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Abstract

The goal of this paper is to derive a measure of utility for questions and answers from

a game theoretic model of communication. We apply this measure to account for a number
of judgements about the appropriateness of partial and mention—some answers, e.g. that
partial answers to a question can be as appropriate as a strongly exhaustive answer. Ur
der the assumption that interlocutors are Bayesian utility optimisers we see questioning and
answering as a two-person sequential decision problem with complete coordination of pref-
erences. Our approach builds up on the work of A. Merin and R. v. Rooy on measures of
relevance We will compare it in detail with their ideas.

1 Introduction

Given a questionX@(x), what is the most useful answer? This question becomes espe
interesting in connection with the problem édrtial andmention—-some answer$here are a
number of judgments about the appropriateness of partial answers that seem to be due
utility in a specific pragmatic context. In our examples, we writddr the inquirer, and E’
for the answeringxpert

(1) 1: Where can | buy an Italian newspaper?

In addition to requesting for information, this reveals a future plan of the inquirer, namely tc
an Italian newspaper. Lets assume that it doesn’t matter for him where to buy it. The follc
answers are equally useful with respect to informativity:

(2) E: There are Italian newspapers at the station and at the Palace but nowhe{&§)si
There are Italian newspapers at the statiay).
There are Italian newspapers at the PaléBg.

A andB are example fomention—somanswers. All three seem to be equally usef
AnswerA is not inferior to answeA A —B:

E: There are Italian newspapers at the station but none at the Palace.
If E knows only that-A, then—A is an optimal partidi answer:

E: There are no Italian newspapers at the station.

*This paper presents ongoing work that was done in part during my time at the ZAS Berlin; most o
Syddansk Universitet in Kolding.
1Henceforth, | usgartial answer as a cover term for both, mention-some and partially resolving answers
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The fact that the answefSS A andB are equallyusefulfor pursuing the inquirer’'s plan o
buying an Italian newspaper seems to account for their being ecqabipppriateas answers.
Our problem is to find a game theoretic model for the communication situation that provid
a measure of utility of answers and can account for our intuitive judgments about their qu

If a question or answer is to be calladefu] then there must be an end to which it can contrib
as a means. Hence, we see the activity of asking and answering as embedded in a pr
situation where the inquirer follows a plan that specifies his ends. Under the assumptic
interlocutors are Bayesian utility optimisers we see questioning and answering as a two-
sequential decision problem with complete coordination of preferences. The goal of o
vestigation is to derive an appropriate measure of usefulness from this game theoretic
of communication. There may be additional pragmatic principles that rule out some of tt
swers; e.g. the Gricean principle of manner would lead to a preferenéeafodB overGS We
concentrate on the aspect of utility only. This aspect is linguistically important as it cap
at least a substantial part of what is calletevance We don't discuss whether the Bayesi:
principle of optimising expected utility explicates the Gricean principle of relevance or not.
do we claim that it provides an explanation for the different uses of the adjective ‘rele\
But, of course, our investigation is closely related to some game and decision theoretic e
tions ofrelevance and indeed deeply indebted to them. We build up on the work of A. M
(1999) and especially R. v. Rooy (2001; 2003; 2003a; 2003b). Merin measures the releve
a propositiorE by its ability to make us believe that a certain hypothétisolds. The appro-
priate pragmatic situation is one where a speaker wants to convince his addressee of tl
of H and seeks for evidence that is most effective for this purpose. According to van |
the basic pragmatic situation is one where an inquirer faascesion problemand seeks for
information to resolve it. This type of problem has been well studied in decision theory
van Rooy derives a measure for the relevancarswersn terms of their ability to influence
the inquirer’s decision. We build up on van Rooy but in contrast we consider questionin
answering as a sequenttalo—person game and use backward induction for deriving a solu
for the expert’'s and inquirer’s decision problems.

2 Partial Answers — Pragmatic Background Assumptions

What counts as an answer to a question? Does the set of answers depend only on the «
itself or does it also depend on the inquirer’s underlying reasons for asking the question?
has been a controversial debate about these questions and we don't intent to decide thel
This section should make clear our background assumptions and our main motives for ac
them. Little depends on these assumptions in our formal model, and whatever does so ca
be reformulated such that it fits to other assumptions.

Following Gronendijk & Stokhof (1984) we identify the set of answers to a quesHagX3

with the set of allstrongly exhaustive answerg.qg. if the question is ‘Who came to the par
yesterday?’, and onlyohn, JaneandJeffcame, then the strongly exhaustive answer states
exactly they and nobody else came. Qfis a set of possible worlds with the same dom:
D, and[¢]" denotes the extension of predicagén v, then a strongly exhaustive answer
question R.¢(x) is a proposition of the forniv]y := {w e Q| [¢]" = [¢]"}; i.e. it collects all
worlds where predicat@ has the same extension. In our example, it collects all worlds wl
exactly John, Jane and Jeff came to the party. The set of all possible answers is then g

2See (Groenendijk & Stokhof, 1997)[Sec. 6.2.3] for a short survey of positions regangintion—somater-
pretations.
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[2%.0(X)]®%:= {[Vlg| v € Q}. This approach poses a problem for partial answers: They are
elements of x.¢(x)]®S, hence no answers at all.

We don't try to show that this is the best approach; we just state our main motivatior
following Groenengijk & Stokhof. It has been noted that partial answers are possible o
the question is embedded in a situation where they are subordinated to an inquirer’s go
guestion is asked only for gathering information, i.e. in a pragmatically neutral context, t
strongly exhaustive answer is expected:

(3) a) Which animals have a good sense of hearing?
b) Where do coral reefs grow?
¢) When do bacteria form endospores?

Without an explanation for the possibility of partial answers, this observation alone woul
suffice to justify an identification of the set of answers with the set of strongly exhaustiv
swers. So, we need in addition a pragmatic explanation for partial answers. Let us con
situation where asking a question is subordinated to further ends:

(4) Somewhere in the streets of Berlin...

I: I want to take the next train to Potsdam. Where can | buy a ticket?
a) E: Lists all places where to buy a tickat the main station/At this shop over there
b) E: Come with me! Takes him to the next ticket-shop
¢) E: (Hands him a tickgt
d) E: There are no controllers on the trains today.

The responses in a) are partial answers. The response in b) contributes toGegoaly( ticket—
shop(G,)) immediately super—ordinated to the goabefting to know a shop that sells ticke
(G1). The third option in c) contributes to a go&¢tting a ticket Gz)) which is again super-
ordinated to the plan of buying a ticket. The response in c) contributes to a pf@jgdhat is
again super-ordinated to getting a ticket. We wouldn’t call the responses in b) andwgrs
A more appropriate name is probalsBaction In b) it is a mixture of a verbal command ar
an action, in c) a pure action. But we may replace both by pure assertions, e.qg.:

(4) b’) E:1go to aticket—shop right now.
c’) E: I've already bought a ticket for you.

We assume that a question@x) itself introduces the immediate goal of providing the stron
exhaustive answeiGg). Writing the sub-ordination relation as we find in Examplg4) that
this immediate goal is embedded in a hierarchy of goals<&1 < Gy < G3 < G4. We might
call such a hierarchy plan. The basic assumption that explains the possibility of respol
as in(4) is: Super-ordinated goals can override the immediate goal of providing a strc
exhaustive answer. Partial answers differ from other verbal responses by the relative d
of their goal from the basic goalds They contribute to a goal that is directly super—ordina
to it. Hence there is only a gradual difference in how good the respongé¥hi), c’) and d)
are if we evaluate them as answers. This is our main motivation for identifying the set of p
answers with the set of strongly exhaustive answers.
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As we address only the case of partial answers, we concentrate on situations where there
one goal super—ordinated to the goal of providing the strongly exhaustive answer. The gc
represented by an utility function. A natural way to do this is by settifiga) := 1 if we reach

the goal in situatiorv after execution of actiom, andU (v,a) = O if we don't reach it. If in

Example(1) ais the act ofgoing to the statiomndv a world where there are Italian newspape
at the station, then aetleads to success, and hette/,a) = 1. Of course, utility measures ca
represent more fine—grained preferences over the outcomes of actions; e.g. if the inquire
to buy an Italian newspaper but prefers to buy it at the Palace because it's closer to his
then this can be represented by different values for buying Italian newspapers at the stati
at the Palace.

3 Merin’s Measure of Relevance

Before | go to present my model of questioning and answering that puts the principle of op
ing utility in its centre, | first discuss two approaches that introduce game and decision the
explications of the Gricean principle of relevance. In addition to utility, relevance measure
(psychological) impact of an assertion on the addressees believes. The Gricean principle
evance is, of course, a natural candidate for explaining our judgments about the approprii
of various partial answers. Hence, game and decision theoretic explications of this princij
of immediate relevance to our investigation.

Merin derives his measure of relevance of assertions from measures of the relevance of
imental data in empirical science. The fact that the barometer is ri&hgrovides evidence
that the weather is becoming sunny. We can see the situation as a competition betwe
hypotheses(H) The weather will be sunny, ar(él) The weather will be rainy. For simplicity
we may assume that andH are mutually exclusive and cover all possibilitie, the rising
of the barometer, does not necessarily imply tHabut our expectations that the weather w
be sunny are much higher after learniaghan before. This change of degree of belief can
captured by conditional probabilities. LBt represent the given expectations before learn
E, i.e. P' is a probability distribution over possible states of the world (in contextet =
represent the expectations obtained from epistemic comtgx¢nE, and nothing else b, is
learned. Modelling learning by conditional probabilities we find #atH) = P'(H |E), where
P(HIE) :==P(HNE)/P(E) for P(E) # 0, the probability oiH givenE. With Bayes’ rule we
get:

P'(H) = P'(H|E) = P'(H) - (P'(E|H)/P'(E)). (e.1)

H denotes the complement Bf. Then learnings influences our beliefs abott in the same
way as it influences our beliefs abddt P' (H) = P'(H|E). We find:

P'(H)/P"(H) = P'(H|E)/P'(HIE) = (P'(H)/P'(H)) - (P'(E[H)/P'(E[H)).  (e2)
Hence, logP" (H)/P"(H)) =log(P'(H)/P'(H))+log(P'(E|H)/P (E[H)). We can see the tern
log(P'(E|H)/P'(E|H)) as a measure for the ability &to make us believel.

Merin (1999) transfers this measure from empirical sciences to the communication sitL
In its new domain we can see I(®(E|H)/P'(E|H)) as the (possibly negativeygumentative
force of E to make the addressee believe tHatConsider a situation where the speaker wa
to convince the hearer thht is the case. IP' represents the epistemic state of the hearer, t
an assertiofE is the more effective, or relevant, the bigger(BE|H)/P'(E|H)).

Merin definegelevanceas a relation between a probability functi®mepresenting expectation
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in some given epistemic conteixand two propositions: a propositidh, the hypothesisand a
propositionE, theevidence This leads to the following definition

Definition 1 (Relevance, Merin) Therelevancer‘H(E) of proposition E to proposition H in ar
epistemic context i represented by a conditional probability functi¢n.Pis given by |, (E) :=
log(P'(E[H)/P'(E[H)).

Relevancean be positive or negative according to whetaénfluences the addressee to belie
or disbelieveH. In the same way it favourd it disfavoursH, i.e.r|,(E) = —r(E). Hence,

we can model the situation as a zero—sum game between hypothesesH. This fits into
Merin’s outlook that sees competition and the aim to convince the communication parti
some facH as the dominant features of conversation.

We don’t follow Merin in this respect. For the situations described in Exar(fjlé& seems
to be more appropriate to model it by a game of complete coordination, i.e. a game
the inquirer’s and expert’s payoffs completely coincide. But this does not decide about M
general attitude, and a discussion of whether we should see conflict or coordination at the
of conversation needs more care and space than is available here. What is of more imr
importance is the fact that Merin measures relevance from the perspectivereé¢ineerof the
information. We will argue below that we need to switch to pievider’'s perspective in ordel
to get the appropriate measure of the utility of answers.

Who's probability isP? It is the purpose of an assertion to influence the expectations o
addressee, hend&must represent the subjective probabilities of the receiver of informar
or if the measure is used by the speaker, it must be the subjective probability that the s
ascribes to the hearer. Approximately, we can identify the addressee’s perspective w
common ground In experimentation, thepeakeris nature and the scientist performing t
experiment is thdvearer Hence, in both cases, in scientific experimentation and in com
nication, relevance is defined from the receiver’s perspective, i.e. informatisnthe more
relevant the more it influences the receiver’s expectations about some hypstheais will
argue that in answering a question the dominant goal is not to change the inquirer’s, i
receiver’s, expectations but to provide information that maximises the expert’s, i.e. provi
expectations about how muéhincreases the chancesl&f success. We will see that van Roo
who directly addresses questioning and answering using a decision theoretic model, to
sures the relevance of an answer from the receiver’s perspective. We think that this is th
reason for its inadequateness.

4 Van Rooy’s Measure of Relevance

Why do we ask questions? Because we want to resolve a decision problem! That is van
answef. We will follow him in our analysis of situations likgl) which allow for partial answers
in Section 6.

Let us first consider whether we can apply Merin’s measure for the relevance of asse
to questioning and answering situations. If the inquirersks whetherp, then we can sef
H:={ve Q|vE @}, andH := {ve Q|v [~ @}. Assuming that the answering expert appli
Grice’ principles and selects a proposition with maximal relevance, he has to select a prop
A as answer that maximally affects the inquirer's expectatiod$ course, such an answer me

3(Merin, 1999), Definition 4.
4(v. Rooy, 2003a, p. 727) _
SWhere we measure an answagisre relevancdy the absolute aff, (A); compare Merin (1999), Definition 5.

55



Anton Benz Questions, Plans, and the Utility of Answers

be highly misleading, even if it has to be truthful. In case of a question Wkd came to
the party yesterddywe have to consider many competing hypotheses, in fact, all the stro
exhaustive answers in the sense of Groenendijk & Stokhof. It should be possible to gen
Merins approach as long as the set of answers is countable. It becomes more of a pro
the questioning is embedded in a decision problem where the inquirer has to choose b
several alternative actions with results that bear different value for him. In this case we
just measure the amount of information provided by an assertion; we also need to cc
the expected gain of profit. Van Rooy’s idea was to look at the communicative situatior
problem of decision theory and thereby to derive a criterion for the relevance of questior
answers.

Lets consider an example. An oil company has to decide where to build a new oil prodt
platform. Given the current information it would invest the money and build the platfori
a place off the shores of Alaska. An alternative would be to build it off the coast of Br
So the ultimate decision problem is to decide whether to take aat@md build a platform
off the shores of Alaska, or take actitinand build it off the shores of Brazil. Now, shoul
the company invest time and explore the off shore fields of Alaska and Brazil more thoro
before deciding about its actions? If yes, then the company has to find the most efficier
to do it. This type of situation has been thoroughly studied in statistical decision theeg
simplify the situation and assume that investigating the oil fields goes without costs. W
capture the essentials of the situation by the following model:

Let Q be a set of states? a set of actionsU : Q x 4 — R an utility measure, an® a
probability measure foR. Then, theexpected utilityof an actiona givenP is defined by:

EU(a) = %P(v) xU(v,a). (e.3)

The effect of learning a propositiohis again modelled by conditional probabilities. Téve
pected utility after learning As given by:

EU(a,A) = Zz P(v|A) x U (v,a). (e.d)

What a manager wants to have is a criterion that tells him whether or not it is reasona
investigate the off shore fields before finally deciding the question where to build the plat
As he is a Bayesian utility maximiser, additional explorations are only rational if he can e
that they lead him to choose an action with higher payoff than the action that he would c
now. It can only be higher if newly learned information can induce him to change his dec
to build the oil platform off the shores of Alaska, i.e. if it changes his decision for aatidhis
leads to the following definitions a&levance A propositionA is relevant if learningd induces
the inquirer to change his decision about which actioa take. Leta* denote the action wher:
the expected payoff relative to information represente® isymaximal. Then thetility value’
of propositionA is defined as:

UV(A) = ?&XEU(a’A) —EU(@",A). (e.5)
Ais relevant for the decision problemUfV (A) > 0. Exactly then the inquirer has a decisi
reason to choose another action tlaén The expected utility valuef an investigation is ther
defined by:

EUV(Q) = ¥ P(g) x UV(q); (e-6)
Q=3 Pl

6See e.g. (Raiffa & Schlaifer, 1961, Ch. 4), (Pratt et. al., 1995, Ch. 14).
"Compare e.g. (Raiffa & Schlaifer, 1961, Sec. 4.5) and (Pratt et. al., 1995).
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whereQ is the set of all possible results of the investigation. It is reasonable to do addi
investigations before finally decidingEfUV (Q) is positive. So we can say that investigating
relevantif EUV(Q) > 0. Utility valueUV and expected utility valuEUV are defined from the
investigator’s perspective. Metaphorically speaking, we can call an experingemiséion and

aresult aranswerto it. The answeringerson nature, is not providing information with respe
to the investigator’s decision problem. There is only one real person involved in this de«
model, namely the inquirer. Nature shows oil, or doesn’t show oil, according to whether th
oil where the exploration drilling takes place. It does not shaw drder to contributeto a de-

cision problem, or because it thinks that thisakevant The model does not predict that natu
will only give relevant answers, and it does not even say that this were desirable. E.g. a
that there is indeed a very large olil field in the area near Alaska where the company wal
build the platform given its old information, and a very small oil field in the Brazilian aree
the exploration drilling confirms that the original decision was right, then this is, accordit
our criterion, irrelevant. Only if by some bad luck the drilling in the Brazilian area gives ris
the hope that there is more oil than in Alaska, we got relevant information.

In (2001; 2001a) van Rooy introduced (e.5) as a measure for the relevance of &nsive
hope it became clear, that | don’t follow him here. The whole model is a model for a
person decision problem. The relevance of information is evaluated only from the inqt
perspective. Hence it is not a trivial claim that this approach provides a measure that «
used by the answering expé&ttto select the best answer. But, of course, we may try to turn
model into a model for a two-person game. This makes it necessary to reinterpret the foi
above. So we askWWho’sprobability couldP be? There are three possibilities:

1. Itis the inquirer’s subjective probability.
2. Itis the expert’s subjective probability.

3. Itis the subjective probability th& assigns td.

Alternatives 1. and 2. are unsatisfactory. If 1., then (e.7) cannot be applied by E. If we a
that (a) the expert can only give answers that he believes to be true, and if we defiBepgr) |
believes gby P=(q) = 1, then 2. implies thaany answer will do as long as E believes it 1
be true. In order to turn the model into a model for a two-person game we have to c
interpretation 3. In this case (e.5) advises the answering expert only to choose answel
can makd change his decision.

(5) Assume that it is common knowledge betwdeandE that there are Italian newspape
at the station with probability /B, and at the Palace with probabilityd What should
E answer if he is aske(ll): Where can | buy an Italian newspaerAccording to the
initial epistemic statd, decided to go to the station. Lets consider three possible ans\
(A) There are Italian newspapers at the stati@); There are Italian newspapers at tl
Palace, andA A B). All three should turn out to be equally relevant but some calcula
shows thaB is theonly relevant answer according to (e.5).

8“And indeed, it seems natural to say that a cooperative participant of the dialogue only meegaat
assertion in case it makes Jotimngehis mind with respect to which action he should take. It also seems
unreasonable to claim that in a cooperative dialogue one assekti@;better’ than anotheB, just in case the
utility value of the former is higher than the utility value of the latték/ (A) > UV (B).” (v. Rooy, 2001a, p. 78),
emphasises are van Rooy’s. ‘John’ refers to an inquirer in a previous example.

90f course, that's van Rooy'’s intended interpretation.
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This is clearly not intuitive. The point here is the same as in the oil-drilling example. Van
thereforé® replaces (e.5) by (e.7) in his later papers:

UV (A) = maxEU(a,A) —maxEU(a). (e.7)

acAq acAq

(e.7) gives the advicelncrease the hopes of the inquirer as much as you’ cahis fixes the

problem with Examplé5) but it's easy to see that we run into a similar problem widgative

information: Assume that in the scenario of Exam(@¢ E knows that there are no Italia
newspapers at the stationA); in this case (e.7) implies thatA is not relevant because it doe
not increase the inquirer’s expectations. This seems to be quite unintuitive. But the proble
be easily fixed again by taking the absolytef the right side of (e.7). And again, this runs in
problems. An answer that increases, or changes, the hopes of the inquirer as much as |
is not necessarily a good answer:

(6) Assume a scenario like that(g). There is a strike in Amsterdam and therefore the sug
with foreign newspapers is a problem. It is common knowledge betweadE that the
probability that there are Italian newspapers at the station is slightly higher than the
ability that there are Italian newspapers at the Palace. Hdgarns that the Palace he
been supplied with British newspapers but not with Italian ones. In general, it is kr
that the probability that Italian newspapers are available at a shop increases signific:
the shop has been supplied with foreign newspapers. What sharndwer when asked
Where can | buy an Italian newspafer

Some calculation shows that, according to (eE)should answer that the Palace has be
supplied with foreign newspapers. The same holds for the improved version of (e.7) wi
absolute difference. As the probability that there are Italian newspaper at the Rpalace,
that the Palace has been supplied with foreign newspaper, is much higher than the a:
probability for there being Italian newspapers at the station, this answer should lead the ir
to go to the Palace. But this is the wrong choice as there are no Italian newspapers at the
A good answer should maximise the inquirer's chances for real success, and not max
increase or change his expectations about success.

In its form of (e.7) the criterion is very close to Merin’s criterion of relevance. It may
the proper generalisation of Merin’s approach for cases where the speaker does not on
to influence the hearer subjective probabilities but also his expectations about payoffs.
should be better understood as a measure ddifpementative forcef an assertion.

As indicated above, | see the main methodological flaw of this approach in its attempt to
a model for a one-person decision problem to a real communication situation involving
persons. The expectations of the answering expert about the real state of affairs are tre
irrelevant. Of course, this is understandable as the model is derived from a theory that ac
for the value of experimental data wheyeestionsre directed to nature and wheneswersan
only be evaluated from the experimentator’s perspective.

10see (v. Rooy, 2001a, Sec. 4.3) for a comparable example; but this phenomenon has nothing to do with
or not we see the situation as a game of complete coordination or of conflict. In (2001) van Rooy conside
scenarios with trivial probability distribution, i.e. where all possible states of affairs have equal probability
also (v. Rooy, 2003, Sec. 3.1) and (v. Rooy, 2003a, Sec. 3.3).
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5 Van Rooy’s Order of Relevance

In (v. Rooy, 2003a, Sec. 3.1) van Rooy introducesater of relevancas a simplified version
of the measure of relevance introduced before. It is used to definsethef answerso a
guestion. This is necessary in order to provide the semantics for embedded interrogat
in John knew who came to the partyr John knew where to buy an Italian newspapgr (v.
Rooy, 2003b) this approach is generalised such that arbitrary orders of relevance are ¢
i.e. it provides for the definitions aptimal propositionandset of answerfor arbitrary orders
of relevance. We restrict our discussion here to (v. Rooy, 2003a, Set!, ma) we discuss it
only in as far as to whether it provides a justification of our judgments on appropriatent
partial and strongly exhaustive answers. Although the new order of relevance is introduc
special case of the order of relevance defined by (e.7), | think that it is interesting on its o
has an independent intuitive basis and prefers answers that eliminate more possible chi
actions in the inquirer’s decision problem.

As mentioned before, Groenendijk & Stokhof define the set of answers to be the set of st
exhaustive answers:

[0(x)]°°= {{ve Q|[¢]' = [¢]"}|we Q}.

Van Rooy identifies the set of answers with the setetévantanswers. One answer is moi
relevant than another if it helps more to resolve the inquirer’s decision problem (v. Rooy, 2
p. 753). The decision problem consists in choosing an action from a set of agtidfar each
a € 4 we can define the set of worlds whexes optimal:

e a*={veQ|-dbecaU(vya) <U(v,b)};

e 7*={a"|ae 4}.
As v. Rooy writes, the ordering relation on propositions induced by their utility value undel
tain conditions comes down to the claim that a proposifias better to learn than a propositio

B if A eliminates more cells from* thanB. For some special cases this leads to the follow
order of relevance:

o(d) >4- @(g) iff {a" € A" |a" N[[g(d)] # 0} C {a* € A% |a N [@(g)]] # 0} (e.8)

Here, @ has two argumentsp(v)(g) means that group is such that®(g)’ holds inv. Lets

consider our questioniVhere can | buy an Italian newspa@eie can consider an answer .
specifying agroup of places where it is possible to buy them; e.g. the ansfethe palace
and at the statiohsays that the grougPalace Statior} is in the actual world in the extensio
of the predicatd’lace-where-Inquirer-can-buy-Italian-newspapégs. With help of the order
of relevance defined in (e.8) the most relevant group in each world is determined by:

[Op(@)] = {(v.9) [ ®(v)(9) & —=3d'(P(v)(d) & P(d) >+ ¥(9))}- (e.9)
This leads van Rooy to define the set of answers as:

[x0x)]" = {{ve Q|ge Op(@)[V]}|Iwe Qg e Op(@)[w]}. (e.10)

l.e. a proposition is a possible answer if it is a set of worldsich that there exists a wond
and an optimal groug for w such thag is also optimal inv.

This is mainly because (v. Rooy, 2003b) is only available as preprint. The reader is encouraged tc
Section 3 there.
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(7) My decision problem might be, for example, to find out which way is best for me tc
to get an Italian newspaper. It could be, for instance, thabdstway to buy an Italian
newspaper is at the stationun at the palace in, and that buying one at the station ai
at the palace is equally goodwm (v. Rooy, 2003a, p.753)

In this case we geDp(p)(w) = {Palace Statior}*2. The answer set foM/here can | buy an
ltalian newspaper? is then: [2x.¢(x)]} = {{u,w},{v,w}}13. We are here only concerne
with whether or not this provides a justification for the judgment that the partial ansier
the station (A) and ‘At the Palacé (B) are equally relevant with respect to information
the exhaustive answeAt the station and at the PalacéA A B). Intuitively, all three answers
should be equally goodA A B is more complex, sé or B should be preferred, but this needs:
additional pragmatic principle, Grice’ Principle of Manner.[tk.o(x)]R is the set of answers
the addressee of the question can choose from,AlreB is not even an answer. But this poii
may turn out to be not important. What is more relevant for our concerns is whether or not
is a way to extend the order of relevance in order to cover answers that include negatior
‘At the station but not at the PalaceAs soon as an answer entails the negatioafr B it
eliminates more possibilities than eith&ior B. Hence, it should turn out th& A —B is more
relevant tharA, B or AA B. But this contradicts our initial judgment that all these answers
equally good with respect to utility. Given the intuitions that underlie (e.8) this generalis.
would be natural. This shows that it is not so much important to eliminate unsuccessful o
in order to solve a decision problem but to show actions that are successful.

6 Measuring the Utility of Answers and Questions

As the discussion of Merin’s and van Rooy’s approaches did show, it is essential to tak
account the perspectives of the interlocutors. As there are two interlocutors involved in
tioning and answering, the inquirer and the addressee of the question, we conclude that v
to model it as a two person game. Under the assumption that interlocutors are Bayesiar
optimisers we see questioning and answering as a two-person sequential decision proble
complete coordination of preferences. This fits well within a dialogue theory that sees co
ration towards joint goals at the heart of communication. The best known such theory is 1
Herbert H. Clark (1996). He predominantly analyses dialogue in terms of joint projects.
implies that knowledge about each other, and especially the notiocnromon groundgets
some prominence. Fortunately, we don’t need mutual knowledge in our communication r
but we represent some knowledge about the knowledge of others. We follow van Rooy a
guestioning and answering situations that allow for partial answers as subordinated to
decision problem of the inquirer. Hence, we find three successive decision problems:

Inquirer | Expert E | decides Evaluation
Asks answers for action
! l ! l
Q? A a
° e . ° e °
T T T T
subject. subject. subject. utility
expectations expectations expectations measure
of | of E of |
<Q|7P|> <QE3PE> <va> U(Vaa>

12This is van Rooy (2003a, p. 753).
13This is again van Rooy’s calculation.
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We denote the inquirer again byand the answering person By As before, lefQ be a fixed

set of states of the environmert, a set of actiond) : Q x 4 — R an utility measure. The
model will represent (al)'s final beliefs about the world, (b) expectationstofiboutl’s beliefs

about the state of the environment, and (c) expectatiohgbbutE’s answering situation.

Why do we want to represehfs expectations abouts beliefs? Consider again a scenario lil
that in(6).

(8) There is a strike in Amsterdam and therefore the supply with foreign newspaper
problem. It is common knowledge betwekeandE thatl has a clear preference to bt
his newspapers at the station. N&Wearns that the Palace has been supplied with Ita
newspapers and he knows that both, the station and the Palace, get their newspap
the same supplier. As the supplier favours none of his customers, the probability tr
station too got Italian newspapers is quite high. NBwnows that thinks that the Palace
and the station probably get their Italian newspapers from different sources, hence t
that the Palace got them does not indicaté tioat the station got them too. We assur
thatE should only say what he believes to be true, i.e. we assume that only propos
Awith Pe(A) = 1 are admissible as answers. If he does not take into actsugliefs,
then it seems the best answer he can give to the questithere can | buy an Italian
newspape?’ is ‘The Palace got Italian newspapers todagut this would inducd to go
to the Palace, althoughknows that’s expected utility is higher if he goes to the static

(a) The inquirerl has to decide in the final situation about which act@ao take according to
his expectations about the actual states of affairs. We assume that his decision does not
on what he believes that the expErbelieves. Hence we can represent his epistemic state
pair (Q,P), whereP represents his knowledge about the actual world.

I's Decision Situation: It is given by a probability spacg, P) and an utility measure .

(b) We assume that the answering exgemvants to maximise’s final success. Henc&’s
payoff is identical with’s. E has to choose his answer in such a way that it optimally contrib
towardsl’s decision. In general, he has to calculate Howill decide if he provides him with
some informatiorA. Therefore, our model must take into account wiBaxpects about wha
| knows. Hence, we represent the possible states of affaiEssidecision situation by pairs
(v, (Q,P)), wherev € Q is a possible state of the environment d6JP) a possible information
state ofl. The stategQ,P) are intended to represehs knowledgebeforehe learnedE’s
answer. | assume that all probability spaces that | will introduce are finite.

E’s Answering Situation:

o QO :={(v,(Q,P)) |ve Q, Pa probability measure afa}.

e Pt is a probability measure diag.
Note that any probability measuRe on Qg induces a probability measure éhby P=(v) :=
Pe({(u,(Q,P)) € Qe [v=u}).

(c) The inquired in his initial situation may take into account what he believes Ehbelieves.
Hence we represent the possible statekdrinitial decision situation by pairgv, (Qg, Pg)),
where(Qg, Pg) is a possible information state Bf

I's Questioning Situation:

o Q:={(v,(Qg,Pe)) |ve Q, Pe aprobability measure ag }.
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e P is a probability measure d, .

Again, we get a probability measure @nby B (v) := B ({(u, (Qg,Pg)) € Q| [v=u}).

How to determine the utility of answers? The idea is to calculate backward from the final €
ation situation, i.e. by backward induction. This is indeed the most natural and straightfo
solution to our decision problems.

Calculating Backward Expected Utilities

The final Decision Situation: The expected utility of an actiome 4 is calculated according
to (e.3):
EUgp(a) == %P(v) xU(v,a). (e.11)
ve

HenceE calculated’s expected utilities in situatiom= (w, (Q,R,)) after learningA by:

EUgp) (@A) = ZQPV(U|A) x U (u,a). (e.12)

Let aj = indmaxec 1 EUq g, (a,A). Ifitis not unique, we assume some mutually known
breaking rule. According to our assumptidf’'s payoff function is identical witH’s payoff

functionU, i.e. questioning and answering is a game with complete coordination. In orc
maximise his own payof: has to choose an answer such that it indudedake an action tha
maximises their common payoff.

The Answering situation: We use again (e.3) for calculating the expected utility of an ans
ACQ:
EUe pe)(A) == 5 Pe(v) xU(v.ap). (e.13)

vellp

We add here a pragmatic constraint: An answer is admissible ofy(A) = 1. This means
that we only allow for answers that the expErbelieves to bérue. Forv = (w, (Qg,P¥)) € Q
let Admv) := {AC Q|P{(A) = 1}, the set ofadmissiblei.e. true, answers. This leads to tt
following definition of the set of optimal answers in situataan

Op(v) = {A€ Admv) | VB € Adm(v) EU<QE’P¥> (B) < EU<QE’P¥> (A)}. (e.14)

If there are several optimal answers, then we assume again that E's choice fopisQjeter-
mined (in a mutually known way). We denote this unique answekby

Going back td’s initial querying situation, we have to switch perspectives again. In orde
calculate his expected utilities for questiohfias to take into account which action he wot
choose if he gets some informatidn We denote this action bga. | can calculate for all
possibilitiesv = (u, (Qg,Pe)) € Q| the answe’ that is optimal fromE’s perspective given
by (Qe,Pe). Hence, he can conclude that in situatiohe will be led to take actioma =
indmaxe 1 EUiq gy (a,AY), whereR is the probability measure induced éhand where we
have to use the tie braking ruleadfy is not unique.

The Querying situation: The expected utility of a questid@ can then be calculated by:

EUg ) (Q = S AV) xU(vam). (e.15)

vell|
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EUq, r)(Q) does not depend o@. This is a consequence of calculating utilities with resp
to a fixed decision problem. This is the point where our pragmatic backgrounds assumpti
Section 2 enter. There we claimed that a question introduces the immediate goal of prc
a strongly exhaustive answer; this goal may be subordinated to further ends that prov
additional targets that can override the immediate goal of exhaustively resolving the que
These further ends may be given in the background, or they may be inferred from the gt
by help of some plan recognition mechanism. All these goals and further ends have
represented in our model by the utility functibh Hence, in (e.15)) should have a subscrig
Q. Lets consider e.qg.:

(9) a) Where can | buy an Italian newspapé€(Q)
b) Are there Italian newspapers at the statid@?)

Let 4 = {a,b}, the actions of going to the station and going to the Palace. We can represe
difference betwee@ andQ’ by the assumption thaig(w,a) = Uy (w,a) andUg(w,a) = 1 iff
inwthere are Italian newspapers at the statidgiw, b) = 1 iff in wthere are Italian newspape
at the Palace arldy (w, b) = 0 for allw. HowUg has to be defined in general given the comm
background and the inquirer’s question lies outside of our investigation.

The Examples Reconsidered

Let us first consider the answers of Exam(®® Let 4 = {a, b}, the actions of going to the
station and going to the Palace. L&t Q be the set of worlds where there are Italian news
pers at the station, arBlC Q where they are at the Palace. l&eandB denote the respectivi
complements. We represent the payoffs as folldway,a) = 1 iff we A, U (w,b) = 1 iff we B.

If E knows thatA, thenA is an optimal answer:

EU<QEPE>( ) PE()XU vaA %PE XU(V&)—I

ve

No other answer can yield a higher pay6ffin the same way it follows thd is optimal if E
knows thatB. The same holds fok A B and the strongly exhaustive answer.

If E knows only—A, hencePs(A) = 1, then—-A is an optimal answer:

EUiqe pe) (A) = PE( ) xU(vag) = 3 PE(V) xU(v,b) = Re(ANB) = Pe(B).

ve veA

If P=(C) = 1, then forv € Q eitheral =aoral =b. LetBc := {ve Qe |af =b}. Then
EUige pe)(C) = 5 Pe(v) xU(v,b) =Pe(BcNB) < Pe(B).

ve

Here entersPe (C) = 1= P=(CNA) = 0. Hence, no other answer tha# can be bettér.

Lets consider Examplés). We use the same utility function as before. DNetlenote the set of
all u € Q where the Palace has been supplied with British newspapers. We model the epi
states described i{®) by the following condition: For alV = (u, (Q,P)) € Qg it holds that:

14There could be a problem ifbelieves thaB andE has evidence tha is unlikely. Hence, the result state
above holds in full generality only if we assume in addition e.g. théelieves that can't be convinced oB.
In all calculations there are additional pragmatic assumptions that should be made explicit in a more ri
presentation. E.g. we repeatedly have to assume that for conditional probaB(litjés it holds thatP(A) > 0.

151t js important that can only choose between acticmandb. The result holds even @ = B.
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1. P(A) > P(B) andP(BNN) > P(ANN);

2. Pe(A) > Pe(B), Pe(ANN) = Pe(A) andPe (BNN) = Pe(B).
IsN a good answer? Lete Qg:

EUgp, (& N) = Zu R,(u|N) x U (u,a) = P(ANN).

and
EUq R, (b,N) = Zw R/(u[N) x U (u,b) = P(BNN).
ue

Henceay, = b. We get

EUiae e (N) = 3 Pe(V) x U(ub) = PE(NNB) = Fe(B) < Pe(A

Itis easy to see th&U . p.(Q) = Pe(A). HenceN cannot be the best answer. &be such
thatP:(C) = 1. LetAc := {ve Qe |af = a} andBc := {v € Qg |a% = b}. Then:

EUige ) (©)= 3 PE(V) xU(va)+ 3 Re(v) xU(wb) = Fe(AcNA) +Pe(BcB) (e.16)

ve ve

Is it possible thaE has a better answer than saying nothing although he does not know
aboutA andB than the inquirer? Well, it is.

(10) Imagine that there is a causal relation between who is delivering Italian newspape
morning and whether or not there are newspapers at the station and Pake®vs that
a man namedan den Ber¢f delivered them this morning. Assume ttiaknows thatl
can infer from who delivered the newspapers whether there are Italian newspapers
station or at the Palace. In this cdSéas a better answer than saying nothing:

I: Where can | buy an Italian newspaper?
E: A man named ‘van den Berg’ delivered the newspapers this mor(@)g.

In addition, this example shows that our theory does not say that the relevance measure
the receiver’s perspective, i.e. the inquirer’s, is irrelevant for determining the best arGw
carries no information foE, only forI. It only says that, in general, the inquirer’'s perspect
is not enough. It takes two for communicating.
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