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1. The problem: when do we exhaustify an answer to a total question

Consde the following situaion: John and Peter know the list of the people who have been
invited to a certain party; they also know tha invited people are either philosophe's, chemists,
or linguists, and that noinvited personis both alinguist and a chemist, nor both a linguist and
aphilosophe or both a chemist and a philosophe. Then Johnasks Peter:

(1) Who cameto thepaty ?
Congde nowthefollowing answerstha Peter coud utter:

(2) a Three philosophes.
b. Some philosophe's, and many chemists

(3) a No philosophe
b. Few philosophes.

(4) a Exactly three chemists.
b. Between 3 and5 chamists
c. Between 3 and 5 chemists and many linguists

(5) a Some philosophe's, and no chemists
b. Three philosophes, but few chemists

Answers such as those given in (2) are interpreted as exhaugive. Tha is, onecan infer from
(2)atha exactly three philosophes came to the party, and tha there weren® any linguist nor
any chemist. (2)b. yields the inference tha some but not many of the philosophes came,
many but notall of the chemists came, and no linguist came. Wha theanswersin (2) havein
commonisthat they condst of monobneincreasing quantifiers'. Hereafter, | will characterize
such answers as bang postive answers. Asiswell known (cf. Groenendijk & Stockhof 1984
1990, 1997 b heesfter | refer to Groenendijk and Sockhof(3 genera theory questions as
developed in these three papers, as (B& SO, onecan capture the generdization that postive
answers give rise to such inferences by defining an exhaugtivity opeator tha can be applied
to postive ansvers. The exhaudivity opeator is indexed with the question predicate (in the
previouscase, the predicate would be Gzame to the partyQ. The extenson of a predicate Pin a
world w is noted P(w). Term answvers are andyzed as elided structures, i.e. an answer like
Orhree philosophesO is treated, if intended as an answer to (1), as identical to Orhree
philosophes came to the partyQ The exhaustivity opeator applies to sentences and returns

! | assume that numerals are monotone-increasing, and that the Cexact E reading of numeralsis a scalar
implicature (which my proposal has to account for). This assumption is not uncontroversial, but it turns out that
the proposal | am presenting in this paper would also predict an exhaustive reading even if numerals have in fact
an GexactOreading.



propostions(sets of worlds), and can be defined as follows (cf. Van Rooy & Schulz 2005- |
cal it GS-Exh to distinguish it from the opeator exh tha will beintroduced later) :

(6) [[GS-Exhp S]] ={w ! [[]]:thaeisnowD [[S]] suchtha P(wd" P(w) and
such that for every predicate Q distinat from P, Q(w® = Q(w)}
(Informally speaking, the exhaudivity opeator returns the set of S-worlds in which the
extenson of Pis minimal, keeping everything else equd)

Recent works (Van Rooy & Schulz 2004, 2005, Spector 2003) have shown tha a) the
exhaudivity opeator is able to accountfor so-called scalar implicatures and b) unde some
assumptions(that are not, as wedl see, always entirely motivated), exhaudtive interpretations
can be derived from general pragmatic prindiples, in paticular from some version of Grice®3
maxim of quantity.

Yet things become more complex when one tums to nonpostive answers, such as those
exemplified from (3) to (5). If we were to apply the exhaudivity operator to sentencesin (3)
(tha is, term-answers consisting of a decreasing quantifier), we would ssimply end up with the
contradictory propostion. Following Stechow & Zimermann (1984 (Van Rooy & Schulz
2004, 2005) it could seem plausible tha when dedling with negative answers, an other
exhaudivity opeaator applies, which would be the mirror image of the first one informally
spesking, ingead of keeping the S-worlds in which the extension of P is the smallest, one
would, on the contrary, keep those in which the extenson of P is maximal (keeping the
extenson of all other predicates equd).

[[Exh® S]] = {w ! [[9]]: theeisnowO! [[S]] such tha P(w)# P(w{ and such tha
for every predicate Q Dof arbitrary arity - distinat from P, QwQ = Q(w)}

Applied to (3)a and (3)b, this second exhaudivity opeator would return the following
meanings:

(7) a No philosophe came, and all thelinguists and all the chemists came.
b. Few philosophes, but some, came, and al thelinguists and al the chemists
came.

These results are clearly too strong, as one typically does not draw any precise inference
regarding linguists and chemists from the answers in (3) ; in fact, hearers tend to infer from
such sentences either that linguists and chemists are taken to be QrrelevantOby the spesker, or
tha the spesker has ssimply no idea as to which philosophes and which linguists came. We
should maybejust stipulate tha negative answers do nottrigge any inference other tha those
tha follow logically from them. In other words there would be only one exhaugivity
opeator, onetha cannotapply to negaive answers, and no other exhaugtivity opeator.

2 Stechow & Zimmermann do not explicitly define an exhaustivity operator. My description reinterprets their
proposal in terms of the analysis of exhaustivity developed afterwardsin G&S.

3V on Stechow and Zimermann (1984) claim that an answer such as CNot Mary E triggers the inference that
anybody other than Mary (in the relevant domain) has the property denoted by the question-predicate. Most
speakers disagree with this, as Van Rooy & Schulz (2004) note. Van Rooy & Schulz believe that negative
answers are somewhat QieviantQ and that using an unconvential answer is away, for the speaker, to indicate that
heis not well-informed, thus blocking scalar implicatures. Such an explanation seems to me to be alittle
circular: one would like to know why negative answers are, in some sense, deviant. Furthermore, it is not the
case that only (pureOpositive answers get exhaustified, as is shown below.



Wha about non-monobnic answers ((4) and (5)) ? Sentences in (4) tend to trigge the
following inferences:

(8) a Exactly three chemists came, no philosophe came, nolinguist came
b. Between 3 and 5 chemists came, but the speaker does not know the exact
number, no philosophe came, no linguist came
c. Between 3 and 5 chemists came, but the speaker does not know the exact
number, many linguists butnat all came, and no philosophe came.

Intuitively speaking, it thusturns out that the answers in (4) are interpreted as exhaudive, in
the sense tha they trigge a negaive inference with respect to individuds tha they do not
Qalk abouOexplicitly®. Yet note tha the exhaugtivity opeator would yield too strong results
for (4)b and (4)c, since these sentences, if GS-Exh applied to them, would entail tha exactly
three chemists came. Assume, however, tha we manage to weaken the exhaudivity opeator
in such cases. Still, oneshould not condudethat exhaudive readingsare foundwith al non
negaive answers (i.e. postive ansvers and non-monobnic ones). Indexd, the answersin (5)
are nonmonobnic too, and yet do not trigge an exhaugdivity effect. For ingance, from (5)a.
and (5)b. onedoes notinfer tha nolinguist came. In fact, these sentences trigge theinference
tha the speaker does not know at al whether some linguists came or not, or that, for some
reason, heconsderslinguists irrelevant.
These observationsimmediately raise a number of questions

a) How should we define exhaudivity in the general case, given tha the exhaudivity
opeator yields too strong results when applied to some sentences which, intuitively,
dotrigge an exhaudive interpretation. ?

b) Wha are theright descriptive generalizations? Namely, which classes of answers get
exhaugtified ? We have just seen tha a taxonomy tha would divide answers into
three classes (postive, negative, non-monoonic) is too gross, since we need to make
distinctionsamongthe set of non-monotnic answers.

c) Assuming tha b. is answvered, wha genea principles of convasationd rationdity
accountfor thegenealizationswe obsrve ?

Thegod of this paper isto address these three questions

In what follows, we are going to assume that the relevant domain of quantification is finite
and mutudly known by all the participants. This assumption are obvioudy extremely strong,
since in mog cases the domain of quantification is not common knowledge. Y et the condition
| am imposng may correspondto real-life situaions such as theonewith which | started.

2. Exhausitivereadingsof pogtive answers aspragmatic inferences

Recent works (in particular Spector 2003 and Van Rooy & Schulz 2004,2005) have shown
tha the exhaugdive reading of postive answers can be seen as a pragmatic strengthening of
the literal meaning of the answvers. Capitalizing on these results (and partly repeating them),
this section aims at providing aformal prodf tha, assuming tha the speaker obeys a precisaly
defined set of condraints, and that heis relatively well-informed, the hearer will infer that the
spesker(® mental state entails the exhaudive reading of the sentence®.To give an intuitive
view of why thisis o, let usfirst congder thefollowing question-answer pair:

* Section ? aims at formally defining the notion of Qalking aboutOthat is here used at an informal level.
> The proof presented in this section is the same as in Spector (2003), except that it is much more explicit.



(9) Among Peter, Jack and Mary, who came ?
- Peter or Mary

From such an answer, we understand, among other things that the speaker a) does not know
which oneof Peter and Mary came, and b) tha he bdieves tha they didn®both come. The
second part of the inference ((b)) is simply the standad Gxcalar implicatureOtriggered by
digundion. | will show tha a dight modification of the reasoning tha account for these two
inferences can explain why we furthermore infer that nobodyother than Peter and Mary came.
Following Sauerland (2004) and Spector (2003, the reasoning giving rise to the exclusve
reading of digundion can beinformally described as follows:

a) The speaker bdieves tha (Peter or Mary cameQ since he said so (Grice® maxim of
qudity)

b) Thespeaker does not have the belief tha Peter came; otherwise hewould have said so
((maxim of quantity plusthe assumption that (Peter cameQis a scalar alternative of
QPeter or Mary came®). Likewise, the speaker does not hold thebdief that Mary came.

c) The speaker does not hold the bdlief tha Peter didn®come. Otherwise, given a), he
would necessarily bdieve tha Mary came, which he doesn® as a result of b).
Therefore the spesker is unaertain whether Peter came. By parity of reasoning, heis
also incertain whether Mary came

d) The speaker does not believe tha QPeter and Mary cameQ since otherwise he should
have said so (maxim of quantity plusthe assumption that (Peter and Mary cameQis a
scalar alternative of QPeter or Mary cameQ

€) The spesker is relatively well informed: if the speaker does not hold the bdief that a
propostion P is trug, and if we haven®inferred that the speaker is uncertain regarding
P® truth-value then we can take the spesker to believe tha P is false. Therefore, the
speaker bdieves tha QPeter and Mary cameQisfalse.

Following Sauerland (2004) we call inferences of the form Q'he spesker does not hold the
beief that POprimary implicatures. Inferences of the form Orhe speeker bdieves that PQ
where P isnotlogically entailed by the speaker(3 utterance, are called secondaty implicatures.

It tums out tha by amending the definition of wha count as an alternative sentence for a
given sentence, we can further derive the exhaudive interpretation of ansvers, i.e.,, in the case
of (9), predict the inference that the speaker bdieves tha Jack didn®come. We simply have
to assume that an answer like theonein (9) is to be compared to all the postive answvers to
thequestion, where the set of positive answers is defined as the closure unde digunction and
conjundion of {Qlack cameQ QPeter cameQ Mary cameQ. If so, indeed, we can reason as
follows : if the speaker had bdieved tha Jack came, he could have said QPeter or Mary came,
and Jack cameQ which is a postive answer tha asymmetrically entails the answver he actudly
used; therefore, the speaker does not hold the bdief tha Peter or Mary came and Jack came,
which, togeher with the fact tha the spesker bdieves wha he said is true entails tha the
speaker does not hold the bdief tha Jack came. Given tha nothing in his answer indicates
that the spesker is uncertain whether Jack came, we can take him to believe tha Jack didn®
come.

® The claim that, given a disjunctive sentence S, each disjunct counts as a scalar alternative of Sis not standard;
Sauerland (2004) and Spector (2003) show that it is a necessary move in order to solve the so-called puzzle of
multiple disunctions (REF) without resorting to a substantial modification of general gricean assumptions (asin
Chierchia2002).



Therest of this sectionaims at a giving aformal and genera proof of thefact that all postive
answers give rise to an exhaugive reading based on areasoning similar to theoneabove

We now congder tha the domain of quantification is finite and common knowledge In other
words, al sentences are evaluaed with respect to finite modds that share thar universe. We
call these moddsworlds. The set of worldswith respect to which sentences are evaluated is
seen as representing the participantsOcurrent common knowledge i.e. as the set of worlds
which, as far as is known by both paticipants, could be the actua world (this set of worlds
can be called, following Stalnaker ?, the context set). As a consequence, when | say hereafter
tha anounsuch as QinguistOis semantically rigid, | don®mean tha the noun®lexical entry
states that its denotation is the same in all worlds but rather that the context is such tha the
denotation of the nounis common knowledge i.e. is constant across members of the context
set. | however assume, in thewhole paper, tha when a wh-question is uttered, the denotation
of the question-predicate is completely unknown by the questione, i.efor any subset X of D B
where D is the domain of quantification -, there exists a world w in the context set such tha
the extenson of the question-predicate is X in w’. This is certainly a smplification, but one
tha does not crudally affect my results.

We start from G& S@ semantics for questions according to which a question denotes an
equivalence relation over the context set. A question whos predicate is P (thd is, a question
of the form QVhich objects are Ps 2Q) is seen as a fundion which, when applied to a given
world w, returns the set of worlds in which the extenson of P is the same as in w. If we
represent such a question by thelogical form OxP(x)Q we ge:

(10) [[2XP(X)]] = $w.SwAP(WO = P(w)) (where @P(w)Odenotes the extension
of Pinw)

Notation: Let Q beaquestion and %and & be propostions Propostionsare viewed as sets of
worlds

- GS-Q(w)® denotes the set of worldsin which the extenson of the question predicate is the
same asinw (i.e. thecomplete answver to Q in world w)

-w! ! :thepropostion! istrueinw.

-w ' owO: wOl GS-Q(w), i.e. the extenson of the question-predicate is the same in w and
wO Alterndively, if P is a predicate, Qv ' pw@means tha the extenson of P is the same in
both worldsi.e. w and wGstandsin the equivalence relation denoted by O?xP(x)Q

-L#" I isasubstof "; ! entails™”

- U i I isaprope subst of ;! asymmetrically entails”

We say tha a propostion Sis a potential conplete ansver to aquestion Q if thereisaworld
w such tha GS-Q(w) =S, i.e. if S specifiesaunique equivalence class. For apropostionto be

" The question-predicate is treated as a one-place predicate, which apparently excludes pair-list questions and
double wh-questions (O\Vho saw what 2Q. However, note that when D, the domain of quantification, isfinite,
thereis only afinite number of finite sequences of element of D. We can therefore consider a new class of
models in which the domain of quantification actually consists of al finite sequences of elements of D, so that a
question like QVho saw whatOis interpreted as Gor which sequence sis it the case that the predicate saw holds
of sO By this procedure, any n-place predicate can be reinterpreted as a one-place predicate in the GextendedO
domain of quantification.

8| write 05S-QOinstead of GQObecause | will hereafter propose a modification of G& SG theory of questions, so
that we will need to distinguish the G& S interpretation for questions from what will become the Qofficial Oone.



relevant, it mugt hdp the spesker locate himself in the partition over the set of worldsdefined
by the question, i.e. it mug entail the fasity of at least one potential complete answer.
Furthermore, in order for a propostion to be strongly relevant, it mug aso give no
supafluousinformation: in case it rules out some world w, it mug rule out all theworldstha
bdongto w® equivalence class. For ingance, Mary cameQis strongly relevant in the context
of thequestionin (9), since it entails thefalsity of Qlack and Peter came and not MaryQ which
is a potential complete answer, and furthermore, does not address anything irrelevant; on the
othe hand QVlary came and it is rainingQis relevant but not strongly relevant, as it rules out
some worlds in which Mary came and nobody else came (namely, worlds in which Mary
came and nobodyelse came and in which it is not raining) withoutruling out all such worlds
In other world, a relevant propostion is strongly relevant if it does not distinguish between
worldstha bdongto the same equivalence class. The notion of strong relevance can thusbe
formally defined as follows:

Def 1 (strongrelevance): A propostion! isstrongly Q-relevantif

a) w,GS(Qw)" )= " (i.e: ! excludes at leag oneequivalence class)
and

b)# w# wOWSw@6 (W& ! ( wd !) (! does not distinguish between two worlds that

bdongto the same equivalence class, i.e. provides noirrelevantinformation)

Gricean inferences as the oneilludrated above are based on theideatha ! (the propostion
given as an answer) mus be compared to a certain set of alternative propostions which the
speaker could have chosen indead of ! .

We will now consider the case in which %is a postive answver, a notion that is defined as
follows:

First we defing, for any predicate P, the following partial order over the set of worlds noted
)p: if P is a predicate, w ) p wOIf and only if the extenson of P in w is indudd in the
extengon of Pin wOWe write Qv <p wOOfor Gv) wQand it is notthe case tha wO) pwQ

We then say tha a propostion %is P-postiveif :
*wl %*rwOw)pwd+ WO %

Tha this notion of postivity isnaural isshown by thefollowing facts:

a) let Q be a deermine satisfying the usud condition on deermines (conervativity,
extenson and quanity®), and A bea semantically rigid predicate; then the sentence GQAPOis
P-postiveif and only if Q isrightmonobneincaeasing.

b) Suppo® each element of D is the reference of some condant whos reference is rigid; we
definethe set of P-elementary propostionsas the set congsting of all the propostionsthat can
be expressed by a sentence of the form P(c), with ¢ being a congant. Then a propostion Sis
P-postiveif and only if it bdongs to the closure unde union and intersection of the set of P-
elementary propostions®.

If Qisaquestionwhos question-predicate is P, we say tha an answver A ispostive relatively
to Q if A is P-postive (onecan easily prove tha any P-postive answer is strongly relevant,

® proof in the appendix
1% broof in the appendix



unless it is the tautology™'). Now, let us assume that a postive answer A is to be compared
(for the purpose of drawing inferences based on Grice® maxims of qudity and quantity) to all
the postive answers. We can then modd Grice( maxims of quantity and qudity asfollows :
Let i bethe speaker® information state, modded as the set of worlds compatible with what
the speaker bdieves (i.e. i isapropasition); then an answer A to aquestion whose predicateis
Pissaid to beoptmal with respect toi if:

a) i # A (qudity : thespeaker bdievestha his answer istrue)

b) there is no P-postive propostionB suchthat i # BandB " A (quantity)

It is actudly the case tha for any propostion A there exists a propostion AOtha is the
strongest P-postive propasition entailed by A, i.e. such tha AQis postive, is entailed by A,
and entails all the other postive propostionsentailed by A (see proof bdow). We call AGthe
P-postive extenson of A, and we note it Pos(A).

Definition: for any A, Pos(A) = {w:, wQ A, wQ w}
Fact: For any A, Pos(A) is postive, is entailed by A, and entails al the other positive
propostionsentailed by A:

a. A entailsPos(A): obviousfromtheddinition

b. Pos(A) ispostive: obviousfromthedefinition

c. Pos(A) entails any postive propostionentailed by A:
Suppo® B is P-postive and is entailed by A. Let w ! Pos(A). Then, for some wGin A, w@
w. Since B is entailed by A, wQalso belongsto B; since B is positive, any world w@such that
wO) w@lso bdongsto B. Sincew is such aworld, w aso bdongsto B. QED

We can thusmodd quality and quantty as follows:

Qudity: If A isthe spesker@ answer to a question Q whose predicate is P, then the speaker@
information statei issuchtha i # A

Quantity: If A isthe spesker@ answer to a question Q whose predicate is P, the the speaker@
information state i issuch that A # Pos(i)

It tumsouttha ifi * A, then A# Pos(i) if and only if Pos(A) = Pos(i). Therefore thenation
of Goptimal answerOcan be rephrased as follows (as long as we only consider quality and
quantty so defined™):

Optimal answer (1% version): If i is the speaker@ information state, then his answer A to a
question Q whose predicate isPisoptimal if i # A and Pos(A) = Pos(i).

1 Proof: Suppose A is P-positive and isn@® the tautology. Let w be such that w - A (such aw exists, since A isn®
the tautology). Let wObe such that wO$p w. It follows that w » w, and therefore, if wCbelonged to A, then so
would w (since A is P-positive), contrary to fact. It follows that (GS-Q(w) . A) = . Suppose now that w! A;
let wlbe such that wO%p w; necessarily wdl A (since A is P-positive). Hence for any w, wQwO%p w entails
thatw! A if andonly if wO A.

12| n the course of this paper | will introduce more constraints on what counts as an optimal answer, in order to
take care of non-positive answers. The maxim of quantity will be subdivided into two maxims, called positive
guantity and negative quantity. What we now call quantity will be called positive quantity.



Therefore the hearer can infer tha, if the spesker has obeyed quality and quanity, the
spesker@ information state i bdongsto the following set (assuming tha he uttered A as an
answer to aquestion whose predicate is P):

[(A,P) ={i:i# A andPos(A) = Pos(i)}

Assume nowthat A isa P-postive propostion. In this case, A= Poss(A) (since A is obvioudy
the strongest P-postive propostion tha A entails); therefore quanity can be rephrased as
A= Pos(i)O Note furthermore that, for any propostion i, i entails Pos(i), so that if A =
Pos(i), theni # A and quality has been obeyed. Therefore, if a P-postive propostion A has
been given as an answer to a question whos predicate is P, assuming that A is optmal, the
hearer is entitled to infer tha the speaker@ information state i is such tha Poss(i) = A. In
other words the speakersOinformation state is amember of thefollowing set :

I(A,P) = {i: Poss(i) = A}.

From this sole fact the hearer has learnt alot about the spesker® information state. Basically,
the hearer can infer tha the speaker does not have more postive knowledge that wha he
explicitly conveyed. This inference is the source of so-called clausal or primary implicatures,
i.e. of the type Qhe speaker does not hold the bdief thaEO. In orde to derive exhaugive
readings (as well as so-called secondaty implicatures), it is necessary to further assume tha
the speaker is well-informed. More precisaly, the hearer is taken to assume that the speaker is
asinformed as possible given that he hasfollowed Grice@ maxims of quanity and quality.

To bemore precise, we want to say tha the speaker is as informed as possible with respect to
what the question is about In order to make sense of this notion, one has to define what
count astherelevant part of a propostion Sin the context of a question Q whose predicate is
P. Thefollowing definition, taken from G& S, does exactly tha™:

Def 2 (relevantinformation): Let Sbea propostion and P be a predicate. Then we definethe
P-relevant part of S written as SP, asthe following propostion: SP = {w: / w, (W% w
andw & S}

(If Qisaquestionwhos predicate is P, this definitionis equivalent to: SP = ( wes GS-Q(W)).

This definition is the naura one thanks to the following fact: If Q is a question whose
predicate is P, then for any S, S/P is strongly Q-relevant, is entailed by S, and entails every
strongly Q-relevant propostion entailed by S.

Now the clam tha the speaker is maximally informed relatively to the question unde
discussion, given the answer he has made, amounts to thefollowing, which we call, following
Van Rooy & Schulz (REF), the compeence assumption:

Competence assumption: If A has been given as an answer to a question Q whose predicate is
P, then the speaker@ information state beongsto thefollowing set Max (A, P):
Max (A, P)={i:i! I(A,P)andtheeisnoiGnI(A,P) suchthai@P" i/P}

It is not entirely clear why it should be assumed tha speskers are compeent in this sense.
Note tha this assumption is present, at least implicitly, in al theories of scalar implicatures.

13 Contrary to G& S, | define the notion of Gelevant informationOdirectly in terms of the question predicate, and
not in terms of the question denotation. This difference isin fact immaterial, since, in G& S@3 semantics, the
question predicate completely determines the question(3 denotation.



Suppo® someone says something of theform O\ or BQ from the maxim of quantity and the
fact that O\ and BOis an aternative of O\ or BQ the hearer infers tha the speaker who uttered
O\ or BOdoes notbdieve that O\ and BOis true (Thisis wha Sauerland 2004 calls a primary
implicature); in order to derive the inference that the spesker® actud bdiefs entails O\ or B
but not (A and B)Q it is necessary to strengthen this primary implicature, i.e. to go from Qhe
spesker does not bdieve @ and BGis truebto Qhe speaker bdieves A and BOis falseQ This
strengthening amounts to assuming that the speaker is maximally informed given the answer
he made One potentia motivation for the competence assumption, as suggested by VR& S,
could be tha when someone asks someone a question, the questiona has to bdieve tha the
addressee is able to satisfy his request for information (otherwise, asking the question would
not be a rationd move). Even if this seems plaugble at first sight, one can wonde why the
questiona should take the addressee to be relatively well-informed when the addressee(3
answer makes it clear that heis not able to entirely satisfy the request for information that the
question represents, as isthe case, for ingance, with adigundive answer. | have no new light
to shed on this question. At this stage | take the compeence assumption as a partly
unmotivated hypothesis, onethat is necessary in order to get the data right (it could even be
tha the compeence assumptionis akind of convention).

Wha has to be proved in orde to derive the exhaudive reading of postive answers from
gricean maxims is the following: if a P-postive ansver A is optimal and the speaker is
conmpéeent, then the relevant part of the speaker@ information state is just the exhaugive
interpretation of A, defined as:

(11) Exh(A,P)={w:w! A andtheeisnowQ A suchtha w&pw}.
(Tha is, Exh(A,P) is the propostion conssting of the set of the P-minimal worlds that make
A true, where aP-minimal world isaworld w such that noworld wQ's such that w&pw)

In other words what hasto beproved isthefollowing:
(12) Max (A, P) ={i: i/P=Exh(A, P)}

Before giving the proof, it is important to note the exhaudtivity opeator as | have just defined
it is not equivalent to G& S@ exhaudivity opeator: recall indeed that G& S@ operator (noted
@S-ExhQ isdefined asfollows :

(13) GS-Exh(A,P) = {w: w! A andthereisnowQ! A such tha w&pw
andw and wQgive the same denotation to all predicates distinct from P} .

In order to see why the difference between the two definitions matters, let us consder the
following example:

(14) Every linguist came

In a context in which nothing is known regarding the extenson of QinguistQ it turns out that
GS-Exh((14), @ameQ) is equivalent to (Every linguist came and no nortlinguist cameQ while
Exh((14), @ameQ , is equivaent to Nobody cameQ Indeed, if GveryOis a universal
quantifier in the sense of first order logic, then (14) istrivialy truein all theworldsin which
the extenson of QinguistOis empty, and the exhaugivity opeator as | have defined it would
jug select those worlds among those that make (14) true (since such worlds are minimal with
respect to the ordering relation ) 5). Even if we assumed tha the interpretation of GeveryQis
such tha Gevery linguist cameOentails or presupposes tha there is at least onelinguist, Exh



wouldn®yield the same result as GS-Exh, as it would return: Gexactly oneperson cameQ The
two opeators, however, yield the same result in contexts in which the extension of linguist is
common knowledge i.e. when linguist can be treasted as a semantically rigid expression. In
order to avoid this appaently undesirable consequence, | could have chosen, as Van Rooy &
Schulz (REF), to definethe notion of postivity in terms of a more restricted ordering relation:
that is, by defining Qv) pwOOas meaning P(w) # PwQ and w and wOassign the same
denotation to all predicates distinat from PQ then the previousdefinition of postive extendon
would still have been such tha the postive extendgon of a given propostion Sisthe strongest
postive propostion tha S entails, and the prods tha follow would have till been valid,
since, as thereader will note, the only thing that is needed for these proofs to be valid is that
Q rObe a patial order (and, regarding the next proof, tha the domain of quantification be
finite). Yet this is not the solution | will advocate, for reasonstha will be appaent later.
There is actudly another way to look at the problem: it is a general fact tha for any
propostion A, if A is strongly P-relevant, then Exh(A,P)=GS-Exh(A,P).** In paticular,
(14) is not strongly came-relevant if nothing is known regarding the extenson of QinguistQ
but is relevant in case linguist is semanticaly rigid™. Therefore, if we assume tha
speskers@nswers oughtto be strongly relevant (i.e. they mug be relevant and must not give
any irrelevant information), theexhaudivity opeator as | have defined it doesin fact the same
job as G& S@ opeaator.

Let me now give the proof of (12), repested bdow:
(15) If A isP-postive, then Max (A, P) ={i: i/P= Exh(A, P)}

In wha follows, Q isaquestion whos predicate isP and A is a P-postive propostion.

First, let me show tha any information state i such tha i/P = Exh(A, P) bdongsto | (A,P), i.e:

Theorem 1:if i/P = Exh(A, P), then Pos(i) = A
The proof relies ontwo lemmas:

Lemma 1: For any propostion S, Pos(S) = Posy(S/P).
Proof: since S # SP, Pos(S) # Pos(S/P). Wha remains to be shown is tha Pos(S/P) #
Pos(S).

Y Proof : it is clear from the definitions that Exh(A,P) always entails GS-Exh(A,P). We have to show that if A is
strongly relevant, then GS-Exh(A,P) entails Exh(A,P). Supposethat w! GS-Exh(A,P) and A is strongly
relevant. We want to show that w! Exh(A,P). Suppose, to the contrary, that thisis not the case: then thereisa
w; such that wy<pw and wq ! A. Let w, be the world in which the extension of P isthe same asin w, and the
extension of all other predicatesis the same asin w. Clearly, w; and w, belongs to the same equivalence class
relatively to the equivalencerelation induced by the question whose predicate is P. Since A isstrongly relevant
andw;! A, w,! A.Butw;issuch that wo<pw and w and w, agree on every predicate distinct from P, which
contradicts the hypothesisthat w! GS-Exh(A,P). QED

21 nothing is known as to the extension of QinguistQ 1(14) does not rule out any equivalence classin the
partition induced by ONVho came ?2Q since it would be compatible with any extension for the predicate came. If
linguist isrigid, then clearly 1(14) rules out all the worlds in which the extension of came does not include the
individuals that are linguists in every world, and furthermore, does not add any superfluous information. On the
other hand, semantic rigidity of linguist is not a necessary condition for 1(14) to be strongly relevant, and | have
not found out what the necessary and sufficient conditions are for sentences such as 1(14) to be strongly relevant.
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Suppoew ! Pos(S/P). Thenthereisaw; suchtha wy ! S/Pandw; ) pw. Sincew; ! S/P,
theeisaw, ! Ssuch tha P(w;) = P(wy). Therefore w, ) p wy, and since wy ) p W, we also
havew, ) pw, and, giventha w,! S, w! Pos(S).

Lemma 2: Pos(Exh(A,P)) = A
Proof: | | provetha a) Poss(Exh(A,P)) # A andb) A # Pos(Exh(A,P))
a) Pos(Exh(A,P)) # A
Assumew ! Posy(Exh(A,P)). Thentheaeisawd Exh(A,P) such tha wO) p w. Since wQl
Exh(A,P), w® A;sinceA isP-postiveandwQpw, w! A.
b) A # Poss(Exh(A,P))
Suppo®, to the contrary, that b) is false. Then theeisaw ! A tha does not bdong to
Pos(Exh(A,P)). Necessarily w- Exh(A,P), since othewise we would have w !
Poss(Exh(A,P)) (since for any propostion S, S # Pos(S)). Therefore there exists wy ! A
such that w; <p w. Necessarily wi does not bdong to Exh(A,P) ether, since otherwise w
would in fact bdongto Poss(Exh(A,P) (cf. definition of Pos). But since wy bdongsto A but
notto Exh(A), there is aw, such that wo<pw; andw, ! A and w, does not bdongto Exh(A)
(if it did, then since wo<wi<w, w would bdongto PogExh(A)) after al). By iteration of this
reasoning, there is an infinite sequence (w;);, n such tha for any n, wps1 < wy. But since D is
finite, such an infinite sequence cannotexist, which is contrardictory. Therefore b) istrue

Theorem 1 follows from Lemma 1 and Lemma 2: suppo® i/P = Exh(A,P). Since Pos(i) =
Pos:(i/P) (Lemma 1), we have Pos:(i) = Poss(Exh(A,P), and therefore, by lemma 2, Pos(i) =
A. QED.

We now have to show tha Max(A,P) = {i: i/P = Exh(A,P)}, i.e. every information state |
such tha i/P = Exh(A,P) is such that for any iOsuch tha Pos (iQ = A, i/P# iQP, i.e: for any
information state i, if Pos:(i) = A, then Exh(A,P) # i/P. Thisis equivalent to:

Theorem 2: for any propostion B, if Pos(B) = A, then Exh(A,P) # B/P.

Lemma 3: For any propostion B and C, B entails Pos(C) iff B/P entails Pos(C)

Proof. Suppo® B entails Pos(C). Let wy ! B/P. Then theeisaw, ! B such tha w;' pwo.
Since B entails Pos(C), wy! Pos(C). Since Pos(C) is postive, wi! Pos(C) too. Therefore
B/P entails Pos(C). In the other direction: suppo® B/P entails Pos(C); since B entails B/P, B
entails Pos(C).

Fact: Let Q be a question whose predicate is P. Then if w ! Exh(A,P), then GS-Q(w) #
Exh(A,P) 3 3

Proof: Suppogw ! Exh(A,P). Lee wO GS-Q(w), i.e. wOpw. Sincew ! Exh(A,P), thereis
now; ! A such tha w; <p w. Since . wOpw, thereisnow; ! A such tha w; <p wQ and
thereforewd Exh(A,P).

Lemma 4: Let Q be a question whose predicate is P. If A is P-postive and w ! Exh(A,P),
then A BGS-Q(w) is postive too.

Proof : suppoew ! Exh(A,P). Let wi ! A BDGS-Q(w). Let w, be such tha wi ) p wo. We
want to showtha wy ! A - GS-Q(w). Necessarily w, ! A (since A is postive). It therefore
suffices to show tha wo- GS-Q(w). Suppog, to the contrary, tha w, ! GS-Q(w). Then w,!
Exh(A,P) (cf. Fact). Therefore there can be nows in A such tha ws <p wo. Since wy) pwo, it
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follows that wi' pwy, i.e. wo ! GS-Q(ws). But since wi- GS-Q(w), w, - GS-Q(w), which is
contradictory.

Proof of theorem 2: Suppog, to the contrary, that Pos(B) = A and it is not the case tha
Exh(A,P)#B/P. Then thereisaw ! Exh(A,P) such tha w - B/P. Since B/P is strongly Q-
relevant (with Q being a the question whose predicate is P), it is aso the case tha
GSQ(w). B/P =/ . Since B # Pos(B), we also have B/P # Pos(B) (by Lemma 3), i.e.
B/P# A. Since GS-Q(w) . B/P =/, we dso have B/P # PogB) b GS-Q(w), i.e. (snce
B# B/P), B# B/IP# (A BGS-Q(w)) " Pos(B). Snce A ispositive, A DGS-Q(w) is postive
too (by Lemma 4). But then it is not true tha Pos(B) is the strongest P-postive propostion
entailed by B, which is contradictory. QED.

(15) (Max(A,P) = {i : i/P=Exh(A,P)}) followsfromtheorems 1 and 2.

In fact, the proof we have jug given can be generadlized to nonpostive answers; in the
genera case, if we add no further condraint on the spesker@ behaviour, an answer A to a
given question Q whaose predicate is P is optmal in information state ip if and only if i
bdongsto thefollowing set:

I(AP)={i:i # A & A # Pos(i)}

It tumsouttha Max(A, P), defined as abovein terms of I (A, P) isin fact always equd
to {i: i/Q=Exh(A,P)}. Theprod isgiven in theappendix. However, sinceit isactudly notthe
case that all answers get exhaudified, we will need to supplement the maxim of quantity with
other maxims, or to restrict the applicability of the competence assumption.

Exhaudivity can therefore be deived from the gricean maxims and the compeence
assumption (that is, the assumption that the spesker is as informed as possible given tha he
has obeyed gricean maxims). It is however important to note tha the way we have
implemented the maxim of quantity is in fact far from straightforward. We have inded
assumed tha the spesker utters the strongest P-podtive true propostion tha he deems true
However, anull hypothesis would rather bethat the speasker has uttered the strongest relevant
propostion tha he consdes true Suppo® for ingance tha the speaker bdieves that John
came to the party and that Mary didn® and knows nothing else. Then the maxim of quantity
as we have implemented it says tha the speaker@ answer mug simply be Qlohn cameQ even
though, intuitively spesking, the fact that Mary didn® come is relevant too. In fact, if one
adopt G& S@emantics for questionsand their definition of ansverhood,there is no prindpled
way to explain why the information tha Qlohn cameOwould be more relevant than the
information tha Mary didn@ This limitation is actudly found in al theories of scalar
implicatures. scalar implicatures are andyzed as arising from the compaison of a given
sentence with its scalar alternatives, notwith all the possible sentences tha the spesker could
have uttered. The maxim of quantity taken in isolation would in fact prevent any implicature
fromarising: if speaskers said everything they know (modulo relevance), then nothing relevant
would ever beleft implicit'®. The maxim of quantity can account for scalar implicatures only
in conjundion with further assumptionsregarding wha the speaker could hawe said instead;
the notion of scale is the standad way to define wha the comparison class is for a given

1? For instance, if a sentence of the form O\ or BOwere to be compared to OA or B but not bothQ as well as with
O\ and BQ we could reason that the speaker who uttered G\ or BOdoes not hold the belief that O\ or B but not
bothOis true, since otherwise he would have uttered that sentence.

12



sentence. In my own framework, in which exhaudivity and scalar implicatures are essentialy
two different sides of the same coin, wha plays therole of the notion of Gcalar aternativeOis
the notion of postive answer. In fact, as | have shown, if oneassumes tha the comparison
class for a positive answer is the set of positive answers (rather than the set of al possible
answers, i.e. the set of al the strongly relevant propostiong, then oneimmediately derives
tha the spesker must have uttered the strongest positive anawer tha he deems true'’. Yet one
cannot explain on the basis of G& S@ partition semantics for questions why the maxim of
quantity should make reference to postivity™®. In the next section, | propo® a new semantics
for wh-questionstha gives a motivation for themaxim of quantity as we have defined it.

3. A partial-order semanticsfor questions

3.1. A modification of G& S: partial orders indead of equivalence relations

In G&SOpartition semantics for questions in which a question is seen as denoting an
equivalence relation over the set of possible worlds, a potential complete answer is defined as
a propostion that singles out a unique equivalence class in the partition. In other words an
answer is complete if and only if it totally specifies wha the extenson of the question-
predicate is. It is then mysterious why people actudly generaly only give ther positive
information, even when they have full knowedge of the extenson of the question-predicate.
Congde foringance:

(16) a. Who came to the paty ?
b. John<came to the party>

Theansver in b. isnotin itself a complete answer since it is compatible with many different
extensonsfor the predicate Gtame to the partyQ Yet a spesker who believes tha only John
came will typically gives this answer. G&S, however, explicitly states tha a coopeative
spesker should utter a sentence that expresses the strongest relevant propostions tha he
deems true this is the way they implement the maxim of quantity. G& S@olution to this
appaent problem congsts in saying tha the answver in b. actudly typicaly means in the
context of the question a., the same as Qlohn came and nobodyel se cameQ On ther view, this
reading of b. issmply theresult of applying the exhaudivity opeator. When the exhaudivity
opeator is present, theanswer in b. is acomplete answer. It isimportant to note tha the logic
of the argument is tha the speaker who uttered b. complied with the maxim of quantity as
G& Sviews it thanksto the presence of the exhaudivity opeator.

However, this view cannotbe maintained once we want to accountfor exhaudivity itself as a
pragmatic inference. Indeed, wha we want to accountfor is why, on the basis of the litera
meaning of QJohn cameQ we can further infer that the speaker beieves tha nobodyelse came,
based on the assunption that the speaker who uttered QJohn cameO conplied with the maxim
of quantty; but wha we mean, then, is tha the propostion tha John came (not the
propostion that John came and nobody else) is the strongest relevant propostion tha the

" Note however that in my own framework (aswell asin Van Rooy & Schulz 2004, 2005), thereisin fact no
need to assume that the hearer effectively chooses his answer among a certain set of alternative sentences, nor to
take the hearer to compare the sentence uttered with other sentences. Indeed, what is needed is simply to assume
that the speaker@ answer is true and entails the positive extension of his information state; thus the speaker, in
order to comply with quantity, just needs to compute the positive extension of hisinformation state, and does not
have to make comparisons among various sentences. Thisis quite important, since it is psychologically
unplausible that speakers and hearers actually consider the set of al positive answersin order to decide what to
say (in the case of the speaker), or what to understand (in the case of the hearer).

'8\/an Rooy & Schulz (2004), in their footnote 42, say they lack a Gzonvincing explanationOof the fact that the
maxim of quantity only cares about the amount of positive knowl edge that the speaker has.
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speaker deems true among a certain set of alterndive propostions(tha is, the set of pogstive
propostiong. Based on this assumption, we further derive tha the spesker does not bdieve
tha Mary came, since in tha case Qlohn cameOwould not have expressed the strongest
relevant propostionsamongthe set of postive propostionstha the speaker considers astrue
We clearly have to give up the view that obeying quantity means uttering the strongest true
relevant propostion, with no reference to a distinction between postive and negéaive ansvers.
As | aready pointed out, in G& S@ framework, there is no prindple way to motivate this
distinction. Wha | am going to propo< is a quite radical move, based on a modification of
thevery semantics of theinterrogdive sentence itself. Theideaisthefollowing: by giving an
answer that expresses the strongest postive propostion tha he deems true a speasker who
also has some negative knowledge has in fact entirely satisfied the request for information
tha the question represents. The reason why speakers typically do not express their negative
information is ssimply tha negative information is not part of what the question explicitly asks
for. The modification that | am going to propose, however, will have the outcome tha
negdive information can still be @elevantOin a naural sense, and be pat of what the question
implicitly asksfor.

In G& S@ approach, a question denates a fundion from worlds to propostions suppase the
question is a wh-question whose predicate is P; then the fundionin question, when applied to
a given world w, retums the following propostion : $wQ(P(wQ = P(w)). This propostion is
the propostion that states, for every individud x tha has propety P, tha x has propety P,
and for every individud y tha lacks propeaty P, tha y lacks propaty P. One could as well
describethis propostion as:

$wQ(foranydsuchtha d! P(w),d! P(wQ, andforanydsuchd- P(w),d- PwQ)

A complete answer to this question is an answver which expresses the propostion tha is
obtained by applying the question to the actud world. Now, as we observed, speakers do not
in genera specify which individuds do not have propaty P. The mos straightforward way to
capture thisfact isto modify G& S@ semantics in the following manne:

(17) [[2XPX)]] = $w.sw(for anyx inD, x! P(w) + x! PwQ)

That is, when applied to aworld w, the question returnsthe propostion tha states, for every x
tha has propety P, tha x has propety P. Two equivaent formulationsare given bdow:

(18) a [[xP()]] = Sw.3w@w ) pwQ
b. [[XP(x)]] = $w.Pos(w)
with Poss(w) = {wOw )p wQ (i.e Pos(w) is the strongest true P-
postive propostioninw)

In other words the question, when applied to a given world w, returnsthe strongest P-postive
propostion tha is true in w. And to give a complete answer is to express that propasition.
This amounts to shifting from the view tha a question denotes an equivaence relation to the
view tha a question denote a partial pre-order’® over the set of worlds In fact, if Q is a
question of the form CPx P(x)Q then, given two worlds w and wQ w) pwOif and only if

9 A pre-order over aset E isahinary relation R that isreflexive and transitive. If R is furthermore symmetric,
then R is an order. In what follows, | depart from rigorous terminology, and use the term (artial orderOinstead
of (partial pre-orderQ
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Q(w1)(wp) = 1. For any question Q, we will now note ) o the indued ordering relation: for
any wy and wy , Wy ) o Wa iff Q(wi)(W,) = 1. We can aso redefine the notion of (postive
answerOdirectly in terms of the question denotation:

A propostion Sis Q-postiveiff: * w* wQ(w! SOw)owd+ wd )

Note that in G& SOsemantics for questions the notion of (postive answerOcannot be defined
in strictly semantic terms. Indeed, in G& S@ framework, questionssuch as QVho cameOand
QWVho didn® comeOhave the same denotation; yet, a postive answer to the first oneis a
negative answer to the second one. As a consquence, the exact formulation of the maxim of
quantity needed to make reference not to the question denotation, but to the question
predicate, which will not be the case anymore: indeed, we can redefine the notion of postive
extenson of a propostion Sin the context of a question Q asfollows:

Poso(S) = {w :, wd SwQqw}

which is equivalent to:

POs(S) = 1w s(Q(W))

3.2. Relationship between partial -order semantics and partition semantics

This revised semantics for questionsis actudly quite close in spirit to Kartunnen@ (1979
classical analysis, in the following sense: for Kartunnen, a question whose predicate is P
denotes, in agiven world w, the set of al the propostionsof theform @(d)Cthat are truein w,
for any d in the domain; a complete answer to a question is then defined as the conjundion
(or, in semantic terms, the intersection) of all these true propostions it is clear tha a
complete answer in Kartunnen® sense is smply the propostion tha, according to my own
semantics, the question returns when it is applied to the world w. This revised semantics is
richer than G& S@, in the sense that G& SG basic notionscan be defined in terms of it, but not
the other way around, something that 1. Heim (1994) has already shown regarding the
relationship between Kartunnen@® theory and G& S@. To be more precise, it is obvioustha,
starting from the ordering relation denoted by a question Q, one can define a corresponding
equivalencerelation (' ) asfollows:

wq' QW2 iff Wl)QW2 andwz)le.

Itisclear that w1 ' o wo if and only if the extenson of the question predicate is the samein w;
and in w,. Starting from a question Q, one can therefore define its G5& S@neaningOin
fundion of its asicO(i.e. mine) meaning; to this purpo, | define an opeaator (GS) thd,
when it is applied to a question, returnsits G5& S-meaning®

[[GSQ]] =3$w.swOw ' qwO (equivalently : [[GS Q]] = $wwO Q(w)(WQ = Q(w(w) )
Besides this trivial observation, there is actudly a very natural link between the GS-meaning
of aquestion and its basic meaning (cf. also Heim 1994) thanksto the following fact: for any
worldsw andwQw ' o wGif and only if Q(w) = QwG?. Indeed we have®™:

QwWP=Qw)) 2 (wWdw)qw® = {wDwO) qw®)2 w' qw&

%0 Recall that Q(w) now represents the proposition that Q returns when applied to w according to the revised
semantics.
2 The sign 2 represents logical equivalence.



In other words, two worldsw and wQessign exactly the same extensonto P if and only if the
complete answer to @xP(x)Ois the same in both worlds i.e. if and only if thestrongest true P-
postive propostiontruein w isthesame asin wO

According to the semantics | have adopted, a propostion S can pefectly be a complete
answer to a question Q without S stating that it is in fact a complete answer. Suppo® tha
Jack and Peter went to the party, and nobodyelse did. Then the sentence Qlack and Peter went
to the partyOis the complete answer to the question Gvho went to the partyQ However, this
sentence in itself does not tell the questione that it is the complete answer; it could well be
tha the speaker who gave this answer does not know whether other people came or not; in
any case, the questiong cannot know, from this simple answer, tha his request for
information (which is arequest for the strongest true Q-postive propostion) has been in fact
fully satisfied, even thoughit has been. The hearer would know this if the spesker had
furthermore made clear that he knows his answver to be complete. Imagine now an opeator
(call it Opg) that, when applied to a propostion S, states that S is the complete answer to the
question Q:

[[Opq S]] = $w.(Q(wW) = 5)

For ingtance, when applied to QJack and Peter cameQ it would yield OQack and Peter cameO
is the complete answer to the question Gvho came 2@) which turns out to be equivalent to
(Jack and Peter came and nobody else did3%. Opq is therefore quite similar to the
exhaudivity opeator. It could seem tha the phenomenon of exhaudive interpretation can
receive a straightfoward explanaion: if, by default, the questione assumes tha the answerer
is able to fully satisfy his request for information, he will assume tha the answer uttered isin
fact the complete answer to the question, i.e. apply Opg to it. Such an andysis is however
inqufficient. Note inde=d that Opg is not in fact equivalent to the exhaugivity opeator. For
suppo® the propasition S is a postive answver but cannot be the complete answver to the
question. S could be, for ingance, Gohn or Mary cameQ and Q be QWVho came 2Q It is clear
tha in noworld can S bethe complete answer to Q in tha world, since a complete answver has
to state, for each x that came, that x came, which S doesn®do. Since OpgS states that Sisthe
complete answer to Q in the actud world, OpgS is necessarily false, i.e. is the contradiction.
In contrast with this, Exh(S, came) returns the propostion that John or Mary came but not
both, and nobody else came. As a matter of fact, exhaudivity effects are not only foundwith
potential complete answers, but with answers such as S as well. In fact, wha is needed is not
simply the assumption that the speaker knows what the complete answer is, but rather tha he
knows as much as is compaible with the ansver he made, given tha he has obeyed a certain
set of maxims (competence assumption).

The GS opeator (the onetha turns a question into its G& S-meaning) can be viewed as an
opegator tha strengthens the request for information tha a question expresses in tha it
requires the answer to state tha it is a complete answer: while a question Q nomally asks for
the strongest Q-postive propostion tha is true, the GS-opegator adds the demand that the
speeker indicate tha the propostion in question is in fad the strongest Q-postive true

22 Proof of the last step: let A= {w@®w ) o W@ and B={w@®wO) o w@. First, if A =B, then,w ! B and wQ

A. Therefore, wQ o w andw ) qowQi.e.w ' o wOSecond, if w' qwQthen itisobviousthat A = B (suppose

w) ow@ then, since wQ o w, w0) o wiby transtivity of ) ¢) .

% n Heim@ (1994) terms, what Opg does is that it turns a proposition that is the complete answer to the question
in the sense of Ans;Ointo one that is the compl ete answer in the sense of Ans,Q
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propostion. On its (hasicO interpretation, a question requires the speaker to express the
strongest true postive propostion; on its G& S-interpretation, it requires the spesker to
express the strongest true postive propostion and to state that this propostion is indeed the
strongest true postive propasition. It isindeed afact tha:

[[GS Ql] = $w.(Opa(Q(w))
Proof*:

$W.(3pe(QW)) 2 $w.swAQWP=Q(w)) 2 $w.swlw' qwO

We are now in a postion to derive in a prinapled way thefact tha a coopeative spesker, in
the context of a question Q, will express the strongest Q-postive propostion that he bdieves
to betrue

Suppoe the speaker does not know what the strongest true Q-postive propostion is in the
actud world, i.e. isunéable to fully satisfy therequest for information that Q represents. What
he can do is specify what the total answer to Q could be according to him, in the following
sense: if, for ingance, {w1, w,} isthe set of worlds compatible with the speaker@ bdief, then
he should say tha the complete answer to Q is either Q(wy) or Q(wy). Generdizing from this
example, we ge:

Let i be the spesker@ information state, modeded as a set of worlds The speaker® answer
mug entail thefollowing : 3 3 3
1w, iQW) =1y, i ($WOW)owWQ={wO, w! i,w)qwQ =Pos(i).

We therefore can trandate quanity and qudity as the following condraint on the spesker@
25
ansver:

If i isthe speaker@ information state, then his answer Smus besuch tha i # S# Posy(i).

It follows tha for any answer A to Q, the set of information states that make A compaible
with quantty so defined (i.e. the set of information states in which a coopeative speaker who
uttered A can be) isthefollowing:

(A, Q) ={i:i #A# Pos(i)}

Thisis provably equivalentto :

I(A, Q) ={i:i# A andPos(A) = Posy(i)}

In fact, if the speaker does not provide any additiond information besides what quantty
reguires, then his answer will smply be Posy(i). In the case where A isitself Q-postive, then
since Pogy(A) = A, we have: I(A,Q) = {i: Pos, (i) = A}*’ . We have therefore derived in a
prindpled way thefact that a Q-pasitive ansver mug express the mog informative Q-postive

# The sign 2 now represents equality between lambda-abstracts .

% Hereafter, wedl see that it could be misleading to view this constraint as a genuine rendering of Grice® maxim
of quantity. Wedl call it positive quantity.

% Proof : suppose A entails Poso(i). Then let wy ! Poso(A). By definition, thereisawg such that wy! A and

W) gW1. Since A # Posq(i), Wo! Posq(i). Sincewg) gwy, Wi ! Posg(i). Therefore any member of Posq(A) belongs
to Posq(i), and Posq(A) # Posq(i). In the other direction, suppose Posq(A) # Posq(i). Since A # Posg(A),

A# Posq(i). On the other hand, sincei # A, we have Posq(i) # Posg(A), and therefore Posq(A) = Posqfi).

% Previously, this set was defined in terms of the question predicate P. This is no longer necessary since all the
relevant notions have now been defined directly in terms of the question Q.
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propostion tha is true according to the speaker. This was one of the assumptions tha we
needed in order to accountfor exhaudive interpretations

3.3. Relevance

Anothe assumption that was needed in order to derive exhaudive readingsis that the speaker
is compétent, i.e. that heis asinformed, relatively to the question Q, asis compaible with his
answer. In section 2, | defined therelevant part of a propostion in the context of the question
Q in terms of the question-predicate tha occurs in Q. It would have been equivalent to
directly defineit in terms of Q, which yieldsthefollowing definition:

Let S be a propostion and Q be a wh-question. Then the Q-relevant patt of S, noted S/Q, is
thefollowing propogion: S/Q ={w:, wO@ SwO o w}

The competence assumption then amounted to saying tha if A isthe spesker@ answer to Q,
the speaker@ information state i bdongsto thefollowing set:

Max (A, Q) ={i :i! I(A,Q) andthereisnoiGinI(A,Q) suchtha i@Q" i/Q}*®

Why is it necessary to write Q@Q " i/QOrather than simply 00" i0? We did so because the
hearer has no reason to assume tha the speaker is maximally informed with respect to aspects
of the worlds tha have nothing to do with what the question Q is about The motivation for
the competence assumption is tha asking someone a question could not be consdered useful
if the addressee were not bdieved to be well informed with respect to wha the question is
about, butthis tells usnothing with respect to the addressee® knowledgeof thingsthat are not
related to the question. Without this relativization to Q, Max(A,Q) would only retain
information states in which the speaker knows nearly everything (in fact, he would have to
know the extenson of al predicates except maybe for the question predicate). However, a
difficulty could arise here, since the notion of QelevanceOtha we used is based on G& SG
semantics for questions which we have now amended. It will turn out, however, that the very
same notion of relevance is natural in our new framework.

In G&SG framework, a piece of information is relevant if it entails the falsity of some
potential complete answer (a potential complete answer is an answer tha, in some world, is
the complete answer in that world); since we now have another notion of Gomplete answerQ
it may be expected that relevance in our new framework is not equivalent to what it used to
be In fact, if we studk to this definition of relevance, an unintuitive consquence would be
tha apotential complete answer would never berelevant. Indeed, a patential complete answer
isinitself compaible with any other potential complete answer; this follows from the fact that
all complete answers are true in a world where al the individuds have the propeaty denoted
by the question-predicate. In order to overcome this problem, we will have to refine our
intuitive notion of relevance. We will not simply say that a propostionisrelevant if it makes
at least one potential complete answer false; rather, we take a propostion S to be relevant if
thereis an answer A tha would be in some world, a complete answver, and such tha S makes
it impossible that A bein fact the conplete answver. This new definition of relevance would
not make any difference in G& S@ framework, since it follows from ther semantics that if a
propostion tha expresses a potential complete answer is true in some world w, then it is
necessarily the complete answer in w (in other words a complete answer if G&SG@ sense
always states that it is the complete answer). But in our own setting, this new definition of

%8 Again, we can now define this set without any reference to the question predicate.
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relevance is not equivalent to Gentailing the falsity of at least onepotential complete answverQ
which can be shown asfollows: as said above we say tha A isapotential complete answver to
Qif thereis aworld w such tha Q(w) = A. Suppae Q is Qvho came to the party 20 Let S be
the propostion tha John came to the party, expressed in the context of the question Q. S,
which is a potential complete answer, does not rule out the truth of any potential complete
answer. For ingance, S is fully compatible with the propostion that, say, Mary came. Yet S
rules out the possibility that QViary cameObe the complete answer, since if it were true tha
Mary came, then the complete answer should have said so. After thisinformal explandion, et
me give the exact definition of relevance:

A propostion Sisrelevant with respect to aquestion Q if thereisapotentia complete answver
B such tha for any world w! A, Q(w)4B.

It tumns out tha this notion of relevance if in fact equivalent to G&S@ notion (GBS
relevanceQ. First note thefollowing two statements are equivalent:

(19) a Thereisapropostion B tha isapotential complete answver to Q and such tha for any
worldw ! A, Q(w)4B.
b. There is aworld wQOsuch that for any worldw ! A, Q(w)4Q(wQ.

Proof :

a entailsb: Suppo® a istrue Let B besuch tha for any world w in A, Q(w) 4 B. Consder
the propostion OpgB (the propostion tha states tha B is the complete answver to Q).
Obvioudy OpgB entails B (OpgB is the set of worlds in which B is the complete answer to
Q). TakewQ OpgB. By definition, Q(w(Q = B. Since for any world w! A, Q(w)4B, it isalso
thecase tha foranyw ! A, Q(w) 4Q(wQ. Therefore there is a world wOsuch that for any w
I A, Qw) 4 Qwd. QED

b. entails & Suppo= b. is true. Let wObe such tha for any world w! A, Q(w) 4 Q(w®. Then
take B = Q(wQ. B isapotential complete answer to Q such tha for any world w! A, Q(w)4B.
QED.

Therefore thedefinition of relevanae can bere-written as follows:

A propostion Sisrelevantwith respect to aquestion Q if thereisaworld wCsuch that for any
world w! S, Q(w)4Q(wQ

Recall that GS-relevance is defined as follows:
GS-relevance : A propostion Sis GS-relevant with r&cpect to aquestion Q if thereisaworld
wGsuch that for anyworldw ! S, itisnotthecasetha w' o wO

Theefore, since @(w) = Q(wdGis equivalent to v ' o wOQ relevance and GS-relevance are
equivalent.

It could seem to the reader that we are now trying to have it both ways, i.e. we amended
G& S@ semantics for questions, but at the same time we chose to maintain G& S@ notion of
relevance. The motivation for doing so was that a sentence S should be seen as relevant as
soonas thereis a potentia complete answer A such that S makes it impossible tha A bethe
actud complete answer; one may wonde whether such a definition is better groundel that
one tha would smply say tha S is relevant if it rules out the truth of at least potential
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complete answer. It turnsouttha thedéfinition of relevance tha | have offered is actudly the
naural onein my own framework: suppo® indeed someone asks a certain question, i.e.
makes a certain request for information. It is entirely naural to assume tha the questione is
not only interested in getting the information he wants, but also in bang sure tha the
information he got is indead one tha satisfies his request completely. If we characterize an
answer as bang relevant if it gives the questioner some clue as to wha the propostion that
satisfies hisrequest is, then we naurally get to theddinition we have adopied.

Following G& S, we will say that a propostion is strongly relevantif it is relevant and does
not provide any irrelevant information. This means tha for a propostion S to be strongly
relevant, S should be such tha whenever it rules out some world w, it also rules outall worlds
in which the complete answer to the question is the same as in w. It follows from this that
whenever Srulesin aworld w, it also rulesin every world equivalent to w. Therefore, S will
be strongly Q-relevant if it is Q-relevant and does not distinguish between two worlds in
which the complete answer to Q isthesame:

Sisstrongly Q-relevantiff :

a), w*wds, Aw owQ (relevance)

b) * w* w@w' qwO+ (w! S( wd 9)) (S does not distinguish between two worldsin which
the complete answer to Q isthe same)

Thisisin fact the same definition as G& SG.

Since the notionsof relevance and strong relevance have remained the same, the definition of
therelevantpart of apropostion Srelatively to aquestion Q is also thesame asin G&S:
SQ={w:,wO@ S w wQ

At this stage, the proof tha a postive answver will be interpreted as exhaugive can be
achieved in exactly the same manne as above What has been gained istha we do notneed to
stipulate tha a postive propostion is to be compared to all postive propostions Rather, it
follows from the very semantics of questionstha al tha is required from speskers is to
provide al the postive information they have. At this point the following objection could be
raised: once we have adopied G& S@ notion of relevance, the complete answer to a given
question Q turns out to never be the most informative true relevant propostion; indeed, a
complete answer does not indicate tha it is the complete answer; thus after al, it seems that
the maxim of quantity, on its intuitive undestanding, should require tha speakers utter the
strongest relevant sentence that they deem true, i.e. should ask them to give not only thar
postive information, butther negdive information aswell. As| have already pointed out, the
maxim of quantity so unde'stood would in fact force speakers to say everything they want to
say explicitly, thusblocking all types of implicatures. In a neo-gricean framework, the maxim
of quantity is, so to spesk, in compdition with another one that somehow has an opposte
effect, called the maxim of manne ((be brief and clearQ ; but it is not entirely clear how to
formalize the interactionsof quantty and manne. In a sense, the notion of scalar alternatve
can be viewed as modeling these interactions theideawould be tha a speaker who chooss a
certain sentence mug have chosen the mog informative oneamong sentences tha are exactly
as complex, and tha the sentences that are exactly as complex as a given sentence are
precisaly its scalar dterndives. | actually want to depart from the view tha the spesker3
behavior isentirely based on coopeative prindples, rather, it seemstha speakers also want to
minimize ther own effort. My own view is thefollowing: speakers are relatively coopeative,
but are also relatively lazy; indead of providing al the relevant information they have, they
choo® to say as much asthe question unde discussion explicitly requires of them, and let the
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hearer guess wha therelevant part of thar information state is. To make thingsclearer, | now
cal the requirement that the spesker@ answer entails their postive information postive
guantty. Once a question is viewed as a request for a certain information, what postive
quantty requires is tha speakers say what this information could be according to wha they
bdieve, no more no less. Thisis what the question explicitly requires, even thoughit is clear
tha the questione is aso interested in knowing whether a certain piece of information is in
fact the complete answer to the question or not When a question such as QVho cameQis
uttered, it is indeed reasonéble to infer tha the questione is actudly not only aso interested
in knowing tha Sistrue if Sisthecomplete answer, butalso in knowing tha Sis the actud
complete answer (if this is the case). In this sense, a question explicitly asks for postive
information only, but implicitly asks for negaive information as well. The GS-meaning of a
question Q can then be seen as a kind of implicature that is derived from the literal meaning
of Q. Yet postive quanity as such does not require speakers to do more than answvering the
question in a way tha is consstent with what they bdieve and wha the question explicitly
asks for. Speakers can count on the hearer® ability to reason and find out that the answer
uttered isin fact the strongest postive propostion tha the speaker knows to betrue given the
competence assumption, the speaker can even expect the hearer to interpret the answer as
exhaudive; in other words, the exhaugtive reading will turn outto be part of Qvha is meantQ
even thoughit is not pat of what is explicitly said.

3.4.An excursuson embedded questions

Before turning to non-postive answers, | would like to point out some consequences of this
new semantics for questionsregarding theinterpretation of embedded questions

One of the motivation for G& S semantics is that it gives a straightforward way of defining
the semantics of so-called extensond question-embedding verbs in terms of the meaning of
the very same verbs when the embed a declarative sentence®. We can indeed adopt the
following schema, for any such verb V: if X is an individud denoting expresion and Q is a
question, then:

X V QGstruein aworld w if and only if thereferent of X istherelationV to the propostion
Q(w) (i.e. thecomplete answver to Q in w).

More formally, if [[V]] represents the meaning of an extensond embedding verb when it
embedsa declarative sentence, andif Q isaquestion, we post: [[V Q]] = $X. ([[V]](Q(wW))(X))

Note tha my own semantics for questions makes it possible to post the very same schema,
but with a clearly different semantic outcome. Recal tha unde the new proposl, the
complete answer to a question like Qvho came ?0gtates, for any x who came, that x came, and
does nothing more than tha. In contrast with this, G& S@ semantics results in the following :
the complete answer to thelatter question states, for any x who came, tha x came, and for any
y who didn®come, that y didn@®come. In order to compare the two proposis with respect to
the semantics of embedded questions, let us see wha they ddiver in the following case,
assuming that the aboveschemaisvalid:

(20) Johnknows who came

 extensional question-embedding verbs are verbs that embed both questions and declarative sentences.
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a G & S: for any x who came, John knows that x came, and for any y who
didn®come, Johnknows tha y didn®@come
b. My proposl : for any x who came, Johnknows that x came

One recognizes the two readingstha have been called, respectively, the strong exhaustive
reading and the weak exhaugive reading. There has been an extengve debae as to whether
these two readingsreally exist. It has to be observed tha the strong reading entails the weak
one therefore, if it were unmntroversia tha the weak reading always exists, there would be
no direct way to show tha the strongreading also exists, since there can beno situgion where
the strong reading is true but the weak one is false. However, many authors (REF) have
shown tha there are situationswhere a given sentence is clearly intuitively false even though
it would betrueonits weak reading. Consder forindance :

(22) Johnknows which numbers are prime.

In a situdion, say, where John knows, for any prime nunber p, tha p is prime, but also
erroneoudy bdievestha 8 is prime, onewouldn® consde (21) to betrue

| accept this observation, but | would like to stress that my own accountcan motivate a dight
modification of the definition of weak exhaugivity, which would solve this problem (thoughit
would not settle the controversy entirely).

In a nutshdl, | want to andyze a sentence such as (20) as synonynous with Qohn knows
what the correct answer to Qvho cameOisQ namely:

(22) If Johnwere to answer the question Gvho cameOand follow the gricean
maxims , then his answver would be the strongest came-postive propostion
that istruein theactud world

Now suppo® tha John erroneoudy bdieves that 8 is prime. Then necessarily, his answer to
Qvhich numbers are primeOwould state this (since John, obeying quantity, should utter an
ansver tha contains al his postive information), and therefore his answer wouldn® have
been true, so tha the sentence (21) wouldn®betrue either. Yet this andysis does not prevent
(21) from beng true in a situaion where, for every prime numbe n, John knows that n is
prime, and for every othe number m, John doesn® hold the bdief tha m is prime. In a
nutshdl, this revised semantics for the weak reading would not allow the agent to hold false
postive bdiefs, but would till allow him to be uncertain about individuds tha, in fact, do
not have the propety denoted by the question predicate. L et me give a precise implementation
of thisidea:

For any individud d, we defined® Q-postive beief in aworld w (noted as Posy(d,w)), where
Qisaquestion, asthefollowing : Pos(dw) ={wQO , w@such that wG's compatible with d@Q
bdiefsin w and such tha wa@) owQ}
Then we post:

(23) [[Johnknows Q]]" = 1 iff Posy(d,w) = Q(w)
Thelexical entry for (knowOwhen it embedsa question is therefore:

(24) [[know]] = $Qx<s s> $X<e> $W<s>. POgy(X, W) = Q(W).
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This semanticsis provably equivalent to :

(25) [[John knows xP(x)]]" = 1 iff for any d that has propety P inw, John
bdievesin w tha d has propaty P, and for any dOtha hasn®@ propety Pin w,
itisnotthe case tha Johnbdievesin w tha d has propety P.

Whether or not this is empirically adequae, note tha my revised semantics for questions
makes it possible to give a semantic entry for know corresponding to the strong exhaustive
reading, and such tha the embedded question has the same interpretation as a direct question:

(26) [[John knows Q]]" = 1 iff for any world wOcompatible with John®
bdief in w, Q(wQ = Q(w).

Thisisindead provably equivalent to :

(27) [[John knows Q]]" = 1 iff John bdieves in w the propostion
Opo(Q(W)).

(i.e. Johnknows what thecomplete answer to Q i9)

It istherefore clear tha even if theweak exhaudive reading did notexigt, it would not provide
a knok-down argument agang my propos, since it is possible to define the GS-denotation
of a question in terms of its basic denotation (and, importantly, not the other way around)
Heim (1994)made exactly the same point with regard to Kartunnen® semantics for questions
However, it would be nice to find additiond evidence in favor of my revised semantics
(besides the fact that this revised semantics is able to accountfor why typical answers do not
explicitly convey negaive information). As pointed out by Irene Heim (1994) it could bethat
weak exhaudivity is foundwith some verbs but not with others. A goodexample of a verb
tha allows aweak exhaustive reading, it seems to me, istheverb QellQ indeed, it seems that
for Qohntold Peter who cameOto be true, it is enoughtha John told Peter, for any x who
actudly came, tha x came, and tha John did not erroneoudy told Peter, for some y who
didn®come, tha y came. In my opinion, QuessOis aso a quite goodcandidae; namely, for
Qlohn guessed who cameOto betrus, it is sufficient (or so it seems to me) tha John guessed,
for any d who came, tha d came, and tha he didn® erroneoudy predict, for some dOwho
didn®come, that dOcame.

3.5. Wha if nobodycame ?

The semantics | have propogd has an appaently undesirable outcome: suppo® the question
unde discussion is Qvho came 2Q and that in fact nobody came. Then, according to my
semantics, the complete answer to such a question is smply the tautology (while in fact we
expect a well-informed and coopeative speaker to answver by stating tha nobody came).
Kartunnen (1979)3 theory faced the same problem, which motivated an amendment to the
effect tha the complete answer in such a case should be hobodycameQ A second appaent
problem has to do with weak exhaustive readingsfor embedded questions Suppog, for the
sake of this discussion, that Qlohn guessed who cameOmeans that for any individud x who
came, John guessed tha x would come, and tha for no y tha didn® come, John did not
wrongly predict tha y would come (i.e. that the weak exhaudive reading exists in this case).
Then, in case nobodycame, the sentence Qlohn guessed who cameQis predicted to be trueif
Johndidn®make any prediction at all. This agan seems countr-intuitive.
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Regarding thefirst problem, i.e. wha should be counted as a correct answver if nobodycame,
wha has to be predicted is that a coopeative speaker who knows that nobody came should
say 0. In fact, oneshould note tha the assumption tha an answer hasto be strongly relevant,
hence relevant, entails tha all answers should be informative. This is aready enoughto
predict that a coopeative speaker who knows that nobodycame should in fact say something
informative. Since wha such a spesker has to say mug be strongly relevant and true
according to him, the answer mug actudly express a nontautological negative propostion.
Therest of the pgper will arguetha in order to accountfor the interpretation of non-postive
ansvers aswell astha of postive ansvers, thetwo following additiond prindples are needed
(I can only present them informally at this point):

- epistemic prindple of symmetry: let d and e be two individuds such that the speaker has
only negative information regarding them; then the speaker® answer to Gvho cameOshould
either contain negaive information regarding both d and e, or not contain any information at
al regadingd ande.

- negative quantity: the answer should convey al the negdive information that the speaker
has regarding theindividuds that theanswer quantifies over negatively.

We already know tha the spesker should utter an informative negative answer. Such an
ansver will therefore contain some negative information regarding some individud d (It
could be, for ingance, Qlohn didn® come or Mary didn® comeQ which expresses a
propostion tha contains some negaive information regarding John and Mary, and nobody
else). But since the speaker@ information state contains negative information regarding al the
individuds, it follows from the prindple of epistemic symmetry tha his ansver should say
something aboutevery relevant individud. Given tha the speaker should give all his negaive
information with respect to individuds his answer Qalks aboutOnegaively, it follows tha his
answer must be equivalent to GhobodycameQ

4. Negative answers

Not all answers are postive answers. Aswe have seen, for a given question Q, the set
of Q-relevant propostionsis a propea supaset of the set of pogtive ansvers. Among non
postive answers, some are intuitively pureley QnegativeO(as in (3)), while others are both
postive and negdive (cf. nonrmonobnic answersin (4) and (5)).

Let usdefineapropostion as Q-negative as follows:

SisQ-negaiveif : * w! S, * wQwO ow + wd S)

If Q@ predicate is P, then a propostionis Q-negative if and only if it is bdongsto the closure
unde intersection and digundion of the set congsting of the negationsof elementary answers
(where an elementary answer is a propostion of the form @P(d)® with d some condant,
assuming tha each individud is named by some rigid condant). It is aso a fact tha a
propostionis Q-negdiveif and only if it is equivalent to a sentence of theform GGQ PQ with
GQ adecreasing andrigid generalized quantifier.

Fact: if apropostionis Q-negative, then it isn®Q-postive, unlessit is thetautology.

Suppo® tha a Q-negative ansver A has been given as an answer to Q. If i is the spesker@
information state, it follows from postive quantity tha A entails Poso(i). If A entails Posy(i),
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then Posy(A) entails Poso(i)®. But since A is Q-negative, Posy(A) is the tautology™. Since a
tautology can only entail a tautology, if follows that Posy(i) is the tautology. We can then
derive theinference tha the speaker has no postive bdief whasoever. Congder thefollowing
dialogues:

(28) BWho came to the paty ?
a. No philosophe
b. Lessthan fourphilosophes
(29) - Among Peter, Jack and Mary, who came ?
- Not Mary

Informants generally congder tha the answers in (28) do not give rise to any kind of
inference regarding nonphilosophes (apart maybe the inference tha the spesker does not
know much about them, or congders them irrelevant). Likewise, from the answer in (29),
hearers do not infer anything specific regarding Jack and Peter, who are not mentionead in the
answer®. Wha we can already undestand, with no further assumption, is why hearers do not
infer anything postive regarding non-philosophesin (28) and people other than Mary in (29);
we have indeed shown that uttering a negaive answer while complying with postive quanity
entails tha onedoes not have any kind of pogtive information. However, thisis only hdf of
the story. Indeed, if we had no further condraint, and if we still maintained the competence
assumption, we would in fact derive theinference tha the speaker who uttered such answers
actudly bdieves tha no individud has the property represented by the question predicate.
Suppo® indead A is a negaive answer to a question Q; then, as we have shown, the set
I(A,Q) (i.e the set of information states tha make A an optimal answver to the question Q)
conssts of al information statesi such such tha i entails A and Posq(i) is thetautology:

If A isQ-negaive, then (A, Q) ={i: i# A & Pog(i) = W} (with W being the set of all
posble worlds).

We have aready said tha if a propostion S is Q-negaive, then Posy(S) is the
tautology; in the other direction, we have something much wesaker, namely: if Posy(S) isthe
tautology, then S is true in a world w in which the extension of the question predicate is
empty (let us call such worlds Q-minimal worlds)®. The entailment also holds in the other
direction, i.e. Pogy(S) is the tautology if and only if S contains a Q-minima world®,
Therefore we have:

If AisQ-negaive, then (A, Q) ={i:i# A & i containsa Q-minima world}

%0 ¢f. footnote 9.

% Proof that if A is Q-negative, then Poso(A) is the tautology: suppose A is Q-negative. Then necessarily all the
worlds in which the extension of Q@ predicate is empty belong to A. Since Posq(A) contains al the worlds that
are riggerOthan some world in A, Poso(A) will in fact contain al the worlds, and be the tautology. QED.

2 \/on Stechow & Zimmerman (1984) report judgments that conflict with ours; Van Rooy & Schulz (REF), on
the other hand, agree with us.

% Proof: let us say that aworld w is Q-minimal if for every world wGsuch that wQ qw, wd gw. A world w is Q-
minimal if and only if the extension of the question-predicate in w is empty. Wewant to show that if Posq(S) is
the tautology, then S contains aminimal world. Suppose S does not contain a minimal world; then since Posg(S)
only contains worlds wCthat are superior to someworld w in' S it cannot contain any minimal world, and hence
Poso(S) cannot be the tautology.

| w is aQ-minimal world, then, then for any world wOw) owQ(indeed in all worlds the extension of the
question-predicate includes the empty set). Suppose S contains a Q-minimal world w; since Poso(S) contains all
the worlds wGOsuch that w ) gwQ Posg(S) = W.



Therefore the set Max(A,Q) that congsts of information states in which the speaker could be
if the competence assumption holdsis:

Max(A,Q)={i: i # A and containsa Q-minimal world and there is no iOcontaining a
Q-minima world such that i@Q # i/Q and i@ A}

It turns out that Max(A, Q) congsts of al the information states i such tha i/ Q is the
propostion conssting of the set of all Q-minimal worlds®. In other words if the competence
assumption holds a speaker who utters a Q-negative ansver should in fact bdieve tha no
object has the propety denoted by the question-predicate, which is obvioudy incorrect.

Intuitively speaking, it seems tha a speaker who utters a negative answer such as O
less than four philosophea's cameOthereby indicates tha, for all he knows, it could be the case
tha three philosophes came. That is, the speaker@ answer is suppased to be the strongest Q-
negative propostion tha he deams true | therefore propos tha speskers, besides postive
guantty, also comply with a second maxim of quantity, which | call negative quantty:

(30) Negative quantity (1% version):
If the spesker@ information state is i and his answver A is Q-negdive, then A =
Nego(i).

Togehe with postive quantty, negative quanity entails that the spesker who uttered a Q-
negaive ansver has no belief whasoever with respect to individuds that his ansver does not
talk about Indeed, he is suppo®d to have provided both his postive and his negative
information. In fact, we also derive from this maxim the fact tha a speaker who uttered an
answer like (28)b. (Quess than four philosophes came to the partyQ does not exclude tha
three philosophes came to the party, though he doesn® either bdieve that three philosophes
came. Indexd, if he had known tha less than three philosophes came, negative quanity
would have forced him to say so, while if hehad know that three philosophe's came, postive
guantty would have forced him to say so too.

Note tha we clearly predict, from postive quantity along tha a speaker who utters a
negative ansver has no postive bdief whasoever. This conflicts with a widespread
assumption, namely, tha decreasing contexts can give rise to scalar implicatures in the full
sense of the term; that is, answers like ONot every philosophe cameO or Qess than four
philosophes cameO trigge the implicature tha some philosophes came. In my own
framework, | can only derive much weaker implicatures (primary implicatures in Sauerland®
senss), namely, in the first case, Ot is possible tha many philosophas cameQ and, in the
second case, Ot is possible that three philosophers cameQ | hgppen to be happy with these
weaker predictions first, note that the standard, neo-gricean, view tendsto make too strong
predictions:

(32) Not all thelinguists came
(32) Johnhasn®@read four books

% Though I do not give aformal proof, let me at |east sketch it: the proposition S consisting of all Q-minimal
worlds (i.e. the proposition that states that nothing has the property denoted by the question predicate) entails all
the Q-negative propositions. It is therefore possible that a speaker who uttered a Q-negative answer bein an
information state equivalent to S. Given that the set of information states compatible with a Q-negative answer
only contains states which are Q-negative when relativized to Q, and that S is the strongest Q-negative
proposition, it follows that for any i compatible with the answer, S entailsi/Q.
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According to neo-gricean account, (31) is suppased to be compared to ONot many linguists
cameQ assuming tha many and all beong to the same scale (which is necessary in order to
predict tha, in increasing contexts, manyimplicates not all). Since ONot many linguists cameO
is a propostion that is stronge than Not all the linguists cameQ it should be assumed to be
false, i.e. (31) is predicted to implicate tha many linguists came. Yet it seems tha what we
get is, in any case, weaker, in that what can really be conduded safely is rather just that Gome
of thelinguists cameQ Likewise, (32) is predicted to be compared (among others) with Qlohn
hasn® read three book) As this sentence is stronge than (32), it should be inferred to be
false, i.e. we should ge the implicature tha John has read exactly three books which is
plainly not a correct result for (32). Rather, we get something much weaker, closer to
something like Gohn must have read a book a two3°. On the other hand, we clearly get the
predicted QprimaryQ implicatures, i.e. for (31), Qhe speaker does not exclude tha every
linguist but one cameQ and, for (32), Qhe speaker does not excludetha John has read three
book€) My own proposal can derive these primary implicatures. Still, it is true that we seem
to infer a little more than this (thoughless than what the neo-gricean account predicts), i.e.,
respectively, tha a few linguists came and tha John has read a book or two. | bdieve tha
these facts can in fact be recondled with my approach. Suppo® indeed we have aready
derived tha Qhe spesker does not excludetha every linguist but one cameOor Qhe speaker
does not exclude that John has read three booksQ we further know tha the speaker has no
postive bdief; yet, it could till be the case tha thoughthe speaker has no certain postive
bdief, heat least bdievestha it is quite likely that a few linguists came or tha John has read
a book or two. In fact, when it is aready known that the speaker does not have any certain
postive bdief, we may take the competence assumption to mean exactly tha. The hearer
would reason as follows: the speaker does not excludetha every linguist but onecame; if, in
fact, no linguist came, chances are that the speaker would at least know that it is not the case
that every linguist but onecame; therefore, it is likely that some linguists came. Let me make
clear tha this tentative analysis is by no means satisfactory, asit is realy impressionistic and
rests on many unanadyzed assumptions”’; in order to make it clearer, onewould need to move
to aricher framework, for ingance onein which information states would not be represented
as sets of worlds but rather as probability distributionsover worlds (or, alternatively, onein
which we would be able to describe the fact tha some worlds that are compdible with the
speaker@ bdiefs are in some sense Gnore accessibleOthan others, for ingance by representing
the spesker@ knowledge as an ordering relation over the set of posible worlds); then the
competence assumption would have to be explicitly defined in these terms. But for the time
being, wha isimportant is that my own accountis notessentialy falsified by thedaa, at least
not more than the standad neo-gricean view, which, as we have seen, leads to too strong
predictions Furthemore, wha has been ganed in comparison to previous approaches of
exhaudive interpretations is a prindpled explandion as to why negdive ansvers do not
trigge any kind of QpostiveQinference regarding individuds that are not quantified over by
the answer, and a deductive link between this observation and the fact that negative contexts
do nottrigge as strongimplicatures as postive contexts.

5. Non-monotonic answer s

% Note that neo-gricean accounts clearly make awrong prediction in the case of Not many people cameQ
which turns out to be interpreted as synonymous with Grew people cameQ while the standard neo-gricean
account predicts that ONot manyOshould implicate ONot many but quite a fewQ

%7 in particular, note that one could also reason as follows : the speaker does not exclude that no linguist came
(indeed, he has no positive belief); therefore, it is quite likely that in fact very few linguists cameE Clearly, we
would like to block such inferences.
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Let us now turn to norrmonaonic answers. Let us consder agan the examplesin (5) and a
few othe's:

(33) Among chemists, linguists and philosophe's, who came ?
a. Some philosophe's, and no chemists
b. Three philosophes, but few chemists

(34) Among Jack, Peter and Mary, who came ?
Jack and not Mary

From these answers, we do not seem to infer anything regarding individuds tha are not
mentionad in the answver. Tha is, the ansvers in (33) give rise to no specific inference
regarding linguists, and from the answer in (34) oneinfers tha the spesker does not know
much about Peter, or, at least, that, for some reason, heisignoiing him in his answer (butin
any case, oneis not allowed to infer that Peter came, nor that he didn®come). It could seem
a first sight tha we can account for these facts by smply extending the applicability of
negative quantty, which has been previoudy defined as applying to negaive answers. We
could indead defineit as:

Negative quantity (2™ version)
Let i be the speaker@ information state. Then if his answer A to a question Q is not Q-
postive, then A mug entail Negq(i).

Togeher with the maxim of qudity, thisis equivalent to:
If A isnotQ-postive, theni # A and Nego(A) = Nego(i)®.

It is clear tha postive quanity and negative quartity so de€fined have the outcome tha from
theanswersin (33), onewill infer that the speaker is uncertain whether linguists came or not
Indeed, the spesker mug have expressed both his negédtive and his postive information, which
entails that hehas noinformation whasoever regarding linguists. Likewise, theanswer in (34)
is predicted to trigge the inference tha the spesker is uncertain whether Peter came.
However, we also derive an undesirable inference from the answers in (33), namely, that the
spesker has not negaive bdief whatsoever regarding philosophes (since the answers do not
explicitly convey anything negative regarding philosophes and the speaker is suppogd to
have expressed al his negdive information). But, as a matter of fact, mog informants agree
tha oneinfers from (33)a tha not many philosopheas came, and from (33)b. that no more
than three philosophe's came, i.e. theliteral meaning gets enriched by negaive inferences.
And in fact, the second verson of negative quanity quite clearly has undesirable
coneguences in other cases as well, where there is a clear exhaustivity effect, as in (4),
repeated bdow as (35):

(35) Amonglinguists, chemists and philosophes, who came ?
a. Exactly three chemists.
b. Between 3 and5 chemists
c. Between 3 and 5 chemists and many linguists

% A entails Negp(i) if and only if Negs(A) entails Negg(i). Supposethat i # A; then necessarily Negg(i) #
Negs(A), and therefore quality and negative quantity together entails that Negp(A) = Negg(i). Cf. footnoteE
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Intuitively, a clear difference between these answers, which trigge an exhaudivity effect, and
those in (33) and (34) (which donf) is that in the latter case, al the negative content of the
answers is, in some intuitive sense, GaboutQindividuds about which the very same answers
also provide some positive information. Wha seems to be at stake is something like the
following informal prindple

(36) Symmetry Prindple (1% version). If the spesker® information with
respect to two individuds is of the same type (for indance, purely negdive),
then his ansver mug treat them onapa.

Theintuition behind this prinaple isthefollowing. Consder agan:

(37) Among Peter, Mary and Jack, who came ?
a Peter
b. Peter and notMary

As Franeois RZcanati pointed outto me (p.c), we have afegling that the reason why we do not
get any pragmatic strengthening, beit postive or negaive, in theb. case, as oppo®d to thea.
case, isthefollowing: if an answer does nottreat two individuds in the same manne, then the
speaker@ attitude towards the two individuds in question mug be different; typicaly, the
spesker will not have the same kind of information with respect to both. We can see thisas a
princple tha says tha the choices made by a speaker mug not be arbitrary; if the speaker
mentionsa certain individud but not another one he mug have a reason to do so. In (37)a,
since the answer treats Mary and Jack on a par (by not mentioning them at all), the spesker®
epistemic attituderegarding them should be of the same type thereforeit is perfectly possible
that, according to him, noneof thetwo came. In (37)b., sSince the speaker mentionspostively
Peter and negdively Mary, but does not mention at all Jack, his information state contains
nether postive nor negative knowedgeregarding Jack.

Applying the symmetry prindple to (33) and (34), what we get is thefollowing: the spesker®
purely negdive mention of chemists in (33) and of Mary in (34) indicates tha his
information regarding individuds tha are not mentioned (i.e., respectively, linguists and
Peter) is not purely negdive, while his postive mention of philosopheasin (33) and of Jack in
(34) indicates tha he does not have either any positive bdief regarding, respectively, linguists
and Peter (this last inference isin fact redundant, since positive quantty is enoughto derive
it). On the othe hand, in the case of (35), the symmetry prindple does not prevent any
negaive inference regarding individuds tha are not, so to speak, mentioned in the answer.
All theanswersin (35) have thefollowing propety (agan, | am still usnginformal notionsat
this point): the individuds tha are mentioned in the answers are either mentioned both
postively and negatively (in the sense tha the answer Gexactly three chemistsOcontains both
postive and negative information regarding chemists, in tha it can be rephrased as QAt least
three chemists and no more than four chemistsQ), or only postively. As it happens no entity
ismentioned purely negatively in those answers; therefore the prindple of symmetry does not
exclude tha the speaker@ information state with respect to nonmentioned individuds be
purely negative, and thus does not prevent a purely negaive inference regading non
mentionad individuds. In fact, the assumption tha the speaker is competent will lead to such
anegdive inference.

Therefore the prindple of symmetry aone togehe with postive quantty, is able to
accountfor thefact tha some but not all nonrmonobnic answers give rise to an exhaustivity
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effect, i.e. a negative inference with respect to individuds tha the answver does not Qalk
abouOexplicitly. But the symmetry prindple can also do pat of thejob tha negative quantty
(as we have defined it so far) does in the case of purely negdive answver. Consder agan
(28)b, repeated here as (38):

(38) BWho came to the paty
Lessthan four philosophes

The effect of Negative quanity (Of you use a negdive answer, then provide al the negative
information your have) was to give rise to thefollowing inferences on the part of thehearer:

(39) a. The speaker does not have any negaive belief regarding non
philosophe's
b. Thespeaker does not have the bdief that less than three philosophes
came, i.e. does not excludethat three came

It is clear that (39)a. can be derived on the sole basis of the symmetry prindple and postive
quantity. Indeed, since the answver in (38) mentions philosophes purely negatively, and does
not mention any non-philosophes, it follows tha the speaker® information state regarding
non-philosophes cannot be purely negaive. Though the prindple of symmetry as such does
not excludethat the speaker@ information state be both negative and postive regarding non-
philosophes, such a posibility is indgpendently excluded by postive quantty since, in any
case, the speaker is suppased to have given al his postive information. Note however that the
symmetry prindple is unable to accountfor (39)b. Andin fact, we have a similar problem in
the case of (35)b. and c., repeated as (40):

(40) Amonglinguists, chemists and philosophes, who came ?
a. Exactly three chemists.
b. Between 3 and5 chemists
c. Between 3 and 5 chemists and many linguists

As we have dready seen, if negaive quantity applied in those cases, we would get no
exhaudivity effect. If we drop negative quantity and add the symmetry prindple, then postive
quantity and the competence assumption are enough to predict tha (40)aand (40)b trigge the
inference tha no non-chemist came, and that (40)c implicates that no philosophe came®.
However, withoutany additiond assumption, we would in fact wrongly derive the following
inferences from (40)b and (40)c ((41)b and (41)c, respectively):

(42) b. Exactly 3 chemists came, no philosophe came and no linguist came
c. Exactly three chemists, many butnotall of thelinguists came, and no
philosophe came.

This is so because a speaker tha would have been in the information state represented by
(41)b. would in fact have expressed al his postive information by uttering (40)b, and the
competence assumption leads the hearer to assume the spesker knows as much as is
compaible with his answer, i.e. has as much negative information as is compaible with the
truth-conditionsof the answer uttered.

% Basically, the competence assumption and positive quantity, when no additional principleis added, have
always the outcome that the answer will be interpreted as exhaustive in G& S sense.
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It is in fact unontroversia that we undestand, from (40)b and (40)c, tha, as far as the
speaker knows, the exact number of chemists who came could be any number between 3 and
5. And this seems obvioudy linked to the hypotesis tha had the speaker known tha no more
than three chemists came, he should have said 0, i.e. to an aspect of wha we have caled
negative quantty (i.e. the fact the spesker is suppo®d to have given al his negdive
information, at least regarding chemists). To sum up, negative quanity as we have defined it
has the undesirable effect of ruling out exhaustivity effects (i.e. negative inferences regarding
non-mentional individuds) for all non-postive answers, even in some cases in which we do
see such an effect, but, on the other hand, it is able to predict correctly the existence of some
primary implicatures (i.e. implicatures of the type Orhe speaker does not exclude thaEO).
And replacing negative quantty with the symmetry principle has an opposte effect: on the
one hand, togdaher with postive quantty and the competence assumption, the symmetry
prindple makes correct predictions concerning the presence of absence of a negative
inference regarding non-mentionad individuds, but, on the other hand, it is unéable to account
for primary implicatures that negative quantity could account for. It therefore seems that a
total accountmug in fact retain some version of the two prindples. My proposl will be based
on a weakening of negative quantity; namely, instead of saying that Of an answer is non
postive, then the ansver mus express al the negaive information that the spesker hasQ |
will adoptthefollowing, still informal, definition of negative quantity:

(42) Negaiive quantty (3" version): An answver A mus express al the
negaive information that the speaker has relatively to theindividuals that the
ansver mentionsnegatvely.

When applied to the answers in (40), this new version of negative quantity gives us exactly
wha we want: since all these answers negaively mention chemists, we will infer tha the
speaker has no more negaive knowledgeregarding chemists than what he has explicitly said;
since these answers do nat negatively mention non-chemists, the speaker who uttered them
would have complied with negative quantity even if he had had, in fact, some negative
knowledge about non-chemists. As aresult, it is possible that the speaker does have negdive
bdiefs regarding nonchemists, and postive quantity and the competence assumption will
lead the hearer to assume tha the speaker in fact does have such bdiefs.

In the next section, | intend to provide a formal treatment of the idess tha have jus
been presented, i.e. aforma and explicit formulation of the last version of negative quanity
and the symmetry prindple. As is obvious the question that has to be clarified is wha we
exactly mean when we say tha a given propasition Gnentions postivelyO or Onentions
negaivelyOan individud.

5. Aboutness

At this stage it is necessary to give a formal definition of what it means for an answer to
postivelyOor OhegaivelyOmention an individual. Yet the word GnentionOis not entirely
appropriate, as it suggests tha the notion in question is syntactic. What we really want is to
define wha it means for a propasition to Qalk aboutO something, or to GonernOsome
individud. 1 will therefore say tha an answer postively or negaively P-concerns an
individud d, where P is the question-predicate of the undelying question.

Definitions:
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1. A propostion A postively P-concernsan individud d if:

Theaeisaworldw suchtha w! A, suchthad! P(w) (i.e. disin theextengon of Pinw)
and such that world wQidentical to w except that d - P(w (i.e. such that P(wQ = P(w) B{d}
andfor any predicate R distinct from P, R(wQ = R(w)) issuchtha w@ A.

2. A propostion A negatively P-conaernsan individud d if:

There is aworld w such that w ! A and such tha d - P(w) and such tha the world wO
identical to w exceptthat d! P(wQ (i.e. such tha P(wQ = P(w) 1 {d} and for any predicate
R distinat from P, R(wQ = R(w)) is such tha wO- A.

3. A propostion A P-conaernsan individuds d if A postively P-concernsd or negaively P-
concernsd.

In order to make clear wha these definitions do, let me give a few illugrations using
sentences in first order logic, with a, b, cE beng rigid congants, and a, b, cE beng ther
respective denotations | am till restricting myself to a class of modds tha share a common
universe.

(43) a P(a
b. (P(a) 5 P(b)) 0 P(c)
c. , XP(x)
d. *xP(x)

(44) a AP(a)
b. A(P(a) 0 P(b)) 0 AP(c)
e. , XAP(x)
f. *xAP(X)

(45) (P(a) 5 AP(b))

(43)a postively P-concernsa and does not P-concern any other individud. (43)b postively P-
conaerns a, b, and ¢, and does not P-concern anything else. (43)c and (43)d postively P-
conaern al the individuds in the domain, and do not negaively P-conarn any of them.
Likewise, each answer in (44)a, b, ¢, and d, negaively P-concerns the individuds that were
postively P-concerned by, respectively, . (43)a, b, ¢, and d. Findly, (45) postively P-
conaernsa and negaively P-concernshb.

I nowilludrate these notionsby applying them to actud English sentences:

(46) Three linguists came

47) Lessthan fourlinguists came
(48) Many linguists and few chemists came
(49) Between three and five linguists came

| assume tha these sentences are strongly relevant (in the technical sense) answers to the
question QVho came 2Q which entails tha QinguistOand GhemistOare semanticaly rigid
terms, i.e. tha the extenson of QinguistOand @hemistOis the same in all worlds compatible
with what is common knowledge | represent the predicate @omeOby the letter @O Then (46)
postively C-concerns al the linguists, does not negatively C-conaern them, and does not C-
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concern any nortlinguist. Indeed, let w be a world in which exactly three linguists, Mary,

Peter, and Jack, came. (46)istruein w. Then any world wGin which the extenson of C isthe
same as wQexcept that, say, Mary does not bdongto it is such that (46) isfasein that world.

Therefore (46) postively C-conarns Mary, and Peter and Jack as well, and in fact, any other

linguist. On the other hand, suppo® (46) is truein some world w. Let wGbe aworld in which

the extenson of C is the same as in w except tha it contains one more linguist. Clearly, wO
makes (46) true as well. Therefore (46) does not negaively C-conaern any linguist. Last but
notleast, adding a non-linguist to the extenson of C, or removing a nortlinguist from it, will

not changethe truth value (46); hence no nonlinguist is C-concerned by (46), beit postively

or negatively. One can check, by a smilar reasoning, tha (47) negatively C-conaernsal the
linguists, does not positively C-concern any, and does not C-concern any nonlinguist, be it

postively or negaively. As to (48), it postively (but not negatively) C-concerns al the
linguists and negatively (but not positively) C-concerns all the chemists, and does not C-

concern any other individud. Findly, (49) podtively and negatively C-concerns al the
linguists, and does not concern any nonlinguist. Take indeed any world w in which exactly

three chemists came; (49) istruein w; it isclear that removing onelinguist from the extenson
of P makes (49) false; therefore (49) postively C-concerns al the linguists. On the other

hand, take any world wOin which exactly five linguists came; (49) is true in wO clearly,

adding a sixth linguist to the extenson of C would make (49) false; therefore (49) negdively

C-concerns dl the linguists; findly, since the truth value of (49) does not depend at all on
whether nonlinguists bdongto theextenson of C, (49) does not C-concern any nontlinguist.

In order to show tha the notionstha have jus been defined are, intuitively spesking, theright
ones, let me also point out the following fact: consder the propostiond language Lp whose
atomic sentences are Glementary answersOto a question Q whos predicate is P, i.e. the set of
formula of the form @(d)Q with d a congant whose denotation is rigid, and assuming that
each individud in the domain is denoted by a uniquerigid congant. We add the constraint
that L@ connectors are @O & Gand B\ Qand that G\ Galways immediately precedes an atomic
sentence. It can be proved tha, if, as we assume, thedomain of quantificationisfinite, any Q-
relevant propostionis equivalent to asentence in Lp. It turnsouttha a Q-relevant propostion
S postively P-concernsan individud d if and only if every sentence SOin Lp equivaentto S
is such tha the elementary answer @(d)Q(with d the condant whose denotationis d) occursin
SOout of the scope of negaion. And a Q-relevant propostion S negaively P-concerns an
individud d if and only if every sentence SOin Lp equivalent to S is such tha the elementary
ansver @(d)O(with d the congant whose denotation is d) occurs in SOwithin the scope of
negaion®. Another significant fact is thefollowing:

(50) Let Q be a question whos predicate is P. Then a strongly Q-relevant
propostion S is P-postive if and only if S does not negdively P-concern any
individud; and a Q-relevant propostion S is P-negdive if and only if S does
not postively P-concern any individud.

Proof of (50)
Let Sbeastrongly Q-relevant propostion, with Q a question whose predicateis P.

a) If SisP-postive, then S does not negaively P-concern any individud d.
Proof: Suppo® S is P-postive. Assume, to the contrary, that S negatively P-concerns some
individud d. Then thereisaworld w suchtha w! S, d- P(w), and theworld wOidentical to

“0 These facts are proved in Spector (2004). It is crucial for this equivalence to hold that the domain of
quantification be finite.
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w except that P(w® = P(w) 1 {d} issuchtha wO S. Butw)pwQandsince Sis P-postive,
necessarilly wQ S, which is contradictory.

b) If S does notnegdively P-concern any individual d, then Sis P-postive.

Proof: Suppo® S does not negaively P-concern any individud d. Let u beaworld ! S, and
let v besuch tha u) pv. What hasto beprovedisthatv! S

We congder two cases, depending on whether u' pv or u<pv.

-firstcase: u' pv. Since Sisstrongly Q-relevantandu! S v! S

- second case: u<pv

Let u* bethe world in which the extensgon of P isthe same asin v, and the extenson of al
other predicates is the same as in u. u* can also be described as a world that is identical to u
except tha P(u*) = P(u) 1 X, with X bang anonempty finite set of individuds tha do not
bdong to P(u)™. Let (dy, dbE, dy) be an enumeration of X. Since S does not negatively
concern di, theworld u; such tha u; isidentical to u except that P(u;) = P(u) 1 {d1} mug
bdong to S. And the world u, identical to u; except tha P(u;) = P(u;)) 1 {d2} mud aso
bdongto S (otherwise we would haveu; ! Sandu, - S, from which it would follow tha S
does negatively P-concern dy, contrary to the hypahesis). But u, can also bedescribed asthe
world identical to u except tha P(uz)=P(u) 1 {d;,d>}. By iteration of this reasoning, the
world u, identical to u except that P(u,) = P(u) 1 {d1, d2,E, d.} aso bdongsto S. Since u, =
u*, u*! S. Notetha u*' pv. Sinceu*! SandSisQ-relevant,v! S. QED.

The proof that S is P-negative if and only if S does not postively P-concerns any individud
can be derived from the previous one and the following observation: let us enrich our
language with a predicate POand impos tha PG denotation is, in every world, the
complement of P; then S is P-negative if and only if S is PQpostive, and S negdively P-
concerns some individud d if and only if S postively PQconcernsd (we aso have to modify
thedéfinition of GP-concerningGso tha when we consder aworld wOidentical to some world
w except maybe for the extenson of P, we mean tha all predicates other than P and PO have
the same extensonsin w and wQ.

We can now give the find versions of negative quantty and the symmetry prinaple. We
informally defined negative quantty as requiringtha A containsall the negative information
the speaker has relatively to the individuals that A negatively P-concerns What could this
mean ? Let A betheanswer, and let A- bethe set of elements A negaively P-concerns Then
then negative quanity can be seen as requiring tha A entails the strongest P-negative
propostion thata) does not P-conaern anyelement notin A- andb) isentailed byi. It can be
shown tha this propostion exists, for any i; consder indead Nega (i), defined asfollows:

Negap(i) ={w:, wQ i (Pw). A-)# (PwG}

Proof tha Negap(i) is the strongest P-negdive propostion tha does not P-concern any
element notin A- andisentailed by i

a) i entails Nega/e(i) : obviousfromthedefinition

b) Negas(i) is P-negaive: letw! Negap(i); thereisawQ | suchtha (P(w) . A-) # PwQ

Let w@® be such tha w® )p w. We have Pw@ # PWw), and therefore
(PwW@. A-)# (Pw). A), hence(Pw@. A)# PwQ; thereforew@® Negap(i).

c) Negasr(i) entails any propostion B such that i # B, B is P-negative, and B does not P-
concern any element notin A-.

“! The assumption that the domain of quantification is finite provesto be crucial.
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Suppoe® B is P-negdive, does not P-concern any element notin A-, andis entailed by i. We
want to show that Negae(i) # B.

Takewp! Negas(i). Xe haveto showtha wy ! B.

For some wy ! i, (P(wp) . A-) # P(wj). Since B is entailled by i, wi ! B. Since B is
P-negaive, any world w such tha P(w) # P(w;) aso bdongsto B. Let v be such tha
P(v) = P(wp) . A-. Since P(v) # P(wy), v bdongsto B. Let X bedeined as P(wg) BDP(V) (i.e.
as the set of elements of P(wo) tha are notin P(v)). Then P(wp) = P(v) 1 X, and no member
of X is an element of A-. Since B does not P-concern any element notin A-, B does not P-
concern any element of X. Let uswrite X = {x1,E, X,}. Since B does not P-conaern any
element of X andsincev ! B, theworld v; defined asidentical to v except tha x; bdongs to
P(v1) aso bdongsto B (otherwise B would negatively P-concern x,); likewise, the world v,
defined as identical to v, except tha x, bdongsto P(v,) also bdongsto B; by iteration of this
reasoning, it follows that B aso contains the world v, that is obtained from v by keeping
condant the extenson of al the predicates distinct from P and by defining P(v,,) as equd to
P(v) 1 X. Wetheeforehavev,! B andP(v,) = P(wo), hencewy ) pVvn . Since B is P-negdive,
wo! B. QED.

We can then give thefollowing formal characterization of negative quantty:
(51) Negative quantity (find version):

If i is the speaker@ information state and A is his answer to a question Q whose
predicate is P, then Nego(A) # Nega/m(i).

As to the symmetry princple, a fully general version should take into account, for ingance,
the fact tha the speaker may choos to mention some individud d but not dObecause he
consders d as more relevant than dQ quite apart from the question whether he has negative or
postive information regarding them. What is sufficient for my pumpo< is the following
princple, which only desls with the case where the spesker@ information state contains only
negative information regarding two individuds d and dOWha needsto be assumed istha the
spesker has only negative information regarding two individuds d and d® then his answer
should either mention both d and dQor noneof them (previoudy, we wanted this princdple to
aso apply to cases where the speaker has only positive information regarding d and dQbut we
noticed tha this part of the maxim was redundant with the maxim of postive quantity in all
thecases tha we looked at). In other words

(52) Symmetry prindple (find version).

If i is the speaker@ information state and A is his answer to a question Q whose
predicate is P, then : for any two individuds d and dQif i negative P-concerns d
and dCand does not pasitively P-concern either d or dQthen A either negaively P-
concernsboth d and dQor does not P-concernseither d or dO

| leave to the reader the task of checking that this prindple, when applied to the various
negative and nonmonobnic examples of the previous section, yield the desired results.
Ingead of going througheach example, | will give aformal propeaty that characterizes the set
of answers tha yield an exhaustivity effect, namely, a negative inference with respect to all
nonmentionad individuds (given the competence assumption).



6. Quad posgtive answers
To thisend, | need onemore definition:

(53) Quag-postivity: If Pisapredicate, we say tha a propostion A isquas
P-postiveif for every individud d, A isnot negatively P-oriented towardsd.

In other words, a quasi-postive answer to a question whos predicate is P is an answer tha
never negdively P-concernsan individud withoutalso postively P-concerning it. Obvioudy,
all postive answers are quas postive, but not the other way around. And negaive answers
are never quas P-postive (with the exception of thetautology). In (54) are afew examples of
norrmonobnic quas P-postive propostions with P being the predicate GameQ while (55)
provides afew ingances of nonmonobnic propostionstha are nat quas P-postive

(54) a. Between 3 and 5 linguists came
b. Between 3 and 5 linguists and many chemists came
c.Johnor Mary came butnotbath

(55) a. Many chemists came and no linguist came
b. Between 3 and 5 linguists came but very few chemists came

Clam:

(56) If Q is a question whose predicate is P, then a strongly P-relevant
propostion A yields a negative inference with respect to individuds that are
not P-concernsby A if andonly if A isquas P-postive.

This claim (56) is, first of al, an empirical claim. It is congstent with al the daa we have
congdered so far (assuming tha my characterization of the daa is correct, which may be
disputed, as many speakers have diverging intuitionswith respect to the kind of facts | have
been looking at). My theory will be descriptively adequae if (56) can be shown to follow
from it logically. 1 now sketch a proof tha (56) is indeed a logical consequence of the
following assumptions

- if A isastrongly Q-relevant answer to a question Q whose predicate is P, then the spesker@
information state b ongsto thefollowing set:

I(A,QP) ={i:i#A & A # Posy(i) & Nego(A) # Nega(i) & for any d, dQif i is negaively P-
oreinted towards both d and dQ then eithe A does not P-concern either d or dQ or A
negatively P-conaernsboth d and d®

Recall that O#A & A # Poso(i)Ois in fact equivalent to O#A & Pos(A)=Pos(i)O We
therefore can write aswell :

I(A,QP) = {i: i#A & Posy(A) = Poso(i) & Nego(A) # Negar(i) & for any d, dQif i is
negatively P-oreinted towards both d and dQ then either A does not P-concern either d nor dO
or A negatively P-conarnsboth d and d@

Competence assumption': thespeager(:sinformation state belongsto thefollowing set:
Max(A,QP) ={i:i! I(A,QP)&A,id I(A,QP) (idQ" i/Q)}
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A moreformal version of (56) isthefollowing:

(57) Let Q be a question whos predicate is P and A be a strongly Q-relevant propostion.
Then thefollowing statements are equivalent:

a) For any individud d and any member i of Max(A,P,Q), i entails the falsity of ®(d)Q
where d isarigid congant whose referenceis d.

b) A isquasi-postive
E.

TO BE COMPLETED
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