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1. Background and Motivations

This article presents@ynamicaccount of questions and focus which combines the
logical appeal of theartition theoryof questions with the empirical strength of the
structured meaningccount of questions and focus.

A dynamic analysis which treats meanings as context change potentials
(e.g. Stalnaker, Kamp, Heim, Groenendijk & Stokhof) will provide us with a sub-
stantial account of the dependence of focused answers ocotitextset up by
their preceding questions. Questions pose conditions on the focal structure of their
answers (Paul 1880) and can further restrict the domain of subsequent focusing op-
erators likeonly (e.g. Zimmermann, von Stechow 199hgér 1996, von Fintel
1995). As an illustration consider the following example:

(1) a. Who did John introduce to Sue?
b. Which gentlemen did John introduce to Sue?
c. John introduced only [Bilf] to Sue.
d. *John introduced only Bill to [Sug]

After question (1a) or (1b), only an answer with the focal structure in (1c) is felici-
tous orcongruent Answer (1d) is out. Consider now the congruent answer in (1c).
After question (1a), answer (1c) means ‘The only person John introduced to Sue is
Bill'. After (1b), it can mean ‘The only gentleman John introduced to Sue is Bill.

Standard analyses of focus define congruence in terms of identity between
the question meaning and the focal alternatives of the answer (e.g. von Stechow
1991, Roberts 1996), and identify the domain of focusing operator®iikewith
the set of focal alternatives (e.g. Rooth 1985). In our example, the two distinct
guestions (1a) and (1b) pose the same conditions on the focal structures of their
answers and can have different effects on the quantificational domain of subsequent
only. These two facts constitute a problem for these standard theories unless they
come equipped with a smart analysis of thenamicsof domain restriction which
plays a role in these cases.

Elegant dynamic analyses of questions have been developed in the tradition
of the partition theory of Groenendijk and Stokhof 1984. In the partition theory,
the meaning of a question is identified with the set of meanings of all its complete
answers. In a dynamic setting, questions partition information states, and answers
eliminate blocks of these partitioned contexts (see Groenendijk 1998-99, but also
Jager 1996 and Hulstijn 1997). These theories in which interrogatives and indica-
tives update a context, constitute a simple model of how information in discourse



is organized by the question-answer relation (Carlson 1983, Roberts 1996). The
notion of a partial or complete answer is specified in terms of entailment which

is uniformly defined for indicative and interrogative sentences. Although logically
very appealing, these theories are, empirically, not completely satisfactory. Parti-
tions seem to be too coarse-grained for a proper treatment of focus and constituent
answers. For example, Groenendijk 1999 cannot account for the different content
expressed by a constituent answer like (2c) after (2a) and after (2b), for the two
guestions, having the same set of complete answers, induce exactly the same patrti-
tion.

(2) a. Who smokes?
b. Who doesn’t smoke?
c. [John}.

Related difficulties also arise for theories in the Hamblin/Karttunen/Rooth
tradition, e.g. problems with multiple foci (Krifka 1992) and alternative questions
(von Stechow 1991, Krifka 2001). The standard treatment of alternatives as sets
of (propositional) answers is not fined-grained enough and for a proper account we
need theabstractsunderlying the questions (see also Ginzburg 1995 and van Rooy
1997) anddirect accesso focus, i.e. structured meanings.

In a structured meaning account we have fitting analyses of questions
and focus: questions denote abstragtgp, i.e. functions that when applied to
the meaning of the possible constituent answers yield the meaning of the corre-
sponding full sentential answers; and focus leads to a partition of the semantic
value of an expression into a background part, also a function, and a focus part:
(\Z¢, a). Although structured meanings seem to supply us with the right level of
fine-grainedness, this account does not assume interrogatives to belong to a uniform
category or semantic type and, therefore, lacks an elegant analysis of examples like
(3) which involves the embedding and coordination of questions:

(3) Adam knows whether it's Mary’s party, who will go and who invited whom.

In what follows we will extend Gawron’s (1996) dynamic model of domain
restriction with an analysis of interrogative sentences. Utilizing the close correspon-
dence between information states in dynamic semantics — sets of world-assignment
pairs — and structured propositions, the obtained analysis of questions and focus
will solve the discussed difficulties combining the positive sides of partitions and
structured meanings, and will allow a number of further applications, such as a
promising account of topic marking in English.

2. An update semantics of questions and focus

In Gawron 1996, the introduction of a quantificational operator is separated by the
introduction of the quantificational domain. The latter is allowed to be fixed non-



locally. The intuition is that domains of quantification are constructed by combining
constraints that arise from different sources. These constraints are encoded in so
calledenvironmentsvhich map variables to sets of possible assignments encoding
information about which values are possible for them. We propose to interpret
the semantic contribution of interrogative sentences in term of extensions of these
Gawronian environments. In our formalism, an environment is a sequence of sets
of world-assignment pairs. We will take these sets to represerbgies under
discussion in the current context. Interrogative sentences will be analyzed as setting
up new topics, or expanding on previously introduced ones.

From a topic in an environment we can easily recover the partition it would
induce on the current information state. Therefore, we will be able to define all
of the logical notions which are relevant for a theory of questions and answers.
Since our topics are as fine-grained as abstracts, we will improve, though, on the
partition theory with respect to phenomena like constituent answers or alternative
guestions. On the other hand, since interrogatives are associated with a uniform
semantic type, we will also improve on the structured meaning account with respect
to the embedding and coordination of questions. Finally, since, as in Gawron, topics
encode domain restrictions, we will be able to account for the impact of questions
on subsequent domains of alternatives and account for the ‘gentlemen’ example
discussed in the introductory section of this article.

2.1. A closer look

The proposed semantics is an extension of Aloni, Beaver, Clark 1999 (built on
Gawron 1996) with an explicit analysis of interrogative sentences. Zeevat 1994 and
van Rooy 1997 defend similar ideas in somewhat different formalisms.

Formulae are associated with context change potentials. A contest
a pair consisting of an information state(a set of world-assignment pairs) and
an environment (a sequence of states). States encode what is known and what
antecedents are available for future anaphora; environments encode information
about what is merely under discussion. Contextsan be depicted as in (4) where
each box stands for an information state.

(4) (s:0, e:0q,...,0,)

For example, the empty box in (5a) stands for the state of minimal information,
whereas the box in (5b) encodes the information thiatP.

5) a0 — {0, w)|weW} (minimal information)

b. = {(g,w) [ g(z) € w(P)} (z is P)

Questionsset up (or expand on previously introduced) topics. Interrogative
sentences are formed by prefixing a question mark and a sequence of variables
x1,...,x, = T to aformula. The effect of updating with senteria® is that the last
element in the output environment is a state that verifies

A polar question like (6a), represented as in (6b), extends the environment
with a state that entails that Mary smokes (e.g. (6c)).



(6) a. Does Mary smoke?
b. 75(m)

c. (O)[?S(m)|(B,[sm))

A constituent question like (7a) represented as (7b) extends the environment with a
state which encodes the information thais a smoker (e.g. (7c)). Intuitively we
can think of (7b) as introducing the set of smokers as topic under fabel

(7) a. Who smokes?

b. ?72S5(x)

c. (O)[78()](0,[x: St

Topics and sets of propositions

From a topic ins, we can uniquely derive the corresponding Hamblin denotation

or G&S partition both expressed as a(n equivalence) relation over the current state
s. As an illustration, consider the topics represented in (8b) and (9b) introduced
by the questions (8a) and (9a). The partitions and Hamblin denotations induced by
these topics can be depicted as in (8c) and (9¢c). Assumg dratm are the only
individuals in the domain.

(8) a. 7xS(x)

b, (0[5 5}

Vx-S (x)
.| S(m) ) Vz(S(x) < x=m)
c. Hamblin: 50) G&S: Va(S(2) = 7 = )
Vz(S(z) < (x=jVae=m))
@) a. 7S(m)

b. (3, [s(m))
c. Hamblin: G&S: iﬂ%

The state-environment pairs in (b) are more fine-grained than the G&S par-
titioned states in (c). E.g. (9) after (8) does not add anything to the partition, but it
extends the environment in a non-trivial way.

(10) a. ?zS(xz)A?S(m)

b. (0. S} [Sm) ~



VY-S (x) Vx-S ()
c Va(S(x) < x=m) M S(m) | Vz(S(x) < x=m)
IR CCOEYES) ~5(m) V28] =z =)
Va(S(z) < (x=jVe=m)) Va(S(z) « (x=jVe=m))

We will exploit these two levels of fine-grainedness in a crucial way. We will
define the logical notion aéntailment =, in terms of the partitioned states (exactly
as in Groenendijk 1998-99), and the more discourse oriented notisopgfort
R, in terms of the more fine-grained state-environment pairs. As for indicative
sentences, support and entailment are the same notion. But, they crucially differ
with respect to questions.

A question isentailediff its update does not further partition the input state.
An interrogative? ) is entailed after an indicativeiff the indicative is acomplete
answerto ?x. An interrogative?zy is entailed after another interrogativgo iff
any complete answer th/¢ is a complete answer tx'y. E.g.

(11) a.Vz(S(z) < z=m) E 72S(z), but S(m) £ 725 (z)
b. 72S(x) = 75(m)

On the other hand, a questionsgpportediff the topic it introduces is al-
ready entailed in the input context, either by the input state or by an old topic in
the input environment. After an indicativg interrogative?z) is supported iffp
entails3zy, that is, if ¢ entails a positiveongruent answeto the question. After
another interrogativéyo, sentenc€zvy is supported ifHy¢ entails3zy.

(12) a. S(m) | 72S(x)
b. 75(m) r 7zS5(x), but 7zS(x) & 75(m)

Entailment seems to be relevant fiodirect uses of interrogatives. The
sentences (13a-b) are valid implications, but (13c) is not.

(13) a. If John knows that only Mary smokes, then John knows who smokes.
b. If John knows who smokes, then John knows whether Mary smokes.

c. If John knows that Mary smokes, then John knows who smokes.

As we will see, support is relevant fdirect uses of questions in discourse
and will play a crucial role for our characterization of focus and its pragmatic role.

Topics and quantification

Topics encode domain restrictions. An update with a quantified sentiaricenly
modifies the state parameter but crucially depends on the environment parameter, in
particular on the last topic in which the quantified variable is definéd), which
encodes all restrictions previously placedzon



(14) a.?zS(x) A JzP(x)
b. (0)[72:(@)](0. [ 69 (3P (x)] (560 PO)

The valid entailment in (15) illustrate a crucial feature of our formalism.
Questions can restrict subsequent quantification if coindexed.

(A5) 7Zpy A ... A 2Zpy, AT = T(Dr Ao A ) A

X: S(X) ‘>

9

Presupposition

Topics can be crucially presupposed. Presupposition (denoted by BeadyveKs
presses conditions on the input context which must be satisfied for the sentence
to be defined (Stalnaker, Heim, Beaver). An update with a presuppositioa
defined ins, iff s, supportsy.

Note that presupposition is defined in terms of support rather than entail-
ment. This means that a presupposed topicdike I (a, )] is defined aftef (a, b),
but not after’zyI(y, x). This notion of presupposition will play a crucial role for
our treatment of focus.

Focus

Focus indicates the presence of a topic in the context. More specifically, as in the
structured meaning approach, focus leads to a ‘partition’ of the sentence into: (1) a
presupposed topic (background); and (ii) an existential sentence (focus).

A sentence like (16a) represented as (16b) presupposes that tHeofet
smokers is under discussion and asserts that Mary is part of it.

(16) a. [Mary} smokes.
b. 0[7zS(x)] A Jx(z = m)
C. (D,) [0[725(z)] A zz = m]{|x: SKx) A (x=m)

This analysis covers focus in questions as illustrated in (17). Question (17a)
represented in (17b) again presupposes that the set of smokers is under discussion,
and asks whether Mary is among them.

Y

X: S(X) ‘}

(17) a. Does [Mary] smoke?
b. ?(0[?xS(z)] A Jx(x = m))
C. (D,) [70[?2S(x)] A x(z = m)](O,

Note that from the representations in (16b) and (17b) we can recover the
ordinary meanings of the sentences, (16b)S(m), and (17b)= 7S(m).

X: S(X)

Y

x: S(X) A x=m ‘>




3. Applications

In this section, we will show how the formalism presented in the previous section
allows us to solve the problems discussed in the introductory part of the present
article. Let us first briefly present our analysis of which-interrogatives, which will
play a role in some of the following applications.

3.1. Whichquestions

We assume that ehich-phrase gives rise to the presupposition that the set over
which it ranges is already given ag@pic. Questions (18a) and (19a) are repre-
sented as in (18b) and (19b).

(18) a. Which men are bachelors? M’z M (z)|A\?xB(x)

(19) a. Which bachelors are men?  di?xB(x)|A7xM(z))

Question (18) presupposes that the set of men is under discussion and it
asks which of them are bachelors. Question (19) presupposes that the set of bach-
elors is under discussion and it asks which of them are men. In distinction with
Groenendijk & Stokhof’s (1984) treatment, according to which (18) and (19) are
equivalent, this analysis allows us to capture the contrast between these two ques-
tions. Although (18b) and (19b) determine the same partition, under the assumption
that in all worlds all bachelors are men, (19b) is vacuous whenever defined. In dis-
tinction with (18b), which is not a trivial question.

3.2. Association with focusonly

We treat the focusing operatonly as an indexed sentential operator gnhyhere

¥ = ry,..,x, are focused variables (see Aloni et al 1999). The interpretation of
onlyz involves a universal quantification over the focused variab¥ehich is au-
tomatically restricted by the presupposition expressed by focus. As an illustration
consider sentence (20a) represented as in (20b):

(20) a. John only introduced [BilfJto Sue.
b. only,(0[?xI(j,z,s)] A Jz(x = b))

As in standard analyses of (un)selective binding, polyanges the quantificational
force of the quantifier binding from existential to universal. Given the presuppo-
sition expressed by focus, this universal quantification is automatically restricted to
individuals John introduced to Sue. In a minimal context satisfying the presupposi-
tion of the sentence, we predict for (20a) the expected meaning ‘The only individ-
ual John introduced to Sue is Bill’, as in the standard analyses of this phenomenon,
(20b) = Vy(I(j,y,s) <y =1b).2

In distinction with the standard analyses, however, we have a systematic
account of other restrictions on the quantificational domaionty which can arise
from sources other then focus, for example a preceding question like (21a).



(21) a. Which gentleman did John introduce to Sue?
b. 0[72G(x)|N\xI(j,x, s)
c. John only introduced [Bilf] to Sue.
d. only, (0[?zI(j,x,s)] A Jx(xz = b))

After (21a), (21c) can obtain the weaker interpretation ‘The only gentleman John
introduced to Sue is Bill’, (21b), (21d)» Vy((G(y) A I(j,y,s)) <> y = b).

3.3. Congruence

In this section we will show how our dynamic analysis enables us to give an inter-
esting characterization of the notion of discourse congruence which covers contex-
tual restrictions while avoiding problems of over- and under-focus, and uniformly
applies to answers, questions, strategies and denials.

In our proposal a sentengds congruentaftery iff (i) the presupposition of
¢ is defined after), and (ii) no more material is in focus than needed to satisfy (i).

Our conditions (i) and (ii) are closely related to Schwarzschild’s (1999)
givennessaand avoid focusconstraints. As Schwarzschildggvennesscondition
(i) is a formalization of the traditional idea that non-focused material must be old.
In distinction with Schwarzschild, however, our analysis of givenness is of a rather
global nature: the existential closure of the non-focused parts of a whole clause
has to ‘given’ in the context, not the individual words themsef/&ondition (ii)
corresponds to Schwarzschild’s optimality theoretic constraint to avoid unnecessary
focus: in our framework it will prevent us from placing more material in focus than
is strictly necessary to allow the context to support the focal presupposition of the
sentence.

Focus presupposes a question and presupposition is defined in term of sup-
port. Therefore in order to understand condition (i) it is important to recall after
which sentences a question is supported. As noted above, and explained more for-
mally in the appendix, a questidy is supported after an indicativeor interrog-
ative 77 iff ¢ or 37¢ entails3zy. By this notion of support, we can account for
the intuition that a sentence is congruent becauséher ‘matches’ the question
the sentence addresses example (@2jt stands incontrastwith an earlier made
assertion (example (23)).

(22) a. Who voted for Mary? 2V (x,m)
b. [John} voted for Mary. I[?xV (x,m)] A Jx(x = j)
(23) a. Bill voted for Mary. V(b,m)

b. No, [John} voted for Mary.  J[?zV (z,m)] A Jz(x = j)



Sentence (22b) and (23b) are congruent after (22a) or (23a), because both
(b) sentences are minimally focused to be defined after the respective antecedents.
In the same context, the alternative focus structures in (24) are predicted to be in-
felicitous. Sentence (24a) is undefined after (22a) or (23a). Jdadnot been in
focus in (24b), then the presupposition of the sentence would already be supported
after (22a) or (23a).

(24) a. *Johnvoted for [Mary].  0[?zV (j,x)] A Jz(z = m)
b. *[John} voted for [Maryk. 0O[?zyV (z,y)] A Jx(x = j) A Jy(y = m)

Just like Roberts 1996, our notion of congruence applies to questions and
guestion strategies as well. Also in this casegefocused questions will be unde-
fined andoverfocused ones will violate our minimality constraint.

Finally, our dynamic analysis also immediately predicts correctly for se-
guences in which contextual restrictions play a crucial role. Since question (25)
supports question (22a), in our analysis the two questions pose the same condition
on the focal structure of their answers.

(25) Which Democrats voted for Mary?  0[?xD(x)|A7zV (x,m)
3.4. Constituent Answers

A constituent answer is expressed as an existential sentence, the domain of which
is crucially restricted by the preceding question.

The following analysis ofyesno answers is based on Dekker 2002 which
also has a treatment of plural and quantified answé&sandno are represented as
in (26d):

(26) a. Does Mary smoke? bS(m)
c. [Yes]/[NO]r. d.37/-3T

Given these representations we correctly predict that after (26aymeans ‘Mary
smokes': (26b) 3T |= S(m); andnomeans ‘Mary does not smoke’: (26b)3T |-
=S(m).

Term answers likdohnare represented as in (27f).

(27) a. Who smokes? BaS(x)
c. Who doesn’t smoke? dz—-S(z)
e. [John}. f. Jz(x = j)

After (27a),Johnmeans ‘John smokes’: (27b), (2 S(j); after (27c), it means
‘John does not smoke’: (27d), (2745 —S(j).



3.5. Alternative questions

In this section we discuss the contrast between polar and alternative questions.
Proposition set theories of questions in both the G&S and Hamblin/Karttunen tra-
ditions have problems in accounting for alternative readings of questions as argued
in von Stechow 1991 and Krifka 2001. We would like to show that our analysis is
fine-grained enough to express both question readings.

Question (28) is ambiguous between a polar question reading (expected an-
swers:yegno) and an alternative question reading (expected answesoffe).

(28) Do you want coffee or tea?

Intonation seems to play a disambiguating role. In alternative questions, the alter-
natives are stressed.

(29) Do you want COFFEE or TEA? a. *Yes/*No. b. Coffee / Tea.

If we assume for (29) the focal structure in (31a), the contrast between polar and
alternative readings follows directly from our analysis of focus.

(30) a. [Do you want coffee or teg} (polar)
b. 2(W(c) Vv W(t))
c. Yes/No.
d. 37 /-3T

e. topic:W(e)vw()| ~ f. Hamblin:|[ You want coffee or tea|

(31) a. Do you want [coffeg]or [teaf? (alternative)
b. 2(0[?aW (z)] A Jzx = cV x =1t)
c. Coffee / Tea.

d. 3z(z =c¢)/ 3x(z = 1)

You want coffee
You want tea

e. tOpiC:’x: W(x)/\(x:c\/x:t)‘ — f. Hamblin:

The formulae (30b) and (31b) set up different topics, therefore (i) they ex-
press different questions (compare the Hamblin denotation in (f) induced by the
introduced topic in (e)); and (ii) they allow different constituent answers.



3.6. Embedded questions

In the introduction we pointed out that although the fine-grainedness of the struc-
tured meaning analysis of questions is needed to account for constituent answers
and alternative questions, it is problematic too. By assuming that different types of
interrogatives have denotations of different categories, the structured meaning ac-
count has problems with the coordination and embedding of questions. This prob-
lem disappears once one assumes a propositional set theory as those proposed by
Hamblin, Karttunen or Groenendijk & Stokhof. According to these latter theories,
polar and (multiplevh-questions all have denotations of the same category, and all
these questions can thus be coordinated ukdewandwonderas in (32):

(32) Adamknows/wondersvhether it's Mary’s party, who is invited, and who
will kiss whom.

Only Groenendijk & Stokhof’s analysis, however, correctly predicts that
indicatives can also be freely coordinated undeswwith interrogatives:

(33) Adam knows that it's Mary birthday and who is invited to come.

Moreover, by thinking of the denotation of a question as an equivalence
relation, the inclusion relation accounts femtailmentnot only in case of declara-
tives, but also for interrogatives. Our approach shares with Groenendijk & Stokhof
these desirable consequences. First, coordination between indicatives and interrog-
atives of any ‘type’ is unproblematic: a contextcan also be updated withif ¢
contains both an indicative and an interrogative. This updated context gives rise to
a structured state: the partitidf(s.[¢]). As shown in the appendix, entailment can
be defined in terms of subsistence between such structured states. Kgkingo
denote the epistemically accessible worlds to Adam in possibiliand ignoring
anaphoric dependencies and presuppositions, we can simply assume that the state-
environment pair with respect to which the embedded clause should be interpreted
in possibility: = (g, w) is K} (i) = {(h,w) : h = g Av € K,(w)}e,, Whereeg is
the ‘empty’ environment which make3( K} (:)) = {(j,75') : j, 7' € K}(i)}. Now
we can define the update of contexiwith sentenceknow(a, ¢)’ as follows:

(34) sc[know(a,¢)] = {ie€s:Ki(i)entailsp}.

This has the result that sentence (33), for instance, is predicted to be true in
possibility: = (g, w) iff (i) Adam knows that it's Mary’s birthday, and (ii) Adam
knows thatd is invited to come if and only if is actually invited inw, for everyd.*

Groenendijk & Stokhof (1982) account for the fact thatwonder in dis-
tinction with to know cannot embed indicatives by assuming that the former verb
is intensionaland notextensionalWe won’t make use of this assumption, however.
Instead, we will assume that a sentence of the favamder(a, ¢)’ can only be true
in ¢ if (i) K (i) does not entaip, but (ii) ¢ does not eliminate any possibilities of
K (i). This has the result thatcannot be an indicative, because that would either
eliminate possibilities, or else be entailed &y(7).



3.7. Relevance

In this section, we extend Groenendijk’s (1999) notion of relevance to questions.
In doing so, we propose a formalization of Roberts’s (1996) insight that a ques-
tion is relevant iff it is part of a strategy to answer the immediate question under
discussior®.

Groenendijk 1999 proposes the following characterization of the notion of
a relevant (or pertinent, coherent) move in a discourse:

(35) A move isrelevantiff it is (i) about the issue under discussion; (i) non
vacuous; and (iii) consistent.

Groenendijk’s characterization of (i) in terms of licensirmgd (ii) in terms
of entailment prevents a correct application of this notion to questions. According
to Groenendijk, questions are always licensed, and are informative iff they are not
entailed. Therefore, we obtain the predictions in (36), which are highly counter-
intuitive.

(36) a. Who smokes?
b. Well, does Mary smoke? (not relevant)

c. Well, does Mary work? (relevant)

Question (b) is not relevant after (a) because, since it is entailed, it is not infor-
mative. Question (c) is relevant because licensed, not entailed and consistent. In-
tuitively though, both questions are non-vacuous moves after (a), but only (b) is
about (a), since, intuitively, it suggests a strategy to answer (a). Entailment does
not seem to be the right notion to characterize non-vacuous questions, and Groe-
nendijk’s licensing should be modified to capture aboutness of questions, and not
only of assertions.

We propose to define informativity in terms of support rather than entail-
ment and to generalize Groenendijk’s notion of licensing as follows.¢ldte ¢,
if ¢ is an interrogativey¢ otherwise. A sentence is licensed iff¢? is entailed.
Intuitively, a sentence is licensed iff it exclusively addresses the question under
discussiony either by giving a partial answer tQ (as in Groenendijk 1999) or
by introducing a question the answers of which are partial answets te. an
entailed question.

The obtained notion of relevance gives us the correct predictions in (37).

(37) a. Who smokes?

b. Well, does Mary smoke? (relevant)
c. Mary smokes. (relevant)
d. Well, does Mary work? (not relevant)

Sub-question (37b) is licensed, but not supported (although entailed) after (37a),
therefore it is relevant, as well as sentence (37c). Question (37d) is not relevant
because it is not licensed.



3.8. Topic

In the literature, there exist two popular views on what a sentenabast Ac-
cording to a tradition starting with Paul 1880, the topic of a sentence ubstion
the sentence is addressing. According to another tradition going back at least to
Goodman 1961, the topic of a sentence is rfferentthe sentence is about. In
more recent analyses along the second tradition, e.g. Reinhart 1981 and Vallduv
1990, this referent need not be a particular real entity, but is thought of rather as a
discourse referentBy representing questioss discourse referents in an environ-
ment, we suggest that these two views are two sides of the same coin.

What a sentence is about is also linguisticatigrked in English, by the use
of accent.

(38) a. Who ate what? What about Fred? What did he eat?

b. Fred; ate the beans

According to Jackendoff 1972, the rising accent markslependentocus, while

the falling B accent marksndependenfocus. According to our analysis, focus
presupposes a question: itindicates that it addresses a certain question. Because two
foci are used, it presupposes at least the multigdeguestion (39a) as in Roberts

1996. However, as in #ing 1999, we will also assume that (38b) presupposes
(39Db).

(39) a. Who ate what? TryAte(z,y)
b. What did Fred eat? TyAte(f,y)

According to Roberts 1996, the two questions form part of a questioning
strategy Our notion ofrelevancebetween questions shows that the question (39b)
can be part of a strategy to answer (39a), but not the other way around. Thus, we
can determine that the presuppositions and assertion of (38b) should be represented
as follows:

(40) a. Freg ate the beans
b. O[7xyAte(x,y)] A O[TyAte(f,y)] A Jyly = b] or equivalently
c. O[TxyAte(x,y)] A O[?x(x = f)] A Jyly = b]

The ordinary meaning of the sentence is entailed: (40c)te(f,b).

What Jackendoff calledl and B accent is calledocal andtopical accent
respectively by Bring 1999. Riring proposes that a sentence like (38b) not only
has a focal-value, but alsa@apic-value The former corresponds with our question
(39b), but the latter is not a question, but ratheetof questions: for each relevant
individual d the question whaf ate. To account for the intuition that (38b) is only
a partial answer to question (39a), he states an edisputability condition. If
we denote the topic-value of by [[A]]*, the condition says that if il a topical
accent is used, at least one questiof{.ifj]* must still be open. This disputability
condition, however, gives rise to the so-callast answer problem



(41) a. Who ate what?
b. Maryp ate sprouts, and

c. Fred; ate the beans

After (41Db) is given, answer (41c) might resolve the whole question (41a),
which is in conflict with Biring’s disputability condition. We have taken over
Roberts’ (1996) suggestion that ‘topic’-accent indicates, or presupposes, the use
of a certain questioning strategy: (38b) presupposes both (39a) and (39b), and con-
gruence demands that the former must have been asked before the latter. But note
that from our relevance condition we can stiirive Buring’s disputability in case
(38b) is used out of context without making use of non-ordinary semantic values.
The reason is that the assertion presupposes questions (39a) and (39b), and that our
relevance condition on questions demands that (39b) can only be part of a strategy
to answer (39a) in case there is at least one individual different from Fred whose
eating behavior is still in question.

Buring 1999 makes crucial use of his disputability condition to explain why
sentence (42a) only has-#& reading, i.e., that (42a) cannot mean (42b):

(42) a. Allg politicians are nat corrupt.
b. Vz[Pol(x) — —Crpt(x)]

However, this much follows already from our assumption that sentences
with independent and dependent focus presuppose two questions, and the general
condition that questio’ cannot be part of a strategy to answeif they denote the
same partition. Notice that it follows from our reasoning above that (42a) presup-
poses eithed[?z Pol(x)|A?xCrpt(x) and (43a), 00[?x Pol(x)|A?xCrpt(x) and
(43b):

Va[Pol(x) — Crpt(x)]

(43) & G Pol(a) = Crpt(a)]

b Vz[Pol(z) — Crpt(z)]
" | Vz[Pol(x) — —Crpt(z)]

Now suppose that (42a) actually presupposed (43b). Assuming that the pre-
supposition of a question is the union of its possible answers, it follows that (42a)
must presuppose thattherall politicians are corruptor no politician is corrupt.
Assuming that questio’ can only be part of a strategy to resolve ‘goal’-question
Q if Q" and(@ do not denote the same partition, we demand that partition (43b) is
not the same partition as the one denoted By Pol(x)|A?xCrpt(z). This means
that there must be at least more than one politician, and thahdtigresupposed
that either all politicians are corrupt, or that none of them is corrupt. So, our condi-
tions demand that the partition dued@z Pol(x)|A7xCrpt(x) denotes a cell where
some but not all politicians are corrupt. But this is inconsistent with the presuppo-
sition of (43b), which rules out the possibility that (42a) presupposes (43b). The



sequence consisting of7x Pol(x)|A?xCrpt(x) and (43a), on the other hand, is
predicted to be appropriate, and will thus be chosen. But this means that (42a) can
be given only as answer to (43a), and thus can receivefireading only.

4. Conclusion

We have analyzed within dynamic semantics how questions can restrict the domain
of quantificational sentences used later in a discourse. We have done this by extend-
ing Gawron’s (1996) dynamic analysis of domain restriction with questions. Our
analysis of questions incorporates Groenendijk’s (1999) logic of interrogation, but
improves on it by introducing (basically) the abstracts underlying the questions to
the discourse. In this way we are able to account for the context-dependent meaning
of constituent-answers, free focus, association with focus and how the domain of
focus sensitive operators likenly can be determined by a previous question.

Appendix
Formal Definitions

The vocabulary of our language is like that of standard first-order predicate logic
with identity, but with a polyadic existential quantifiér:, ..., z,, and with the
addition of with a sentential operator only ..., a presupposition operatorand a
guestion operatotzy, . . ., z,. We do not have compound interrogatives or quantifi-
cation into questions, but we have presupposed questions and can form sequences
of questions (and assertions). As for the semantics, formulae are associated with
context change potentials. A contextis a pair consisting of an environmenand

an information state. An information state consists of a set of world-assignment
pairs. An environments is a sequence of information states=lIfs. is a context,
thenS(c) = sandE(c) = e.

Elements of a state are callpdssibilities given a possibilityi = (w, g),
we will write i(«) to refer to the denotation af with respect tay; andw;. As in
Dekker (1993), possibilities are ordered by an extension relation extends,

i < jiff w, = w; & g; C g;. This extension relation carries over to an ordering
relation between information statesis asubstateof ¢, s < tiff Vi € s : i < ¢,
where: < tiff 3j €t :1 < j.

Now we can give a recursive definition of the context-change potential of
the formulae of the language. The basic formulae are defined as expected: they can
only influence the state parameteand eliminate possibilities im in which the
formulae are false:

1. s [Pty,....t,) ={i € s|<i(t1),...,i(tn) >€ i(P)}e

In the interpretation rule afiegation we make crucial use of the ordering relation
<. Just like atomic formulae, negation influences only the state parameter:



2. sc[m¢] ={i€s|iAS(se[o])}e

Conjunction is defined as standard in dynamic semantics as sequential update:

3. se[p AY] = se[¢] [¢]

Until now the environments played virtually no role. They are crucial, however,
for the semantic analysis guantifiedsentences. The update of contextvith an
existential sentencéz, ..., z,¢ is defined in terms thenergeof two information
states. Thenergingof information states with information state’, sA s', is defined

as the ‘least upper bound’ efands’ (see Dekker 1993):

snhns ={i|3jes: Fj e€s: dom(i) =dom(j)Udom(j) & j <i& j' < i}

If we define random assignmentz|, as{(w, g[z/d]) : (w,g) € s & d € D},
we can define the update gf with an existential sentence in terms of this merge-
operator as follows. Assuma, ..., z,, = ¥ are not defined in.’

4. 5.[370] = (S((s[1], .., [wa])el@]) A e(T))e

wheree(zy, ..., x,) is the last state ir in which the variables, ..., z,, are de-
fined. More formally, ife = (ey, ..., ), then () e(zy, ..., z,) = en, if n = 0;
(i) e(z1,...,x,) = e; in e, such thatry,...,z,, € dom(e;) andVe;[zy,...,z, €
dom(e;) — j < i], otherwise.
Quantificational sentences make use of the environment, but have no influence on
these environments themselves. Ogliestionshave. The effect of updating con-
text s, with question?z¢ is that the last element in the new environment is a set of
possibilities that verifyp. If e = (eq, ..., e,,) ande’ = (€}, ..., €/,) are environments,

/

thene + ¢’ = (eq, ..., en, €}, ..., el ).

5. s.[?7¢] = s« Wheree’ = e+ S(s.[3TP)).

An update with a quantifier or a question will depend on the last introduced state
in the current environment in which the quantified variables are defined. Yes-no
guestions and answers will depend on the last introduced state.

Finally, we define the operator olyvhich is analyzed as an asymmetric
adverb of quantification (see Dekker 1993). Lek; i iff j < i anddom(g;) =
dom(g;) U {Z}. Let¢ be of the formo[?2yn | A 3Ty

6. s.fonlyz(¢)] = {j € s | {i|j <ei& i< S[FTw)} C{i]i<
S(sel¢])}e

Disjunction, implication and universal quantifier are defined as standard in
terms of conjunction, negation existential quantifier.



Topic and sets of propositions

From a topice,, of domainz, ..., z,, = # In a contexts, we can derive the corre-
sponding Hamblin denotatiorf/;*, or G&S partition, P, both expressed as a(n
equivalence) relation over

Definition 1 [Hamblin denotation]

—

Hie ={(i,j) |i,j € s& Id € D" - i[Z/d] < (s Aer) & j[Z/d] < (s Aep)}
Definition 2 [G&S partition]
P ={(i,j) |i,j € s&Vd e D" :i[f/d] < (s Aex) — j[&/d] < (s Aeg)}

Entailment and Support

Building on Groenendijk (1998, 1999), we defimetailmentin term of subsistence
between structured states. BYs.) we will denote the partition induced arby all
the topics ire. Let L(e) be the length o€, i.e. ife = (eq, ..., e, ), thenL(e) = m.

Definition 3 P(s.) = Nier(e) (Fr°)

Partitions P(s.) assigned to contexts. are equivalent to the structured states
defined in Groenendijk 1998. We denote bthe pair (i, j) of world-assignment
pairs elements of such a structured states. Groenendijk dsfibsgstencbetween
structured statesn terms of the notion ok between world-assignment pairs de-
fined above. A paiKi, j) subsists ini', j'), (z,5) < (@, 7)) iff i < & j < 7.
This relation between pairs of possibilities carries over to a relation between struc-
tured statess < o’ iff Vo € 0 : 1 < o/, wheree < o’ iff 3/ €0’ : 10 < /.

We can now define entailment. We denoterbiy; the context oiminimal
information in which an update with is defined.

Definition 4 [Entailment]
() se = @iff P(sc) < P(se[¢])
(i) ¢1,...0n = iff ming, 4. »l¢] =9

Supportis defined in terms obubsistencdéetweencontexts rather than
partitioned states. A context subsists in context;, s. < t; iff s < ¢tande < f,
where an environmentsubsists inf,e < f,iff Vf; € f:3de; ce:e; < f;.

Definition 5 [Support]
(i) sc R @iff seis < Seys[0)]
(II) (bl,...,gﬁn lﬁdwlﬁ min¢1 ..... ) );Ulp

In terms of support, we define Beaver’s (1995) presupposition operator.

Definition 6 [Presupposition]

se[0¢] = sL iff s.[¢] = sl & se = ¢, undefined otherwise.



Endnotes

* Part of this material is joint work with David Beaver, Brady Clark. Special thanks to Paul
Dekker for insightful discussions and to Darrin Hindsill for enhancing our English.

1Just like Roberts 1996, we also call the Hamblin denotation of a question not the set of
its congruent answers, but the set of its questioned propositions. For this notion, we do
not have to assume that the denotation of polar questions is determined differently from the
denotation of (multiple) wh-questions. Standard Hamblin denotations for polar questions
can also be derived, but, in our view, are less interesting.

2 As in the structured meaning theory, we have direct access to the focused value. Therefore
a number of examples which constitute a problem for Rooth’s alternative semantics, are
unproblematic in the present framework. For example we can express association with
multiple foci (Krifka 1992), and we avoid Rooth’s problem of intensionality (Rooth 1985
ch. 2 footnote 13). Sentendéine is only the square of [threg]lexpresses a falsehood in

our analysis.

30ur analysis also has nothing to say about embedtietarking and de-accenting.

40f course, to account for focus in the embedded clause, we might assume a more interest-
ing interaction betweei , (i) and the environment of the ‘main’ context.

Eventually our characterization of the notion of a strategy of inquiries should take into
account theaverage informativityf the possible answers, or borrowing a term from infor-
mation theory, thentropyof the related questions (see van Rooy 2000). This would allow
us distinguish sub-question (b) from (c) in example (44). The former is intuitively part of a
much more efficient strategy to answer (a).

(44) a. Who ate what?
b. What did Fred eat?

c. Did Fred and Mary eat the beans?

5Groenendijk’s licensing turns out to be equivalent to Lewis’s (1988) notion of aboutness.
"As in Heim 1983, variables cannot be reset. So, in addition to formulae containing free
variables, quantified sentences are partial updates as well. Since this issue is not directly
relevant to the issues discussed in this article, we will pass over it in what follows.
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