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Abstract
In this paperwe presentour experiencesn the evaluationof a wide-coreragegrammarof English: the XTAG
Englishgrammar We give a brief history of previous evaluationsdoneusingthe XxTAG grammarand then
describea pair of new evaluationsdoneon a corpusof weatherreportsandthe CSLI LKB testsuite. Basedon
theseexperimentswe discusghediffering meritsof naturallyoccurringcorporaandtestsuitesin theevaluation

of wide-coreragegrammars.

1. Intr oduction

The term wide-coverage whenappliedto nat-
ural languageparsinghastwo meanings:oneis
thatof grammaticatoverage:how mary linguis-
tic phenomendoesthegrammathandlethesec-
ond is that of parsingcoverage: for how mary
sentence$rom a naturally occurringcorporaof
text doesa parsemproduceanappropriatederva-
tion. Evaluationmethodssuchastest-suitébased
evaluation handle the former notion of cover-
age,while corpus-basedetrics(Harrisonetal.,
1991)attemptto handlethe latter notion of cov-
erage.

In this paper we report on our experience
in conductingan evaluationalongthesetwo di-
mensionson XTAG: a wide-coseragegrammar
of English. We give a brief history of previous
evaluationsand describesomenewn evaluations
of the grammarand parsingsystem. We com-
parethe changegroposedo the XTAG English
grammarasa resultof theseevaluations. Based
on this comparisonwe argue for a methodfor
evaluatingthe coverageof a grammar/parsdhat
tries to combineboth of thesenotionsas an at-
temptto reachan evaluationmethodthatis bet-
ter suitedto improve grammardevelopmentfor
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wide-coreragegrammatrs.

2. The XTAG English grammar

The XxTAG English grammar(XTAG-Group,
1998)is awide-corerageEnglishgrammartased
on the lexicalized Tree Adjoining Grammar
(LTAG) formalism.LTAG is alexicalizedmildly-
context sensitve tree rewriting system(Joshiet
al., 1975). It is capableof supportingstructural
descriptionsiot supportedy contet-free gram-
mars. In LTAG, eachpieceof syntacticstruc-
ture is encodedin an object called an elemen-
tary tree, whichis lexicalized. Parsingis accom-
plishedby combiningtheseelementarytreesse-
lectedby the wordsin the input sentence.Cur
rently the XTAG parserhas accessto approxi-
mately 1.8 million lexicalized treeswhile pars-
ing, with anaverageof 44.5treesperword. Only
a small subsetof thesetreesis picked out by
thewordsin a given sentence.Lexicalizationis
determinedusing on-line lexical resourcesand
default rules basedon morphologicalanalysis.
Grammardevelopments doneat a moregeneral
level thanindividual lexicalizedtrees. Thegram-
mar is organizedinto several collectionsof tree
templatesand tree templatefamilies relatedby
their predicate-ajumentstructure. A complete
descriptionof the linguistic detailsin the XTAG
grammaris available on the project web-page:
http://www.cis.upenn.edu/™x tag .



3. A Combined Evaluation Metric

A subsebf theapproacheto evaluatingpars-
ing systemscan be groupedas being intrinsic
evaluation methodgSrinivasetal.,1998),asthey
measurehe performanceof a parsingsystemin
the context of the framavork in which it wasde-
veloped. This kind of evaluation helps system
developersand maintainersto measurethe per
formanceof successie generation®f a system.
In particular for grammasbasedsystemssuch
asXTAG, it helpsidentify the shortcomingsand
weaknessegs thegrammayandprovidesadirec-
tion for the productve developmentf the gram-
mar.

Approachedo intrinsic evaluationcan be di-
vided into test suite-based and corpus-based
methods. In the test suite-basednethod,a list
of sentence$or eachsyntacticconstructiornthat
is covered and not covered by the grammaris
maintainedasa databaseThis testsuiteis used
to trackimprovementsandverify consisteng be-
tweensuccessie generation®f grammardevel-
opmentin a system. The corpus-basedethods
arefurtherdividedinto thosewhichuseannotated
dataand thosewhich useunannotatediata. In
this paperwe will be concernednly with those
methodghatuseunannotatedata. Unannotated
corpus-baseévaluationmethodsiseunrestricted
texts ascorporafor evaluatingparsingsystems.
One example of this methodis measuringcov-
erage which is a measureof the percentageof
sentencef the corpusthat canbe assignedne
or moreparsedy a parsingsystem(Briscoeand
Carroll,1995).

The adwantageof the testsuite-basedvalua-
tion is thatit is relatively straightforvardandthe
information provides a direction for improving
the system.However, the disadantageis thatit
doesnot quantifyhow the performancef a pars-
ing systemwould scaleup when parsingunre-
strictedtext data. For the evaluationof a wide-
coveragesystemhowever, thecorpus-baseéval-
uationmakesup for this disadantage.

In the restof the paper we describeprevious
andcurrentevaluationsof XTAG, bothtestsuite-
basedand corpus-basedand shav that combin-
ing theevaluationmethodshasbeenvery produc-

1In unrestrictedexts, the sentencesre not anno-
tatedwith ary linguistic information.

tive for ourgrammardevelopmentefforts.

3.1. Previous Evaluations

In the evaluation of the grammarpresented
in (Doranetal., 1994),asubsebf theWall Street
Journalandthe Brown Corpuswas parsedwith
thegrammamndthensubjectedo adetailederror
analysis.Theresultsof the evaluationareshown
in Tablel. Basedon this evaluationthe grammar
was updatedto handleerrorscauseddueto #1,
#2,#3,#7,#12,#13and#14.

| Rank| No.errors| Catggory of error |

#1 11 Parentheticals/apposits
#2 8 Time NP

#3 8 Missingsubcat

#4 7 Multi-w ord construction
#5 6 Ellipsis

#6 6 Not sentences

#7 3 Gaplesdelative clause
#8 2 Funry coordination

#9 2 VP coordination

#10 | 2 Invertedpredication
#11 | 2 Who knows

#12 | 1 Missingentry

#13 | 1 Comparatre

#14 |1 Bareinfinitive

Table 1. Resultsof Corpus-BasedWSJ and
Brown) Error Analysis

In addition to the corpus-basedvaluation,
the sentencegand phrasespf the TSNLP (Test
Suitesfor NaturalLanguageProcessingEnglish
Corpus(Lehmannet al., 1996)werealsoparsed
using the XTAG grammar(Doran et al., 1997;
Srinivasetal., 1998). The corpuscontains1409
grammaticakentenceandphraseand3036un-
grammaticabnes.61.4%of thegrammaticakx-
ampleq1367)werereportedasparsedy thesys-
tem? Detailedresultsof the error analysisare
givenin TableZ2.

We have presentedheseearlier evaluations
of the XTAG grammarin orderto emphasizehe
changesccurringthe grammardueto continual
evaluations.We now comparetheseearliereval-
uationswith a new corpus-baseeévaluationand
test-suitebasedevaluationin Section3.2..

242 of the 1409sentencewerejudgedasungram-
maticalandremovedfrom thetestcorpus.



| ErrorClass | % |

POSTag 19.7%
Missingitemin lexicon | 43.3%
Missingtree 21.2%
Featureclashes 3%

Rest 12.8%

Table2: Breakdavn of TSNLP TestSuiteerrors

3.2. Current Evaluation

For the currentevaluationof the XTAG gram-
mar, we parseda corpusof weatherreportsand
the 1348 sentence®f the CSLI LKB (Linguis-
tic Knowledge Building) test suite (Copestak,
1999),andcomparedhe resultsof the two eval-
uations. The weatherreportswere provided to
usby CoGen®x.® The sentence this kind of
corpustendto bequitelong (anaverageof 20to-
kens/sentenc@ndcomple. Theexamplegyiven
in the Appendixareillustrative of thetypeof sen-
tencesandterminologyin this domain.

3.2.1. The WeatherCorpus

(Doran et al., 1997) parsedthe corpus of
weatherreportsandfoundthatit containedser-
eralrelative clauseghat causedroblemsfor the
XTAG grammarandalsothat the parserwasun-
ableto handlesomeof the morecomplex longer
sentences.The problematiccasesnvolved two
kinds of relative clauses(roughly 40%) which
werenotaccountedor by thegrammaideveloper
at the time. The first kind containedexamples
like A frontal system approaching from the west
whichincludedan-ing formin therelative clause
predicateandthe otherkind containedexamples
like The disturbance south of Nova Scotia early
thismorning whichhadadirectionalnounphrase
asthe predicate. As a resultof theseshortcom-
ings and alsodueto the long and comple sen-
tencedn this testset,we could parseonly about
20% of thetestset(10 out of 48 sentences)Af-
ter arecentoverhaulof the relative clauseanaly-
sisin the XTAG grammarwe wantedto testthe
updatedcoverageof the grammaron the same
testsetand evaluatethe degreeof improvement
in performance.

3Thanksto the Contrastie Syntax Project, Lin-
guisticsDepartmenbf the Universityof Montreal,for
the useof their weathersynopsisorpus.

Thetestsetof sentencefom theweathercor-
pusin the currentevaluationis thesameasin the
previousstudy(Doranetal., 1997). Thereare48
sentence the testset(the size of the testset
waspurposefullykeptsmall sincethe outputhad
to bechecledby handto checkparseraccurag).

Before parsing the corpus, we prepro-
cessedthe corpus with a noun-phrasechun-
ker (Ramshw and Marcus, 1995% and hand-
correctedthe few errorsit made. Therewerea
total of 536 nounphrasechunksand4% (21/536)
of thesechunkswereincorrect. We then parsed
the (corrected)NP-chunledtext with the current
XTAG parser Parsingtheentiretestsettookabout
175 minutes. The parsetimesfor eachsentence
in thetestsetis shavn in Figurel.
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Figure 1: Parsetimes plotted againstsentence
length for the test setfrom the weatherreports

corpus.

With increasedgrammar coverage due to
previous corpusevaluationswe have obtaineda
much betterperformanceof the XTAG parseron
the sentence# the weatherdomain. Of the 48
sentences thecorpuswe wereableto parse43
sentence£89.6%).A comprehensie breakdevn
of the errorsis describedn Table3. Theerrors
were due to the reasonslisted belowv. In all
the examples, the problematicword or phrase
appearsn bold.

4We used Adwait Ratnaparkhg part-of-speech
tagger(Ratnaparkhil996)to tag theinput sentences
before sendingthemto the chunler. The POStags
werenotusedasinputto theparserall POSambigu-
ity wasretainedwhile parsing.



R1 (1 error): Lexical itemdoesnotgettheright
part of speechandthereforedoesnot selectthe
correcttrees. Example: [The air] is [mainly dry
botheastandwest]of [theridge] over[the valley] with
[atendenyg] toward [strongersoutheasterlyinds]in
[milder air] westof [the ridgeline]. toward is not as-
signeda “Preposition”’POSandthereforedoesnot se-
lectthe post-NPmodifiertree.

R2 (1 error): Lexical item doesnot selectthe
necessaryree or family. Example: [A ridge] of
[high pressuremoving in from Ontariowill give [a
sunry day]to [all threeprovinces]on Saturday mov-
ing in is notanalyzedasanintransitive verb-patrticle.

R3 (3 errors): Missing analysisfor VP coordi-
nationin the currentgrammar Example: [This
disturbanceill slowvly move eastward today and
shouldlie to [the east]of [our regions]on Wednes-
day.

| ErrorClass [No.| % |
POSTag(R1) 1 | 2.08%
Missing Tree(R2) 1 | 2.08%
No VP coordinationR3) | 3 | 6.25%
Total 5 | 10.4%

Table3: Resultsof Corpus-Baseé&rror Analysis

3.2.2. The CSLI LKB TestSuite

As atest-suitdhathadnotbeenparsedefore,
weusedtheCSLILKB testsuite. Theparsetook
41.5 minutesto parsethe grammaticakentences
andaround13 minutesto parsethe ungrammat-
ical sentences.The timestaken for parsingthe
grammaticakentenceareshown in Figure2.

In the LKB testsuite,of the 966 grammatical
sentencesve were unableto parse26 (2.7%).
The errorswere causedby the following prob-
lems(seealsoTable4):

E1(1error): Missingentryfor intransitveinter-
view. Example: Abramswill interview forever.

E2 (3 errors): Missingentryfor transitve evalu-
ated. Example: ChiangevaluatedAbrams

E3 (1 error): Missing treefor negation having
scopeover determinersExample: Not many pro-
grammerswereintervieved by Browne.

E4 (3 errors): Missing tree for adwerbial then.
Example: If Devito hired Browne, then the project
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Figure 2: Parsetimes plotted againstsentence
lengthfor the LKB test-suite.

hadthreeprogrammers.

E5 (2 error): Missinganalysisfor inversepredi-
cation.Example: In the officeis thebookcase.

E6 (18errors): Missinganalysidor ellipsis. Ex-
ample: If managerarenot,aconsultants interviev-
ing programmers

E7 (1 error): Propernounsdon't getthe pred-
icative treeby default. Example: Thereis Abrams,
Browne,andChiang

| ErrorClass [No.| % |
MissingEntry (E1-E2) 4 | 0.4%
MissingLexicalizedTree(E3-E4)| 4 | 0.4%
No InversePredicationgE5) 2 | 0.2%
No analysidfor Ellipsis (E6) 18 | 1.8%
Defaultentryerror(E7) 1 | 0.1%
Total 26 | 2.7%

Table4: Resultsof CSLI TestSuite-basedtvalu-
ation

Errors R3, E5, and E6 were noticed be-
fore (Srinivas et al., 1998) as lacking in our
grammay but the analysisfor the threekinds of
constructiongVP coordination,ellipsis, inverse
predication)hasnot beenaddedyet. Of the 387
ungrammaticalsentences189 did not get ary
valid parsesafterfeatureunification. We did not
examine the parsesobtainedfor the remaining
sentence® seedf they containedalegitimateam-
biguity or anerrorin thegrammar



3.2.3. Comparison of Test-Suiteand
Corpus-BasedEvaluation Methods

Lookingatthehistoryof evaluationgresented
in this papemwe saw thattheinitial evaluationsof
the XTAG Englishgrammaron corporalike the
Brown corpusandthe Wall StreetJournalcorpus
identifiedseveralinstance®f linguistic phenom-
enawhich were missingfrom the grammar A
subsequerdinalysisof the TSNLP test-suitevas
usefulin finding caseswherelexical entriesdid
not selectthe appropriatdrees.It is importantto
noteherethattherewasvery little overlapin the
kinds of changeddentifiedin the two kinds of
evaluation. Comparethe errorsfound after pars-
ing corporain Table1 andthe errorsfound after
parsinga test-suitein Table2. We geta similar
variationin the evaluationsconductedn this pa-
per. Differentkindsof errorsweredetectedvhile
parsingthe weathercorpus(seeTable 3) when
comparedo the errorsdetectedhafter parsingthe
CSLI LKB test-suitgseeTable4).

By parsingthe weatherreportscorpus,a do-
main that was novel to the XTAG grammay we
found that two particulartypesof reducedrel-
atives (see Section3.2.1.) were not getting the
right analysis. This causeddismal parsingper
formanceonthatcorpus:only 20%of thetestset
wasparsed.After arecentoverhaulof the XTAG
relatve clauseanalysis,we re-parsedthe same
testsetwith greatersuccessandfoundthatnow
we wereableto parse89.6%of the corpus.Pars-
ing theweathercorpushasthusenabledisto rec-
ognizethepredominancef theseparticularkinds
of reducedrelatve clausesand the correspond-
ing shortcomingn our grammarwith respecto
the analysisof theseconstructions More impor-
tantly, our resultsindicatethat this improvement
hasbeenpossibleonly asa resultof the corpus-
basedevaluation.

We believe that using test-suitesas the only
evaluationmetric for a wide-coveragegrammar
faceghefollowing disadwantagesomparedo an
approachhatalsoincludesacorpus-basedvalu-
ation. Firstly, test-suites@reconstructedy hand
to allow for systematicvariation only within a
particularrangeof grammaticaphenomenand,
in contrastto the sentencegound in naturally-
occurring corpora (see above), are unlikely to
point us towardsan increasingsetof novel con-
structions.Secondlyin atest-suitethesamdex-

ical items are usedvery often, causinga distri-

bution of wordsthatis unlike naturallyoccurring
text (see(Doranet al., 1997)for further discus-
sionsaboutthe useof test-suitegor evaluation).
Finally, eachsentencén atest-suiteusuallyhan-
dlesasinglegrammaticaphenomenand,so,in-

teractionsbetweendifferentphenomenare sel-
dom explored. Corpussentencespn the other
hand,typically containseveralgrammaticaphe-
nomenawithin them,andarethusmorelikely to

reflectthereal-world compleity in parsingusing
thewide-corerageggrammar Comparing-igurel

and Figure 2 we can seethat parsingthe LKB

test-suitetook far lesstime (41.5 minutes)when
comparedo time takento parsethe weathercor-

pus (175 minutes)eventhoughthe test-suitewas
roughly20 timeslarger.

Test-suiteshowever, areusefulto maintainthe
consisteng of a wide-coreragegrammar When
new additionsare madeto the grammay a test-
suitecansystematicallycheckthatearlieranaly-
seshave not broken asa resultof the additions.
However, for this purposeit is betterto have a
test-suitetailored to a particulargrammay and
to this end, the XTAG grammarhasan internal
test-suitethat containsall the examplesentences
(grammaticalandungrammaticalfrom the con-
tinually updateddocumentatiorof the grammar
Thisinternaltest-suitas usedasaninternalcheck
so that new additionsto the grammarare not
inconsistent. Test-suitescan also be usedas a
coarsametricto find whichgrammaticaphenom-
enaaremissingfrom a particularwide-coverage
grammay thus enablingcomparisonwith other
wide-coreragegrammars Finally, test-suitesre
also useful for accountingfor certainrare phe-
nomenahatdo not occurcommonlyin corpora.
For example,certainexamplesof ellipsissuchas
If managers are not, a consultant is interview-
ing programmers may never be detectedusinga
corpus-basedvaluation.

Basedon the experiencesof evaluationsde-
tailed above, we amgue for a combinedmethod-
ology for the evaluationof wide-coreragegram-
marsthatincludestest-suitebasedevaluationand
corpus-basegarsingcoverage-basedvaluation.
As shawn in this paper this approacthassened
uswell in the evaluationandthe continuingde-
velopmenbf the X TAG Englishgrammar



4. Conclusion

In this paper we argued for a combined
methodologyfor the evaluationof wide-coverage
grammarsthat includes test-suitebasedevalu-

NaturalLanguageProcessingln Proc. of COLING
1996, Copenhagen.

L. A. Ramsha andM. P. Marcus.1995. Text chunk-
ing using transformation-basetkarning. In ACL
3rd Workshop on Very Large Corpora, pages82—94.

ation and corpus-basegarsingcoverage-based A Rratnaparkhi.1996. A maximumentropy part-of-

evaluation.We presentedur experiences eval-
uating the wide-coreragexTAG English gram-
mar usingthesemethods.We analyzedthe out-
put of parsinga corpusof weathersentencegs
well asparsinghe CSLI LKB test-suiteandcom-
paredthe benefitsof conductingoothof theseex-
perimentsto the grammardevelopmentprocess.
Basedon theseresults,we concludedthat both
corpus-basedndtest-suitebasedevaluationsare
importantfor grammardevelopmenin the X TAG
Englishgrammar
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Appendix

1. [The warm air mass] affecting [southwestern
QuebecfTor [the pastfew days]is still moving slowly
eastvardsandwill make roomfor [a muchcolderair
massjovernightandWednesday

2. [A low] lying near[Nova Scotia][this morning]is
inducing[a northeasflow] over [the StLawrence].

3. [This disturbance]will slowly move eastvard
todayandshouldlie to [the east]of [our regions]on
Wednesday

4. Cloud will move into [the westernregions] in
[the wake] of [the high pressurearea] [Saturday
afternoon].

5. Behind [this area][a moderateflow] will cause
[an inflow] of [milder air] in [southwesterrQuebec]
producing temperaturesslightly abose normal on
Sunday

6. Westof [the ridge line] [a gradualincrease]in
cloudinessis being experiencedtoday and as [the
cloud] thickens [this evening] shavers will com-
menceand continuein [the westernhalf] of Quebec
tomorraw.

7. [Thedisturbance$outhof [Nova Scotia]early|[this
morning]will slowly pull away but neverthelesgjive
[that province] [cloudy skies] and [isolated shawver
actiity] today

8. [The cloud] will graduallyclear as [the system]
pulls away from [the district] although[CapeBreton]
shouldreceve [a few shavers]from it.

9. [Very mild air] precedinda disturbancejn [north
Dakota] will graduallypushinto partof [St Lawrence
Rivervalley] todayandMonday

10. [A massjof [cool air] is presentlypushingacross
[the GreatLakes] behind[the disturbancelaffecting
Quebedoday



