
Intensional and inquisitive semantics Inquisitivation Object language modification References

Embedding Intensional Semantics into Inquisitive Semantics

Philippe de Groote
Valentin D. Richard

LORIA, UMR 7503
Université de Lorraine, CNRS, Inria

54000 Nancy, France

13 December 2021

De Groote, Richard LORIA Inquisitivation 13 December 2021 1 / 21



Intensional and inquisitive semantics Inquisitivation Object language modification References

This talk is about

Semantics of interrogative clauses, e.g.

Does Mary sleep?

Who sleep?

John knows whether Mary sleeps.

Semantic model: object language with model-theoretic
denotation

Object language: simply typed λ-calculus

Denotation: sets and functions

Map: compositional interpretation

We investigate the relation between:

Intensional interpretation J·Ki (declarative)

vs. Inquisitive interpretation J·Kq (declarative + interrogative)
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Object language

Object language

Simply typed λ-calculus
atomic types:

PROP : proposition
IND : individual

linguistic constants
Mary: m : IND, John: j : IND, Ash: a : IND
sleep : IND → PROP
try : IND → (IND → PROP) → PROP

logical connectives
¬ : PROP → PROP
∧ : PROP → PROP → PROP
∨ : PROP → PROP → PROP
...

Example:

(1) Mary sleeps.

sleep m : PROP

(2) Mary does not sleep.

¬ (sleep m) : PROP

(3) Mary tries to sleep.

try m (λx . sleep x) : PROP
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Intensional interpretation

Intensional interpretation

Intensional model:
truth values {0, 1}
individuals D = {m, j, a}
possible world W = {M, J, A}

type interpretation

[IND]i = D

[PROP]i = P(W )

[α→ β]i = [β]i
[α]i

linguistic constant interpretation I

JmKi = m ∈ D same for j, a
JsleepKi = d 7→ {w ∈ D | d sleeps in w}

World Mary sleeps John sleeps Ash sleeps
M yes no no
J no yes no
A no no yes

logical connective interpretation I

J¬ tKi = W \ JtKi

Ju ∧ tKi = JuKi ∩ JtKi

Ju ∨ tKi = JuKi ∪ JtKi

Jsleep mKi = JsleepKi (JmKi ) = {M}
J¬ (sleep m)Ki = W \ Jsleep mKi = {J, A}
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Inquisitive interpretation

Semantics of questions

(4) Does Mary sleep?

Request of information, 2 (maximal) resolutions:

Mary sleeps.

Mary does not sleep.

Entailment φ |= ψ

whenever φ is resolved, then ψ is resolved

e.g. : (in our illustration model)

Mary sleeps. |= Does Mary sleep?
Who sleeps? |= Does Mary sleep?

Hamblin’s alternative semantics [4]:

interrogative proposition = set of answers (i.e. intentional proposition), e.g.

JDoes Mary sleeps?Kq = {JMary sleeps.Ki , JMary does not sleep.Ki }
= {{M}, {J, A}}

several drawbacks [2]
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Inquisitive interpretation

Inquisitive semantics [1]

Representing a question by the downward-closed set of its answers:

JDoes Mary sleeps?Kq = {JMary sleeps.Ki , JMary does not sleep.Ki }↓

= {{M}, {J, A}, {J}, {A}, ∅}

maximal elements are alternatives, here {M} and {J, A}
general notion: issue
2 dimensions:

inquisitiveness

informativity

φ

purely informative issue : only 1 alternative, e.g.

JMary sleeps.Kq = {{M}}
→ uniform account of declaratives and interrogatives
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Inquisitive interpretation

Question

Suppose we have a complete intensional lexicon

Practical need
Can we design an inquisitive interpretation out of the intensional one?
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Type interpretation:

[IND]q = D

[PROP]q = P(P(W ))

[α→ β]q = [β]i
[α]i

Linguistic constant interpretation I

JmKq = m ∈ D same for j, a
JsleepKq = d 7→ P(JsleepKi (d))

JtryKq = d ,P 7→ ???

with P : D → P(P(W ))
but JtryKi : D → (D → P(W )) → P(W )
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Inquisitive interpretation

Goal

What we want:

transformation of the intensional interpretations of a constant to an equivalent
inquisitive interpretation

→ Conservative extension : preserves the logic

Inquisitivation:

Embedding intentional semantics into inquisitive semantics

Λ

M M

J·KqJ·Ki

E
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3 Object language modification

De Groote, Richard LORIA Inquisitivation 13 December 2021 11 / 21



Intensional and inquisitive semantics Inquisitivation Object language modification References

Inquisitivation

First ideas

E indexed by types of Λ, following [3]

EIND : D → D

EPROP : P(W ) → P(P(W ))

Eα : [α]i → [α]q

On simple examples:

EIND(d) = d

EPROP(p) = P(p)

EIND→PROP(P) = d 7→ P(P(d))
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Inquisitivation

Embedding and projection

Projection P and embedding E defined by mutual induction

[α]i [α]q

Eα

Pα

Using ⋃
: P(P(W )) → P(W )

I 7→
⋃

p∈I p

Property: ⋃
(P(p)) = p
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Inquisitivation

Definition of inquisitivation

Complete definition:

EIND(d) = d

EPROP(p) = P(p)

Eα→β(f )(a) = Eβ(f (Pα(a)))

PIND(d) = d

PPROP(I) =
⋃

I
Pα→β(f )(a) = Pβ(f (Eα(a)))

Example:

JtryKq (d)(P) = EIND→(IND→PROP)→PROP(JtryKi )(d)(P)

= EPROP(JtryKi (PIND(d))(PIND→PROP(P)))

= P(JtryKi (d)(PIND→PROP(P)))

= P(JtryKi (d)(a 7→ PPROP(P(EIND(a)))))

= P(JtryKi (d)(a 7→
⋃

(P(a)))
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Properties

Main theorem

Inquisitive interpretation of a constant c : α

JcKq
def
= Eα(JcKi )

Main theorem
Let φ be a proposition. Then, |=q φ if and only if |=i φ.

De Groote, Richard LORIA Inquisitivation 13 December 2021 15 / 21



Intensional and inquisitive semantics Inquisitivation Object language modification References

Properties

Main theorem

Inquisitive interpretation of a constant c : α

JcKq
def
= Eα(JcKi )

Main theorem
Let φ be a proposition. Then, |=q φ if and only if |=i φ.

De Groote, Richard LORIA Inquisitivation 13 December 2021 15 / 21



Intensional and inquisitive semantics Inquisitivation Object language modification References

1 Intensional and inquisitive semantics

2 Inquisitivation

3 Object language modification

De Groote, Richard LORIA Inquisitivation 13 December 2021 16 / 21



Intensional and inquisitive semantics Inquisitivation Object language modification References

Inquisitive logic

Formulas:

Same as classical logic formula

Projection operators:
Non-informative projection: ?φ = φ ∨ ¬φ “Does φ?”
Non-inquisitive projection !φ = ¬¬φ

Same intensional model ⟨D,W , I⟩
But operations on sets of sets:

J¬φK = {s | ∀t ∈ JφK. s ∩ t = ∅}
Jφ ∧ ψK = JφK ∩ JψK
Jφ ∨ ψK = JφK ∪ JψK

(5) Does Mary sleep?

? (sleep m) = (sleep m) ∨ (¬ (sleep m))

J? (sleep m)K = {{M}, ∅} ∪ {{J, A}, {J}, {A}, ∅}

inquisitiveness

informativity

φ
?φ

!φ
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Non-inquisitive projection !φ = ¬¬φ

Same intensional model ⟨D,W , I⟩
But operations on sets of sets:

J¬φK = {s | ∀t ∈ JφK. s ∩ t = ∅}
Jφ ∧ ψK = JφK ∩ JψK
Jφ ∨ ψK = JφK ∪ JψK

(5) Does Mary sleep?

? (sleep m) = (sleep m) ∨ (¬ (sleep m))

J? (sleep m)K = {{M}, ∅} ∪ {{J, A}, {J}, {A}, ∅}

inquisitiveness

informativity

φ
?φ

!φ
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What about logical constants?
Strong inquisitive interpretation J·Ksq

same, but logical constants interpreted as in Inq

J∧Kq ̸= J∧Ksq

but if I,Q purely informative

J∧Kq (I)(Q) = J∧Ksq (I)(Q)

J∧Ksq better generalization of J∧Ki

Looking for: object language translation · such that

JφKq = JφKsq , for every φ

Syntactic translation

φ ∨ ψ =!(φ ∨ ψ)

∃x . φ =!(∃x . φ)

c = c for the other constants

t u = t u

λx . t = λx . t

Λ Λ

M M

·

J·Ki J·Kq J·Ksq

E
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Conclusion

Conservative extension from intensional semantics to inquisitive semantics

Future prospects

Using inquisitivation to define higher-order inquisitive logic
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Interpretation of λ-terms:

JxαKi ξ = ξα(x)

JcαKi ξ = Iα(c)

Jtα→β uαKi ξ = Jtα→βKi ξ(Ju
αKi ξ)

Jλxα. tβKi ξ = a ∈ [α]i 7→ JtβKi ξ[xα:=a]
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