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Abstract
This paperdiscusseghe challengeghat arise when large speechcorporareceve an ever-broadeningrangeof diverseand distinct
annotationsTwo casestudiesof this processarepresentedthe SwitchboardCorpusof telephonecorversationsandthe TDT2 corpus
of broadcashews. Switchboarchasundegonetwo independentranscriptionsandvarioustypesof additionalannotationall carried
out as separateprojectsthat were dispersedoth geographicallyand chronologically The TDT2 corpushasalsoreceved a variety
of annotationsput all directly createdor managedy a coregroup. In both casesjssuesariseinvolving the propagatiorof repairs,
consistenyg of referencesandthe ability to integrateannotationsaving differentformatsandlevels of detail. We describea general

frameavork wherebytheseissuescanbeaddresseduccessfully

1. Intr oduction

Any well-constructeadorpusof speectdatacanprovide
avaluableresourcefor a wide variety of usesin language
researctandtechnologydevelopmentespeciallyif thecor
pusis centerecbn commonandnaturally-occurringspeech
events.Both the potentialandthe motivationfor re-usen-
creasawith the sizeof the corpus:largercorporaprovide a
betterrepresentationf linguistic diversity andvariability,
and so are richer objectsof study for ary researchgoal;
also, the expenseand effort that go into the creationof a
large corpus,typically on behalf of a particularresearch
programcanprovide powerful leveragefor researcherms-
volvedin otherprojectsor areasof study

It is oftenthecasethatanew useof acorpuswill require
a new annotationthat was not part of the initial corpus
creationeffort. But for large corpora,it often happens
thatthe new annotationsanbe appliedonly to subsetof
the collection,dependingon the difficulty of the new task
andthe resourceswvailableto carryit out. In this case,it
becomesncreasinglyimportant,andincreasinglydifficult,
to maintainthe coherencef sharedesources.

The Linguistic Data Consortium (LDC) has been
involved in managingmultiple annotationsof two large
speectrorpora:the SwitchboardCorpusof corversational
telephonespeech(SWB), and the Topic Detectionand
Tracking corpus of broadcastnews (TDT). In the case
of SWB, the original corpuscreationand all subsequent
annotationshave beendone by othersoutsidethe LDC,
and we have actedsimply asthe centralpoint of contact
andaccesdor all usersandannotatorsin the caseof TDT,
LDC personnehave beenresponsiblefor mostforms of
annotatiordonesofar.

The following sectionswill review thesecorporain
termsof theiroverallcontenttheparticulartypesof annota-
tionsthathave beenappliedto themsofar, andtherelative
coverageof thoseannotationgincluding the overlap that
existsamongthem).We thendiscusssomeof theproblems
that arosedueto localizeddatarepairsthat were applied

in someannotationsand measurethe extent of referen-
tial consisteng amongthe diverseannotationsFinally, we
describehow the applicationof annotatiorgraphstructure
to the variousderivative datasetsprovidesa powerful and
flexible meandor comparingandintegratingtheircontents.

2. The Switchboard Corpus

Switchboard-1thefirst large collectionof spontaneous
corversationakpeechover the telephonewascollectedin
1990by TexasInstrumentgTl) (Godfrey etal., 1992).The
current publishedcorpuscomprises2438 calls involving
520 native spealers of AmericanEnglish, recruitedfrom
all over the United States. The calls rangebetweenfive
andtenminutesin length,andeachcall containsa unique
pairing of spealers. Individual spealersaredesignatedy
identificationnumbers,and informationis provided asto
theirgenderage,educatioranddialectregion. Onaverage,
eachspealer appearsn aboutnine calls (therangeof calls
perspealer variesbetweerl and32).

Thespeechdatafor eachcallis providedin theform of a
two channeinterleavedsamplédfile; thetwo channelsdes-
ignated“A” and“B”, representhe mu-lav encodedsignal
received from the telephonehandsetf the two spealers
participatingin thecall.

2.1.

Tl createdaninitial setof manualtranscriptsemploy-
ing professionallytrainedtranscriberequippedwith ana-
log tapecopiesof the samplefiles. Thesetranscriptsvere
thensubmittedto an automaticspeectrecognition(ASR)
processto establishapproximatetime alignmentsat the
word level.

Theinitial publicationof the corpusin 1993 contained
2288 calls on 25 CD-ROMS (additionalcalls were being
heldin resenre at thattime for future useastestdata). A
separateCD-ROM provided the transcriptsin two forms
(two files per call): (1) the original text files as created
by transcribersjncluding a genericheaderwith informa-
tion aboutthe call, andspealer designationg“A” or “B”)
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for eachturn in the dialog, but no time annotations;(2)
the time-alignedversionof the text, with oneword token
perline, accompaniedby the spealer designationandthe
beginning time and durationof the word. The transcript
releasealsoincludeddocumentatiorandtablesdescribing
thecorpuscontent.

Giventhesize,compleity andnovelty of this effort, a
variety of problemsaffectedthe first releaseof the corpus
by the LDC:

¢ In about200calls,thetranscriberhadmademistales
in assigninghespealerlabels(“A” or “B”) to someor
all of theturnsin thetranscriptsBecausdhe spealer
labelis intendedto representhe signalchannein the
speecHile, anerrorin the spealer labelwould direct
the corpususerto the wrong channelwhenretrieving
theaudiodatafor agiventurnin thedialog.

e Othermoretypical kinds of errors,involving misper
ceptionsby transcriberaboutwhatwassaid,presum-
ably affectednearlyall files, but only to a very small
degree.

e The ASR word alignmentwas appliedto a single-
channelcombined)ersionof the speecldata,andso
wasnotaffectedby spealerlabelerrors,but it wasrel-
atively ineffective in regionswhereturnsoverlapped
in time, andwherethetranscriptcontainecomissions,
additionsor substitution®f wordsrelativeto whathad
beenspolen.

¢ In about30 calls, the two forms of transcriptdatadid
not matchup in termsof the numberof spealer turns
presenin thedialog.

e For about30 additionalcalls, someor all of the tran-
scriptdatawereabsentrom the publication,because
the text files were missing,incompleteor corrupted
dueto errorsin preparingthe publication.

In 1994,the LDC releasedn “interim” versionof the
transcriptsfixing all casesof the last two typesof prob-
lems,andaboutone quarterof the files containingknown
spealerlabel errors(particularly thosefiles wherethe la-
bel errorswerelimited to small portionsof the transcript).
Theremainingspealer-labelproblemsveredocumenteas
well aspossible,but were not fixed, nor wasary attempt
madeto correctother transcriptionor time-alignmenter-
rors.

2.2. Subsequent@annotations

Sincethe initial releaseof SWB transcriptsa number
of researclsiteshave usedthis data,eitherwith or without
referenceto the speechasinput to a rangeof divergent
annotationprojects. Theseare briefly describedbelaw, in
roughlychronologicabrder Someof theresultingannota-
tionsaredisplayedn Figurel.

Phrase-level time stamps(BBN)

Thefirst applicationof SWB datafor researchn large
vocahulary corversationakpeechrecognitionwasin con-
junctionwith the DARPA LVCSR project. In preparation

for initial trainingon SWB, researcherat BBN createda
modifiedversionof the original Tl transcripts,andcircu-
latedthisamongtheLVCSRparticipantsThemodification
involvedforming time-stampedphrasal”regionsfrom the
word-level time-alignedranscriptsandassigninga unique
identifierto eachregion. This produceda segmentatiorof
the dialogsthatdifferedfrom the turn units createcby the
original transcribers:a single time-stampeghrasemight
encompaspartsof two consecutie turns, if the original
transcribehadbrokenupthephrasen orderto insertanin-
terruptionby theotherspealer; also,multipletime-stamped
phrasesmight be derived from a single turn, if that turn
wasconsideredoo long for reliable ASR processing.The
spealer-labelerrorsmentionedabove werenot repairedin
this procesqthougha list of affectedfiles was circulated
amongLVCSR participants). This form of the transcripts
hasnever beenmadeavailablethroughthe LDC.

Disfluencyannotation (Penn TreebankProject)

As a preliminary stepto preparefor Treebankannota-
tion, 650 transcriptfiles were selectedrom the LDC “in-
terim” releaseandannotatedor varioustypesof disflueny
that occurredin the spontaneouspeech.This annotation
wasessentiallytext-basedrelying entirelyontherepresen-
tation of disfluenciedn the (non-time-aligned}ranscripts
(seeFigurel). Theobjectivewasto taghesitationsstutters,
word fragmentsrestarts,and a limited classof discourse
markers,sincetheseelementsn thetranscriptsvould con-
stitute exceptionsor barriersto syntacticanalysis. These
annotationsareincludedin the current“Treebank3” cor-
pus,availablefrom the LDC.

POS-tagging,parsing (Penn TreebankProject)

Building ontheoutputof thedisflueng annotationsthe
PennTreebankProjectappliedpart-of-speeclaggingand
syntactigparsingto the650files thathadbeenselectedsee
Figurel). In the courseof this annotationa small num-
ber of correctionswere madeto the text data, consisting
mostly of repairsto punctuatiorandreplacementsf some
incorrectwords. Again, this annotationwas donewithout
referenceto the audiodata. It is currentlyavailableasthe
“Treebanl3” corpus.

Discourseannotation (Univ. of Colorado, SRI)
Thisannotatiorprojectsetoutto “model thespeeclact
type of eachutterance”and “model sociolinguisticfacts
aboutcorversationstructure.”. (Jurafsky et al., 1997) It
builds on the disflueny annotationmentionedabove, us-
ing the sameconceptuabasisfor segmentingdialog turns
into phraseg“utterances”thatarecohesvein termsof the
speechactsbeingperformed.An exhaustve sggmentation
of suchutterancesvas carriedout on 1155 corversations,
andeachutterancevascateyorizedasto speeclactor dis-
coursefunction. All 650 files covered by the Treebank
Projectareincludedin this set. The datais available di-
rectly from the Universityof Colorado(Jurafslky, 1997).

Phonetictranscription (ICSI)
The InternationalComputerSciencenstitute (ICSI) at
the University of California, Berkeley, begana projectin



Aligmed Word Part of Speech Disfluency
B 19.44 0.16 Yeah, ==================== B. 22: Yeah, / no one seens to be adopting it. /
B 19.60 0.10 no [ Speaker B22/ SYM ] Metric system [ no one's very, + F uh, no one wants ]
B 19.70 0.10 one . it at all seens like. /
B 19.80 0.24 seens ==================== A 23: F U [ [ the, +the, ] +the]
B 20.04 0.02 to public is just very conservative that way in
B 20.06 0.12 be Yeah/ UH , /, refusing to change neasurenent systens,
B 20.18 0.50 adopting [ no/ DT one/ NN ] F uh, noney, dollar, coins, anything like that. /
B 20.68 0.16 it. seenms/ VBZ to/ TO B. 24: Yeah <l aughter>. /
B 21.86 0.26 Metric be/ VB adopt i ng/ VBG A 25: [[ CAd, + Cand, ] +Cand ]
B 22.12 0.26 system [ it/IPRP] .. [ it + <breathing> it ] obviously makes no sense
B 22.38 0.18 no that we're practically alone in the world [ in, +in]
B 22.56 0.06 one's [ Metric/JJ system NN ] using the old system /
B 22.86 0.32 very, A,
B 23.88 0. 14 uh, [ no/ DT one/ NN ]
B 24.02 0.16 no 's/ BES very/RB ,/, TreEbank
B 24.18 0.32 one [ uh/WH] ,/,
B 24.52 0.28 wants [ no/ DT one/ NN ] ((CODE SpeakerB22 .))
B 24.80 0.06 it want s/ VBZ ((INTJ Yeah , E_9))
B 24.86 0.12 at [ it/PRP] ((S (NP-SBJ-1 no one)
B 24.98 0.22 all at/IN (VP seens
B 25.66 0.22 seens [ all/DT] (S (NP-SBJ *-1)
B 25.88 0.22 like. seens/VBZ like/IN ./. (VP to (VP be (VP adopting (NP it)))))) . E.S))
A 28.44 0.28 Uh, ((S (NP-TPC Metric system) ,
A 29.26 0.14 the, S=================== (S-TPC-1 (EDITED (RM[)
A 29.48 0.14 the, [ Speaker A23/ SYM ] (S (NP-SBJ no one)
A 29.82 0.10 the . (VP ''s (ADIP-PRD-UNF very))) ,
A 29.92 0.34 public =================soc (1P +)) (INTJ uh) ,
A 30.26 0.06 is (NP-SBJ no one)
A 30.32 0.22 just [ WWUW] ./, (VP wants (RS]) (NP it) (ADVP at all)))
A 30.54 0.14 very [ the/DT ] ./, (NP-SBJ *)
A 30.68 0.68 conservative [ the/DT ] ,/, (VP seens (SBAR like (S *T*-1))) . E.9))
A 31.36 0.18 that [ the/ DT public/NN ] ((CODE Speaker A23 .))
A 31.54 0.30 way is/VBZ just/RB very/RB ((S (INTJ Un) ,
A 32.56 0.12 in conservative/JJ that/DT (EDITED (RM )
A 32.74 0.64 refusing [ way/NN ] (EDITED (RM[) (NP-SBJ-UNF the) , (IP +))
A 33.60 0.12 to in/ I N refusing/ VBG (NP-SBJ-UNF the) , (RS]) (IP +))
A 33.72 0.56 change to/ TO change/ VB (NP-SBJ-1 the (RS ]) public)
A 34.94 0.48 measurenment [ nmeasurenent/NN (Wis
A 35.42 0.62 systens, systens/ NNS | (ADVP j ust)
A 36.08 0.26 uh, e (ADJP- PRD very conservative)
A 37.04 0.38 noney, [ uh/UH] ./, (NP-M\R that way)
A 37.62 0.30 dollar, [ money/NNT ,/, (PPin
A 37.92 0.46 coins, [ dollar/NN] ,/, (S-NOM (NP-SBJ-2 *-1)
A 38.38 0.22 anything [ coins/NNS ] ,/, (VP refusing
A 38.60 0.18 |ike [ anythi ng/ NN ] (S (NP-SBJ *-2)
A 38.78 0.30 that. like/IN (W to
B 39.34 0.10 Yeah [ that/DT ] ./. (VP change
B * * [laughter]. (NP (NP neasurenent systems) ,
A 40.96 0.04 And, ===============o===c (INTJ uh) , (NP noney) ,
A 41.32 0.04 and, [ Speaker B24/ SYM | (NP dollar) , (NP coins) ,
A 42.28 0.36 and e (NP (NP anyt hi ng)
A 42.88 0.20 it ===============oosoc (PP like
A+ * [breathing], (NP that))))))))))) . E.9)
A 43.08 0.16 it Yeah/ UH . /. ((CODE Speaker B24 .))
A 43.48 0.46 obviously ((INTJ Yeah . E_S))
A 43.94 0.22 makes ((CODE Speaker A25 .))
A 44.16 0.14 no [ Speaker A25/ SYM ] ((S (EDITED (RM[)
A 44.30 0.36 sense . (EDITED (RM[) And , (1P +)) and , (RS]) (IP +)) and (RS ])
A 44.66 0.06 that ==================== (EDITED (RM[) (NP-SBJ it) (IP +) ,)
A 44.72 0.12 we're (NP-SBJ (NP it)
A 44.84 0.70 practically And/CC ,/, and/CC ,/, (SBAR *EXP*-1))
A 46.52 0.32 al one and/ CC (RS 1)
A 46.84 0.10 in [ it/PRP] ,/, (ADVP obvi ousl y)
A 46.94 0.06 the [ it/PRP ] (VP rmakes
A 47.00 0.44 world obvi ousl y/ RB nakes/ VBZ (NP no sense)
A 47.44 0.16 in, [ no/ DT sense/ NN ] (SBAR-1 that
A 48.52 0.04 in that/IN (S (NP-SBJ-2 we)
A 48.56 0.26 using [ we/PRP ] (WP 're
A 48.82 0.08 the 're/ VBP practical l y/ RB (ADVP practically) (ADIP-PRD al one)
A 48.90 0.22 old alone/RB in/IN (PP-LOC in (NP the world))
A 49.12 0.40 system [ the/ DT world/ NN ] (EDITED (RM[) (PP-UNFin) , (1P +)
infIN,/, in/IN (PPin (RS])
usi ng/ VBG (S-NOM (NP-SBJ *-2)
[ the/DT ol d/JJ (VP using
systenf NN ] (NP the old system))))))) . ES))
/.

Figurel: Multiple Annotationsof the SwitchboardCorpus

1996to carryoutfine-grainecphoneticannotation®n por-
tionsof SWBdata(Greenbeg, 1999). Theselectiorof por-
tionsto transcribeaswell astheinitial orthographidran-
scriptions,wereapparentlyderived from the BBN phrase-
level sggmentation,and the resulting annotationsare in-
dexed by meansof the uniqueidentifier stringsassigned
to eachphraseby BBN. In contrasto the otherannotation
projects,ICSI selectech samplingof 5100phrasedgrom a
wide rangeof files, with eachphraserangingfrom 0.45to
17.430secondgthemajority arebetweer8 and5 seconds).
Two files receivedfairly exhaustve treatmentfor oneside
of thecall, but for 1602 otherfiles, thetypical coverageof
ICSl transcriptionss ontheorderof tensof secondsAlto-
getherthe combinedannotationgover nearly3.5 hoursof
speech.This datasetis currentlyavailablefrom the Cen-
ter for Languageand SpeechHProcessingt JohnsHopkins
University(CLSR 1996-7).

Theinitial stageof the projectassignedime marksat
the level of sggmentalboundariesaswell assyllableand
word boundaries. In the secondphase,time boundaries
were applied at the word and syllable levels. Through-
out the project, the labelsassignedo phoneticsegments
(whethertime markedindividually or at the syllablelevel)
wereintendedo accuratelyeflecttheactualpronunciation
in the signal,to a muchfiner level of detail thanin previ-
ouscorpora(e.g. TIMIT or the BostonUniversity Radio
corpus).

Completeresegmentatior(ISIP)

In view of theimportanceof SWB asa multi-functional
corpusandthedifficultiesthathave accompaniethe orig-
inal transcriptsanimportanteffort waslaunchedat theIn-
stitutefor SignalandinformationProcessingISIP) at Mis-
sissippiStateUniversity, to conducta completereview of



thetranscriptiondata,applyinga new speechranscription
tool developedat ISIP with particularattentionto locating
known typesof problemsand avoiding known pitfalls in
this type of annotatioreffort. By the time this projectbe-
gan,the SWB calls that had previously beenheld backas
testdatahad beenusedover the courseof several bench-
mark testsin the LVCSR project,andwerenow available
for publication. The currentreleaseof SWB speechand
transcriptdatanow comprises?2438 calls. By agreement
with theLDC, ISIP hasmadethecompletesetof SWBtran-
scriptsfreely availableon their website (Mantha,2000).

2.3. Rectification and Integration

With the completionof the ISIP review of SWB tran-
scripts, it is now possibleto assessheimpactof transcrip-
tion errorson the variousdivergentannotationsAs anini-
tial stepto checkfor themagnitudeof errorsinvolving lex-
ical content,we treatedthe LDC “interim” transcriptsaasa
testsetto be measuredor errorrates,usingthe ISIP tran-
scriptsasthe referencetext. Comparableversionsof the
two datasetswereconstructedy aligningthe phrase-leel
ISIPtimemarkswith theoriginal TI word-leveltime marks,
andthe NIST scoringtool “SCLite” wasusedto calculate
insertionsdeletionsandsubstitutionsTheresultsaresum-
marizedn tablel. ! It shouldbenotedthatword fragments
and non-lexical tokens(e.g. “uh-hum” vs. “uh-huh”) ac-
countedfor roughly 30% (over 19,000)of the substitution
errors,andabout21% (nearly 34,000)of the insertionand
deletionerrors.

| Units| Status | K | % | Perfile %range|

phrases| correct | 136 | 55.1

w/errors | 111 | 44.9 7.6-90.9

words | correct | 2895 | 94.8 77.4-99.5
accuray 92.8

allerrors| 220| 7.2 0.8-27.9

substit. 63| 2.1 0.0-14.5

deleted 95| 3.1 0.3-15.5

inserted 63| 2.0 0.0-21.0

Table1: Summaryof word errorsin LDC “interim” tran-
scripts

The comparisorof ICSI annotationgo the otherver
sionsof SWB transcriptsis somevhat more problematic.
ICSI transcriberamadecorrectionsto the lexical content
in accordancavith their more detailedattentionto the ac-
tual pronunciationof phrasesbut they useddifferentcon-
ventionsregardingword hyphenatioranddisfluenciesand
occasionallyinsertedannotationgor non-linguisticevents
(e.g. “breath”, “mouthnoise”,etc.) without the intended
markupto distinguishthesefrom lexical tokens. Still, we
canestimatethe upperboundon the numberof corrections
imposedby ICSI, againusing the NIST SCLite scoring
method.In thiscasetheLDC transcriptontained®6% of
thewordsin the 3.5 hoursof ICSI word-level data— there

'LDC files thatstill containedspealer/channelabelingerrors
over someor all of their transcriptswere not includedin this
scoring.

were, at most, 2% omissionsand 2% substitutionsn the
LDC transcripts.

ICSI's useof the BBN phrasaltime marksasthe basis
of phraseselectioncreatessomeadditionaldifficulties:

e Correlationwith original TI word-level time marks
is imperfectat best;insertionerrorspredominatedn
scoringthe LDC transcripts(6.2%, threetimes more
than deletionsor substitutions),yielding an overall
word accurag of 89.2%. This wasduemostlyto dis-
crepanciesitphraseboundaries.

e Some of the BBN “phrase boundaries” occur at
impractical positionswithin syllables,causingsome
boundarytokensto beinterpretedifferently.

e Until areliable word-level time markingis donefor
thelSIPtranscriptstherewill benoreasonablgayto
alignthe ICSI andISIP annotationsgueto significant
differencesn phrasesggmentation.

Overall, thesetalulationsindicatethatthelexical accu-
ragy of the original Tl transcriptswas quite high, andthe
impactof word errorson downstreamannotationspartic-
ularly the Treebankanddiscoursedata,maybe considered
negligible.

A major challengeremains,however, in termsof inte-
gratingthe variousannotationsAll threeversionsof time-
markedtranscriptLDC “interim”, ICSI andISIP) assign
uniqueidentifiersto eachturn or phraseunit, but eachset
hasadistinctinventoryof unitsthatcannotasyet, becross-
referencedo the othertwo setsin ary reliableway. The
only stablepoint of referencas theaudiodata,andtheuse
of time offsetsinto the speecHiles.

3. TheTDT Corpora

The designand contentof the TDT corporaare de-
scribedn otherpresentationat LREC-2000(Wayne,2000;
Cieri etal.,2000).The presentiscussiomwill focusonthe
rangeof distinctannotationsappliedto the data,the rela-
tionshipsamongthem,andthe problemsinvolvedin coor
dinatingthem.

3.1. Multiple data streamsfrom audio and text
sources

The audio recordingsof broadcast(video and radio)
sourcesin TDT were usedto createa variety of textual
datastreams. For video sources(which have all beenin
English),the broadcassignalincludedclosed-captionext
datawhichwascorvertedto computesreadabldéorm while
theaudiowasbeingdigitized;also,onevideosource( ABC
News) providedfull transcriptf its daily broadcastso the
publicthroughacommerciatranscriptiorservice.lt iswell
known thatclosed-captiorext tendsto beincompleterela-
tiveto whatis actuallyspolenduringa broadcastbecause
the maximumpracticaldisplayrate,in wordsper minute,
is slower thantypical ratesof speech.Thefull transcripts
producedby commercialserviceswhich areintendedfor
useasa standardpublic recordof broadcastontent,are
lexically correctto a high degreeof accurag, thoughthey
typically avoid the inclusionof ary disfluencies- the text



representsnly whatthe spealerintendedo say andomits
filled pausestalsestarts stuttersandthelike. Onthebasis
of this one source then,it is possibleto estimatea base-
line of “word errorrate” for closed-captiotext, which can
be usefulwhenassessingthersourcedor which only the
closed-captionareavailable.

Theradiosourcesn TDT did not have publicly avail-
able transcripts,and four different transcriptionservices
were enlistedto transcribetheseprogramsas part of the
corpuscreationeffort (onefor all TDT Mandarindata,one
for TDT3 English,andtwo othersfor TDT2 English). The
servicesvariedin termsof the quality of transcriptsdeliv-
ered,with oneof the TDT2 Englishserviceshaving been
poorest.

In additionto manualtranscription,all audio sources
weresubmittedo unguidedASR,to establistabenchmark
of TDT systemperformancegiven this quality of text as
input. The TDT2 Englishdatawassubmittedto two differ-
entEnglish-basedSR systemspf course,in theabsence
of fully accuratemanualranscriptiongor mostof this ma-
terial, it remainsdifficult to comparetheir performancen
termsof word errorrate.

For all Mandarinsourcesbhoth newswiretext andradio
transcriptsadditionaldatastreamswere producedoy run-
ning the datathrougha Chinese-to-Englisimachinetrans-
lationsystem(SY STRAN),with nomanualguidanceor re-
visionof thesystenoutput. For audiodata,boththemanual
andASR transcriptionsveretranslatedn this way. Again,
thiswasintendedo setabenchmarkor cross-lingualfDT
performanceyiventhis quality of input.

As a result, mostdatasourceswererepresentedy at
leasttwo parallel,independentiatastreams- a coupleof
sourceshadthreeor four streams- eachwith its own pe-
culiar propertiesandtoken sequenceThe stablepointsof
referenceacrossall streamswvere the boundariedbetween
news stories,andin the caseof audiosourcesthetime off-
setsof thoseboundariesn the speectdata.

3.2. Creatingand tracking multiple annotations

A relationaldatabasevasusedto trackthe mainstages
of datacreationand TDT-specificannotations.The basic
units of the corpusarethe samplefile andthe topical story
unit. For audiosourcesan entry wascreatedeachtime a
recordingprocessvasscheduledthe entrywasupdatecdat
theconclusiorof therecordingupdatedagainaftermanual
inspectiorto determinevhethertherecordingwassuccess-
ful, andagainafter manualsegmentatiorof the 30- or 60-
minutefile into story andnon-navs segments. This done,
eachstorywasassigned uniqueidentifier, whichincluded
thesourcedate broadcasstarttime, andtime offsetwithin
thefile atthestartof thestory, andthesedentifierswereen-
teredinto the databas¢o guidethe topic annotation.(The
equialentstagedor newswire datawerefully automated
to preparehe streamor bulk archive text datafor topic an-
notation.)

During the main topic annotationphase,in which ev-
ery story hadto be readsomeminimum numberof times
to asses# againstall selectedlDT topics,annotatorslso
hadto decidewhethera given story wasflawedin ary of
four ways, makingit unsuitablefor topic labeling. In the

newswiredata,areportedilaw would typically resultin the
removal of a story from the corpus,but for broadcastlata,
aflaw would generallybetheresultof a mistale duringthe
manualstory sgmentatiorphase.Broadcasstoriescould
not simply be discarded asthis would creategapsin the
coverageof the continuousaudiosignal— segmentatiorer
rorsneededo befixed,andthis would affecttheinventory
of news storiesin the file, and/orthe locationsof bound-
aries(hencetheidentificationnumbersassignedo the sto-
rieswould changeaswell).

A further complicationwasthe needin TDT3 to sup-
portalternatve method=f topic annotatiorwhile themain
annotationwas still in progress. Thesealternatve forms
of labeling— first-story detectionand story-link detection
— werenot actively tied into the databasenanagementf
the maintopic annotationyather they useda snap-shobf
the corpus,taken aslate and as carefully as possibledur-
ing the main annotation. Fortunately they would involve
only a subsetof the full TDT3 corpus,so it was possible
to avoid particularfiles or storieswhereproblemshadbeen
obsened, and still provide an adequatesample. Despite
our bestefforts, someof theresultsof thesealternateanno-
tationscouldnotbeusedin thefinal delivery of the corpus,
becauséhe storiesto which they appliedhadbeenaltered
or removedin the courseof repairspromptedby the main
annotationjn particular 0.5%of the 21,600storylink an-
notationswere discardedbecausea numberof storieshad
beeneliminatedfrom the corpus.

Additional usesof TDT data have already begun,
spurringnew annotationghatwerenot partof the original
corpusdesign. In orderto establisha better estimateof
ASR performancenthis dataset,NIST selectecarandom
sampleof 530 individual news stories from the TDT2
English corpus, totaling 10 hours of speech. The LDC
adaptedhetext for thesestoriesto the Hub-4transcription
specificationgor broadcashews, andcarefully wentover
eachstory, addingin the missingwords and disfluencies,
correcting spelling errors (common in closed-caption
text), andaddingtime stampsto breaklong turnshy news
announcersnto manageabl@hrases.This 10-hoursetof
carefultranscriptionis now availablefrom the LDC.

Otherdirectionsfor annotationof TDT have included
theidentificationof namedentities,in supportof the TREC
projectandrelatedresearchandthe identificationof new
informationacrossa sequencef storieson a giventopic.

In a sensegeachof thesevariousannotationsould be
saidto standonits own asa samplefor modelinga particu-
lar characteristiof languagéehaior or informationflow.
But researchtasksmoving along thesevariouslines will
tendto intersectandit will beimportantto know to what
extent their respectie annotationsntersectaswell. The
samecrew may be handlingthe annotationdor, e.g.,first
story detection,marking of new information, and named
entity extraction, but thesetasksmight not be carriedout
in unison(indeedthey typically will not), they might be
appliedto discretesubsetof the corpus,andevenif they
do overlapon somesamplingof the data,it might not be
immediatelyobvioushow to integratethesedifferentanno-
tations.Needlesgo say it would not seemimprobablethat
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Figure2: AnnotationGraphFragmenfor SwitchboardData

researchersouldfind the intersectiorof theseannotations
to beof somevalue.

4. Annotation Graphs asa Meansof
Integration

Annotationgraphswereintroducedby Bird andLiber-
man(Bird & Liberman,1999a)asa corvenientdatamodel
which abstractsaway from the mary contingentdetails
of corpusfile formats. An importantconsequencef this
mave, exploredby Bird andLiberman(Bird & Liberman,
1999b),is that multiple independenannotationf a sin-
gle corpuscan be accesse@nd analyzedsimultaneously
In this sectionwe discussthe caseof SWB, andthe data
shavnin Figurel.

Figure 2 shavs the annotationgraph for this SWB
data, correspondingto the internval [21.86, 26.10]. In
this graph, word arcs have type W, Treebankarcs have
T/ anddisflueny arcshave DI SF/ type. Typesfor the
part-of-speectarcs have beenomitted for sale of clarity
(i.e. Pos/ metric/JJ is writtenasjustnetric/ JJ). For
readability the graphis representedn two pieces;the
lower pieceshouldbe interpolatednto the upperpieceat
the position of the dottedarc labeledX. Obsene that the
equiocation about the tokenization of punctationfrom
Figurelis preseredin theannotatiorgraph.

The ability to memge diverselayersof independenan-
notationsinto a singlegraphderivesfrom the definition of
nodesfor connectingthe arcs. The nodesare anchored
at specific points along a time line representinghe sig-
nal beingannotatedin SWB, the LDC interim transcripts,
the ICSI phonetictranscripts,and the ISIP revised tran-
scriptseachrepresent distinct sggmentationof the time
linesfor the correspondingignals.The migrationof these
datasetsinto annotationgraphsprovides a stable, time-
anchoredasisfor cross-referencegwing to the divergent
turn- or phrase-legel sgmentationgprovided by eachdata
set,thetimeline is in facttheonly practicalbasisfor cross-
reference.

Eventhoughthe phonetictranscriptscover only sparse
portions of most calls, thesepartial annotationsfor ary
onefile canbe mappedcoherentlyonto a singlecomplete
graphthat includesthe other transcriptsin their entirety

providing a well-definedalgorithmic approachfor locat-
ing andresolvingdiscrepancief lexical content,phrasal
segmentationandword-level time alignments.Thedisflu-
eng, discourseandTreebankannotationgrederivedfrom

the LDC transcriptsandasdemonstratedbove, they can
also be incorporatedinto the one graph, makingit quite
simple to identify the particularelementsin thoseanno-
tationsthat will be affectedby correctionsto the under

lying transcripts. It follows that the propagationof tran-
scriptionrepairsthroughall levelsof annotatiorbecomes
well-beharedandaccountablgrocess.

Apartfrom the obviousbenefitgo corpusmaintenance,
this approachio handlingannotationgrovidesan impor-
tantcapabilityfor integratingthe resultsof diverseannota-
tion effortsin new researchlf andwhenaprosodicannota-
tion of SWBbecomeswvailable we canreadilyervisionthe
ability to studyinteractionsamongintonationalfocus,dis-
coursefunction, syntacticstructure andphonologicalpro-
cessessimply by addingthe onenew layerto the existing
network of otherannotations.

Theapplicationof annotatiorgraphsto TDT is equally
fruitful. The stability of referenceto the basic units of
TDT corpora(samplefiles, news stories,word tokens)is
alreadywell establishedpwing to the factthatthe corpus
creationeffort hasbeentightly centralized.But dueto the
overall bulk of the data,mostnew annotationsespecially
thoserequiringhumanjudgmentarelikely to belimited to
cover only portionsof the collection. Again, thesepatrtial
annotationsanform coherentannotationgraphson their
own, andcanbetreatedatomicallyor integratedwith other
graphstructuresasneeded.

The issueof dataformattingfor creation,storage dis-
tribution andresearchuseof annotationss anindependent
concern,orthogonalto the use of annotationgraphsas a
framework for handlingcorpora. The arc-and-nodestruc-
turecanberenderednto (andretrievedfrom) averysimple
XML datastreamandit is equallypossibleto createfilters
thatcanpopulatean annotationgraphby readingary cho-
sendataformat, without lossof information. Filters could
alsobe madeto createa choserdataformatfrom ananno-
tationgraph,thoughit’s possiblethat someinformationin
thegraphwould notbe preseredin the process.



5. Conclusion

We have presente@noverview of two largespeecttor
pora,bothof which haverecevedawiderangeof divergent
and independengainnotations. For Switchboard we have
discussedsomedetailsaboutthe comparabilityand com-
patibility of thevariousannotationsandhave presente@n
analysisframework that will enablea high degreeof in-
tegrationamongthem, in termsof both maintenanceand
researcluse.Thecaseof TDT demonstratethatevenwith
acentralizeccorpuscreationeffort, therecanstill be prob-
lemswith handlingdatarepairsandconsisteng whendis-
tinct setsof annotatiormustbe carriedout simultaneously
Both corporapresenthe needto accommodatsparsean-
notationsn a mannetthatdoesnot sacrificethe overall co-
herenceof thelargercorpus.Annotationgraphsprovide an
effective framawork for meetingthis need.
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