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Abstract

Reading comprehensiontests are re-

ceving increasedattention within the
NLP communityasacontrolledtest-bed
for developing, evaluatingand compar

ing rohust questionanswering(NLQA)

methods. To supportthis, we have en-
riched the MITRE CBC4Kids corpus
with multiple XML annotationlayers
recordingthe outputof varioustokeniz-
ers, lemmatizers,a stemmer a seman-
tic tagger POS taggersand syntactic
parsers. Using this resource we have

built abaselindNLQA systentfor word-
overlapbasedanswerretrieval.

1 Intr oduction

Linguistic corporamarked up with XML repre-
sentthe stateof the art in languageengineering.
Recently reading comprehensiortests have re-
ceivedincreasedttentiorfor testingQuestionAn-
sweringmethods We presenbur ongoingproject
to develop a re-usableresourcefor readingcom-
prehensionand Natural LanguageQuestionAn-
swering(NLQA) thatwe hopewill beusefulasa
controlledtest-bedfor developingand evaluating
robust NLQA methods. Startingfrom MITRE's
CBC4Kidscorpuscollection(Brecket al., 2001),
we have createda practical multi-layer annota-
tion schemeand addedvarious strataof linguis-
tic annotationautomatically® using state-of-the-

1j.e. thereis nogoldstandardor thelinguisticannotation,
but task-basedgold answers”.

art NLP tools. This paperpresentghe architec-
ture, the varioustool setswe usedand the dis-

tributed developmentscenariove worked in. We

alsodescribehow the chosenmulti-layer scheme
naturallyleadsto a simpleimplementatiorof our

baselinequestionansweringsystemandan evalu-

ationprogram.

2 Automatic Linguistic Annotation

2.1 Distributed XML developmentscenario

Our distributed developmentscenarids shavn in

Figurel. A normalizatiorphaseof thecorpuspro-

ducesvalid XML. After this, developmentteam
memberseachappliedthe sameprocessto each
NLP tool assigneavhoseoutputwasdesiredasan

annotationlayer: a wrapperwas createdto con-

vert XML into thetool'sinputformat,andanother
wrapperto corvert the tool's output backinto a

well-formed XML stratumthat could be inserted
in the XML streamon the y. This distributed

form of collaboratioreasilyscalesupto largerde-

velopmenteamswhereindividualteammembers
are free to choosedifferentimplementationlan-

guagesandgluemechanismsThe nal document
instancereeswerethenmeiged. While a generic
XSLT treeunionscriptcanbeusedfor this, wein-

steadde nedonetreeto bethemasteinstanceand
addedall new subtreespresentin the secondin-

stance.Theresultwasvalidatedagainsthe DTD

andtransformedurthet

2.2 Designprinciples

While ourwork is driven by the obsenration (Cot-
ton and Bird, 2002): “With all the annotations
expressedn the samedatamodel, it becomesa



straightforvard matterto investigatethe relation-
shipsbetweerthe variouslinguistic levels. Mod-
eling the interactionbetweenlinguistic levelsis a
centralconcern”,we do not aspireto createa new
referenceannotationmodel for this type of cor
pus,but ratherto developareusabledataresource.
The original CBC4Kids corpuswas developedat
MITRE?, basedon a collectionof newspapersto-
riesfor teenagersvritten for CBC's Website®. To
eacharticle selectedfor inclusionin the corpus,
the MITRE groupaddeda setof 8-10questionof
variousdegreesof dif culty. The corpusalsoin-
cludesone or moreanswerdor eachquestion,in
the form of a disjunctionof one or more phrases
(the "answerkey’). Due to the wide availability
of XML processingools, we decidedto de ne
an XML DTD for the CBC4Kids corpusandto
corvertvariouslinguistic formsof annotatiorinto
XML andintegratethem so asto provide a rich
knowledgebasefor our own NLQA experiments
andpotentialre-useby othergroups.Weselected
setof toolswith theguidingprinciplesof 1) public
availability, 2) usefulnessor thereplicationof our
baselinesystem,and 3) quality of the automatic
annotation Becausenostavailabletools(with the
exceptionof LT TTT, (Grover etal., 2000))do not
outputXML, we hadto develop a setof corvert-
ers.

2.3 Linguistic layers

Eachsentencéasthreedifferentrepresentations:

1) the original string, 2) a list of tagslabeledTO-
KENencodingheresultsfrom linguistic toolsthat
outputlexical information(POStags,stemsgtc.),
3) alist of trees(PARSEs) correspondingo analy-
sesatanon-terminalevel, i.e. syntacticor depen-
deng graphs.Thisis acompromiséetweermin-
imizing redundang and maximizing easeof use.
In particular thereis no link betweerntoken posi-
tionsandthe correspondingccurrencesf words
in theparsdrees/dependengraphs. Any annota-
tion schemeawith atightercouplingwould require
an alignmentstepwhich, in mary caseswould
have to remainincompletedueto idiosyncrasiesf
the tools: for instance a parserthat usedits own

2The contact person for the corpus is Lisa Ferro
(Iferro@mitre.org ).
Shttp://www.chc4kids.ca/

<TOKEN id="<ID>"

Input Form  (src) sre="..."

+

Output Form (dst)

process="<Tool>"

dst="." />

Figure2: Building a new layerof TOKENags.
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Figure4: Multiple annotatiorayers.

built-in tokenizationmight yield a differentnum-
berof tokensfrom tokenizer.sed A

Becausevariousforms of linguistic processing
dependon the output of other tools, we wanted
to make the processinghistory explicit. We de-
viseda multi-layerannotatiorschemeén whichan
XML process attribute refersto a description
of the input (token or tree), the output, and the
tool used. Figure 2 shavs how a TOKENIayer
is built. This annotationallows for easystack-
ing of mark-up for tokenization, part-of-speech
(POS)tags, baseforms, namedentities, syntac-
tic treesetc. (Figure4). The word-form token
from Figure2 arethenrepeatedh thePARSErees
(<LEAF type="Scotia"/ >).

Figure 5 and Figure 6 shav the current sta-
tus of our annotation“pipe tree” for tokensand
trees/graphsyespectiely, as describedbelan.®
Figure 3 gives an overviev of our currentanno-
tationlayers. A comprehense descriptionof the
tools and structurecan be found in the manual
(Dalmasetal., 2003a)distributedwith thecorpus.
This procedures carriedoutfor the stories,ques-
tions,andanswerkeys (AppendixB).

“Treatmenbf doesnt asdoesn't is but oneexample.
SWecallit a“pipe tree”becausé representasetof “pipe
lines” (like UNIX pipes)with commoninitial sub-steps.
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Figurel: Building arichly annotateatorpusin a distributed XML scenario.

Type Tool ProcesdD Reference
Sentenc8oundaries MXTERMINATOR ID (Ratnaparkhi1996)
Tokenization Penntokenizersed ID _TOK1

Tree-Tagger(internal) ID _TOK2 (Schmid,1994)

LTTTT ID _TOK3 (Groveretal., 2000)
Part-of Speech MXPOST TOK1POS2 (Ratnaparkhil996)

Tree-Tagger TOK2POS1 (Schmid,1994)

LT POS TOK3POS3 (Mikheer etal.,1999)
Lemmatization CASS stemmer’ TOK1LLEMMAZ2 (Abney, 1996)

Tree-Tagger TOK2LEMMA1 (Schmid,1994)

morpha POS1LEMMAS (Minnenetal., 2001)
Stemming Porterstemmer LEMMA2STEM1 (Porter 1980)
Stop-Word Filtering  DeepRead LEMMA2CLEMMA?2 (Hirschmaretal., 1999)

DeepRead STEM1CSTEM1 (Hirschmaretal., 1999)
SyntacticAnalysis Apple Pie Parser POS2SYN1 (SekineandGrishman,1995)

Minipar relations TOKLSYN2 (Lin, 1998)

CASSchunktrees POS1SYN3 (Abney, 1996)

CASSdependenctuples POS1SYN4 (Abney, 1996)

Collins parsetrees POS2SYN5 (Collins, 1997)

Figure3: Annotationtools: currentlayers.
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Figure5: Annotationlayerspertoken. The repli-
catedDeepReadbaselinesystempipelineis high-
lighted.
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2.4 Normalization and annotation of the
corpus

The original CBC4Kids corpus from MITRE
comesmarked up with XML-lik e tags. After
authoringthe DocumentType De nition (DTD),
processingcomprisedtwo steps(Figure1): rst,

we normalizedthe corpusso asto make surethe
dataconsistently ts the form describedby our
DTD. Becausdhe minimal schemerequiressen-
tenceboundarydetection(cf. Section2.5) andthe
original CBC4Kidscorpusonly containednarkup
for paragraphspormalizationalsoinvolved split-
ting eachparagraplinto a list of sentencesSec-
ondly, we enrichedthe corpuswith linguistic an-
notationlayers. Annotationlayersareoptionalin
ourDTD. Eachannotatioriayeris addedoy apro-
gramtaking an XML le asinput and ouputing
anotherXML le containingthe additionallayer;
Figure2 shawvs theinternalprocess.

2.5 Description of the layers

Sentenceboundary detection. We used MX-
TERMINATOR (Ratnaparkhi1996)to split each
paragraphinto sentences.Questionsand human

answersrealreadydemarcateth thesourceCBC
corpusreleasedy MITRE .

Tokenization. Eachsentencewvas tokenizedus-
ing the PennTreebanktokenizer a sed(1)script
by Robert Maclntyre (University of Pennsyla-
nia)’. We modi ed it slightly beforerunningit on
the corpusso asto recognizenumberseparators,
URLSs, andintra-sententiatjuotationswhich were
characteristioof the CBC corpus. The resulting
tokensequencavasde ned asprocesdD TOKL
POSTagging Werecordedheresultsof two POS
taggersfor comparisorpurpose: TreeTaggerand
MXPOST. TreeTagger(Schmid,1994)is a POS
taggerbasedon decisiontree induction. Trained
andtestedon a PennTreebanksamplejt hasare-
portedaccurag of 96.34%(trigrammaximalwin-
dow size). The POStagsof TreeTaggerde ne
our layer TOK2POS1 (TreeTaggercomeswith
a built-in tokenizer). MXPOST is a POStagger
basedon the Maximum Entropy framework that
hasa reportedaccurag of 96.6%on Wall Street
Journaltext (Ratnaparkhil996). We have added
atokenlayerTOK1POS2basecon MXPOST.
Lemmatization. TOK1LLEMMAL our rst to-
ken layersof lemmata,is provided by TreeTag-
ger Additionally, we obtaineda secondbase-
form layer TOK1LEMMAZ2using the rule-based
programstemmer from the CASSsoftwaredis-
tribution (Abney, 1996)/

Stop-Word Filtering. We usedthe samestop-
wordssetasdescribedn the DeepReadbaseline
(Hirschmaretal., 1999).

Stemming (Porter 1980) describesa simple
stemmerfor English(LEMMA2STEM).
SemanticClasses.DeepRead(Hirschmanetal.,
1999)useswordNetto checkwordsfor subsump-
tion of the synsetPERSONand/orLOCATION.
We have integratedthe result of this lookup as
layerLEMMA2_SEMCLAS.

Parsing. PARSEtagsrecordthe outputof several
differentparserghatwe have includedin our pipe
trees.

The Apple Pie Parser(APP)is a statisticalparser
trained on the Wall StreetJournalsubsetof the
Penn Treebank (Sekine and Grishman, 1995).

6hnp://wwwx:is.upenn.edu/treebank/tokenization.hlml
"Despitethename stemmer is alemmatizeratherthan
astemmer



It comprisesonly non-terminalsfor NP and S
andparseshy re-combinatiorof NP/S-fragments,
memo-izingthe completetraining set. On unseen
WSJ material, it hasbeenreportedto achiere a
labeledprecisiof of 72.61%and 83% for sen-
tencesup to 15 words. APP returnesa single
besttree, which we have incorporatedas process
POS2_SYN1

Minipar (Lin, 1998)is arule-basegbarseithatim-
plementsa proceduralmodel of Government&
Binding (GB) realizedas messagepassing;it is
derived from Principar(Lin, 1995), incorporates
knowledgeaboutnamedentitiesand comprisesa
lexicon 90k lemmata.Its outputconsistsof de-
pendeng relationsover word token positions. It
has a reportedlabeled dependengc precision of
88.54%.Thisis theprocessSTOK1_SYN2
Shallav processingechniqueshave emepged as
an efcient way to deal with large quantities
of text. "Chunking' — partial parsingby itera-
tive bottom-upbracleting usingmulti-layerdeter
ministic nite-state transducergor non-recursie
noun/erbgroups(' chunks')— hasbeendescribed
by Abney (Abngy, 1996)andimplementedn his
CASS. The chunler outputseither treesor de-
pendeng relation tuples? We de ne a layer
POS1SYN3 with trees of CASS chunks and
POS1SYN4with thedependenctuples.
(Collins, 1997) presentghree statistical,lexical-
izedparsingmodels.We chosehismodel2 (which
modelsleft andright dependents)or integration
aslayerPOS2SYNS The POS2layeris usedas
inputbecause&ollins' parseusesMXPOSTPOS
tagsfor handlingunknawvn words. Collins reports
88.35%labelledprecisionfor this modelon sen-
tenceswith lessthan40 words. The averagesen-
tencelengthin CBC4Kidsis 18 words(maximum
57).

Thelayersdescribedhereallow detailedcompar
isonsof componentstontrikution for ary NLQA
methodby exploring differentpathsin theannota-
tion “pipe tree”.

This annotationis work in progressand we are

8The reportednumbersfor parsetree evaluationrefer to
the PARSEVAL.

9Since the latter output format is basednot on token-
positionbut on the surfacestring of theregion, thereis a po-
tentialfor ambiguityif a surfacestringoccursmultiple times
in thesamesentence.

planningto includefurtherlayersfeaturinganaly-
seof LTTTT, LT POSLT CHUNK, namecentity
annotationusingMITRE's Alembic (Aberdeeret
al., 1995),LTG's MUC-7 system(Grover et al.,
2000),aswell asanaphoraeferencenformation.

3 Building NLQA Systemsas Setof
XML Filters

Thissectiondescribeshearchitecturef ourques-
tion answeringsystem. We built it to transfer
thebaselineesultsfrom theword overlapmethod
usedby the DeepReadsystemin connectiorwith
the REMEDIA corpus(Hirschmaretal., 1999)to
the annotatedCBC4Kidsdataandto supportour
investigationof moresophisticateanethods.

We exploited our XML annotationschemeusing
the STEM1_CSTEMland LEMMA2_CLEMMA2
layersfor a baselinebasedon contentstemsand
contentlemmata,respectiely. For the resultsof
our baselinesystemsee (Dalmaset al., 2003b).
The layer is a parameter so ary—even a user
de ned-layermay be usedwith our existing im-
plementationFigure5 shavsthesenal layerswe
usedandtheir ancestorsn the linguistic pipeline.
We have implementeda batchNLQA systemas
asetof Iters in the functionalprogrammingdan-
guageHaslell.1?

The XML markup of linguistic information
greatly simpli ed the implementationpart: the
NLQA systemwas reducedto a function lter -
ing a tree (the XML documentcontainingstory
and questions)yand computingintersection(over-
lap) on lists of tokens. Figure7 shaws the root of
the XML treestructureof a CBC4Kidsdocument.
A document(DOQ instancecomprisesthe story
andthe associatedet of questionsand answers.
QuestionAnsweringis reducedo selectinga de-
siredlayerandintersectinghe bagsof tokensas-
sociatedwith questionsandanswersrespectiely.

4 RelatedWork

Corpus annotation. Some other corporahave
multiple annotatiorlayers. For example,(Grover
etal., submitteduse velinguisticlayersfor their
DISP corpusof biomedicalabstractan orderto

OFor an introduction, see (Thompson, 1999) or
http://www.haskell.org/
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our NLQA system. White boxesrepresenXML
tags.

compareherelative utility of shallav versusdeep
parsingin analyzingnominalcompounds.

XML alternatives. In the TIPSTER project
(NIST, online), a different architecturefor text
processingvas proposedhat doesnot make use
of XML: a TIPSTER-compliantapplicationan-
notatestext by maintainingcharactemffset pairs
indicating the beaginning and end of the zoneto-
gethemwith thetypeof token, phraseetc.

Work on pipelines. An XML pipelinecanalsobe
describedn a specialglue languagefor streams
suchasthe XML streamprocessoiSTnG (Krup-
nikov, submitted). The main adwantagewould be
to formulatethe processingipelinein alanguage
that allows ary kind of executableto be called
without usinga combinationof XML parserand
aprogrammindanguaggsuchasLTG xmlperl
plusPerl).

XML-awar e languages. Finally, nenv special-
purposeprogramminglanguagesare alreadybe-
ing designed,which—like CDuce (Benzalen et
al.,2002)—treaDTDs andtheirelementsas rst-
order objects and allow direct manipulation of
DTDs and XML documentinstanceswithin the
functional paradigm;theseare expectedto sim-
plify XML processindurther

5 LessondLearnt and Futur e Work

XML Pervasiveness. The NLP community has
now widely adoptedthe use of SGML or XML
for computercorpusannotation XML-awaresoft-

ware such as input/outputapplication program-
ming interfaces(APIs), searctandtransformation
toolsarenow alsoavailable.However, thelinguis-
tic communityhasnot generallyadoptedXML as
thestandarautputformatfor parserstaggersetc.,
sothatit is still necessarjo investsigni cant time
to develop corverters. The collaboratve develop-
mentscenariove have usedherehasproveneffec-
tive in supportinghisin adistributedfashion.Be-
causehereareis alarge numberof toolsavailable
for XML processingandit is programminglan-
guageindependentXML is the ideal corpusex-
changemeta-formawithin andbetweergroups.
DTD. Tokenizationis currentlyconsidered stan-
dard word-basedorocess. In fact, it shouldalso
be encodedas a non-terminallayer becausdts
original input is a string, from which differentto-
ken sequences$with varying lengths)can be ex-
tracted dependingntheindividualtool (seefoot-
note3).1

Applications. We are planning to use the
CBC4Kids for future NLQA experimentsas a
testbedor evaluation. Thepresenparsetreesand
dependengcrelationswill allow usto develop se-
mantically orientedansweringstratgies, includ-
ing shallaw inference(Webberet al., 2002), and
performanceneasurementsasedon outputfrom
differentsetsof tools canbe comparedn atask-
basedavaluation.

Re-use.We do not know of ary othercorpusthat
hasbeenautomaticallyannotatedwith compara-
bly rich strataof linguistic knowledgeandbelieve
thatthecorpuscanbeavaluableresourcdor other
NLQA researchgroupsaswell. The annotated
corpuswill be distributedby MITRE with layers
as given above, including answersgiven by our
systemfor the DeepReadbaseline. Pleasecon-
tactLisa Ferrodirectly for acopy.1?
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A SampleStory from CBC4Kids

Mour ning in an Alberta Town
April 29,1999

PastorKen Gartly provided comfortand prayerto peoplein
Taber Albertayesterdayafter two studentswvere shotat the
town's high school.

Studentsat W. R. Myers high schoolhadjust settleddovn
after lunch when a 14-yearold boy walked in and shot
two students,killing one. The shooting comesa week
after the shooting tragedy at Columbine high school in
Littleton, Colorado. “We have a sonanddaughtetin-law in
Derver” saysPastorGartly afteraneveningserviceat Taber
Evangelical Free Church where worshipersdiscussedthe
day's tragic events. The deadteenagetasbeenidenti ed
asJasorLang, 17. The othervictim, ShaneChristmasalso
17,hademepgeny sugeryyesterdayat LethbridgeRegional
Hospital. This morning his condition was reportedas fair
to serious. The two gradell studentswere saidto be best
friends.

Eightthousandeoplelive in Taber whichis 300kilometres
southeasbf Calgary Marny membersof the community
are membersof the Mormon Church or are evangelical
Christians.

Taberwas founded at the beginning of the century It is
mainly madeup of decendentsf the areas earlyhomestead
pioneersof CentralEuropeanpPolish, JapaneseDutch and
variousotherracialbackgrounds.

(]

Policecon rmed the gunmanwastaken into custodyby the
schoolresourceof cer, who is alsoa memberof the Taber
PoliceService.Thesix hundredmostly Inuit residentof the
northern Quebecvillage of Kangigsualujjuachad planned
to bury the bodiesof nine of their friendsand childrenin a
funeralthis afternoon. But the bad weatherthat resultedin

their deathshasalsodelayedthe funeraluntil Tuesday

Questions

Who shottwo studentsat a high schoolin Taber?

Whattime of daydid the Tabershootingtake place?
Whereis the Tabergunmamow?

Whodiedin the Tabershooting?(seeFigure8)

Why is ShaneChristmasn the hospital?

Why wereyesterdayevening$s activities at TaberEvangelical
FreeChurchmodi ed?

Whenwastherea schoolshootingin Colorado?

B The Encoding of Questionsand
Answers

Figure 10 shaws the hierarchicalstructureof our
XML encodingfor guestionsanswerandsystem
results.

> 1999-W18-4.5

Who died in the Taber shooting?

Level 2

Human answer JasonLang

The dead teenager has been identified as Jason L ang

s 17 (recall: 1.0, id-ref:4 1)
The dead teenager has been identified as Jason Lang
<,
HunSen 17.(id-ref:4 1)
Level 2

Human answer agrade 11 student

The two grade 11 students were said to be best
MusSent friends.(recall: 1.0, id-ref:4 4)
o The two grade 11 students were said to be best
HumSent

friends.(id-ref:4_4 )

QA Results

Process STEM1_CSTEMI1

Pastor Ken Gartly provided comfort and prayer to people in Taber,
Alberta yesterday after two students were shot at the town's high
school.(id-ref:1_1 , score: 0.25)

Figure 8: HTML view of a question. scoe is
WdAnsRecalfrom (Hirschmaretal., 1999).

Figure9: HTML view of somelinguistic layersof
the correspondingnumananswer

] CBC4Kids annotated
B Evaluation metrics
B System answers

T oA

-{QuEsTIoN|

- ANSWERS
L ANSWER

— |HUMAN-ANSWER

AUT-SENTS
L

HUM-SENTS !
L

|
- RESULTS
L sys-seNnTS !

Figure 10: XML tag hierarchyfor questionsan-
swersandsystenresults.



