 8.34 | SISL-S* || 0.694 | SISL-S
0.471 | SISL-S* 0.420| SATR-S || 0.48 | SRWTH 7.85 | MAI 0.685 | MAl
0.48 | sISI 0.425| SISl 0.374 | sISl 7.74 | SISl 0.672 | sISl
0.507 | °IRST 0.430| °IRST 0.30 | °IRST 7.48 | *ATR-S || 0.670| *ATR-S
0.5 | Al 0.451 | ™Al 0.3%6 | °IBM 7.12 | °IBM 0.665| °IBM
0.538 | sIBM 0.452 | °IBM 0.338 | MIAl 7.09 | SIRST 0.647 | STALP
0.5% | STALP 0.465 | STALP 0.278 | STALP 6.77 | STALP 0.644 | °IRST
0.616 | “HIT 0.500 | “HIT 0.20 | “HIT 5.95 | ¢HIT 0.601 | “HIT
Japaese-to-EnglislJE)
MWER mPER BLEU NIST GTM
Track | Scae | MT.ID Score| MT_ID Score| MT_ID Scae | MT_ID Score| MT_ID
JEJU | 0.28 | "ATR-H 0.233] "ATR-H 0.630| "ATR-H 11.25| *"RWTH 0.824 | *RWTH
0.3 | SRWTH 0.249 | SRWTH* || 0.619 | SRWTH* 10.72 | "ATR-H* || 0.796 | "ATR-H
0.48 | “UTokyo || 0.420| “UTokyo || 0.397 | “UTokyo || 7.88 | “<UTokyo || 0.672 | ¢UTokyo
0.7 | "CLIPS 0.597 | "CLIPS 0.132| "CLIPS 5.64 | "CLIPS 0.568 | "CLIPS
S || 0.418 | "RWTH 0.337 | *RWTH 0.453 | *RWTH 9.49 | *RWTH 0.764 | *RWTH
0.484 | “ISI 0.379 | “ISI 0.400 | “ISlI 8.46 | ‘ISl 0.732 | sISI
0.527 | *IBM 0.430| °IBM 0.366 | *IBM 7.97 | °IBM 0.698 | *IBM
0.614 | °ATR-S 0.570| *ATR-S 0.364 | °ATR-S 3.41 | *ATR-S 0.539 | *ATR-S

s, e, r, or h appa&xdedto MT_ID indicateshatthe MT systemis SMT, EBMT, RBMT, or Hybrid MT, respectiely.

11



paul
  11


Table21: Correlationco-eficientshetwea subjectve andautonatic evaluationresults

(A) Regular rankingvs. automaic ranking(All)
Fluercy

mMWER | mPER| BLEU NIST | GTM
CE | -0.7124| -0.5830| 0.85(% | 0.5995| 0.512
JE | -0.8867| -0.7836| 0.9404 | 0.5995| 0.638

Adequacgy

MmMWER | mPER| BLEU | NIST | GTM
CE | -0.4324| -0.4404| 0.43% | 0.5318| 0.371
JE | -0.8978| -0.9376| 0.788 | 0.9701| 0.94Q

(B) Alternative rankingvs. autanaticranking(All)
Fluercy

mMWER | mPER| BLEU NIST | GTM
CE | -0.7214| -0.6010| 0.86@M | 0.5950| 0.5214
JE | -0.8252| -0.7032| 0.900 | 0.4871| 0.538

Adequagy

MWER | mPER| BLEU NIST | GTM
CE | -0.6427| -0.5779| 0.7407 | 0.6820| 0.51%
JE | -0.9690| -0.9641| 0.91% | 0.9176| 0.91%

(C) Alternative rankingvs. automaic ranking(Partial)

Fluercy

MWER | mPER| BLEU NIST | GTM
CE | -0.8734| -0.6743| 0.9548 | 0.5736 | 0.5454
JE | -0.8376| -0.7223| 0.928 | 0.5(89 | 0.5632

Adequacy

MWER | mPER | BLEU | NIST | GTM
CE | -1.0000| -1.0000| 1.00® | 1.000 | 1.0000
JE | -0.9894| -0.9984| 0.91% | 0.9907 | 0.9977
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