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

Situation: mutually known domain of quantification, consisting of the set of invited people to
a certain party, each guest being either a chemist, a  linguist or a philosopher

(1) Who came to the party ?

- positive answers (increasing GQ):

(2) a. Three philosophers.
>> Exactly three philosophers, no linguist, no chemist
b. Some philosophers, and many chemists
>> Some philosophers, but not many, many chemists, but not all, and no
linguist.

- negative answers (decreasing GQ):
(3) a. Few philosophers.

                        b. Peu de philosophes, en tout cas.
>> Few philosophers, but probably some, and the speaker does not know much

about linguists or chemists (or, for some reason, consider them to be irrelevant)

- non-monotonic answers

(4) a. Exactly three chemists.
>> Exactly three chemists, no linguist, no philosopher

b. Between  3 and 5 chemists
>> …no linguist, no philosopher

c. Between 3 and 5 chemists and many linguists
>> many linguists but not all, no philosophers.

(5) a. Some philosophers, but no chemists
          >> some but not all of the philosophers; nothing is inferred regarding
linguists; either the speaker does not know much about them, or, for some reason,
considers them irrelevant.
     b. Three philosophers, but few chemists  (more must be said on but vs. and
below)

>> Exactly three philosophers, few but probably some chemists, and the
speaker is uncertain about linguists (or considers them irrelevant – in any case, the
hearer is not supposed to infer anything regarding them)
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To sum up :
- positive answers give rise to “total exhaustification”, which, in particular, predicts

scalar implicatures (cf. Van Rooy 2002, 2004).
- negative answers only give rise to a very weak implicature, and nothing is inferred

regarding individuals that are not, in a sense, explicitly mentioned by the answer.
- non-monotonic answers: sometimes “total exhaustification” ((4)), sometimes not ((5)).

2. Goal of this talk:

- right description of the data
- account for the data in question in terms of general principles of conversational

rationality.

Assumptions to be made:
a) A wh-question asks for positive information.
b) Grice’s maxims of quality and quantity, plus the assumption that hearers, as a default,

consider speakers to be well-informed.
c) A general principle of symmetry that can be illustrated as follows:

(6) Among Peter, John and Mary, who came ?
(7) a. Peter
>> exhaustive interpretation
      b. Peter, but not John
>> nothing is inferred regarding Mary

Note that (7)b. is more informative that (7)a. if one only takes into account their explicit,
literal meanings. But (7)a. becomes more informative than (7)b. after pragmatic
strengthening, as if explicit mention of negative information, as in (7)b., gave rise to the
inference that no more negative information was available to the speaker.

Here is what is, I believe, at stake:

If the speaker’s information with respect to two individuals is of the same type (for instance,
purely negative), then his answer must treat them on a par. Hence, the speaker’s negative
mention of John in b. indicates that he does not hold the belief that Mary did not come, while
his positive mention of Peter also tells us that he does not believe that Mary came. This
intuition has to be generalized in order to deal with examples like (5)b.

3. Exhaustivity

The exhaustivity operator (Groenendijk & Stokhof 1984) operates on answers of the form
'GQ P', where GQ stands for a generalized quantifier and P for a predicate. The question
under discussion is understood as "for which objects is P true of these objects ?".

The exhaustivity (exh) operator works as follows1:

                                                  
1 I reformulate Groenendijk & Stockhof’s exhaustivity operator in more simple terms, but the difference is

immaterial.
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[[exh (GQ P)]]  = 1 iff  [[P]] ∈ (Min [[GQ]] ), where (Min [[GQ]] ) is the set that includes only
the minimal members of [[GQ]] , i.e:

Min [[GQ]] =  {x  x ∈ [[GQ]]  and there is no x' in [[GQ]]  such that x' ⊂ x}
(⊂ = “is a proper subset of”)

Example:
(8)  a. Among John, Mary and Peter, who came?

                    b. John or Mary came
[[John or Mary]] = {{J, M, P}, {J, M}, {J, P}, {J}, {M, P}, {M}}
(Min [[John or Mary]] ) = {{J}, {M}}
[[exh (John or Mary came)]]  = 1 iff [[came]]  ∈ {{J}, {M}} i.e. iff only John came or only

Mary came.

The exhaustivity operator, however, makes wrong predictions when it applies to decreasing
quantifiers. For instance, exhaustification of (3) (“Few philosophers <came>”) would simply
result in “Nobody came”.

Stechow & Zimmermann (1984): if GQ is decreasing, then use another exhaustivity operator:

[[exh' (GQ P)]]  = 1 iff  [[P]] ∈ (Max [[GQ]] ), where (Max [[GQ]] ) is the set that includes only
the maximal members of [[GQ]]

The effects of Exh and Exh’ can be in fact inferred from the following assumptions:
a) The answer, if positive (resp. negative), is the strongest positive (resp. negative)

answer compatible with the speaker’s knowledge, and
b) The speaker is as informed as possible given a)

a) is itself reducible to standard neo-gricean considerations: assume that the alternatives
of a positive (resp. negative) answer are simply the set of all positive (resp. negative)
answers. Then, by quantity, the speaker who used a positive (negative) sentence is
supposed to have chosen the strongest one (quantity) compatible with his beliefs
(quality).

Unfortunately, there is no symmetry between negative and positive answers.

S&Z’s predictions are clearly wrong:

(9) a. Few chemists
>> Few but some chemists, all the philosophers and all the linguists.

                        b. Not Mary
      >> Not Mary, but everybody else

A possibility : when an answer is negative, ignore any individual that is not quantified over
explicitly by the answer (Spector 2003, Van Rooy 2004). But why would it be so ?

For answers that are neither positive nor negative, no obvious solution.
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4. Exhaustification of positive answers as a result of gricean maxims (Spector 2003, Van
Rooy 2002, Van Rooy & Schulz 2004)

4.1 Formalisation of the neo-gricean reasonning2:

The Gricean reasoning is based on the idea that the proposition given as an answer, call it
_, must be compared to a certain set of alternative propositions which the speaker could have
chosen instead of _. This alternative set, call it S, must contain _ itself, and be such that all
its  members are relevant. The hearer's task when interpreting the speaker's utterance is to
address the following question: given that the speaker has preferred _ to all the other
members of S, what does this entail regarding his information state i0? First, the speaker must
believe _ to be true (Grice’s maxim of quality), i.e. his information state, call it i0, must entail
_. Second, _ must be optimal in the sense that there must be no more informative proposition
in S entailed by the speaker’s beliefs (Grice’s maxim of quantity), i.e. there must be no
proposition _’ such that i0 entails _’ and _’ asymmetrically entails _. More formally:

Def : A proposition α is an optimal answer  in information state i with respect to an
alternative set S if :

i) i ⊆ α   (i.e. i entails α) and
ii) ∀ _' (_' ∈ S and i ⊆ _’) → ¬ (_' ⊂  _) (i.e. for any proposition α’ belonging to S, if

i  entails α’, then α’  does not asymmetrically entails α)

Put differently, i0, the speaker’s information state,  must belong to the following set I(S,_):

Def: I(S,_) = {i α is an optimal answer in information state i with respect to S}
(i.e. I(S,_) = {i  i ⊆ _ and ∀ _' (_' ∈ S and i ⊆ _’) → ¬ (_' ⊂  _)})

So if a certain proposition _ is entailed by no member of I(S,_), the hearer can conclude
that _ is not part of the speaker’s belief (Sauerland’s “primary implicatures”). It is
immediately predicted that if the speaker utters a sentence P of the form “A or B” and if the
propositions expressed by A and by B belong to the alternative set S, as I will assume, then
the speaker cannot know A to be either true or false: if A were true, then A would have been a
better answer than P; if A were false, B would be true (since P is), and B would have been a
better answer than P. Now, let the hearer assume that the speaker is as informed as possible
given the answer he made. This means that his information state i0 is maximal in I(S,_) in the
following sense: there is no i’ in I(S,_) such that i’ asymmetrically entails i0

3. In other words,
i0 belongs to Max(S,_), defined as follows:

Def: Max(S,_)={ii ∈ I(S,_) and∀i' (i'∈I(S,_))→ ¬ (i'/Q⊂ i/Q )}4

                                                  
2 the results presented in this section were first presented in 2002 at the Amsterdam dip colloquium). There are
closely related to Van Rooy & Schulz (2004), which can be seen, in part, as a generalization of the result proved
in Spector (2003).
3 More accurately : there is no i’ in I(S,α) such that the relevant part of i’ (noted as i’/Q, where Q is the question
under discussion) a-symmetrically entails the relevant part of i0 (i0/Q) . These notions are defined in G&S (1984)
and used in Spector (2003). See fn. 4
4  i/Q denotes the part of i that is relevant given the question Q. We adopt G&S’s partition semantics for
questions: a question Q induces an equivalence relation RQ over the set of possible worlds. i/Q is then defined as:
i/Q = {w: ∃ w’ (w’ RQ w) & w’∈ i}, i.e. i/Q is the union of all the equivalence classes that are not excluded by i.
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From this the hearer can conclude that if a proposition _ is entailed by all the members of
Max(S,_), then _ is believed by the speaker.

4.2 Prediciting exhaustification:

An informal illustration

(10) -Among John, Peter, Mary, Tim, and Sue, who came to the party ?
                 -John or Peter or Mary (J or P or M)

Assume the alternative set of “John or Peter or Mary came” is the set consisting of the closure
under disjunction and conjunction of {J , P, M , T, S}

By assumption, the answer uttered is optimal, i.e. is (one of) the strongest propositions in the
alternative set that the speaker could utter truthfully.

-  the speaker is uncertain with respect to the truth value of J, P, and M : if he knew J to
be true, then he should have uttered J; if he knew it to be false, he should have utterred
‘P or M’. Same with P and M. Cf. Sauerland (2004): ¬KJ, ¬KP, ¬KM, ¬K¬J, ¬K¬P,
¬K¬M

- The speaker does not believe T or S to be true, nor (T or S), since otherwise he would
have uttered, for instance, (J or P or M) and T>> ¬KT, ¬KS, ¬K(T or S)

- The speaker does not believe “J and P” is true, etc. : ¬K(J and P), ¬K(J and M),
¬K(P and M)

So his information state i is such that it satisfies all the above conclusions. Furthermore, we
assume that the speaker is as informed as possible given the above statements:

K ¬(J and P), K¬(J and M), K¬(P and M), K¬T, K¬S

>>So the strengthened reading of the answer is :
(11) John and nobody else came, or Peter and nobody else came, or Mary

and nobody else came

>> exactly what G&S’s exhaustivity operator predicts.

General case

Let Q be a question of the form “for which x, P(x) ?”, uttered in a context where the domain
of quantification is finite and mutually known by the participants. Then partial answers, in
G&S’s sense, are all equivalent to a boolean combination of {P(a1), P(a2), …., P(an)}, where
{a1, a2,…,an} is the relevant domain of quantification.

Example: suppose there are 3 philosophers and 4 chemists
(12) Two philosophers and less than four chemists came

P1: Philosopher1 came   P2:Ph2 came, P3: Ph3 came
C1 : Chemist1 came, C2:Ch2 came, C3: Ch3 came, C4: Ch4 came

((P1 ∧ P2) ∨ (P1 ∧ P3) ∨ (P2 ∧ P3))∧(¬P1 ∨ ¬P2 ∨ ¬P3 ∨ ¬P4)
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Let P be a positive answer, i.e. one that expresses a proposition that belongs to the closure of
{Pa1, ..., Pan} (= EA, elementary answers) under disjunction and conjunction. A positive
answer is always equivalent to a sentence of the form ‘GQ P’ with GQ increasing. Let i be the
speaker’s information state, relativized to Q, which is itself expressible as a boolean
combination of EAs.

FACT 1 : for any non-negative information state i, there exists a proposition, call it Pos(i),
that is positive, is entailed by i, and entails all the positive propositions entailed by i (i.e.
Pos(i) is the strongest positive proposition entailed by i).

Sketch of a proof: let us express i as a normal disjunctive form, call it D. Then define D’ as
what is obtained from D by removing, in each of the disjunct, all the negative literals. Claim:
D’ is the strongest positive proposition entailed by D.

- D’ is positive: obvious
- D’ is entailed by D: obvious
- D’ entails any other positive proposition entailed by D (to be proved. See Spector

(2003) for a complete proof)

>> Maxim of quantity plus the assumption that the set of P’s alternatives is the set of positive
answers predicts that i must be such that Pos(i) = P.

Therefore, I(P) = {i: Pos(i) = P}

FACT 2: Exh(P) is the strongest member of I(P), i.e. Max(P) = {Exh(P)}(proof: see Spector
(2003))

We define the operator Exhaust as follows:
Let P be a proposition, i.e. a set of valuations (functions from elementary propositions to
truth-values). For any two valuations V1 and V2, we define V1<V2 as : for any elementary
proposition A, if V1(A) = 1, then V2(A) = 1 (i.e. V2 makes true all the elementary answers that
V1 makes true, and maybe more; in other terms, ‘<’ compares the extension of the question
predicate in different worlds, as in Van Rooy & Schulz 2004).

For any proposition P, Exhaust(P) = Min(P), where Min(P) is the set of minimal elements of
P, Exhaust(P) = {V: V∈P and for any V’∈P, it is not the case that V’<V}
This operator is the propositional counterpart of G&S’s Exh.

Proof: see Spector (2003)

5. Non-positive answers

5.1. Negative answers

(13) - Among chemists, linguists, and philosophers, who came ?
-There weren’t four chemists at the party
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If we assumed that the alternative set of a negative answer is the set of negative answers,
i.e. the closure under conjunction and disjunction of {¬Pa1,....,¬Pan}, the result would be
the same as with Zimmerman & Stechow’s second exhaustivity operator (exh’), i.e. :
“there were exactly three chemists at the party, and all the philosophers and linguists were
present”
>>two problems:
a) nothing is in fact inferred regarding non-chemists
b) the implicature we get with respect to chemists is much weaker than “there were three

chemists”. Rather, what is inferred is something like: “there must have been a chemist
or two”.

a) could be solved by stipulating that the alternative set of a negative answer is not the
entire set of negative answers, but only the set you get by restricting the domain of
quantification to chemists. But b) would remain. More generally, implicatures
triggered by downward entailing quantifiers are much weaker than what the standard
neo-gricean algorithm predicts:

(14) I haven’t got very much money

(14) should in principle be compared with “I haven’t got much money”, which is stricly
stronger and should be inferred to be false, i.e. we should get : “I have much money (or at
least a reasonable amount), but not very much money”.
But what we in fact get is rather something like “I have some money, but I have little money”.

Tentative solution: (13) does not trigger any secondary implicature at all. The only inference
is a primary implicature of the sort : “the speaker does not hold the belief that there weren’t
three chemists, i.e. he does not exclude there having been three chemists”. The fact that we
tend to infer furthermore that “there was at least one chemist” is then seen as a by-product of
the fact that a) we know the speaker does not exclude it, and b) the question in (13) weakly
presupposes (i.e. the presupposition is easily cancellable) that someone must have been
present at the party.

5.2. Non-monotonic answers

Background concepts:

- An answer A positively involves  an elementary answer E if:
there is a valuation V that makes both A and E true and such that the valuation V’ identical to
V except over E makes A false.
- An answer A negatively involves an elementary answer E if:
there is a valuation V that makes A true and E false, and such that the valuation V’ identical
to V except over E makes A false.

Examples : ‘A or notB’ positively involves A and negatively involves B
                  ‘A or B and not (A and B)’ involves both positively and negatively A and B.

A few facts:
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- A sentence A positively involves E iff for any sentence A’ equivalent to A, A’ has an
occurrence of E outside the scope of negation.

- A sentence A negatively involves E iff for any sentence A’ equivalent to A, A’ has an
occurrence of E within the scope of negation.

- A positive answer is an answer that doesn’t negatively involve any EA and does
positively involve some EA

- A negative answer is an answer that doesn’t positively involve any EA and does
negatively involve some EA

- A non-monotonic answer is an answer that involves both negatively and positively at
least one EA.

When do we exhaustify ?

- positive answers
- some non-monotonic answers...

(15) Between two and four chemists, and three linguists
>> exactly three linguists and no philosophers

N.B. : exhaustification in G&S’s sense would yield “exactly two chemists”, which is
obviously unwelcome.

(15) has the following property: for every individual chemist c, the EA “ c came” is involved
both positively and negatively, while every individual linguist l is such that “l came” is
involved only positively.

but not all...

(16) Three chemists, but few philosophers
>> nothing is inferred regarding linguists

(16) involves positively each individual chemist, and involves negatively (and never
positively) every philosopher.

Let me define an answer A as quasi-positive if: A positively involves at least one EA, and if A
negatively involves a certain EA, then it also positively involves this very EA.

>> (15) is quasi-positive, while (16) isn’t

Conjecture : an answer is exhaustified (in the sense that it yields a negative inference with
respect to individuals that are not quantified over explicitly by the answer in question) if and
only if it is quasi-positive.

My previous account  was playing with the definition of alternative sets:

- If P is quasi-positive, P's alternative set consists in the union of the set of positive
propositions and {P} itself.

- If P is not quasi-positive, then P's alternative set consists in the closure under union and
intersection of {X: X is an EA and is positively involved or X is the negation of an EA that is
negatively involved}
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But one would like to have a motivation for such rules.

6. The interplay of gricean maxims, preference for positive information and a principle
of epistemic symmetry

Assume the speaker and the hearer are obeying the following rules:

Speaker’s rules:
A) First maxim of quantity: Give explicitly all your positive information (preference for
positive information plus maxim of quantity);
More formally: if A is the answer and i your information state, this condition amounts to :

 i entails A (i.e. A is true according to you) and A entails Pos(i) (i.e. A contains all the
positive information contained in your information state)

B) Principle of epistemic symmetry:

If your information state i involves two EAs X and Y only negatively, then your answer A
must treat them on a par, i.e. should involve (negatively) either both or none of them.

Hearer’s rule of interpretation:
-assume the speaker is as informed as possible given that he has followed the speaker’s rules.

Illustration:
Back to (16) (“three chemists but few philosophers”)

>> Since the speaker is assumed to have provided all his positive information, we know that
for every linguist L, the speaker does not know that L came. Furthermore, due to the fact that
his answer negatively involves all the EAs of the type “x came”, where x is a philosopher, by
virtue of the principle of symmetry, his information state cannot negatively involve any EA of
the kind “x came”, with x a linguist. It follows that the speaker has simply no knowledge at
all, be it positive or negative, regarding linguists.

>> counterintuitive consequence: the speaker is supposed not to know anything positive
regarding philosophers (vs. standard view: (16) implicates that some philosopher came)

Amendment

- The speaker is not required by the rules to provide any kind of negative information. But one
could imagine that if he chooses to provide negative information, then he should again, in a
sense, obey quantity, i.e. give all the negative information he has. Yet this would be too
strong: since (16) does not give any negative information regarding chemists, one would infer
that the speaker doesn’t know any negative statement regarding them, thus blocking the
implicature “exactly three chemists”.

Yet we must do something along these lines, in order to be able to predict that (17) below
gives rise to the inference given in (18), and not to the one expressed by (19):

(17) Between two and five linguists came
(18) The speaker is uncertain as to the exact number of linguists who came
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(19) Exactly two linguists came

If the only rules followed by the speaker is that he has to provide all his positive information
and to obey the principle of symmetry, then a speaker who knows that exactly two linguists
came would still comply with the rules by uttering (17), which is of course not desirable.

>> Additional rule :
If the speaker chooses to express some negative information, then he should give all the
negative information he has regarding the EAs that his answer negatively involves.

(20) Three linguists and between four and six chemists came

The speaker’s answer negatively involves all the EAs of the form “x came”, with x a chemist,
but does not negatively involve any EA of the from “x came” with x linguist. We must then
infer that that the speaker was aware of no more negative information regarding chemists,
while no such inference is expected regarding linguists.

This additional principle also allow us to derive primary implicatures for negative answers:

(21) Less than three philosophers came

>> Since the speaker has used a sentence that negatively involves all EAs that mention
philosophers, he must have expressed all the negative information he has regarding them;
therefore, the speaker does not hold the belief that, say, less than two philosophers came, i.e.
does not exclude that there were two philosophers.

More formal version of this amendment:

Second maxim of quantity:

Let N be the set of all EAs negatively involved by an answer A. Let i be the speaker’s
information state, and let be NegA(i) be the unique proposition P such that:

a) P expresses a proposition that belongs to the closure under conjunction and disjunction
of the negations of the members of N

b) P is the strongest proposition satisfying a) that is entailed by i

Then it must be the case that A entails NegA(i).

Finally, we get a full account of the facts based on:

Speaker’s rules:
1. First maxim of quantity
2. Second maxim of quantity
3. Principle of epistemic symmetry

Hearer’s rule:
Assume the speaker is as informed as possible given that he has obeyed speaker’s

rules.
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7. Conclusion

A) Consequences for the theory of questions
G&S’s semantics, and more generally partition semantics, cannot differentiate on

principle grounds between the status of positive and negative answers. One can speculate that
the data presented here suggest that a question like “who came ?” should denote a different
object from “who didn’t come”, even when the domain of quantification is known and finite.
This cannot be achieved by partition semantics, and could suggest that questions denote the
set of their “elementary answers” (as in Kartunnen), from which all other notions can be
defined. But more investigation is needed: it is of course possible to define the relevant
notions (positive vs. negative) in G & S’s framework.

B) A note on the distribution of ‘only’

“Only” doesn’t easily scope over decreasing operators when it associates with a scalar item,
and does not easily associate with decreasing DPs. Though I cannot present a theory of the
distribution of “only” yet, I speculate that many of the relevant facts are related to whether or
not an exhaustive interpretation is licensed in the absence of “only”. The asymmetry between
quasi-positive answers and other answers would then explain some otherwise unexpected
constraints on the distribution of “only”.
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