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Abstract
In this paperwe presentour experiencesin the evaluationof a wide-coveragegrammarof English: the XTAG

English grammar. We give a brief history of previous evaluationsdoneusing the XTAG grammarand then
describea pair of new evaluationsdoneon a corpusof weatherreportsandtheCSLI LKB testsuite. Basedon
theseexperiments,wediscussthedifferingmeritsof naturallyoccurringcorporaandtestsuitesin theevaluation
of wide-coveragegrammars.

1. Intr oduction
Thetermwide-coverage whenappliedto nat-

ural languageparsinghastwo meanings:oneis
thatof grammaticalcoverage:how many linguis-
tic phenomenadoesthegrammarhandle;thesec-
ond is that of parsingcoverage: for how many
sentencesfrom a naturallyoccurringcorporaof
text doesa parserproduceanappropriatederiva-
tion. Evaluationmethodssuchastest-suitebased
evaluation handle the former notion of cover-
age,while corpus-basedmetrics(Harrisonet al.,
1991)attemptto handlethe latternotionof cov-
erage.

In this paper, we report on our experience
in conductingan evaluationalong thesetwo di-
mensionson XTAG: a wide-coveragegrammar
of English. We give a brief history of previous
evaluationsand describesomenew evaluations
of the grammarand parsingsystem. We com-
parethe changesproposedto the XTAG English
grammarasa resultof theseevaluations.Based
on this comparisonwe argue for a methodfor
evaluatingthecoverageof a grammar/parserthat
tries to combineboth of thesenotionsas an at-
temptto reachan evaluationmethodthat is bet-
ter suitedto improve grammardevelopmentfor

Wewouldliketo thankAravind JoshiandFeiXia
for theirhelpandsuggestions.Thisworkwaspartially
supportedby anNSFGrant,SBR8920230.

wide-coveragegrammars.

2. The XTAG English grammar
The XTAG English grammar(XTAG-Group,

1998)is awide-coverageEnglishgrammarbased
on the lexicalized Tree Adjoining Grammar
(LTAG) formalism.LTAG is alexicalizedmildly-
context sensitive tree rewriting system(Joshiet
al., 1975). It is capableof supportingstructural
descriptionsnot supportedby context-freegram-
mars. In LTAG, eachpieceof syntacticstruc-
ture is encodedin an object called an elemen-
tary tree, which is lexicalized.Parsingis accom-
plishedby combiningtheseelementarytreesse-
lectedby the words in 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 thesetrees is picked out by
the wordsin a givensentence.Lexicalizationis
determinedusing on-line lexical resourcesand
default rules basedon morphologicalanalysis.
Grammardevelopmentis doneat a moregeneral
level thanindividual lexicalizedtrees.Thegram-
mar is organizedinto several collectionsof tree
templatesand tree templatefamilies relatedby
their predicate-argumentstructure. A complete
descriptionof the linguistic detailsin the XTAG

grammaris available on the project web-page:
http://www.cis.upenn.edu/˜x tag .



3. A CombinedEvaluation Metric
A subsetof theapproachesto evaluatingpars-

ing systemscan be groupedas being intrinsic
evaluation methods(Srinivasetal.,1998),asthey
measurethe performanceof a parsingsystemin
thecontext of theframework in which it wasde-
veloped. This kind of evaluationhelpssystem
developersand maintainersto measurethe per-
formanceof successive generationsof a system.
In particular, for grammar-basedsystemssuch
as XTAG, it helpsidentify the shortcomingsand
weaknessesin thegrammar, andprovidesadirec-
tion for theproductive developmentof thegram-
mar.

Approachesto intrinsic evaluationcanbe di-
vided into test suite-based and corpus-based
methods. In the test suite-basedmethod,a list
of sentencesfor eachsyntacticconstructionthat
is coveredand not coveredby the grammaris
maintainedasa database.This testsuiteis used
to trackimprovementsandverify consistency be-
tweensuccessive generationsof grammardevel-
opmentin a system.The corpus-basedmethods
arefurtherdividedinto thosewhichuseannotated
dataand thosewhich useunannotateddata. In
this paper, we will beconcernedonly with those
methodsthatuseunannotateddata.Unannotated
corpus-basedevaluationmethodsuseunrestricted
texts ascorporafor evaluatingparsingsystems.1

One exampleof this methodis measuringcov-
erage which is a measureof the percentageof
sentencesin thecorpusthatcanbeassignedone
or moreparsesby a parsingsystem(Briscoeand
Carroll,1995).

The advantageof the testsuite-basedevalua-
tion is that it is relatively straightforwardandthe
information provides a direction for improving
the system.However, the disadvantageis that it
doesnotquantifyhow theperformanceof apars-
ing systemwould scaleup when parsingunre-
strictedtext data. For the evaluationof a wide-
coveragesystem,however, thecorpus-basedeval-
uationmakesup for thisdisadvantage.

In the restof the paper, we describeprevious
andcurrentevaluationsof XTAG, both testsuite-
basedandcorpus-based,andshow that combin-
ing theevaluationmethodshasbeenveryproduc-

1In unrestrictedtexts, thesentencesarenot anno-
tatedwith any linguistic information.

tive for ourgrammardevelopmentefforts.

3.1. PreviousEvaluations
In the evaluation of the grammarpresented

in (Doranetal.,1994),asubsetof theWall Street
Journalandthe Brown Corpuswasparsedwith
thegrammarandthensubjectedtoadetailederror
analysis.Theresultsof theevaluationareshown
in Table1. Basedon thisevaluationthegrammar
wasupdatedto handleerrorscauseddue to #1,
#2,#3,#7,#12,#13and#14.

Rank No.errors Categoryof error

#1 11 Parentheticals/appositives
#2 8 TimeNP
#3 8 Missingsubcat
#4 7 Multi-wordconstruction
#5 6 Ellipsis
#6 6 Not sentences
#7 3 GaplessRelativeclause
#8 2 Funny coordination
#9 2 VP coordination
#10 2 Invertedpredication
#11 2 Whoknows
#12 1 Missingentry
#13 1 Comparative
#14 1 Bareinfinitive

Table 1: Resultsof Corpus-Based(WSJ and
Brown) ErrorAnalysis

In addition to the corpus-basedevaluation,
the sentences(andphrases)of the TSNLP (Test
Suitesfor NaturalLanguageProcessing)English
Corpus(Lehmannet al., 1996)werealsoparsed
using the XTAG grammar(Doran et al., 1997;
Srinivaset al., 1998). Thecorpuscontains1409
grammaticalsentencesandphrasesand3036un-
grammaticalones.61.4%of thegrammaticalex-
amples(1367)werereportedasparsedby thesys-
tem.2 Detailedresultsof the error analysisare
givenin Table2.

We have presentedtheseearlier evaluations
of the XTAG grammarin orderto emphasizethe
changesoccurringthegrammardueto continual
evaluations.We now comparetheseearliereval-
uationswith a new corpus-basedevaluationand
test-suitebasedevaluationin Section3.2..

242of the1409sentenceswerejudgedasungram-
maticalandremovedfrom thetestcorpus.



ErrorClass %

POSTag 19.7%
Missingitem in lexicon 43.3%
Missingtree 21.2%
Featureclashes 3%
Rest 12.8%

Table2: Breakdown of TSNLPTestSuiteerrors

3.2. Curr ent Evaluation

For the currentevaluationof the XTAG gram-
mar, we parseda corpusof weatherreportsand
the 1348 sentencesof the CSLI LKB (Linguis-
tic Knowledge Building) test suite (Copestake,
1999),andcomparedtheresultsof the two eval-
uations. The weatherreportswere provided to
usby CoGenTex.3 Thesentencesin this kind of
corpustendto bequitelong (anaverageof 20 to-
kens/sentence)andcomplex. Theexamplesgiven
in theAppendixareillustrativeof thetypeof sen-
tencesandterminologyin thisdomain.

3.2.1. The WeatherCorpus
(Doran et al., 1997) parsedthe corpus of

weatherreportsandfound that it containedsev-
eralrelative clausesthatcausedproblemsfor the
XTAG grammarandalsothat the parserwasun-
ableto handlesomeof themorecomplex longer
sentences.The problematiccasesinvolved two
kinds of relative clauses(roughly 40%) which
werenotaccountedfor by thegrammardeveloper
at the time. The first kind containedexamples
like A frontal system approaching from the west
whichincludedan-ing form in therelativeclause
predicate,andtheotherkind containedexamples
like The disturbance south of Nova Scotia early
this morning whichhadadirectionalnounphrase
asthe predicate.As a resultof theseshortcom-
ings andalsodueto the long andcomplex sen-
tencesin this testset,we couldparseonly about
20%of thetestset(10 out of 48 sentences).Af-
ter a recentoverhaulof therelative clauseanaly-
sis in the XTAG grammarwe wantedto test the
updatedcoverageof the grammaron the same
testsetandevaluatethe degreeof improvement
in performance.

3Thanksto the Contrastive Syntax Project, Lin-
guisticsDepartmentof theUniversityof Montreal,for
theuseof theirweathersynopsiscorpus.

Thetestsetof sentencesfrom theweathercor-
pusin thecurrentevaluationis thesameasin the
previousstudy(Doranet al., 1997).Thereare48
sentencesin the testset (the sizeof the test set
waspurposefullykeptsmallsincetheoutputhad
to becheckedby handto checkparseraccuracy).

Before parsing the corpus, we prepro-
cessedthe corpus with a noun-phrasechun-
ker (Ramshaw and Marcus, 1995)4 and hand-
correctedthe few errorsit made. Therewerea
totalof 536nounphrasechunksand4%(21/536)
of thesechunkswereincorrect. We thenparsed
the(corrected)NP-chunkedtext with thecurrent
XTAG parser. Parsingtheentiretestsettookabout
175 minutes. The parsetimesfor eachsentence
in thetestsetis shown in Figure1.

-4

-2

0

2

4

6

8

5 10 15 20 25 30 35 40 45

Lo
g(

tim
e 

ta
ke

n)
 in

 s
ec

on
ds

�

Sentence length

Figure 1: Parsetimes plotted againstsentence
length for the test set from the weatherreports
corpus.

With increasedgrammar coverage due to
previous corpusevaluationswe have obtaineda
muchbetterperformanceof the XTAG parseron
the sentencesin the weatherdomain. Of the 48
sentencesin thecorpus,wewereableto parse43
sentences(89.6%).A comprehensivebreakdown
of the errorsis describedin Table3. The errors
were due to the reasonslisted below. In all
the examples,the problematicword or phrase
appearsin bold.

4We used Adwait Ratnaparkhi’s part-of-speech
tagger(Ratnaparkhi,1996)to tag the input sentences
beforesendingthem to the chunker. The POStags
werenotusedasinputto theparser– all POSambigu-
ity wasretainedwhile parsing.



R1 (1 error): Lexical item doesnot gettheright
part of speechand thereforedoesnot selectthe
correct trees. Example: [The air] is [mainly dry
botheastandwest]of [theridge]over[thevalley] with
[a tendency] toward [strongersoutheasterlywinds] in
[milder air] westof [the ridgeline]. toward is not as-
signeda“Preposition”POSandthereforedoesnotse-
lect thepost-NPmodifiertree.

R2 (1 error): Lexical item doesnot selectthe
necessarytreeor family. Example: [A ridge] of
[high pressure]moving in from Ontariowill give [a
sunny day] to [all threeprovinces]on Saturday. mov-
ing in is notanalyzedasanintransitive verb-particle.

R3 (3 errors): Missing analysisfor VP coordi-
nation in the currentgrammar. Example: [This
disturbance]will slowly move eastward today and
should lie to [the east]of [our regions]on Wednes-
day.

ErrorClass No. %

POSTag(R1) 1 2.08%
MissingTree(R2) 1 2.08%
No VP coordination(R3) 3 6.25%
Total 5 10.4%

Table3: Resultsof Corpus-BasedErrorAnalysis

3.2.2. The CSLI LKB TestSuite
As atest-suitethathadnotbeenparsedbefore,

weusedtheCSLI LKB testsuite.Theparsertook�����	�
minutesto parsethegrammaticalsentences

andaround
��


minutesto parsethe ungrammat-
ical sentences.The times taken for parsingthe
grammaticalsentencesareshown in Figure2.

In theLKB testsuite,of the966grammatical
sentenceswe were unableto parse26 (2.7%).
The errorswere causedby the following prob-
lems(seealsoTable4):

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

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

E3 (1 error): Missing tree for negationhaving
scopeoverdeterminers.Example: Not many pro-
grammerswereinterviewedby Browne.

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

hadthreeprogrammers.

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

E6 (18errors): Missinganalysisfor ellipsis.Ex-
ample: If managersarenot,aconsultantis interview-
ing programmers.
E7 (1 error): Propernounsdon’t get the pred-
icative treeby default. Example: Thereis Abrams,
Browne,andChiang.

ErrorClass No. %

MissingEntry (E1-E2) 4 0.4%
MissingLexicalizedTree(E3-E4) 4 0.4%
No InversePredications(E5) 2 0.2%
No analysisfor Ellipsis (E6) 18 1.8%
Default entryerror(E7) 1 0.1%
Total 26 2.7%

Table4: Resultsof CSLI TestSuite-basedEvalu-
ation

Errors R3, E5, and E6 were noticed be-
fore (Srinivas et al., 1998) as lacking in our
grammar, but the analysisfor the threekinds of
constructions(VP coordination,ellipsis, inverse
predication)hasnot beenaddedyet. Of the 387
ungrammaticalsentences,189 did not get any
valid parsesafter featureunification. We did not
examine the parsesobtainedfor the remaining
sentencestoseeif they containedalegitimateam-
biguity or anerrorin thegrammar.



3.2.3. Comparisonof Test-Suiteand
Corpus-BasedEvaluation Methods

Lookingatthehistoryof evaluationspresented
in thispaperwesaw thattheinitial evaluationsof
the XTAG English grammaron corporalike the
Brown corpusandtheWall StreetJournalcorpus
identifiedseveralinstancesof linguisticphenom-
enawhich were missingfrom the grammar. A
subsequentanalysisof theTSNLPtest-suitewas
useful in finding caseswherelexical entriesdid
not selecttheappropriatetrees.It is importantto
noteherethat therewasvery little overlapin the
kinds of changesidentified in the two kinds of
evaluation.Comparetheerrorsfoundafterpars-
ing corporain Table1 andtheerrorsfoundafter
parsinga test-suitein Table2. We get a similar
variationin theevaluationsconductedin this pa-
per. Differentkindsof errorsweredetectedwhile
parsingthe weathercorpus(seeTable 3) when
comparedto theerrorsdetectedafterparsingthe
CSLI LKB test-suite(seeTable4).

By parsingthe weatherreportscorpus,a do-
main that was novel to the XTAG grammar, we
found that two particular types of reducedrel-
atives (seeSection3.2.1.) were not getting the
right analysis. This causeddismal parsingper-
formanceon thatcorpus:only 20%of thetestset
wasparsed.After a recentoverhaulof the XTAG

relative clauseanalysis,we re-parsedthe same
testsetwith greatersuccess,andfoundthatnow
wewereableto parse89.6%of thecorpus.Pars-
ing theweathercorpushasthusenabledusto rec-
ognizethepredominanceof theseparticularkinds
of reducedrelative clausesand the correspond-
ing shortcomingin our grammarwith respectto
theanalysisof 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
facesthefollowingdisadvantagescomparedto an
approachthatalsoincludesacorpus-basedevalu-
ation. Firstly, test-suitesareconstructedby hand
to allow for systematicvariation only within a
particularrangeof grammaticalphenomenaand,
in contrastto the sentencesfound in naturally-
occurring corpora (see above), are unlikely to
point us towardsan increasingsetof novel con-
structions.Secondly, in a test-suite,thesamelex-

ical items are usedvery often, causinga distri-
butionof wordsthatis unlikenaturallyoccurring
text (see(Doranet al., 1997)for further discus-
sionsabouttheuseof test-suitesfor evaluation).
Finally, eachsentencein a test-suiteusuallyhan-
dlesasinglegrammaticalphenomenaand,so,in-
teractionsbetweendifferentphenomenaaresel-
dom explored. Corpussentences,on the other
hand,typically containseveralgrammaticalphe-
nomenawithin them,andarethusmorelikely to
reflectthereal-world complexity in parsingusing
thewide-coveragegrammar. ComparingFigure1
and Figure 2 we can seethat parsingthe LKB
test-suitetook far lesstime ( ��
���� minutes)when
comparedto time takento parsetheweathercor-
pus( 
���� minutes)eventhoughthetest-suitewas
roughly ��� timeslarger.

Test-suites,however, areusefultomaintainthe
consistency of a wide-coveragegrammar. When
new additionsare madeto the grammar, a test-
suitecansystematicallycheckthatearlieranaly-
seshave not broken asa resultof the additions.
However, for this purposeit is betterto have a
test-suitetailored to a particulargrammar, and
to this end, the XTAG grammarhasan internal
test-suitethatcontainsall theexamplesentences
(grammaticalandungrammatical)from the con-
tinually updateddocumentationof the grammar.
Thisinternaltest-suiteisusedasaninternalcheck
so that new additions to the grammarare not
inconsistent. Test-suitescan also be usedas a
coarsemetrictofindwhichgrammaticalphenom-
enaaremissingfrom a particularwide-coverage
grammar, thus enablingcomparisonwith other
wide-coveragegrammars.Finally, test-suitesare
also useful for accountingfor certainrare phe-
nomenathatdo not occurcommonlyin corpora.
For example,certainexamplesof ellipsissuchas
If managers are not, a consultant is interview-
ing programmers may never be detectedusinga
corpus-basedevaluation.

Basedon the experiencesof evaluationsde-
tailed above, we argue for a combinedmethod-
ology for theevaluationof wide-coveragegram-
marsthatincludestest-suitebasedevaluationand
corpus-basedparsingcoverage-basedevaluation.
As shown in this paper, this approachhasserved
us well in the evaluationandthe continuingde-
velopmentof theXTAG Englishgrammar.



4. Conclusion

In this paper we argued for a combined
methodologyfor theevaluationof wide-coverage
grammarsthat includes test-suitebasedevalu-
ation and corpus-basedparsingcoverage-based
evaluation.Wepresentedourexperiencesin eval-
uating the wide-coverageXTAG English gram-
mar usingthesemethods.We analyzedthe out-
put of parsinga corpusof weathersentencesas
well asparsingtheCSLI LKB test-suiteandcom-
paredthebenefitsof conductingbothof theseex-
perimentsto the grammardevelopmentprocess.
Basedon theseresults,we concludedthat both
corpus-basedandtest-suitebasedevaluationsare
importantfor grammardevelopmentin theXTAG

Englishgrammar.
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Appendix
1. [The warm air mass] affecting [southwestern
Quebec]for [the pastfew days]is still moving slowly
eastwardsandwill make roomfor [a muchcolderair
mass]overnightandWednesday.
2. [A low] lying near[Nova Scotia][this morning] is
inducing[a northeastflow] over [theStLawrence].
3. [This disturbance]will slowly move eastward
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 [southwesternQuebec]
producing temperaturesslightly above normal on
Sunday.
6. West of [the ridge line] [a gradualincrease]in
cloudinessis being experiencedtoday and as [the
cloud] thickens [this evening] showers will com-
menceandcontinuein [the westernhalf] of Quebec
tomorrow.
7. [Thedisturbance]southof [NovaScotia]early[this
morning]will slowly pull away but neverthelessgive
[that province] [cloudy skies] and [isolated shower
activity] today.
8. [The cloud] will graduallyclear as [the system]
pulls away from [the district] although[CapeBreton]
shouldreceive [a few showers]from it.
9. [Very mild air] preceding[a disturbance]in [north
Dakota] will graduallypushinto partof [St Lawrence
Rivervalley] todayandMonday.
10. [A mass]of [cool air] is presentlypushingacross
[the GreatLakes] behind[the disturbance]affecting
Quebectoday.


