
Approaches to Modeling Questions (draft)

0.1 Interrogative Logic (Tableaux Approach)

In interrogative logic (Hintikka, et al. 2002) questions are approached via
tableau construction. These interrogative tableaux are meant to model some
interactive activity, similar to an inference process, a proof building, or an
argument construction. The setting is that of a tableau design based on
some predetermined rules of construction. By means of this building process
an interactive questioning activity is modelled as an interrogative game. In-
terrogative games are played by an inquirer against nature. Questions are
modeled as special rules inside this tableau building activity. During an in-
terrogative game the inquirer tries to establish an entailment relation from
a set of premises Π to a conclusion Σ. When questions are asked, Nature
makes moves in the game by giving answers. A tableau has two sides, left-
side preserves the truth of the premises while in the right-side the inference
starts from the falsity of the conclusion. These two sides have different rules:

Tableau-Building Rules: (left-side rule; right-side rule)

Disjunction:
Π, S0 ∨ S1 → Σ

Π, S0 → Σ | Π, S1,→ Σ
;

Π → Σ, S0 ∨ S1

Π → Σ, S0, S1

;

Negation:
Π,¬(S0 ∨ S1) → Σ

Π, (¬S0 ∧ ¬S1) → Σ
;

Π,¬(S0 ∧ S1) → Σ

Π, (¬S0 ∨ ¬S1) → Σ
;

ExistentialQuantifier:
Π,∃xS[x] → Σ

Π, S[β] → Σ
; (β = Dummy Name)

Π → Σ,∃xS[x]

Π → Σ,∃xS[x], S[b]
;

Tautology & Contradiction:
Π → Σ

Π, (S ∨ ¬S) → Σ
;

Π → Σ

Π → Σ, (S ∧ ¬S)
;

Nested Existential Quantifier:
Π, S0[(∃x)S1[x]] → Σ

Π, S0[S1[f(y0, ..., yn)]] → Σ
;

(f = Dummy Function) (S1 occurs in S0 inside the scope of ∀y0, ...,∀yn)
Table-Closure Rules:

Π, S → Σ, S; Π, S,¬S → Σ; Π → Σ, S,¬S; Π,¬(c = c) → Σ;

Questioning Rule : If the presupposition of a question occurs on the left
side of a subtableau, the Inquirer may address the corresponding question to
the Oracle. If the Oracle answers, the question is added to the left side of
the subtableau.

Rules for conjunction, universal quantification and term replacement are
not included here but they are treated similarly. The tableaux construction
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is also based on reasonable assumptions about the nature, the source of
information or the Oracle that gives answers. There are completeness results
for this logic.

0.1.1 Why is this approach interesting?

Clear conceptual relations are established between questions and their pre-
suppositions on one hand, and questions and their answers, on the other
hand. Questions and answers are classified based on the logical structure of
their presuppositions, as follows:

Presuppositions : Propositional questions: S0 ∨ S1 ∨ ... ∨ Sn; Proposi-
tional Yes/No questions: S ∨ ¬S; Wh-questions: S0[(∃x)S1[x]].

Answers: Propositional: S0, S1, ..., Sn; for instance: S0. Yes/No: S,¬S;
for instance: ¬S. Wh-: S0[S1[f(y0, ..., yn)]]; for instance: S0[S1[f(β)]], S0[S1[β]],
S0[S1[b]].

Interesting technical results are establishes with regard to the relation be-
tween different types of questions and their role inside the process of inquiry:

Yes/No Theorem: In extended interrogative logic, if M : T ` C then the
same conclusion C can be established by using only yes/no questions.

Interesting links between inference building activities, questioning, and
game theoretic notions receive a precise formulation:

Strategy Theorem: The optimal choice of the wh-question to ask is the
same as the optimal choice of the rule (L.E) to apply, assuming that the
question is answerable. (Hintikka et al. 2002)

0.1.2 What can be improved about this approach?

Many assumptions used in this approach can be reconsidered along vari-
ous dimensions. More realistic assumptions about the nature of the Oracle
(cooperative vs. competitive) or about observational powers of the inquirer
(infinite vs. limited) have been investigated (Harris 1994).

The connection from questions to answers and the formal relation between
the indicative and the interrogative components inside an inference process
does not receive a precise treatment. Conclusiveness conditions for answers
or optimality conditions for questions are not given inside this approach.
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The single-player setting, suitable to model isolated experiments, can be
extended to a multi-agent design in which questions are addressed not only to
Nature, modeling observations, but also to other rational inquirers, to model
communication and cooperation or competition in acquiring information.

0.2 The Logic of Interrogation (Update Semantics)

In (Groenendijk & Stokhof 1997) questions receive an intensional semantics.
In this approach questions are modelled in conversational games played by
communicative agents (Groenendijk 1999). The game design is an interaction
between an interrogator and a witness. The interrogator asks questions while
the witness may only make statements to address the issues raised by the
interrogator. The Gricean cooperation principle guides their communicative
interaction: the answers have to be credible and non-redundant, the questions
have to be non-superfluous. The language of this conversation is given by:
χQL := !φFOL | ?ψFOL (for every sentence φ, and formula ψ).

The semantics of questions is given in terms of context change potential.
While an indicative will change the context by eliminating possible worlds,
the context change potential of an interrogative is to disconnect certain pos-
sible worlds, or to eliminate relations between pairs of worlds. The context
C of a conversation is defined as a symmetric and transitive relation on the
set of possible worlds W . Indicatives update the context by providing new
data: C[!φ] = {(w, v) ∈ C | w � φ ∧ v � φ}. Interrogative sentences update
the context by raising new issues: C[?φ] = {(w, v) ∈ C | ‖φ‖w = ‖φ‖v},
where ‖φ‖w = {g ∈ DFV (φ) | w, g � φ}. Semantic entailment is defined in
terms of context change potential in the following way:

χ0, ..., χn � γ iff for all structures (W,D, I) and contexts C:
C[χ0] · · · [χn][γ] = C[χ0] · · · [χn]

With such a semantics in place entailment relation between indicative
and interrogative sentences can be precisely formulated. Answerhood rela-
tions are established in the following way:

!φ is a partial answer to ?ψ iff ?ψ � ?φ
!φ is a complete answer to ?ψ iff !φ � ?ψ

The relation of being licensed by, or being compliant to a conversational
context created by a sequence of sentences Γ can also be precisely defined:

Γ licenses !φ iff Γ � !φ and Γ � ?φ
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Using these definitions, answers can be compared based on the notion of
informativity which can be used to establish an optimality criterion:

!φ is more optimal (or more informative) than !ψ if they are both
licensed by Γ but not equivalent and φ �FOL ψ (Groenendijk 2003)

0.2.1 Why is this approach interesting?

This approach considers questions in a communicative interaction involving
multiple rational agents and gives a technical meaning to the process of asking
questions in terms of inducing a partition on the set of possible worlds in a
conversational context.

Update semantics introduces a formal characterization for entailment re-
lations back and forth from questions to indicative sentences. The logic of
interrogation has been axiomatized in (ten Cate & Shan 2007), and, un-
der this axiomatization, an interesting technical result says that entailment
between questions reduces to entailment in first order logic:

!φ1, . . . , !φn, ?χ1, . . . , ?χm � ?ψ iff there is a development ψ′ of
{χ1, . . . , χm} with the same free variables ~x as ψ such that:

φ1, . . . , φn �FOL ∀~x(ψ ↔ ψ′) (ten Cate & Shan 2007)

This reduction derives from Beth’s definability theorem and uses the no-
tion of a development of a set of sentences. The first order developments of
a set of sentences Σ containing interrogatives are given by:

φ ::= χ | x = y | x = c | ¬φ | φ1 ∧ φ2 | φ1 ∨ φ2 | ∃xφ | ∀xφ
(where x, y are variables, c a rigid constant and χ ∈ Σ)

0.2.2 What can be improved about this approach?

This approach could be extended by considering, in addition to intersubjec-
tive questioning, the fact that rational agents mix their communicative inter-
action with information gathering processes in which queries are addressed
also to the outside world.

Although communicative interaction between rational agents is modeled
as a game of conversation, there is no concrete goal attached to it. There
are only requirements about how to proceed from one stage of the game
to another one. However, the only abstract goal of any communicative in-
teraction is, in this setting, the same, namely, answering the Big Question,
whatever that is. This leaves conversation games undetermined and makes
them philosophically interesting and unrealistic. To be fully game theoreti-
cally characterized, conversational games would need to have concrete, well
specified, winning conditions.
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0.3 Questions in Dynamic Epistemic Logic

Dynamic epistemic logic has been used to model knowledge games in which
players have well specified winning conditions (Ditmarsch 2000). Inside such
games of knowledge questions are only implicitly present, but they are mod-
eled as intermediary supporting entities. Moves in a knowledge game contain
both a question and an answer but only the effect of the answer is computed
during the update, while the effect of the question remains recessive.

Knowledge games are defined in concrete scenarios involving dealings of
cards from a set C to players from a set of agents A. The game starts in a
configuration having the following structure:

Let d ∈ AC, then the initial state of a game for actual deal of cards d is:
(〈D]d, (∼a)a∈A, V 〉, d), where∀a ∈ A:∀d1, d2 ∈ D]d: d1∼a d2⇔ d−1

1 (a)= d−1
2 (a)

and ∀e ∈ D]d : ∀ca ∈ P : Ve(ca) = 1 ⇔ e(c) = a.

where D]d denotes the set of deals where all players hold the same number
of cards as in d, V : Dd → P → {0, 1} is a global valuation, mapping a deal
of cards d to a local valuation Vd, such that Vd(ca) = 1 ⇔ d(c) = a, and P is
the set of |C| × |A| atomic propositions ca. In this setting any state of the
card game is translated into an epistemic structure defined as follows:

A knowledge game state for deal of cards d is a pointed S5 model
(〈W, (∼a)a∈A, V 〉, v), where v ∈ W , Vd = Vv, and: ∀w ∈ W : ∃d′ ∈ D]d: Vw =
Vd′ , and for all a ∈ A:∀w1, w2 ∈ W :∀d1, d2 ∈ D]d: (w1 ∼a w2, Vw1 =Vd1 , Vw2 =Vd2)
⇒ d−1

1 (a) = d−1
2 (a).

From the set of all possible deals only some are epistemically relevant at a
particular state of the game, those deals are filtered in the following definition:

Let s = (〈W, (∼a)a∈A, V 〉, v) be a knowledge game state for d ∈ AC, then
Ds = {d′ ∈ Dd | ∃w ∈ W : w ∼A v and Vw = Vd′}.

Questions play a role only in the way moves are made in a knowledge
game, but they are not represented inside the states of the game. Any move
defines a transition from a knowledge state to another, and inside every tran-
sition a question is implicitly present. The definition of a move in a knowledge
game is given as follows:

Let s = (〈W, (∼a)a∈A, V 〉, d) be a knowledge game state. A game action
µ for state s is a quintuple µ = 〈q,Q, r, R, pub〉, where q, r ∈ A, Q is a cover-
ing of W that is coarser than ∼r, R ∈ Q and pubr is the identity ’=’ on Q.
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Not all the moves can be performed in any state of the knowledge game,
a restricting condition is for the contained question to be answered truthfully:

Let s = (〈W, (∼a)a∈A, V 〉, w) and µ = 〈q,Q, r, R, pub〉. Game action µ
is executable in knowledge game state s if the answer R contains actual
world w: µ is executable in s⇔ w ∈ R, (that is, if r’s information state, (i.e.
[w]∼r), is contained in the answer).

When a question is answered truthfully it may happen that not all the
players receive this information. The notion of publicity of a move is intro-
duced to handle this aspect. The publicity of an answer is controlled by the
respondent and determines what is called “the broadcast unit”: the small-
est nonempty (the respondent is always contained) subgroup Br ⊆ A that
receives the answer to the question.

The publicity for a subgroupB ⊆ A is computed as: pubB = (
⋃

a∈B puba)
∗.

The equivalence class of ∼B that contains the answer Q stands for what sub-
group B learns in that game action. (Ditmarsch 2000)

Further restrictions on possible moves in a knowledge game are intro-
duced by the following definition:

Let s = (〈W, (∼a)a∈A, V 〉, v) be knowledge game state for a deal of cards
d ∈ AC. The sorts of action show, noshow,win, nowin are defined as follows:

show =def 〈q, {Rc1r
, ..., Rct

r
, Comp}, r, Rcj

r
, show〉

noshow =def 〈q, {Rc1r
, ..., Rct

r
, Comp}, r, Comp, show〉

win =def 〈q, {Win,W \Win}, q,Win, id〉
nowin =def 〈q, {Win,W \Win}, q,W \Win, id〉

where Rci
r

denotes the union of equivalence classes of ∼a where a holds card
ci ∈ C, Comp denotes the complement of the union of all alternatives that
correspond to r showing card ci: W \ ∪t

i=1Rci
r
, Win denotes the union of

equivalence classes Ri of ∼q where q can win: ∪t
i=1Ri, id denotes the publicity

that maps each agent a ∈ A to the identity on the question, and publicity
show is defined as follows: showq and showr, are the identity on the question,
and for all other agents a, showa is: universal on the question minus Comp,
and identity on that complement: showa(Comp,Comp).

A consequence of this setting is that questions can always be answered
because trivial questions can never be asked. Informative questions are dis-
tinguished from noninformative ones by the following definition of triviality
for game actions and, implicitly, for questions:

A game action 〈q,Q, r, R, pub〉 for state sw is trivial when for all a ∈ A:
[d]∼a ⊆ R and ∀R′ 6= R ∈ Q: w /∈ R′.
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0.3.1 Why is this approach interesting?

In this approach questions are modeled using an alternative formal definition
to the established characterization in terms of partitioning the set of possible
worlds. This time a question is not induced by a partition but it corresponds
to a cover of the set of possible worlds. This technical variation may lead to
refreshing alternative characterizations for traditional standard notions like
answerhood, licensing, compliance, informativity or optimality of questions.
Do all these have the same meaning? And if not, how do this diversity relate
to the mainstream conceptual landscape? Do modeling alternatives emerge?

Inside this approach concrete characterizations of both possible moves
and winning conditions for a game modelling an interactive epistemic inter-
action of rational players is given. Optimal strategies for playing knowledge
games both in a communicative multiagent setting and its experimental or
observational limit (the external world is, at least partially, represented by
introducing player 0, or the table that holds the remaining cards in the game)
can be described and investigated using a precise formal theory.

0.3.2 What can be improved about this approach?

A first obvious extension would be to split the atomic element that defines
a move in a knowledge game. In this way the effect(s) that the process of
asking a question causes in an epistemic model, even before the question is
answered, could also be described and investigated. In this way, the game will
have a richer structure and entailment relations from interrogatives stages to
indicative ones could also be used in an extended characterization of an op-
timal strategy in a knowledge game. In this connection it is crucial that a
further investigation in this direction would have to decide if the effect of
asking a question is, in general, equivalent to a sequence of public announce-
ments or not because it may contain some irreducible ingredients. Results
and techniques from previous traditions might be invoked here.

A greater variety of moves, especially ones designed to model observations
by means of asking questions about the objective world, or model-checking
steps, could also be accommodated inside this framework. More sensible as-
sumptions about the relation between observational powers and answering
abilities could extend the range of plausible scenarios to be modeled by the
same means. Such assumptions can make the structure of a knowledge game
suitable for a wider scope of reasoning scenarios. Deciding what questions
are the best to ask and what answers to give in an cooperative or competi-
tive interaction is often the result of a knowledge game involving additional
reasoning about the diversity of the fellow rational players.
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0.3.3 Questions as Processes (Explicit DEL Approach)

Questions are explicitly modeled by means of a processes whose effects are
visible on the resulting epistemic model in (Unger & Giorgolo 2008). In this
setting a propositional question corresponds to the following process:

Fφ =def (Testφ;G; Testφ)∪(Test¬φ;G; Test¬φ), where G = W×W , which
denotes an equivalence relation: JFφKM = {(w,w′) |M,w � φ iff M,w′ � φ}.

In order to explicitly represent the effects of asking a question the struc-
ture of the epistemic model is enriched with a supplementary accessibility
relation. This relation is called the FOCUS of the epistemic model, it is ac-
cessible to every player and it is initially universal on the domain of possible
worlds in the model. With this additional element, an update by a ques-
tion is defined by resetting the FOCUS:

M,w � [?φ]ψ iff M [FOCUS := JFφKM ], w � ψ

Indicative sentences are modeled in the standard way as public announce-
ments, they update the epistemic model by removing or eliminating possible
worlds. Answerhood relations are defined in terms of containment in parti-
tion blocks:

A formula ψ is a true answer to the question whether φ, w.r.t. a model
M and a world w, if for all w′ ∈ W : M,w′ � ψ iff w′ ∈ {v | (w, v) ∈ [w]Fφ},
where [w]Fφ refers to the partition cell containing the world w.

This definition is useful for introducing the notion of what constitutes an
acceptable or adequate answer to a given question:

A formula ψ is a possible (appropriate) answer to the question
whether φ, w.r.t. a model M , if there is some w ∈ W , such that ψ is a
true answer to the question whether φ, w.r.t. M and w.

Entailment relations between questions are modeled by means of inclusion
of one equivalence relation into another. Question weather φ entails question
weather ψ if for all M : JFφKM ⊆ JFψKM .

Given all these definitions the following fact is a characterization for sit-
uations involving only propositional questions:

If ψ is an appropriate answer to the question whether φ, then for all w:
M,w � [?φ][!ψ]φ or M,w � [?φ][!ψ]¬φ

A greater variety of questioning situations can be modeled in this ap-
proach. In particular, situations in which questions are considered in opaque
contexts. For embedded questions: JWH φKM,w =def {w′ | (w,w′) ∈ [w]Fφ}.
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Note that, despite the notation, embedded questions do not correspond
to Wh-questions from interrogative logic. The distinctive mark for Wh-
questions is the fact that they are questions starting from an objectual pre-
supposition. In the current setting such questions are called constituent
questions, they are dealt with in the following way:

JFQxPxKM,g = {(w,w′) | JQxPxKM,w,g = JQxPxKM,w′,g}

where the partition of worlds with respect to possible extensions for predi-
cates is given in the standard way: JQx1...xnφKM,w,g = {w′ | 〈Qx1...xnφ〉M,w′,g =
〈Qx1...xnφ〉M,w,g}, where 〈Qx1...xnφ〉M,w,g = {(g′(x1), ..., g

′(xn)) |M,w, g′ �φ
where g′(x)= g(x) for all x 6= x1, ..., xn}.

There is also a corresponding approach to opaque contexts for constitutive
questions: JWHQxPxKM,g = {w′ | (w,w′)∈ [w]FQxPx}. (Unger & Giorgolo 2008)

0.3.4 Why is this approach interesting?

In this approach questions are treated explicitly as distinct processes, their
status is elevated to first-class dynamic epistemic entities on a par to answers,
and their update effects are independently computed, separate from their
corresponding answers.

Links with the tradition of modeling the behavior of questions when they
appear embedded in opaque contexts are established. Similar phenomena
are considered in (Ditmarsch, et al. 2008) in terms of a choice internal to a
group of agents and nondeterministic for the remaining ones.

0.3.5 What can be improved about this approach?

Although both question with propositional and objectual presuppositions
are considered nothing is said about the relation between them. Are these
related, at least in terms of their persuppositions? Are their presupposi-
tions mutually expressible or even reducible to one another? Is their relation
approachable, maybe in terms of presupposition projection mechanisms for
questions similar to those considered in (Eijck & Unger 2007)?

Although the connection between presuppositions of questions and pre-
conditions for actions is mentioned, there is no inclusion of these presup-
positions in the epistemic postconditions of asking a question. Neither is
the connection between presuppositions and epistemic effects of questions
investigated in terms of informativity conditions.
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