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Abstract
This paper gives an overview of the evaluation campaign
resultsof the IWSLT041 workshop, which is organizedby
theC-STAR2 consortiumto investigatenovel speech transla-
tion technologiesandtheir evaluation. Theobjectivesof this
workshopis to provideaframework for theapplicability vali-
dationof existingmachinetranslationevaluationmethodolo-
giesto evaluatespeechtranslationtechnologies. The work-
shopalso strives to find new directionsin how to improve
currentmethods.

1. Intr oduction

The drastic increasein demands for the capability to as-
sisttrans-lingualconversations,triggeredby IT technologies
suchas the Internetand the expansionof borderlesscom-
munitiessuchasthe increasednumber of EU countries,has
acceleratedresearchactivities on speech-to-speechtransla-
tion technology. Many researchprojectshave beendesigned
to advancethis technology, suchasVERBMOBIL, C-STAR,
NESPOLE!, andBABYLON. Theseprojects,except for C-
STAR, have mainly focusedon the constructionof a pro-
totypesystemfor several languagepairs. On the contrary,
oneof C-STAR’s ongoing projects is the joint development
of a speech corpus that canhandle a common task in mul-
tiple languages.As a first resultof this activity, a Japanese-
Englishspeech corpuscomprisingtourism-relatedsentences,
originally compiled by ATR, hasbeentranslatedinto thena-
tive languagesof the C-STAR members.The corpus serves
as a primary sourcefor developing and evaluating broad-
coveragespeechtranslationtechnologies [1]. This corpus
is used in the researchand development of multi-lingual
speech-to-speechtranslationsystemsona“commonuse”ba-
sis.

For theeffective andefficient researchanddevelopment
of speech-to-speechtranslationsystems,the evaluation of
currenttranslationquality is veryimportant.In particular, the
systemdevelopmentsdoneby usinga common corpus, like
C-STAR project, requirecarefulevaluationof theprominent

1International Workshop on Spoken Language Translation,
http://www.slt.atr.jp/IWSLT2004

2Consortiumfor SpeechTranslationAdvancedResearch,http://www.c-
star.org/

translationtechniques. Therefore, there is strong demand
for the establishment of evaluation metricsfor multilingual
speech-to-speechtranslationsystems.

For this purpose,the Evaluation Campaign 2004 was
carriedout usingpartsof the multilingual corpus(cf. Sec-
tion 2.1). Thetaskwasto translate500Chineseor Japanese
sentences into English. Depending on the amount of per-
mittedtrainingdata,threedifferentlanguageresourcecondi-
tions(SmallDataTrack, Additional DataTrack, Unrestricted
Data Track) weredistinguished.Thetranslationquality was
measuredusingboth human assessments(subjectiveevalu-
ation) andautomatic scoringtechniques(automatic evalua-
tion). The evaluationresultsof the submittedMT systems
aresummarized in Section3.

Thecorpus suppliedfor this year’s conference,therefer-
encetranslations,theoutput of theparticipatingMT systems,
andtheevaluationresultswill bemadepublicly availableaf-
ter the workshop. Theseresourcescanbe usedasa bench-
markfor futureresearchon MT systemsandMT evaluation
methodologies.

We hope that IWSLT2004 will becomethe first stepto-
wardestablishingstandardmetricsandastandardcorpus for
speech-to-speechmulti-lingual translationtechnology.

2. Evaluation Campaign2004

The Evaluation Campaign 2004wascarriedout usingparts
of the multilingual corpusjointly developed by the C-STAR
partners(cf. Section 2.1). Thetaskwasto translate500Chi-
neseor Japanesesentencesinto English.

Depending on the amount of permitted training data,
three different language resourceconditions (Small Data
Track, Additional DataTrack, UnrestrictedDataTrack) were
distinguished(cf. Section2.2).Eachparticipantwasallowed
to registeronly oneMT systemin each of thedatatracksbut
couldsubmitmultiple translationresults(runs) for thesame
track.

In total,14 institutionstookpartin this year’sworkshop,
submitting20 MT systemsfor theChinese-to-English(CE)
and8 MT systemsfor theJapanese-to-English(JE) transla-
tion tasks.

The translationquality wasmeasured usingbothhuman
assessments(subjectiveevaluation) and automatic scoring
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techniques(automaticevaluation). The subjective evalua-
tion wascarriedout by Englishnative speakers. The trans-
lationqualitywasjudgedbasedon thefluency andadequacy
of thetranslation(cf. Section2.4). For theautomatic evalu-
ation,five differentautomaticscoringmetrics(BLEU, NIST,
WER, PER, GTM) were applied(cf. Section2.5). All run
submissionswereevaluatedusing the automatic evaluation
schemes. However, dueto high evaluationcosts,thesubjec-
tive evaluationwaslimited to onerun submissionper track
for each participant, which couldbeselectedby thepartici-
pantsthemselves. The resultsof thesubmittedMT systems
aresummarizedin Section3.

2.1. Multilingual SpokenLanguageCorpus

The BasicTravel ExpressionsCorpus (BTEC	 )3 is a collec-
tion of sentencesthat bilingual travel expertsconsider use-
ful for people going to or comingfrom another country and
cover utterances for every potential subjectin travel situa-
tions[2].

For theEvaluationCampaign2004, partsof theChinese,
Japanese, and English subsetsof the BTEC	 corpus were
used.Detailsof thesuppliedIWSLT04corpusaregiven in Ta-
ble1, whereword tokenrefersto thenumber of wordsin the
corpusandword typerefersto thevocabulary size.Thepar-
ticipantsweresuppliedwith 20,000sentencepairsfor each
translationdirectionrandomly selectedfrom theBTEC	 cor-
pus,andthetrainingsetsfor CE andJEweredisjunct.

Table 1: The IWSLT04 corpus

type language sentencecount avg. word word
total unique length tokens types

Chinese 20,000 19,288 9.1 182,904 7,643
training English 19,949 9.4 188,935 8,191

Japanese20,000 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

 referencetranslationsusedfor automaticevaluation

A development setof additional 506sentences,including
up to 16 referencetranslations,wasprovided to the partici-
pantsto usefor thetuningof theirMT systems.

Thetestsetconsistedof 500sentencesrandomly selected
from partsof theBTEC	 corpusreservedfor evaluationpur-
poses. The Chinesedatasetwascreatedfrom the original
Japanese-Englishtestset,anda consistency check wascar-
ried out to guarantee that the JapaneseandChinesesource
sentences had the samemeaning as the English reference
translations.Therefore,thetestsetof theCE andJEtransla-
tion taskswereidentical exceptfor having differentsentence

3Up-to-date information on the BTEC� corpus can be found at
http://cstar.atr.jp/cstar-corpus

orders. Up to 16 referencetranslationswere usedfor the
automatic evaluation of the translationresults;the distribu-
tionsof thenumberof uniquereferencetranslationsfor each
sourcesentencearesummarizedin Table2.

Table 2: Distributionsof unique referencetranslations

# of reference 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 67 32 19 9 2 2 0

Wordsegmentationsfor theChinese4 andJapanese5 sub-
setsareprovided whenappropriatetools werenot available
for theparticipants. However, theparticipants werepermit-
ted to usetheir own language resourcesaslong asthey did
not interferewith thelanguageresourceconditionsof there-
spective datatracks(cf. Section2.2).
Table 3 givessomeexamplesof theEnglishIWSLT04corpus.

Table3: English samplesentences

My nameis PaulSmith.
Are theticketsonsaleyet?
Thankyou for thenicemeal.
I ’d likeoneof those, please.
Let mehave tenthirty-fivecentstamps.
I have to transferto anotherflight in HongKongat three.
Okay, hereyouare. If youneedanythingelse, let meknow .

2.2. Data Track Conditions

Three different language resourceconditions were distin-
guished. Thetrainingdataof theSmallData trackwaslim-
ited to thesuppliedcorpus only. TheAdditional Data track
wasset-upfor CE only andlimited the useof bilingual re-
sourcesto the ones listed in Table 4. Theseresourcesare
publicly available from theLDC6.

Table 4: LDC resources
��
������������ ��
�������������� �

LDC2000T46 HongKongNewsParallelText
LDC2000T47 HongKongLawsParallelText
LDC2000T50 HongKongHansardsParallelText
LDC2001T11 ChineseTreebank2.0
LDC2001T57 TDT2 MultilanguageText Version4.0
LDC2001T58 TDT3 MultilanguageText Version2.0
LDC2002L27 ChineseEnglishTranslationLexiconversion3.0
LDC2002T01 Multiple-TranslationChineseCorpus
LDC2003T16 SummBank1.0
LDC2003T17 Multiple-TranslationChinese(MTC) Part 2
LDC2004T05 ChineseTreebank4.0
LDC2004T09 ACE 2003Multilingual TrainingData

No restrictionson linguistic resourceswereimposedfor
theUnrestrictedData track.

4Semi-automaticsegmentationusinga tool providedby NLPR,a mem-
berof theC-STAR consortium,http://nlpr-web.ia.ac.cn/english/index.html

5AutomaticsegmentationusingtheCHASENtool, http://chasen.naist.jp
6LinguisticDataConsortium,http://www.ldc.upenn.edu/
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Table 5 gives an overview of the kinds of linguistic re-
sourcespermitted( ! ) or not-permitted( " ) for eachdataset
condition.

Table5: Permittedlinguistic resources

Resources DataTrack
Small Additional Unrestricted

IWSLT04corpus ! ! !
LDC resources # ! !
tagger # ! !
chunker # ! !
parser # ! !
externalbilingual # # !
dictionaries
otherresources # # !

2.3. Evaluation Specifications

In contrastto theTIDES7 seriesof MT evaluations,theob-
jective of the IWSLT workshopsis theevaluationof speech
translationtechnologies. In this framework, orthographic
featuresare lessrelevant andthereforeignoredin the eval-
uationof the MT outputresults.The evaluationparameters
usedfor automatic andsubjective evaluationareasfollows:

$ case-insensitive, i.e., lower-caseonly
$ nopunctuationmarks, i.e., remove ’.’ ’,’ ’?’ ’!’ ’”’
$ noword compounds, i.e., replace ’-’ with blank space
$ spelling-outof numerals

No text pre-processingwascarriedout, i.e., the partici-
pantswereresponsiblefor providing their translationoutput
in agreementwith theabovementioned evaluationspecifica-
tions. In thecaseof a sentence count mismatchor theexis-
tenceof non-ASCII characters(sourcelanguagewordsthat
werenot translated)in theEnglishtranslationoutput,therun
submissionwasrejectedandnoevaluationwascarriedout.

2.4. SubjectiveEvaluation

Previous competitive MT evaluations, like the series of
DARPA MT evaluationsin themid 1990’s[3], evaluatedma-
chinetranslationoutput with human referencetranslationson
thebasisof fluency andadequacy[4]. Fluency refersto the
degreeto which the translationis well-formedaccording to
the grammarof the target language. Adequacyrefersto the
degreeto which the translationcommunicatesthe informa-
tion present in the referenceoutput. The fluency and ade-
quacy judgments consist of one of the grades listed in Ta-
ble6.

This evaluation methodology was adopted for the
IWSLT04 workshop. The grading assignmentsfor each
graderweresplit into two parts. First, the MT output was
displayedandthegraderhadto judgethefluencyof thetrans-
lation. In thesecond step,a reference translationwasgiven

7http://www.ldc.upenn.edu/Projects/TIDES/tidesmt.html

Table 6: Humanassessment

Fluency Adequacy
5 FlawlessEnglish 5 All Information
4 GoodEnglish 4 Most Information
3 Non-native English 3 Much Information
2 DisfluentEnglish 2 Little Information
1 Incomprehensible 1 None

Table7: Workloadof graders

1stgrader 2ndgrader 3rdgrader # inputdata
Team1 G0 G2 G9 200
Team2 G4 G5 G8 160
Team3 G1 G3 G6 80
Team4 G0 G3 G7 60

andthe graderhadto evaluatethe adequacyof the transla-
tion. In orderto minimize gradinginconsistencies between
graders due to contextual misinterpretationsof the transla-
tions, the situationin which the sentence is uttered(corpus
annotationslike “sightseeing” or “restaurant”) wasprovided
for theadequacy judgment.

Each translationof a single MT systemwas evaluated
by threejudges. However, in order to minimize the costs
of subjective evaluation, all translationresultswerepooled,
i.e., in the caseof identical translationsof the samesource
sentenceby multipleMT engines,thetranslationwasgraded
only once, and the respective rank wasassignedto all MT
engineswith thesameoutput. WhentheMT engines failed
to outputany translationfor a given input, a scoreof 0 was
assignedto theempty output.

In total, tenEnglishnative speakerswereinvolved in the
evaluationtask,whereeachgrader hadto evaluatetheoutput
of all MT systemsfor a certainnumber of sourcesentences
assummarizedin Table7.

In orderto validate thereliability of each grader, two ad-
ditional evaluation datasetswereprepared. The first (com-
mon) datasetwasusedto compare the gradingdifferences
between graders.It consistedof 100sentencesrandomly se-
lectedfrom all MT outputssubmittedfor subjective evalu-
ation. The common dataset was evaluatedby all human
graders. The second(grader-specific) datasetwasusedto
validate theself-consistency of eachgrader, whohadto eval-
uate100sentencesrandomly selectedfrom thesubsetof MT
outputs assignedto him or herasecond time.

2.5. Automatic Evaluation

Variousautomatic scoringmetricshavebeenproposedwithin
theMT evaluationcommunity. For the IWSLT04 workshop,
weutilized thefivemetricssummarizedin Table8.

Excluding NIST, the scoresof all automaticevaluation
metricsare in the rangeof [0,1]. NIST is alwayspositive,
andits scoringrangedoesnot have a theoreticalupper limit.
In contrast to mWER and mPER, higher BLEU, NIST, and
GTM scoresindicate bettertranslations.For theBLEU/NIST
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Table 8: Automatic evaluationmetrics

mWER: Multiple Word Error Rate: theedit distancebetweenthe
systemoutputandtheclosestreferencetranslation[5]

mPER: PositionindependentmWER: a variantof mWER
thatdisregardswordordering[6]

BLEU: thegeometricmeanof n-gramprecisionby thesystem
outputwith respectto referencetranslations[7]

NIST: avariantof BLEU usingthearithmeticmeanof
weightedn-gramprecisionvalues[8]

GTM: measuresthesimilarity between texts
by usingaunigram-basedF-measure[9]

(v11a)8 andGTM (v1.2)9 scores,thesoftwareversionsindi-
catedin parentheseswereused.

Thetranslationoutputwascomparedwith up to 16refer-
encetranslationsthatwerepre-processedin orderto conform
with theformatrequiredby theevaluationspecificationsde-
scribedin Section 2.3.

Before comparing the datasets,the MT systemoutput
and the reference translationswere tagged by usinga pub-
licly available part-of-speechtagger10.

All scoringscriptswereapplied,andtheresultsweresent
back automatically to the participants via email using the
IWSLT04 evaluationserver11.

2.6. Evaluation Campaign Participants

In total,14 institutionstookpartin theEvaluationCampaign
2004usinga large variety of translationmethodologies(cf.
Table 9). Themostfrequentlyenteredtypes werestatistical
machine translation(SMT) engines (7), but example-based
(EBMT) systems(3) andonerule-based(RBMT) translation
systemwere also entered. Moreover, four institutionsex-
ploited hybrid MT approachesthat combined corpus-based
MT, translationmemories,andinterlinguaapproaches.

Table 9: MT systemtypes

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)

IAI (SMT+TM)
ISL-EDTRL (SMT+IF)
NLPR (RBMT+TM)

For CE, 13 participants submitted20 MT systems,and
ten MT systemsweresubmittedby six participants for the
JEtranslationtask(cf. Table10).

In total, 11,134 translations(afterpooling) from 28 MT
systemshad to be evaluated. To summarizethe evaluation
results,we assignedan ID to each MT systemas listed in
Table 11.

8http://www.nist.gov/speech/tests/mt/resources/scoring.htm
9http://nlp.cs.nyu.edu/GTM/

10http://www.cs.jhu.edu/% brill/RBT1 14.tar.Z
11https://www.slt.atr.jp/EVAL/interface

Table10: MT systemsubmissions

Data Track CE JE
Small 9 4

Additional 2 –
Unrestricted 9 4

Organization 13 6

Table 11: MT systemID

CE
Small

ATR-SMT (ATR-S) : [10]
HIT : [11]
IAI : [12]
IBM : [13]
IRST : [14]
ISI : [15]

ISL-SMT (ISL-S) : [16]
RWTH : [17]
TALP : [18]

Additional
IRST : [14]
ISI : [15]

Unrestricted
CLIPS : [19]
HIT : [11]
IBM : [13]
ICT : [20]

IRST : [14]
ISI : [15]

ISL-EDTRL (ISL-E) : [21]
ISL-SMT (ISL-S) : [16]

NLPR : [22]

JE
Small

ATR-SMT (ATR-S) : [10]
IBM : [13]
ISI : [15]

RWTH : [17]

Unrestricted
ATR-HYBRID (ATR-H) : [10]

CLIPS : [19]
RWTH : [17]
UTokyo : [23]

2.7. Evaluation Campaign Schedule

The schedule of the evaluationcampaign is summarizedin
Table 12. The trainingcorpus of thesuppliedIWSLT04 cor-

Table 12: Evaluation campaignschedule

Event Date
EvaluationSpecifications February15,2004
ApplicationSubmission April 15,2004
Notificationof Acceptance April 30,2004
SampleCorpusRelease May 7, 2004
TrainingCorpusRelease May 21,2004
DevelopmentCorpusRelease July15,2004
EvaluationServerOnline August1, 2004
TestCorpusRelease August9, 2004
RunSubmission August12,2004
ResultFeedbackto Participants September10,2004
Camera-readyPaperSubmission September17,2004
Workshop September30 - October1, 2004

puswasreleasedthreemonthsin advanceof theofficial test
runs.Theparticipantswereableto validate their systemper-
formanceoneweekahead by submittingtranslationresults
of the development datasetby usingthe automatic evalua-
tion server.

Theofficial testrunperiodwaslimited to threedays,dur-
ing which the automatic scoring result feedback from the
evaluation server to the participantvia email wasswitched
off in orderto avoid any systemtuningwith thetestsetdata.

After theofficial testrunperiod,theparticipantsstill had
accessto theevaluationserver in order to try out new ideas
andcomparetheireffectivenesstowardtheirown official test
run results(automatic scoringonly). In addition, the par-
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Table 13: Expected differencebetween two assessments
when each translationwas evaluated twice by the same
grader.

GraderID Fluency Adequacy
G0 0.21 0.33
G1 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 extendedversion12 of the evalu-
ation server that allowed themto selectspecificevaluation
parametersandvalidate the robustnessof their MT systems
for differentevaluationspecifications.Pleasereferto thepar-
ticipantsMT systemdescriptionsin the IWSLT04 workshop
proceedingsfor detailson their findings.

3. Evaluation Results

3.1. SubjectiveEvaluation Results

Thissectionreportsresultsonsubjectiveevaluationswith re-
gardsto thefollowing points:

$ How consistentlydid each grader evaluate transla-
tions?

$ How consistentlydid agroupof threegradersevaluate
them?

$ How wereMT systemsranked according to subjective
evaluation?

The variance among subjective evaluations was caused
by thevariancewithin graders(intra-gradervariance)andthe
variancebetweengraders (inter-gradervariance). Thus,after
analyzing thesevariances,the MT systemswereranked ac-
cordingto subjectiveevaluationwith regard to theanalysis.

3.1.1. Self-consistencyof Graders

This section shows the results of checking the self-
consistency of subjectiveevaluationfor each grader. For this
purpose,thegraders evaluated100randomly selectedtrans-
lations13 twice. Thischecking wasscheduledsothatthesec-
ond assessmentsdid not follow the first assessments.For
eachgrader, theaveragedifferencebetweenthefirst andsec-
ondgradeswascalculated,andtherateof thefirst andsecond
gradesbeingdifferentwasalsocalculated. Table 13 shows
theexpecteddifferencebetweenthetwoassessmentsfor each
grader. Table 14shows theerrorratefor each grader.

12https://www.slt.atr.jp/EVAL
13Notethatthe100translationsweredifferentfor eachgrader.

Table 14: Error rateof eachgraderin the sametrial asTa-
ble13

GraderID Fluency Adequacy
G0 0.19 0.23
G1 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

Theexpecteddifferencesof fluency andadequacy ranged
from 0.21to 0.77andfrom 0.33to 0.64, respectively, which
were around0.4 on average. This indicates that the qual-
ity of two MT systemswhosedifferencein eitherfluency or
adequacy is lessthan0.8 cannot be distinguished. In other
words,we cannot judgewhich MT systemis betterby this
subjectiveevaluationresultsby regarding individual grader’s
error.

As shown in Table 14, theerror rateswereconsiderably
largerthanexpected.Even in thesmallestcase,indicatedby
bold-facefigures,they werearound 20%.

Subjectiveevaluationis aclassificationtask.If wemerge
two classesthat are difficult to distinguish,we can reduce
theerrorratein practice. To reducetheerrorrate,theauthors
consideredfour binaryclassificationsasfollows:

$ “5” versus“lessthan5”,
$ “larger thanor equal to 4” versus“lessthan4”,
$ “larger thanor equal to 3” versus“lessthan3”, and
$ “larger thanor equal to 2” versus“lessthan2”.

Tables15and16show theerrorratesof theabovebinary
classificationsin fluency andadequacy, respectively. Theer-
ror ratesof thebinary classificationsin fluency andadequacy
(cf. Tables15 and16) weremuchsmallerthanthoseof the
5-gradeclassification(cf. Table 14). Theminimalerrorrates
of thebinaryclassifications ranged from 0.01to 0.07.

3.1.2. Consistencyof Median Grades

This section shows the results of checking consistency
among the mediangrades of threegraders. For this check,
100 translationswere randomly selectedfrom all MT out-
putssubmittedfor subjective evaluationandevaluatedby all
human graders.For eachpair of teamsfor threegradersas
shown in Table7, theaverageof differencesbetween median
grades wascalculated. Table 17 shows the expecteddiffer-
ence between two mediangrades. Theexpecteddifferences
of fluency andadequacy ranged from 0.44to 0.75andfrom
0.34to 0.61, respectively, which werearound0.55on aver-
age.

This indicatesthat the performance of two MT systems
whosedifferencein eitherfluency or adequacy is lessthan
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Table 15: Error rateof binaryfluency classifications

Grader’s ID 5 or less & 4 or not & 3 or not & 2 or not
G0 0.01 0.07 0.06 0.07
G1 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: Error rateof binaryadequacy classifications
Grader’s ID 5 or less & 4 or not & 3 or not & 2 or not

G0 0.08 0.10 0.07 0.08
G1 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

1.1cannotbedistinguished.thuswecannot judgewhichMT
systemis betterby thesesubjectiveevaluationresultswithout
giving considerationto individualgrader’serror.

3.1.3. Ranking MT Systems

From the discussionsin Sections 3.1.1 and 3.1.2, the au-
thorsshow two typesof ranking listsaccordingto theaverage
gradesandthe ratiosof 5-gradetranslations.The error rate
of the first binary classificationdescribedin Section3.1.1,
“5” versus“less than5”, is the smalleston averageamong
the four binary classifications.For morereliableranking, a
rankingbasedon thefirst binaryclassificationwasaddition-
ally calculated.

The first ranking lists are typically usedin MT system
comparisons,whicharehereafter calledthe regular rank ing
lists. The scoresin this ranking are in the rangeof [0,5].
Higher scoresindicatethat the corresponding MT systems
arebetter, but they arenotnecessarilyusefulfor ouranalysis
becausethe self-consistency of each grader was low; here
they aregiven for comparisonpurposesonly.

Therefore,in addition to theregular rankingof MT sys-
tems,weconductedanalternativerankingaccordingto ratios
of 5-gradetranslations.In this ranking,weusedassessments
by thegrader whoseerrorratewasthesmallestamongthree
graders.Table 18 shows theerror ratefor this ranking. The
values whose headis “Total” are the weighted average of
the error ratesfor Teams1 to 4, wherethe weightsare the
number of sourcesentencesassignedto eachteam(cf. Table
18). Thesecondrankinglistsaremorereliable,andtheseare
hereaftercalledthe alternative rank ing lists. Thescoresin

Table 17: Expecteddifferencebetweentwo mediansof three
graders by team

Fluency Adequacy
T2 T3 T4 T2 T3 T4

Team1 (T1) 0.49 0.75 0.47 0.54 0.61 0.34
Team2 (T2) – 0.68 0.66 – 0.59 0.48
Team3 (T3) – – 0.44 – – 0.51

Ave. 0.58 0.51

Table 18: Error rateof assessmentsby graderwith thesmall-
esterrorrateamong threegraders

Fluency Adequacy

Team1 0.01 0.07
Team2 0.05 0.09
Team3 0.05 0.05
Team4 0.01 0.05
Total 0.03 0.07

this rankingarein therangeof [0,1]. Higherscoresindicate
thatthecorresponding MT systemsarebetter.

Note that the regular ranking lists arebasedon the me-
dians,each of which is a medianamongthegrades by three
graders, while the alternative ranking lists arebasedon the
gradeassignedby thegraderwith thesmallesterrorrate.

Table 19 shows theregular rankinglists andthealterna-
tiverankinglists. In sometracks,aline is foundbetweentwo
MT systemIDs. In theregular ranking,this indicatesthatthe
differencebetween scoresabove the line is within twice the
value of the corresponding expecteddifferenceon average,
0.58for fluency or 0.51for adequacy asshown in Table 17.
In the alternative ranking, this indicatesthat the difference
between scoresabovetheline is within twicethevalueof the
corresponding errorratein total,0.03for fluency or 0.07for
adequacy asshown in Table 18. For theCEsuppliedtrackin
theregular rankingin Table 19 , for example,a line is found
between theMT’sID in thefirst placeandtheMT’sID in the
last place in the second andthird columns. With regards to
fluency, wecannot judgewhichMT systemis betterthanthe
othersamong the top five MT systems.On the otherhand,
no line is found between the MT’s ID in the first placeand
theMT’s ID in the lastplacein the forth andfifth columns.
With regards to adequacy, we cannot judgewhich MT sys-
tem is betterthanthe othersamong all the MT systemson
this track. Moreover, in sometracks,we canfind a asterisk
mark ( ' ): The scoreof a marked MT systemis not signif-
icantly lessthan that of the MT systemplacedin the first
position,whichwascalculatedaccording to a t-testbasedon
5-fold crossvalidation. Hereafter, all scoresof eitherad-
equacy or fluency arecomparedwith the highest scoresof
each track.

A summaryof the alternative ranking for each track is
as follows: in the CE suppliedtrack, the secondbestMT
systemhasa fluency scorethat is twice smallerthantheex-
pecteddifferenceof 0.03; andall MT systemsexceptthelast
have adequacy scoreswithin twice thevalue of theexpected
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differenceof 0.07. In the CE additional track, the second
bestMT systemhasafluency scorethatis twicesmallerthan
theexpecteddifference; andall MT systemshave adequacy
scoreswithin twice thevalueof theexpecteddifference. In
theCEunrestrictedtrack,thetwo bestMT systemshaveflu-
ency andadequacy scoreswithin twice the value of the ex-
pecteddifference. In the JE suppliedtrack, the second best
MT systemshasafluency scorethatis twicesmallerthanthe
expecteddifference; andall MT systemsexceptthelasthave
adequacy scoreswithin twicethevalueof theexpecteddiffer-
ence. In theJEunrestrictedtrack,thesecondbestMT system
hasfluency scorethat is twice smallerthantheexpecteddif-
ference;andthebesttwo MT systemshave adequacy scores
within twice the valueof the expecteddifference. A sum-
maryof theregular rankingfor eachtrackis omittedbecause
it is easyfor thereadersto follow them.

Although the objective of this paper is not to discuss
thesuperiority of MT systems,for convenience, theauthors
briefly summarizethe commontendencieswith regular and
alternativerankingsandsomedistinctiveobservationsasfol-
lows: (1) SMT or Hybrid MT systemswere ranked in the
upper-half positions,thatis,ATR-SMT, ISL-SMT, ISI, IRST,
andRWTH for the CE suppliedtrack; IRST for the CE ad-
ditional track; IRST, andISL-SMT for the CE unrestricted
track;ATR-SMT, ISI, andRWTH for theJEsuppliedtrack;
and ATR-Hybrid and RWTH for the JE unrestrictedtrack.
(2) Most MT systemwerebetterthanonly oneRBMT. (3)
For adequacy, ATR-SMT was ranked in a lower-half posi-
tion in theregular ranking,but it wasranked in anupper-half
positionin thealternative ranking.

3.2. Automatic Evaluation Results

Table 20 shows the rankinglists according to theautomatic
evaluationmetrics.Asteriskmarks( ' ) in thistabledenotethe
samestatusasin Table 19 (insignificant difference between
themarkedMT systemandthebestMT system).

A summaryof ranking lists on each track according to
mWERis asfollows: In theCE suppliedtrack,only thesec-
ond andthird bestMT systemsin mWER have scoresthat
arenot significantly differentfrom that of the bestMT sys-
tem.In theCEadditional track,thesecondbestor worseMT
systemshave mWER-scores thataresignificantly inferior to
that of the bestMT system. In the remainingthreetracks,
the resultsarethe sameasin the CE additional track. The
summariesof rankinglistsoneach trackaccording to there-
mainingautomatic evaluationmetricsareomittedbecauseit
is easyfor thereadersto follow them.

As with the subjective evaluation results, the authors
briefly summarizethecommon tendenciesin rankingaccord-
ing to theautomatic evaluationmetricsasfollows: (1) SMT
andHybrid MT systemswereranked in the upper-half po-
sitions,that is, ATR-SMT, RWTH, IRST, ISI, andISL-SMT
for theCE suppliedtrack; IRST for theCE additional track;
IBM, IRST, ISL-SMT, and ISL-EDTRL for the CE unre-
strictedtrack;RWTH, andISI for theJEsuppliedtrack;and

ATR-Hybrid, RWTH for theCEunrestrictedtrack.(2) Some
SMT systems,includingISL-SMT andRWTH, wereranked
in thebestor secondbestpositionin therankinglists corre-
sponding to almostof all the automatic evaluationmetrics,
even if they might have beenoptimizedwith a particularau-
tomaticevaluationmetric.

3.3. Corr elation between Subjective and Automatic
Evaluation Results

Table 21 shows thecorrelationco-efficientsbetweensubjec-
tive and automatic evaluation results. (A) shows the cor-
relationco-efficientsbetween average grades for eitherflu-
ency or adequacy andautomatic evaluation scores;(B) and
(C) show the correlationco-efficientsbetween ratios of 5-
gradetranslationsfor eitherfluency or adequacy andauto-
maticevaluationscores.

(A) and (B) are the resultsbasedon either all CE MT
systemsor all JEMT systems;(C) is theresultsbasedon ei-
therpartialCEMT systemsor partialJEMT systems,which
were selectedsuch that the differences in the their scores
were twice larger thanthe error rates. A partial versionof
(A) wasnotbecalculatedbecausethenumber of theremain-
ing MT systemwastwo or three.

As shown in the upper resultof (A), BLEU is the auto-
matic evaluation metric most closely correlatedto average
grades of fluency for CE or JEMT systems.Thus,BLEU is
themostpromisingautomatic evaluationmetricaccording to
averagegradesof fluency.

As shown in the lower resultof (A), NIST is the auto-
matic evaluation metric mostcloselycorrelatedto the aver-
agegradesof adequacy for CE or JE MT systems. Thus,
NIST is themostpromisingautomatic evaluationmetricac-
cordingto averagegradesof adequacy.

As shown in theupperresultof (B) and(C), BLEU is the
automatic evaluationmetricmostcloselycorrelatedto ratios
of 5-gradetranslationsin fluency for CE or JEMT systems.
Thus,BLEU is themostpromisingautomaticevaluationmet-
ric according to ratiosof 5-gradetranslationsin fluency.

As shown in the lower result of (B), BLEU is the au-
tomatic evaluation metric most closely correlatedto ratios
of 5-gradetranslationsin adequacy for CE MT systemsbut
only the fourth mostcloselycorrelatedto ratiosof 5-grade
translationsin adequacy for JE MT systems.mWER is the
automatic evaluationmetricmostcloselycorrelatedto ratios
of 5-gradetranslationsin adequacy for JEMT systemsbut as
well asthethird mostcloselycorrelatedto ratiosof 5-grade
translationsin adequacy for CE MT systems.On the other
hand, asshown in the lower resultof (C), mPERis the au-
tomaticevaluationmetricmostcloselycorrelatedto ratiosof
5-gradetranslationsin adequacy for CE or JE MT systems.
Considering theseobservations, we could not saywhich is
best,thelower resultof (B) or (C). Therefore,from thesere-
sults,we couldnot judgewhich automatic evaluationmetric
is the mostpromisingin regard to ratiosof 5-gradetransla-
tionsin adequacy.
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4. Discussion

Various problems of subjective evaluation (fluency, ade-
quacy) werefoundthroughthisevaluationcampaign.A sum-
maryof key findings is given asfollows:

$ The gradedescriptionis ambiguous. As a result, the
interpretationof gradesfor fluency or adequacy de-
pendedoneachgrader.

$ Self-consistency of agrader’ssubjectiveevaluationre-
sults was poor due to the way the translationsto be
evaluated were displayedor to the way the graders
wereselected.

$ Thevarianceof mediangradesbymultiplegraderswas
large due to the way the graders wereselected.The
number of gradersis requiredto beassmallaspossi-
ble.

$ Somesingle referencetranslationsshown to graders
for adequacy evaluation were ambiguous, which re-
sultedin the interpretationsof somereference trans-
lationsbeingdependentto graders.

$ (adequacy) Sometimesthe translationhasMORE in-
formationthanthe reference translation. If the infor-
mation was of considerableimportance or essential,
thelowestrankwasassigned.

$ (adequacy) Sometimesthe English is OK in part of
the sentencebut had incomprehensiblepartsaswell.
If the incomprehensible parts came at the begin-
ning of the sentence, the gradersoften gave the ade-
quacy a higher scorebecausethesentence endedwith
somethingunderstandable. However, if the sentence
ended with something incomprehensible,lower rank-
ingsweregiven. If it camein themiddle(e.g.,“do you
have redcoffeeor tea”) it could goeitherway.

$ (adequacy) If numerical expressionswere not trans-
lated exactly, frequently the lowest grade(“None of
it”) wasassigned.

$ (fluency) The rank of very short utterances such as
“Okay” dependsonthewordandthesituationcontext.

$ (fluency) Sometimes thetargetsentence wasflawless,
but the meaning of the translationand the reference
translationswere completely different (highest rank
for fluency andlowestfor adequacy).

We needsubjective evaluation resultsthat are as error-
free aspossibleto further promoteautomatic evaluation re-
search.Theauthors will discusstheabove problemsin this
workshop.
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Table 19: Ranking lists according to subjectiveevaluationresults

Chinese-to-English(CE)

Regular ranking

Track Fluency Adequacy
Score MT ID Score MT ID

CE U 3.776 ( IRST 3.662 ( ISL-S
3.776 ( ISL-S* 3.526 ( IRST*
3.400 ) NLPR 3.254 ) ISL-E
3.036 ( IBM 3.188 * HIT
2.954 ( ISI 3.082 * ICT
2.934 ) ISL-E 2.996 ( IBM
2.718 * ICT 2.960 + CLIPS
2.648 * HIT 2.800 ) NLPR
2.570 + CLIPS 2.784 ( ISI

A 3.256 ( IRST 3.110 ( IRST
2.846 ( ISI 2.724 ( ISI

S 3.820 ( ATR-S 3.338 ( RWTH
3.356 ( RWTH 3.088 ( IRST
3.332 ( ISL-S 3.084 ( ISI
3.120 ( IRST 3.056 * HIT
3.074 ( ISI 3.048 ( ISL-S
2.948 ( IBM 3.022 ( TALP
2.914 ) IAI 2.950 ( ATR-S
2.792 ( TALP 2.938 ) IAI
2.504 * HIT 2.906 ( IBM

Alternative ranking

Track Fluency Adequacy
Score MT ID Score MT ID

CE U 0.558 ( IRST 0.446 ( ISL-S
0.532 ( ISL-S* 0.394 ( IRST
0.406 ) NLPR 0.294 ) ISL-E
0.326 ( IBM 0.258 * ICT
0.296 ) ISL-E 0.250 ( IBM
0.286 ( ISI 0.228 ) NLPR
0.224 * HIT 0.226 * HIT
0.222 * ICT 0.178 ( ISI
0.180 + CLIPS 0.164 + CLIPS

A 0.410 ( IRST 0.316 ( IRST
0.284 ( ISI 0.212 ( ISI

S 0.582 ( ATR-S 0.338 ( RWTH
0.420 ( ISL-S 0.296 ( ATR-S*
0.390 ( RWTH 0.290 ( ISL-S*
0.356 ( IRST 0.284 ( IRST*
0.344 ( ISI 0.268 ( ISI
0.314 ( IBM 0.258 ) IAI
0.278 ) IAI 0.250 ( TALP
0.246 ( TALP 0.232 ( IBM
0.186 * HIT 0.196 * HIT

Japanese-to-English(JE)

Regular ranking

Track Fluency Adequacy
Score MT ID Score MT ID

JE U 4.308 ) ATR-H 4.208 ) ATR-H
4.036 ( RWTH 4.066 ( RWTH
3.650 * UTokyo 3.316 * UTokyo
2.472 + CLIPS 2.602 + CLIPS

S 3.484 ( ATR-S 3.412 ( RWTH
3.480 ( RWTH* 3.086 ( ISI
3.106 ( IBM 2.990 ( IBM
3.102 ( ISI 1.942 ( ATR-S

Alternative ranking

Track Fluency Adequacy
Score MT ID Score MT ID

JE U 0.698 ) ATR-H 0.600 ) ATR-H*
0.608 ( RWTH 0.564 ( RWTH
0.506 * UTokyo 0.360 * UTokyo
0.170 + CLIPS 0.120 + CLIPS

S 0.520 ( ATR-S 0.358 ( RWTH
0.440 ( RWTH 0.304 ( ISI
0.368 ( ISI 0.262 ( IBM
0.334 ( IBM 0.126 ( ATR-S

,.-0/.-213-54�176 appendedto MT ID indicatesthattheMT systemis SMT, EBMT, RBMT, or Hybrid MT, respectively.
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Table 20: Ranking lists according to automatic evaluationresults

Chinese-to-English(CE)

mWER mPER BLEU NIST GTM
Track Score MT ID Score MT ID Score MT ID Score MT ID Score MT ID

CE U 0.379 ( ISL-S 0.319 ( ISL-S 0.524 ( ISL-S 9.56 ( ISL-S 0.748 ( ISL-S
0.457 ( IRST 0.393 ( IRST 0.440 ( IRST 7.50 ) ISL-E 0.684 ( IBM
0.525 ( IBM 0.427 ) ISL-E 0.350 ( IBM 7.36 ( IBM 0.671 ( IRST
0.531 ) ISL-E 0.442 ( IBM 0.311 ) NLPR 7.24 ( IRST 0.666 ) ISL-E
0.573 ( ISI 0.487 * HIT 0.275 ) ISL-E 6.13 * HIT 0.611 * HIT
0.578 ) NLPR 0.499 ( ISI 0.243 * HIT 6.00 + CLIPS 0.602 ( ISI
0.594 * HIT 0.531 ) NLPR 0.243 ( ISI 5.92 ) NLPR 0.584 + CLIPS
0.658 + CLIPS 0.542 + CLIPS 0.162 + CLIPS 5.42 ( ISI 0.563 ) NLPR
0.846 * ICT 0.765 * ICT 0.079 * ICT 3.64 * ICT 0.386 * ICT

A 0.496 ( IRST 0.420 ( IRST 0.351 ( IRST 7.39 ( IRST 0.655 ( IRST
0.572 ( ISI 0.480 ( ISI 0.311 ( ISI 5.82 ( ISI 0.632 ( ISI

S 0.455 ( RWTH 0.390 ( RWTH 0.454 ( ATR-S 8.55 ( RWTH 0.720 ( RWTH
0.469 ( ATR-S* 0.404 ( ISL-S* 0.414 ( ISL-S 8.34 ( ISL-S* 0.694 ( ISL-S
0.471 ( ISL-S* 0.420 ( ATR-S 0.408 ( RWTH 7.85 ) IAI 0.685 ) IAI
0.488 ( ISI 0.425 ( ISI 0.374 ( ISI 7.74 ( ISI 0.672 ( ISI
0.507 ( IRST 0.430 ( IRST 0.349 ( IRST 7.48 ( ATR-S 0.670 ( ATR-S
0.532 ) IAI 0.451 ) IAI 0.346 ( IBM 7.12 ( IBM 0.665 ( IBM
0.538 ( IBM 0.452 ( IBM 0.338 ) IAI 7.09 ( IRST 0.647 ( TALP
0.556 ( TALP 0.465 ( TALP 0.278 ( TALP 6.77 ( TALP 0.644 ( IRST
0.616 * HIT 0.500 * HIT 0.209 * HIT 5.95 * HIT 0.601 * HIT

Japanese-to-English(JE)

mWER mPER BLEU NIST GTM
Track Score MT ID Score MT ID Score MT ID Score MT ID Score MT ID

JE U 0.263 ) ATR-H 0.233 ) ATR-H 0.630 ) ATR-H 11.25 ( RWTH 0.824 ( RWTH
0.305 ( RWTH 0.249 ( RWTH* 0.619 ( RWTH* 10.72 ) ATR-H* 0.796 ) ATR-H
0.485 * UTokyo 0.420 * UTokyo 0.397 * UTokyo 7.88 * UTokyo 0.672 * UTokyo
0.730 + 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 ( ISI 8.46 ( ISI 0.732 ( ISI
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

,.-0/.-213-54�176 appendedto MT ID indicatesthattheMT systemis SMT, EBMT, RBMT, or Hybrid MT, respectively.
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Table21: Correlationco-efficientsbetween subjective andautomaticevaluationresults

(A) Regular rankingvs. automatic ranking(All)

Fluency

mWER mPER BLEU NIST GTM
CE -0.7124 -0.5830 0.8505 0.5995 0.5132
JE -0.8867 -0.7836 0.9404 0.5995 0.6387

Adequacy

mWER mPER BLEU NIST GTM
CE -0.4324 -0.4404 0.4376 0.5318 0.3711
JE -0.8978 -0.9376 0.7884 0.9701 0.9401

(B) Alternative rankingvs. automaticranking(All)

Fluency

mWER mPER BLEU NIST GTM
CE -0.7214 -0.6010 0.8600 0.5950 0.5214
JE -0.8252 -0.7032 0.9070 0.4871 0.5383

Adequacy

mWER mPER BLEU NIST GTM
CE -0.6427 -0.5779 0.7407 0.6820 0.5136
JE -0.9690 -0.9641 0.9157 0.9176 0.9152

(C) Alternative rankingvs. automatic ranking(Partial)

Fluency

mWER mPER BLEU NIST GTM
CE -0.8734 -0.6743 0.9548 0.5736 0.5454
JE -0.8376 -0.7223 0.9288 0.5089 0.5632

Adequacy

mWER mPER BLEU NIST GTM
CE -1.0000 -1.0000 1.0000 1.0000 1.0000
JE -0.9894 -0.9984 0.9195 0.9907 0.9977
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