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Abstract

In thispaper, weshow how to formalizerecon-
structioneffectsin anLTAG semantics.Wede-
rive a lexical entry andsemanticspecification
for how many, which introducestwo quantifi-
cationalelements.We alsoshow how they in-
teractcompositionallywith otherscopalitems,
e.g.modalandattitudeverbsin aquestion.The
useof an underspecifiedsemanticsallows the
compactrepresentationof scopeambiguities.
We demonstratehow this also enablesus to
obtainthe correctreadingsin embeddedques-
tions.

1 Intr oduction

Semanticreconstructionis aneffect thatis appealedto if
a scopalelementseemsto be interpreted“further down”
in the syntactictreethanit actuallyoccurs. Oneexam-
plearecomplex wh-questions,in whichapartof thewh-
phrasesometimesmustbeinterpretedasif it occurredin
theapproximatepositionof its trace(in a transformation-
basedanalysis).

How many-questionsaresuchcomplex wh-questions,
becausehowmanyintroducestwo quantifiers(basically,
what n and n-many). Thus, sentence(1) is ambigu-
ous with respectto whetherreconstructionof the sec-
ond quantifier(n-many) into the object position occurs
or not.1

1Notethatreconstructionof aquantifierinto alowerposition
in thetreedoesnotdeny thatquantifierthepossibilityto raiseby
normalquantifierraising. In fact, in thecaseof howmany, the
whatn is a wh quantifierwhich hasto take thewidestpossible
scope. The n-manyquantifier is a normal non-wh quantifier
which canbe interpretedin the usual“scopewindow” for NP
quantifierssuchas“some” and“every”. Alternatively, by way
of appearingtogetherin one word with the wh quantifier, n-
manycantake thehigherwh-scopehere.

(1) How many studentsdid Mary interview?
For whatn: therearen-many people��� , suchthat
Mary interviewed ��� .�����	�

some 
���������� ���������
some 
 �  stud ��
 ������ � � � �� interview 
! " �  � �#���%$ 2 & 3

This ambiguity is madeapparentif other scopalele-
ments,like modalverbs,adjoin to the sentence.Exam-
ple (2) hastwo separatemeanings,with differentrelative
scopeof n-manyandshould.

(2) How many studentsshouldMary interview?

(a) For what n: it shouldbe the casethat therearen-
many students� � suchthatMary interviewed � � .�����	�

some 
���������� ���������
should 
 some 
 � 

stud �'
 �(� �)� � � � �� intv 
�*� �  � � � mary 
�* ���#���%$
(b) For whatn: therearen-many students��� suchthatit

shouldbethecasethatMary interviewed ��� .�����	�
some 
���������� ���������

some 
 �  stud ��
 ��� �� � � � �� should 
 intv 
�*+ �  � � � mary 
�* �#���#�%$
The first meaningmight be intendedwhen Mary is

known to make a representative survey amongstudents,
and the speaker wantsto know how many students(no
matterwho they are)have to be interviewedin orderfor
Mary to beableto makevalid judgments.Meaning(b) is
moresalientif Mary hasbeenassignedto askcertainstu-
dents(e.g.,Bill, Bob,andSusan),andthespeaker wants
to know how big thegroupof peoplewhomMary hasto
interview is exactly.

In earlier approachesto suchsemantics,the effect is
accountedfor by postulatinga tracein thecanonicalpo-
sition of the wh-element(Cresti, 1995). A part of the

2We loosely follow the view of (Karttunen,2003) on the
meaningof questions,which analysesa questiondenotationas
a setof propositions,namelyall thosepropositionsthatanswer
thequestion.

3stud , means“a plurality of students”.
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wh-phraseis then said to be reconstructedin that po-
sition, from which it can optionally raiseacrossother,
higherscopalelements.Thus,an ambiguityariseswith
respectto therelative scopingsof scopalelementsin the
sentence.

Thesephenomenaseemto poseproblemsfor aseman-
tics interface on top of a syntactic theory which, like
TAG, doesnot make useof tracesor movement. How-
ever, we demonstrateherethat the useof featurestruc-
turesnot only makesan accountpossible,but alsopro-
videsuswith a compactunderspecifiedrepresentationof
scopeambiguitiesthatarisedueto the optionalityof re-
construction.

2 LTAG Semantics

It is commonlyarguedthatsemanticcompositionin TAG
shouldbe donewith respectto the derivation tree, not
the derived tree. This is possiblebecauseeachelemen-
tarytreeis associatedwith its appropriatesemanticrepre-
sentation,andthesemanticsof thesentenceis composed
incrementallyin parallelwith the syntacticcomposition
(seee.g.Kallmeyer andJoshi,2003;Joshiet al., 2003;
GardentandKallmeyer,2003).

In this paper we use the framework presentedin
Kallmeyer and Romero(2004): We use a flat seman-
tic representationwith unification variables(similar to
MRS, Copestake et al., 1999). In addition to predica-
tions,thesemanticscontainpropositionalmetavariables.
Constraintsontherelativescopeof themetavariablesand
propositionallabelsare usedto provide underspecified
representationsof scopeambiguities.Thesemanticrep-
resentationis storedin semanticfeaturestructuresthat
arepartof thelexical entry, togetherwith theelementary
tree.To keeptrackof thenecessaryvariableunifications,
semanticfeaturesareassociatedwith eachnodeposition
in theelementarytree.4 Thevaluesof thesefeaturesare
featurestructuresthatconsistof a T anda B feature(top
andbottom)whosevaluesarefeaturestructureswith fea-
turesI for individual variables,P for propositionallabels
etc.

Thesemanticcompositionfollowstheusualdefinitions
for unification in Feature-BasedTAG syntax: For each
edgein thederivationtreefrom elementarytree -�. to -(/
with position

�
: (1) the T featureof position

�
in -�. and

theT featureof theroot of -0/ areidentified,and(2) if -(/
is an auxiliary tree, then the B featureof the foot node
of -0/ andthe B featureof position

�
in -�. areidentified.

Furthermore,at theendof a syntacticderivation,thetop
andbottomfeaturestructuresateachnodeareunified.By
theseunifications,someof the variablesin the semantic
representationsgetvalues.Then,theunionof all seman-

4For thesake of readability, we usenamesnp,vp, ... for the
nodepositionsinsteadof theusualGornadresses.

tic representationsis built whichyieldsanunderspecified
representationwith scopeconstraints.

To obtain the different possiblescopingsof the sen-
tence,all possibledisambiguations, i.e. injective func-
tionsfromtheremainingpropositionalvariablesto labels,
mustbefound.Thedisambiguatedrepresentationsarein-
terpretedconjunctively.

Quantifiers Following Joshi and Vijay-Shanker
(1999); Kallmeyer and Joshi (2003) and in particular
Romeroet al. (2004), we assumethat quantificational
NPsasevery in (3) andalsowho in (4) aresyntactically
split into two partsof onemulticomponentset. Onetree
is substitutedinto theappropriateNP nodeandprovides
the predicate-argumentinformation; the other tree is a
degenerateauxiliary tree that consistsonly of a single
S node,andwhich contributesthe scopepart. Figure1
shows thesyntaxfor sentence(3).

(3) Everydogbarks.

(4) Who laughs?

1222223 222224
S,
NP

Det N ,
every

5 222226222227 N

dog

S

NP8 VP

barks

Figure1: Syntaxof (3) Everydog barks.

Thesemanticderivationfor thesimplequantifiedsen-
tence(3) is shown in figure 2. The unificationsleadto
the following featureidentities: . � 9

(adjunctionof
the scopepart), : � * and ; �=< : (substitutionof dog
into determiner), / � * and > �?< . (substitutionof the
NP into barks). Replacingthe variablesby their values
and building then the union of all semanticrepresenta-
tionsleadsto (5):

(5)
< .A@ bark 
�* � , < /B@ every 
�*+ C  D � , < : @ dog 
E* �. F < .  C F < :  D F < .  . F < /

There is only one disambiguation, . G < /' C G< :  D G < . , which leadsto the final semanticrepresen-
tation: every 
�*+ dog 
�* �  bark 
E* �#� .
Questions The feature maximal scope (MAXS) is
neededto provide the correctmaximalscopeof quanti-
fiers. This is importantin questions,aswe will seelater.
Furthermore,MAXS is alsousedto make surethatquan-
tifiers embeddedunderattitudeverbssuchas think can-
not scopeover the embeddingverb (seeKallmeyer and
Romero,2004,for furtherdiscussion).
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H�IKJ
barks L M N , I O HEIPQQQQQR S S B T MAXS

I UWV
NPX PR T Y I M

P l
I#Z#[\ [ ]]]]]\

H M J every LW^`_ a _ b N ,c O H MY S S B T MAXS
c U V Z

Sd a O e _ b O fPQQQQQQQR
NP

PR B Y I x
P

f Z [\
N

PR T Y I x
P

e Z [\
[ ]]]]]]]\

NPX

HhgiJ
dog L g NPR N PR T Y I g

P l
g Z [\j[\

N

Figure2: Semanticderivationof Everydog barks.

Following Romeroet al. (2004),we assumethat wh-
operators,likequantifiers,alsohaveaseparatescopepart
andthey alsohave a MAXS scopelimit. But their scope
limit is providedby the S’ node,not the S node. For an
analysisof the questionWhich studentsdid Mary see?,
seefigures3 and4.

The MAXS featurestogetherwith thesemanticsof the
questionverbmakesurethatall wh-operatorshavescope
over thequestionproposition(here

< / ) andall quantifiers
scopebelow thisproposition.Theminimalnuclearscope
of thewh-operator(variable / ) is providedby theques-
tion proposition

< / .
3 A Lexical Entry for how many

In this section,we give Multicomponent-TAG elemen-
tary treesand appropriatesemanticrepresentationsthat
show how to derive themeaningof howmanysentences
in TAG.

As notedabove, the phrasehow manyintroducestwo
existential quantifiers. Both appeartogetherin the se-
mantic representation.As for all (wh-)quantifiers,the
contribution is split up into a predicate-argumentanda
scopepart. Here, the predicate-argumentpart is empty
and containsonly someconstraints. This makes how

S* Skl l lmmm
NPnpo'q Srs s sttt

NPuvq VPw wxx
V

see

NP.y
NPz z{{

Det

which

N q
N

students

S| |}}
V

did

S*

NP

N

Mary

Figure 3: Syntactic derivation of Which studentsdid
Mary see?1222222222222222222222222223 222222222222222222222222224

S’*

H c J some LW~p_%~�����_ � N�_H g J
some LW��_�� ���v��~�� I X _ I a N�_I b O H c _ I a O I �Y S’ S B T MAXS

I b UhV Z
NP� ���

Det� ���
howmany

N 8
I g � H g _ I X O I�I _ � O I gPQQQQQQQQQQR

NP

PQQQR T Y WP
I g

P
I � Z

B T I y
U [ ]]]\

N

PR T Y I y
P

I�I Z [\
[ ]]]]]]]]]]\

5 222222222222222222222222226222222222222222222222222227
Figure5: Lexical entryfor howmany.

manyanalogousto which (seethe derivation in figure 4
above),in thattherestrictionis providedby thenounthat
substitutesinto the quantifier. The lexical entrywe pro-
posefor howmanyis shown in figure5.

Theadditionalcomplicationof this lexical item is that
the two quantifiersit contributesdo not have exactly the
samescope. One (

< 9 ) is a wh-quantifierthat needsto
take scopeover the questionpropositionin the verbal
tree. The constraint � F . : guaranteesthat the wh-
quantifieritself muststayon top of the treeandnot be
reconstructed.

Theotherquantifieris a “normal” onewhoseminimal
scopeis the elementarypredicationof the verbal tree.
Thus,it is not enoughto have onesinglefeatureP in the
root nodeof the predicate-argumentpart to provide the
minimal scopefor bothquantifiers(aswasstill sufficient
in the caseof which above). We introducea featureWP
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�v� g _ H M J�� � ��� aH I J
see L I b _ I X _ � Na O HEI _ g O H M _ I O H MPQQQQQQQQQQQQQQQQQQQQQQQQQQR

S� S T T MAXS
I UhV

NP��� PR T Y I I X
P l M Z�[\

Sd PQR T T P I U
B T MAXS l

I U [ ]\
NPX PR T Y I I b

MAXS l
I Z [\

VP

PQR T T P I U
B T MAXS l

I U [ ]\

[ ]]]]]]]]]]]]]]]]]]]]]]]]]]\
HhgiJ

some LW�(_ I M _ M NI g � H gY S S T T MAXS
I g U V Z

S� M O I b _ I M O I aPQQQQQQQR
NP

PR T Y I y
P

I b Z [\
N

PR T Y I y
P

I a Z [\
[ ]]]]]]]\

NP�#�

H b J student , LW��NPR N PR T Y I I�I
P l b Z [\v[\

N

L did NPQQQQQQQQR
R

PQR T T P f U
B T MAXS � U [ ]\

F

PR T Y P f
MAXS � Z [\

[ ]]]]]]]]\

S�
mary LW^�NY NP S T T I x

U	V Z
NP�

Figure4: Semanticderivationof Which studentsdid Mary see?

for this purpose,which providesthe minimal scopefor
thewh-quantifier. FeatureP is keptfor thenon-whmini-
mal scope. . � will unify with theverb’sbasicpredicate.

On the otherhand,non-whquantifiersareusuallyre-
strictedby theMAXS featureof theSnodetheirscopepart
adjoinsinto, which in turn is usedduringembeddingun-
der attitudeverbs: In Mary thinksJohn likeseverybody,
theuniversalquantifiercannotscopeover thinks. For the
non-whpartof howmany, however, this restrictiondoes
not seemto hold: How manystudentsdoesMary think
John likes? is ambiguousbetweenmanyscopingover
think, or think over many.5 This fact is capturedin the
proposedlexical entryby not giving a maximalscopere-
strictionfor thenon-whquantifier

< : . Of course,thecon-
5This wasalsopointedoutby onereviewer.

straints � F . : and . : � < : ensurethat
< : is in the

nuclearscopeof thewh-quantifier
< 9 .

4 Interaction with other ScopalElements

Theinterestingproblemof scopalreconstructionis to ob-
tain thetwo possiblereadingsof a sentencelike (2). The
meaningin (b) is easilyderivable,becausenoreconstruc-
tion occurs.Reading(a), however, mustbe obtainedby
reconstructingsome 
 � ��¡ �¢"£(�'
 �(� ��� � � � �� �¤�h� � under
should 
 �h�h� � .6 Figure6 shows thesemanticderivationfor
sentence(2).

6For simplicity, anabbreviatednotationfor thesemanticsof
should is usedin this paper. More accurately, the modalverb
shouldintroducea universalquantifierover situations.We will
notdealwith thecomputationsrelatedto situationshere.
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Scopeunderspecificationis obtainedin the follow-
ing way: both the many-quantifier and should’s mini-
mal scopesare restrictedby constraints( . C F . � and. 9 F . ; , respectively), which makesthemboth scope
over

< . eventually. Furthermore,thetwo scopalelements
aremaximallyrestrictedto bein thescopeof thequestion
proposition.Their relativescopeis left undetermined.

The featureidentitiesthat are derived during the se-
manticcomputationof (2) are . D � .  . : �¥< /' . � �< .¦ C � � , .§/ � �  .�. �¨< D  / � . > � 9  . ; � ; ,: � *+ ; �©< . . Building theunionof all semanticrep-
resentationsandsubstitutingvaluesfor metavariablesas
possibleleadsto theunderspecifiedsemanticrepresenta-
tion (6):

(6)

�v� I _ H M J�� � ��� M ,
H I J

intv LW^�_%�(_ � N ,H c J some LW~ª_�~�����_ � N ,H g J
some LW�(_«� ���¦��~�� I X _ I a N , H b J student , LW��N ,H	e�J
should L I c N , mary LW^�NI O H M _ M O HEI , I O H c _ I a O HEI _ H M � H g _I X O H b _ � O H M , I c O H I _ M O H	e

There is are two possibledisambiguations,namely:
(a) . G < 9 (b) . G < 9� G < / � G < // G < ; / G < :. 9 G < : .§u G < D.§u G < D . C G < ;. C G < . . 9 G < .

which resultin the two appropriatereadingsfor thesen-
tence:

(a)
�����	�

some 
���������� ���������
should 
 some 
 � � � � � � � stud ��
 ���  intv 
�*� �  � � � mary 
�* ���#���%$

(b)
�����	�

some 
���������� ���������
some 
 �  � � � � � �

stud �'
 �(�  should 
 intv 
E*� �  � � � mary 
�* ���#���%$
Attitude Verbs In TAG, predicatesthat take clausal
complementsanchorauxiliary treesthatadjoininto their
embeddedsentences.Figure7 showsthelexical entryfor
theverbthink7.

A verblike think functionsasaboundaryfor MAXS by
projectinga differentvariableupwards.However, aswe
haveseenabove,themaximalscopeof thenon-whquan-
tifier of howmanyis notrestrictedby theMAXS featureof
the S node. This ensuresthateven if a how-many ques-
tion is embeddedunderan attitudeverb, thereis some
freedomfor the quantifier’s scopewith respectto other
scopalelements,e.g.,shouldand think. Therefore,sen-
tence(7) still hasat leastthe two meaningsgiven along
with it in (a)and(b). In addition,onemeaningshouldbe

7For simplicity, wehavealreadycombinedthinkwith doand
youin thisfigure.Sofor all practicalpurposes,thiswouldnotbe
alexical entryfor any broadTAG-grammar, althoughnothingin
thetheoryprohibitssuchlexical items.

Ss s sttt
V

do

Ss s sttt
NP

you

VP| |}}
V

think

S*

H¤f�J
think LW¬`_ M X N�_

you LW¬(NM I O Hhf _ M X O M�MPQQQR Sd S T T MAXS M I U	V
S®S B T MAXS M�M U V [ ]]]\

Figure7: Lexical entryfor think.

obtainablewheremanyscopesoverboththinkandshould
(c). This readingshallnot concernushere.

(7) How many studentsdo you think Mary should
interview?

(a)
�����	�

some 
���������� ��������
think 
�¢� should 
 some 
 �  stud ��
 ��� ��� � � � ��

intv 
�*+ �  � � � mary 
E* �#���#���%$
(b)

�����	�
some 
���������� ��������
think 
�¢� some 
 �  stud �'
 ��� ��� � � � ��

should 
 intv 
E*� �  � � � mary 
E* ���#�#���%$
(c)

�����	�
some 
���������� ���������

some 
 �  stud ��
 ��� �� � � � �� think 
�¢� should 
 intv 
E*� �  � � �
mary 
�* ���#���#�%$

Thesyntacticanalysisof example(7) is depictedin fig-
ure 8. The semanticderivation for the sentenceis very
similar to the non-embeddedsentence(2), shown in fig-
ure6. Theonly differenceis theadditionaladjuntionof
thesemanticrepresentationasshown in figure6 with the
semanticformulaeandfeaturestructureshown in figure
7, at theSr nodeof the interview tree.

The feature unifications triggered by the semantic
derivation are: . D � .  . : �¯< /  . � �°< .  C � � ,.§/ � �  .�. �±< D  . > � 9  . ; � ; , : � *� ; �±< . ,/�. � /  /�/ � 9

. (Note thatbecauseof theadjunction,
somepreviousunificationsarenot carriedout any more:/ ²� 9

.) This yields the following semanticrepresenta-
tion for thecompletesentenceHowmanystudentsdoyou
think Mary shouldinterview?:

(8)

�v� I _ H M J�� � ��� M ,
HEI³J

intv LW^�_%�(_ � N ,H c J some LW~ª_�~�����_ � N ,H g J
some LW�(_«� ���¦��~�� I X _ I a N , H b J student ,´LW��N ,H	e�J
should L I c N , mary LW^�N ,HhfiJ
think LW¬`_ M X N�_ you LW¬�NI O H M _ M O HEI , I O H c _ I a O HEI _ H M � H g _I X O H b _ � O H M , I c O H I _ c O H	e , M O Hhf _ M X O c

Therepresentationaccountsfor thefactthatthink nec-
essarilyscopesover should, but the many-quantifiercan
scopeout of it.
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Two of thepossibledisambiguations(wherethink has
widest scope)are shown below, and they representthe
two readings(a)and(b):

(a) . G < 9 (b) . G < 9� G < / � G < // G < > / G < >/#u G < ; /#u G < :. 9 G < : .�u G < D.�u G < D . C G < ;. C G < . . 9 G < .
Islands Reconstructionis not alwayspossible. In ex-
amplessuchas (9) with extraction out of weak islands
(Ross,1967),only thenon-reconstructedreading(where
Mary shouldinterview specificstudents)is possiblefor
howmany.

(9) How many studentsdo youwonderwhetherMary
shouldinterview?

(b)
�����	�

some 
���������� ���������
wonder 
�¢� some 
 � 

stud �'
 �(� �)� � � � �� should 
 intv 
�*+ �  � � �
mary 
�* ���#���#�%$

The statusof weak islands is not completelyclear.
Many studiessuggestthatthefactorthatprohibitsoneof
thepossibleinterpretationsin sentencessuchas(9), and
which is traditionallyattributedto thefailureof students
to reconstructacrossa weak island barrier (seeCresti,
1995), is really a pragmaticratherthansyntacticor se-
manticphenomenon.

The issuewhether this effect can be accountedfor
compositionallywith LTAG or whetherit hasto be re-
solvedby a pragmaticprocessis left for furtherwork.

5 Conclusion

In this paperwe showed that using recentlydeveloped
frameworksfor representingsemanticsin LTAG, we can
accountfor ambiguitiesthatarisein howmanyquestions
in an elegantway. The useof underspecifiedsemantics
and the featureunificationprocessasemployed also in
the syntacticcompositionin TAG togetherallow the re-
constructionof non-whquantifierlower in thetree.

Weproposedalexical entryandsemanticspecification
for how manywhich introducestwo quantifiers,oneof
the wh type, andonenon-wh quantifier. We presented
how thesequantifiersobtainexactly theright scopalpos-
sibilities in simple and embeddedquestions. Further-
more,weshowedhow theproposedlexical entryinteracts
compositionallywith otherscopalelementsin questions,
suchasmodalverbs,andhow two readingsareobtained
from a singlesemanticrepresentation.

An accountfor weakislandconstraintsis left for future
work. We proposethatweakislandbarriersin thesecon-
texts may actuallybe a pragmaticeffect that shouldnot
affectoursemanticanalysis.
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�v� I _ H M J�� � ��� MHEI³J
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Figure6: Semanticderivationtreefor (2) How manystudentsshouldMary interview?
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