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This paper investigates a new representation format for dynamic discourse in
DRT, where contextual dynamics is modeled in terms of update conditions.
This new representation format is motivated by the study of context depen-
dence in modal constructions, in particular by serious problems besetting ear-
lier approaches to modality and modal subordination in DRT. We present an
alternative DRT analysis that provides a unified analysis of relative modality
and modal subordination, and which accounts for a wider range of data as
regards modal subordination relative to negation and graded modal contexts.

1. Introduction

One of the distinguishing features of DRT is its focus on representational
aspects of meaning. Another important characteristic of the theory is the in-
sight that the meaning of sentences cannot be determined by truth conditional
semantics proper. A pervasive feature of natural language semantics is that it
is essentially dependent on (material introduced within) the previous discourse
context; DRT and FCS were the first semantic theories that made this specific
kind of context dependence formally precise (Kamp(1981), Heim(1982)).

To account for anaphoric binding in donkey sentences (1a), DRT and
FSC assign the conditional a ‘dynamic’ analysis, which is ‘internal” inasmuch
as 1t concerns the relation between the antecedent and the scope. It is ‘exter-
nally static’ in that the dynamically ‘augmented’ contexts of the antecedent
and consequent are ‘invisible from the outside’, i.e., from the vantage point
of the conditional as a whole. This accounts for the fact that the indefinite
in the antecedent of the first sentence of (la) can serve as antecedent for the
pronominal in its scope, but not for the pronoun in the second sentence.

(1) a. If a farmer owns a donkey, he beats it. # He doesn’t like it.
b. It a farmer owns a donkey, he beats it. It might kick back.

Since Roberts(1989) it is well-known that there are exceptions to this rule. In
Roberts” account the conditional is analyzed as externally static but internally
dynamic to account for (la), while in ‘modal subordination’ contexts (1b) a
special accommodation device may apply, to make material that is embedded
within the antecedent or scope of the conditional accessible for anaphoric bind-
ing. Geurts(1995) proposes a presuppositional account of modal subordination
that is more restrictive than Roberts’ accommodation analysis.



Both Roberts’ and Geurts’” DRT analyses are reconstructions of Kratzer’s
(1978,1991) analysis of relative and graded modality. However, their DRS rep-
resentations do not distinguish between, e.g., deontic and epistemic modality,
nor between indicative and counterfactual conditionals. Geurts” analysis does
not account for modal subordination relative to a negated context, and does
not appropriately render the context dependence of modal sentences that are
to be interpreted as being relative to the preceding factual discourse.

We propose a new representation format for dynamic discourse in DRT,
which allows us to state a unified analysis of relative modality and modal sub-
ordination that reconstructs Kratzer’s notion of context dependent or relative
modality at the DRS level, and thus accounts for the problems just mentioned.

2. Context dependence in modal constructions

There is a broad consensus nowadays that modal verbs, much like frequency
adverbials, are best analyzed in terms of generalized quantification. This view
not only leads to a natural analysis of graded modals (probably, unlikely), but—
more importantly—it captures the inherent context dependence of modal con-
structions: as e.g. pointed out recently by von Fintel(1995), generalized quan-
tifiers can be taken to involve a variable of an appropriate type, which gets
interpreted in context and thus determines—in conjunction with the restric-
tive clause—the quantificational domain. For modal operators this view was
anticipated by Kratzer(1978), who characterized modal operators as being rel-
ative to, or contextually dependent on, different kinds of intensional contexts.

2.1 Relative and graded modality

The impact of Kratzer’s analysis of relative modality is that modal expres-
sions, e.g. must in (2), are not semantically ambiguous between different read-
ings traditionally classified as epistemic, deontic or circumstantial, but that
there is a neutral modal operator that is contextually dependent on differ-
ent kinds of intensional background contexts—epistemic (2a), deontic (2b) and
circumstantial (2c)—that constitute its modal base (Kratzer(1991:639/640)).

(2)

a. (In view of the available evidence,) Jockl must be the murderer.
b. (In view of what the law provides,) Jockl must go to jail.

c. (In view of the present state of his nose etc.,) Jockl must sneeze.

Kratzer(1981) extends this analysis to the concept of graded modality, i.a. in
order to account for deontic and counterfactual modality (3), where the modal
operator is analyzed as doubly relative: Graded modality involves a second
background context, the ordering source o(w), which induces a partial order



<o(w)y on the set of worlds determined by the modal base f(w). For the deontic
conditional (3a), the modal operator is relative to a circumstantial modal
base and a deontic ordering source, while the counterfactual (3b) is analyzed
relative to an empty modal base and a totally realistic ordering source.

(3) a. If Max buys a car, he must pay taxes.
b. It Max had bought a car, he would have paid taxes.

As is brought out by (4), modal subordination is to be viewed as a special in-
stance of the more general phenomenon of relative modality: in (4a) the modal
base is not given by linguistic means, and therefore must be accommodated; in
(4b) the modally subordinated sentence is interpreted relative to the context
set up by the scope argument of the first, modalized sentence (which in turn
is to be interpreted as relative to some accommodated background context).

(4) a. (Cleo is nominated for the first race.) Cleo might win the first race.

b. Suppose Cleo were nominated for the first race. She would certainly
win (it).

2.2. DRT accounts of modal subordination

Kratzer’s analysis of relative and graded modality is well suited to cope with
anaphoric binding and presupposition projection out of modal contexts, and
this is the main reason why it was ‘reconstructed’ in various theories of modal-
ity in the framework of DRT, as e.g. Roberts(1989) and Geurts(1995). Now,
while both Roberts” and Geurts’ theories are built on Kratzer’s analysis of
relative and graded modality, we argue that they do not treat modal subordi-
nation as a special instance of relative modality.

Roberts” accommodation account. Following Kratzer’s analysis, modal
operators are interpreted relative to a modal base and an ordering source,
which denote sets of propositions, but are not defined in the DRS language
and therefore are not represented in the DRS. The impact of Roberts’ theory
is to allow for accommodation of (sub)DRSs in order to account for modal
subordination: in (5) the modal base of the necessity operator is further re-
stricted by accommodation of the scope DRS of the previous modal structure
into the restrictor DRS of the second, ‘subordinated” modal construction.

(5) A thief might break into the house. He would take the silver.

X
& thief(x)
break-into-the-house(x)
X y
thief(x) | y=X

break-into-the-house(x) take-silver(y)




A general problem of the accommodation account is that it is too unrestricted
(see Geurts(1995)). Moreover, the analysis doesn’t distinguish between epis-
temic (5) and deontic modality (6): (6a) is assigned a DRS that is structurally
identical to (5), and similarly (3a-b) are assigned identical DRSs (modulo
tense). The semantic distinction between epistemic and deontic modality is
only available at the level of the verification conditions. This is unsatisfactory
in particular in cases like (6b), where the deontic context is introduced by
linguistic means: the context dependent interpretation of the deontic sentence
cannot, then, be represented in the DRS. Thus, Roberts’ theory is a hybrid
theory: relative modality is only captured in terms of verification conditions,
while modal subordination, a special instance of relative modality, is accounted
for, by the accommodation mechanism, at the level of the DRS.

(6) a. A fireman may break into the house. He must rescue the child.

b. According to German tax law, Max must pay taxes for his car.

Geurts’ presuppositional/anaphoric account. Geurts’ theory is also built on
Kratzer’s analysis, while focussing on the phenomenon of presupposition pro-
jection. It diverges from Roberts” account in that a modal is taken to presup-
pose its domain, thereby taming the powerful device of accommodation. The
DRS language is enriched by propositional referents p,q, which denote sets of
world—function pairs. Such referents can build terms p+ KA, “the indexed propo-
sition denoted by p incremented with the information in K7 (Geurts(1995:81)).
Modal operators are represented as relations between propositional terms p
and ¢ (see (7)), and are assigned the meaning in (8), where the ordering source
0 is a set of propositions and o, ¢’ sets of world—function pairs. Modal subor-
dination is analyzed in terms of a (variant of) the theory of presupposition as
anaphora (van der Sandt(1992)): the presuppositional domain ¢ of a subordi-
nated modal is bound to a referent p established by the restrictor or scope of
a preceding modal sentence. It is easily seen that a presuppositional theory of
modality—in conjunction with accessibility constraints for (presuppositional)
binding—is more restricted than Roberts” accommodation account.

(7) A thief might break in. He would take the silver. Geurts(1995:86/87)
pad —
4 =P *| thief(x) break-in(x) POa d=aq+ take-silver(x) | 9 Dq
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(8) Let o be some given ordering source. Then: Geurts(1995:90)
I,(O)={{0,0"): Vsc€o, Jtco, t <) s & Vi'co, if t' <, t then t'co’}
(

L,(O)={(0,0"): Is € 0,Vs' € 0, if 5" <) 5 then 5" € o'}

But the theory suffers from two main problems. First, as in Roberts’ analysis
the ordering source is not represented in the DRS, but only figures in the
verification condition (8). The epistemic vs. deontic sentences (3a—b) are thus



assigned identical DRSs. It is also not possible to represent the presupposi-
tional /anaphorically dependent meaning of deontic sentences that are to be
interpreted as being relative to a deontic antecedent context that is overtly
introduced by the preceding discourse (6b).

Another problem (acknowledged by Geurts) is that the analysis doesn’t
account for modal subordination relative to negation contexts (9). Since there
is no propositional referent available that could bind the presupposed modal
base of the counterfactual, the pronominal anaphor cannot be resolved.!

(9) I don’t have a microwave oven. I wouldn’t know what to do with it.

This problem is of a more general nature: the analysis cannot account for
relative modality wrt. the factual antecedent context, as illustrated by (10).
While the presuppositional modal base is clearly dependent on the context in-
troduced by the first sentence, there is no propositional referent that identifies
this context. The modal base of the conditional can only be accommodated.

(10) There are two people in the room. If one of them leaves the room, there
will still be one person in the room.

Yxpqr

people(Y) |Y | =2 room(x) in(Yx)
y Z
p=7 a=p+ yEY leave(yx) r=q4+|,ev in(z,x) qbr

3. ADRSs and the representation of contextual dynamics

Frank(1996) pursues an analysis of modality and modal subordination that
follows the spirit of Kratzer’s theory of relative modality, while diverging from
her analysis of deontic and counterfactual modality as involving graded modal-
ity. As in Geurts’ analysis we make use of context referents GG, H, denoting sets
of world-function pairs, and which can build ‘annotated’ or update conditions
G :: F+K'. The notion of relative modalityis rendered in terms of an anaphoric
context referent X’ that figures in the domain argument of a generalized modal
quantifier. The logical form of modal operators is as in (11). Relative modal-
ity and its special instance of modal subordination are captured in terms of
anaphoric binding of the modal operator’s (possibly complex) modal base X'.2

X"GH
X' =7
11
( ) G X +| K Q H:G+| K"

But evidently, being very similar to Geurts’ approach, this anaphoric analysis
doesn’t solve the above mentioned problem for examples like (10) either: the
DRS will not contain any context referent that represents the piece of dis-



course introduced by the first sentence. The conditional cannot, therefore, be
analyzed as anaphorically dependent on the preceding factual discourse con-
text in terms of anaphoric binding of its modal base X'.

3.1. From relational semantics for DRSs to update conditions

DRT’s main insight is that the meaning of a sentence is essentially context
dependent, that each sentence must be interpreted relative to its preceding con-
text, or “as an addition to, or ‘update’ of, the context in which it is used” (van
Eijck&Kamp(1997:179)). Following this dynamic perspective, the meaning of
a sentence is to be captured in terms of context change conditions rather than
in terms of truth conditions proper. To make this view formally precise van
Eijck&Kamp(1997) define a relational, or dynamic semantics for DRSs,? where
the meaning of a (partial) DRS D is stated as a relation between input and
output assignments s and s’ from individuals of U into M: ,[D]¥. But not only
does this relational semantics account for the dynamic meaning of sentences in
discourse. By extension of the DRS language with the sequencing operator °;’
DRSs now explicitly represent the dynamics of discourse: ,[D; D']M iff there
is an s" with ([ D] and +[D']¥ (see van Eijck&Kamp(1997)).

Yet, the dynamic aspect of meaning that is thus built into the semantics
and representation of DRT is still of no help for the problem we encountered
for (10): the states s,s” that record the assignments of referents introduced
in the preceding ‘input’ context are not in the object language, and therefore
cannot serve as representational objects to provide a context-type antecedent
for the anaphoric modal base of the modal operator. But it is obvious how the
dynamic view on the semantics of DRSs can be imported into the DRS syn-
tax, so as to yield an explicit representation of this contextual dependence of
sentence meaning. Modulo the intensional framework, there is a direct corre-
spondence between the relational semantics of DRSs and update conditions on
context referents (12), where context referents denote sets of world—function
pairs (see below for full definition): an update condition & :: F'4+ K’ character-
izes the ‘update’ of an ‘input’ context (referent) F' with a DRS K, to yield the
‘output’ context (referent) &, where e((7) denotes the set of states (w',g) for
which there is a state (w', f) € e(F') s.th. («’, f) and (w', g) constitute correct
input and output states in the relational meaning of K': 1 s [K'] 1w g)-

(12) (w, e)ear G 5 P4 K e(G)={(w', g): (3w, f)ee(F)) . [K T}

3.2. Representation of contextual dynamics in DRT

Instead of using update conditions G :: F' 4+ K’ for ‘subordinate’ contexts
only, we now extend the use of these conditions to explicitly represent the dy-



namics of a discourse within the DRS that is to represent its dynamic meaning.
We will first outline the main idea by going through the critical examples, and
then, in 3.4., introduce the semantic formalism in much more detail.

Let us first consider how the problematic example (10) works out within
this new representation format. In (13) the first sentence, S, is represented
as context dependent upon an antecedent context referent F' in terms of the
update condition G :: F'+ K, where K; corresponds to the DRS that is to
be constructed for S;. The second sentence, S,, is in turn characterized as
context dependent on the antecedent context established by the first sentence,
represented by the referent (7, in terms of the update condition H :: G' 4+ K3,
with K5 the representation to be constructed for S;. Once the accessibility
conditions for anaphoric binding are in place (see 3.4.), it will fall out that the
context referent G that represents the content conveyed by the first sentence
is accessible for the anaphoric referent X’, the modal base of the conditional
within K35, and that—via this anaphoric dependency—the anaphoric expres-
sions them and the room find accessible referents, defined in the universes of K
and Ky. Unbounded presuppositions are accommodated into the ‘highest” pos-
sible DRS, accessible from the context the presupposition projects from, here
the DRS K that is interpreted relative to the empty context A the discourse
starts out with: e(A) = {{(w', ) : w' € W}, A the empty function.

(13) There are two people in the room. If one of them leaves the room, there
will still be one person in the room.
AFGH

FoA+|”

room(r)

.o Y
GuF+ people(Y) | Y | =2 theroom(r) in(Y,r)
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H/ H// X/
X'=G [y

. z
H"G+H’::X’—|— yey H «H +|z€Y
leave(y,r) in(z,r)

3.3. A unified analysis of relative modality and modal subordination

An analysis along these lines immediately accounts for modal subordination
as in (14): the first conditional is represented as being relative to the (empty
or accommodated) factual context F', enabling anaphoric or presuppositional
binding into the ‘main context’, while the second conditional is relative to the
modal context established by the first conditional in terms of anaphoric refer-
ence to the referent GG” that ‘annotates (::)" its scope DRS. Accessibility must
be defined so as to license binding of X” to ", and—via this condition—
binding of anaphoric expressions within the DRSs annotated by H' or H” to
material that is defined within the DRSs annotated by G and G (see 3.4.).



(14) If a thief breaks into the house, he will take the silver.
If in addition he finds the safe, he will try to open it.

AFGH
FuA+|ywo house(y) silver(w) safe(v)
G/ G// X/ x
X'=F thief(x) the_silver(w)
.. 1. ! "o, ! -
GuF4+ |G =X+ the_house(y) G" .G + take(x,w)
break_in(x,y)
H/ H// X//
X// — G//
H:G+
H - X' + ;}Ilid—(sjf\e]gv) H” :: H' 4 | try-open(x,v)

It is easy to see that this analysis caracterizes relative modality and modal
subordination as a unified phenomenon: in both cases the anaphoric modal
base is bound to an accessible context referent introduced by the preceding
discourse. As we argued for (4), the difference between the two types of context
dependent modality is captured by the fact that in the first instance (13) the
antecedent referent denotes a ‘factual’ (nonmodal) context, whereas in the
modal subordination instance of (14) the antecedent referent denotes a modal
context, introduced by the preceding conditional.

The analysis also accounts for modal subordination relative to negated
contexts (9), which was not captured by Geurts’ analysis:

(15) T didn’t buy a microwave oven. I wouldn’t know what to do with it.
AFGI

F:A+|i speaker(i)
H
GuF4+|-H:F+|%

microwave-oven(x) buy(i,x)

I/ I// X/
X' =H

LG4 P ] e know-what-to-
=X+ "1 +|=J:T + do-with(ix)

In 3.4. we define negation to take scope over an update condition. The coun-
terfactual in (15) can then be represented as anaphoric to the referent H,
which denotes a counterfactual context where Max bought a microwave oven.

The analysis of deontic modals differs from Kratzer’s graded modality.*
The modal base of the deontic modal is compler: it is anaphoric to a con-
text ['4+ D, F' a factual context, D a context referent representing a deontic
context, which is introduced by linguistic means as in (16), or else must be ac-
commodated as obligation(D). The distinction between deontic and epistemic
modality is now explicitly represented, in terms of a context referent D that
in virtue of being an argument of a deontic predicate qualifies as deontic.



16) According to German tax law, Harry must pay taxes.
g ) Yy pay

AFG
Fud+ ge];“manftamflaw(D) harry(h)
G/ G// X/
G+ X'=F+D
G = X'+ everyN G 1t G’ + | pay—taxes(h)

3.4. Verification, wellfoundedness and accessibility

We briefly present a semantics for the representations motivated above. In (21)
(which is based upon a simpler language®) an update condition G :: F' + K’
in (2le) not only defines a proper context change potential for K’, but also
constrains K’ to hold true relative to the evaluation state (w,e). Two aspects
require more detailed discussion: the evaluation of K’ relative to e<, U f in
(2le-g) and the normalcy restriction * for modal quantifiers (21g).

The normalcy selection function *(w, G), to be defined in the model,
denotes the set of worlds where everything holds true which is normally the
case, relative to w, in the context G (cf. Morreau(1992)). In (21g) this normalcy
selection function constrains the set of states in the quantificational domain,
which allows us to cope with conditional variability or nonmonotonicity (see
Frank(1996)), and, moreover, to account for modal subordination relative to
modal constructions hosting the quantifier no (see 4.2.).

In update conditions GG :: F'+ K’ (21e) the DRS K’ must be interpreted
relative to a complex function e<g U f (defined by (20)). This is necessary,
e.g., in order to allow for accessibility of context referents defined in Uy from
within a DRS K’, where GG :: F' 4+ K’ € Cong. This situation is found, e.g.
in (13), and is represented by the schematic DRS (17). Since F' is free in K”,
the function ¢ that is to verify K’ should be defined for F' and should assign
it the value that is fixed by e. Since F' € dom(e), it seems straightforward to
evaluate K’ in (2le) relative to a state e U f. But this leads to the problem
of non—wellfoundedness: in (17), G € dom(e), in particular, G denotes a set
of pairs (w', g). If K’ is evaluated relative to a state (w’,eU f), G will be in
the domain of e U f, and G will thus be in the domain of every ¢ in pairs
(w',g) € e(G): That is, e(G) would give the standard set—theoretic notion of
a function belonging to its own transitive closure and thus violate the Axiom
of Foundation. In other words, (w,e) does not verify K. K is logically false.

F G

(17) G:F+ X!

X' =F

To guarantee wellfoundedness we define, in (18), a relation < on context ref-
erents which records the embedding structure of context referents relative to



an embedding function e, e = e; U e3 where e1: Uingres k1 — Unew Up ., €2:
Uses x — (W x () as in (21). The set of context referents X is defined as a
partially ordered system (X, <), which is constrained to be wellfounded (19).
But note that even with (19) we still cannot assign a meaning to DRSs like
(17): if K’ is evaluated relative to e U f, g will be undefined, since G being in
its domain immediately violates wellfoundedness as defined by (19) and (18).

(18) F' <. G is the smallest relation between context referents F,G' € X
relative to an embedding function e s.th.

V(w', g)€ ex(G): Fedom(gz) or Y(w', g)€ ex(G): IX € dom(gs): F<,X.

(19) A function e = ey U ey for ADRSs is wellfounded iff
dom(ey) C X and (X, <) wellfounded.

In (21) wellfoundedness is therefore ensured ‘on the fly’, by defining K’ in up-
date conditions & :: F'+ K’ to be evaluated relative to states (w’, e<qU f), with
e<q defined in (20). Intuitively, dom(e<q) is a subset of dom(e) which contains
only those context referents X that are ‘smaller’, in terms of the relation <.
(18), than (&, and which will thus not cause g to be non—wellfounded.

(20) Let e = €1 U e be a wellfounded embedding function for ADRSs, then
€<, = e1 U ey, where €, = ea[{X € dom(ey) : X # G & G £. X}.

(21) Let K be a DRS (Ux = Uingres ik U Usres_i, Cong), with Cong a set
of conditions of the form referred to in (a—i), M an intensional model
(see Kamp&Reyle(1996)) and e a wellfounded embedding function e =
e1 U ey where e1: Uipgres k= UpewUpar and eg: Upgrer x — (W x G)
(G a set of embedding functions) and e(A) = W x {A}, A the empty
function. * is a normalcy selection function, defined in the model, which
yields, for a world w and a context (a set of world—function pairs) G
the set of worlds *(w, G) where everything holds true which is normally
the case, relative to w, in the context G (cf. Morreau(1992)).
(wye) Eyy K it Jf e Cy f&Vy e Cong : (w, ) Em 7.
[5Tw.sy = {{w, ) = | Coye g & ¥y €Cong = (w, g) a7}
(w,f)[[[(]](w,g> iff f QUK g & \Vl’}/ cCong : <w,g> |:M .

a. — d. atomic DRS conditions (see Kamp&Reyle(1993,1996))
e. (wye) Ep G oo F4+ K it e(G) = {(w',g) : AW, f) € e(F) s.th.
(e uN [ T gyt & F(w, g) € e(G).
fo(w,e) Epy ~ G F+ K iff e(G) = {{(w,g) : Hw', f) € e(F) s.th.
(whe<qun [ N gy} & = Hw, g) € ().
g. (wye) =y G X+ K ?H G4 R
() = {(usg) : 3(u',a") & o(X7) 5h. 1 [K T} &
e(H) = {{w' h): I, g) € e(G) s.th. (w’,e<HUg>[[[X//]](w’,h>} &

o



(A, B) € Quantpy(Q), where

w'g): (W', g) € e(G) &

(=4
m =22 m =2
*

= 3w, h) € e(H)).

h. (w,e) Epy G =F+ D iff
e(G)={{(w', g):3(w’, f)€e(F) (', dyee(D) sth. (v, g)=(w', fUd)}

L (w,e) Ey G C G il V(w,g)€e(G) (', ¢'Yee(G') s.th. ¢ C g.°

Kamp&Reyle(1993) define accessibility in terms of a relation of DRS-subordi-
nation >, which largely corresponds to the hierarchical structure of DRSs. For
our new DRS representation language, implicitly defined by (21), this relation
is extended by the clauses in (22). (23) defines a special subordination relation
< between context referents that mirrors the semantic relation < in (18). This
relation further constrains the accessibility of context referents for anaphoric
binding (24): a context referent X may not be bound to any referent ¥ that
is ‘larger” than X, for such bindings would be in violation of wellfoundedness.

(22)

(23)

(24)

For Ky a DRS, > is the smallest relation satisfying conditions (a—d):

G F+K" € Cong, & F o X+ K' € Cong,, Ko > Ky, Ko > I,
then K’ > K" and Ky > K’ and K; > K",

LG F4+ K" O H G+ K" e Cong,, where Ky > K,

then K" > K", Ky > K" and Ky > K";

c. if =Gt F 4+ K" € Cong,, where Ky > Ky, then K7 > K";
d. K'> K',and it K" > K" and K" > K" then K' > K"

o oe

o

d.

For Ky a DRS, < is the smallest relation to satisfy conditions (a—d):
itG: F+K'e Cong,, Ko > Ky, then FF < GandVZe Uk Z < G
fG=F+DeCong,, Ko > Ky, then FF < G and D < G}

if G C G e Cong,, Ko > Ky, then G' < G;

it ' << G and G < H then F' < H.

A discourse referent y € Uy is accessible, within a DRS K, K > K,
for a discourse referent x occurring in a DRS K"
iff K> K" and if z,y context referents, then « & y.



4. Modal subordination—what you can and cannot do
4.1. Negation

Our analysis accounts for modal subordination relative to negation contexts
(15), where the modal base of the subjunctive modal is anaphoric to the an-
notating referent H of the negated update condition. According to (21f) H
denotes a set of counterfactual states (w’,h), where w’ # w. And from (22)-
(24) it follows that the referent x is accessible from the scope DRS of the
subordinated modal. The analysis also rules out cases like (25): the second
sentence is nonmodal, and therefore cannot induce modal subordination in
terms of anaphoric binding to a context referent. Since the context referent
G’ that is introduced by negation is not accessible as an input referent for the
update condition of the second sentence, the pronoun it cannot be bound.”

(25) Clarissa doesn’t own a bike. # She loves it.

In order to rule out subordination of indicative conditionals relative to negation
contexts (26), we adopt a pragmatic constraint on sentence mood, following
Stalnaker(1976): the denotation of the context referent ' that annotates the
restrictor of an indicative conditional must contain a state that is tied to
the evaluation world. This accounts for (9/15) vs. (26): since the negated
antecedent context is counterfactual (see (21f)), indicative mood is ruled out.

(26) Fred didn’t buy a microwave oven. # He might use it.

4.2, Graded modality

We also account for graded modal forces (29), where for probably, unlikely,
etc. we assume a probability measure P.® In (27) the conditional quantifies
over (sufficiently normal) worlds/states where Max goes to China, and is ver-
ified if those worlds where he buys books in China are assigned a sufficiently
high relative probability. Subordination of the second sentence to the scope
of the graded conditional constrains its universal quantification to range over
worlds where Max buys books in China, but now with restriction to what is
normally the case in such a situation. The condition is verified iff all states that
pertain to such normal worlds can be extended to satisfy the scope argument.

(27) If Max goes to China, he probably buys books. Mary will admire them.

In the structurally similar (28) the modal quantifier is assigned the meaning
of no, which constrains the scope argument B of () to be the empty set: under
normal circumstances Max will not buy books if he goes China. If the deno-
tation of G' and G” were defined in terms of the sets A, B of the relational
quantifier, we could not refer to G' to establish a modal subordination reading:



" would denote the empty set. Yet, according to (21g) G” denotes the full
(context dependent) intension of the scope DRS, such that by anaphoric ref-
erence to " in (28) the second modal universally quantifies over those rather
abnormal worlds where Max buys books in China—again with relativization to
worlds where things evolve as is normal for such a (quite abnormal) situation.

(28) If I go to China, in no case will I buy books. I wouldn’t read them.

AFGH
F:A+]|ic speaker(i) china(c)
G/ G// X/
A
G:F+ X'=F

.. : no .. Z
G' X 4| go-to(ic) G" =G+ books(Z) buy(i,Z)

H/ H// X//

H G X// — G// I
SR (RS O H” = H 4+ 1. 4 read(i,Z)

Our pragmatic constraint on sentence mood—indicative modals are relative
to a context that contains a state that is tied to the evaluation world—is in
accordance with (29a—c,f), but not with (29d—e).? While unlikely and there’s a
slight chance presumably both denote the quantifier unlikely, to be assigned
a low relative probability, the restrictions on sentence mood differ: (29i) is a
possible continuation for (29d) but not for (29¢), while (29ii) is fine with (29e).

(29) a. If Max goes to China, he (necessarily) will buy a book.
b. It Max goes to China, he probably will buy a book.
It Max goes to China, he might buy a book.

It Max goes to China, there’s a slight chance that he’ll buy a book.
i. He will have a hard time reading it.

e. If Max goes to China, it’s unlikely that he will buy a book.

o

£

f. Max goes to China, in no case will he buy a book.
i. # He will have a hard time reading it.
ii. He would have a hard time reading it.

For indicative modals we assume the selection function * to be centered: the
evaluation world figures within the set of accessible normal worlds where Max
goes to China. But with unlikely the subset of those worlds where he in addi-
tion buys books may or may not contain the evaluation world. We suggest that
the contrast in (29) is to be captured in terms of a (pragmatic) restriction:
for a slight chance the scope argument B in the denotation of unlikely must
contain the evaluation world, while it may not for unlikely. These restrictions
are in accordance with the monotonicity properties of these quantifiers.'® Fol-
lowing our pragmatic conditions on sentence mood, anaphoric reference to the



scope argument G of unlikely is then only licit for (29ii), while for a slight
chance modal subordination is possible with indicative mood (29i).'*

4.3. Modal subordination vs. accommodation

We have shown that the anaphoric analysis of modal subordination copes
with a wide variety of data. Yet, it is not uncontroversial that the anaphoric
approach is the right way to go (see e.g. Roberts(1995)).

Let us first mention one immediate problem of the anaphoric approach,
which, however, can be resolved quite straightforwardly. (30) is semantically
equivalent to (28), but structurally distinct. In (30) the context referent that
represents the negated context is embedded within the conditional’s scope and
not accessible for the subsequent modal, to induce modal subordination.

(30) If Max goes to China, he will not buy books. He would not read them.

One could take this as a weakness of the anaphoric/presuppositional approach
to modal subordination, and argue instead that the ‘inherent’ force of subjunc-
tive mood is to refer to (and accommodate) the other case, computed as the
complement (set) of some accessible context (see Corblin(1994)). But besides
the wellformed subordination cases (30) and (9/15) this predicts (31a) to mean
that Fred would have been unhappy if he hadn’t got a letter! (31b) shows that
(anaphoric) reference to the other case is only possible for otherwise. Instead,
we propose to analyze (30) as structurally equivalent to (28), given the equiv-
alence of V= and —3. This can be defended in view of the syntax— semantics
interface, since the (implicit) modal quantifier and sentential negation are both
located within the functional projection of sentence structure.

(31) Fred got a letter today. a. # He would have been unhappy.
b. Otherwise he would have been unhappy.

Roberts(1995) explicitly argues against the anaphoric approach. One of her
central examples is (32), which an anaphoric analysis is unable to handle. Yet,
(32) does not strike us as a particularly coherent discourse.'? It requires some
additional inferencing, namely accommodation of the missing information that
the leprechaun Andy could meet is one of those who have a pot of gold (or
a flying carpet in (i) of fn.12). But this accommodated information doesn’t
correspond to the presupposed modal base of the conditional in (32c).*?

(32) a. If Andy met a leprechaun, he’d be delighted.  Roberts(1995, 674)
b. Leprechauns sometimes have a pot of gold.

c. If Andy was really lucky the lepr[.] might let him have some of it.

We make a clear distinction between the anaphoric analysis of modal subordi-



nation, which may involve accommodation of the presupposed modal base if
no appropriate antecedent referent is found, and accommodation of otherwise
presupposed material, which may contribute to enabling anaphoric binding,
but must be triggered by presuppositional elements (e.g. really lucky in (32)),
or, as Roberts(1995) points out, specific contextual licensing conditions. This
distinction is illustrated by (33a-b) (from Corblin(1994)). Speakers uniformly
affirmed that—without the bracketed material—(33b) requires some further
interpretation effort, as opposed to (33a), which comes down to ‘adding’, or
accommodating the information that is carried by the bracketed otherwise.

(33) a. Mary didn’t give the name of the witness.
(If she had done so/ Otherwise) They would have killed him.

FGH
Folm Yzrz )
| mary(m)  gangsters(Y) witness(z) name(z,x)

G/

GuF4+)ogoF 4+ give(m,z,Y)
H/ H// X/

H:G+ X cd
H X'+ everyN, H” o H' 4 | kill(Y x)

b. Mary gave the name of the witness.

(If she hadn’t done so/ Otherwise) They would have killed her.
FGH

Folm Yoz
| mary(m)  gangsters(Y) witness(z) name(z,x)

G F + | give(m,2,Y)
H/ H// X/
H:G+ X cG

H =X +| - give(m,z,Y) everyN. H” :: H' + | kill(Y,m)

Kasper(1992) gives an analysis of simple subjunctive sentences as involving
implicitly restricted counterfactual conditionals, which presuppose, in the im-
plicit antecedent clause, “the preconditions for the possibility of the conse-
quent to be true”. In (33a), this presupposition is satisfied by modal subordi-
nation or anaphoric binding of the modal base to the context (referent) ¢,
defined by negation in the first sentence. No accommodation is in order. In
(33b), by contrast—without realization of otherwise—the DRS does not con-
tain any appropriate context referent that could instantiate the modal base
of the implicitly restricted conditional, and at the same time satisfy this spe-
cific presupposition. Choosing the factual antecedent context (G as modal base
of the counterfactual, the “preconditions for the consequent to become true”
must therefore be accommodated into the restrictor DRS: the most straightfor-
ward condition that comes to mind, here, is that Mary didn’t give the witness’



name. It is this additional accommodation ‘effort’ that we believe makes (33b)
slightly ‘harder’ to process as compared to (33a).

In sum, then, we consider examples like (31a), (32) and (33b) to be
distinct from modal subordination proper, which we conceive of as a special in-
stance of relative modality, and which we analyzed in terms of anaphoric bind-
ing/accommodation of the modal’s anaphoric modal base X'. The examples
that at first sight seem to be problematic for this ‘syntactically conditioned’
anaphoric approach were shown to involve accommodation, in particular, ac-
commodation of further material, distinct from the anaphoric modal base.
Since, as Roberts(1995) points out, accommodation is to be licensed pragmati-
cally, the ease or difficulty of processing examples like (31a), (32), or (33b) will
be heavily dependent on the particular contextual setup, or the ‘willingness’
of the interpreter to do accommodation more or less gratuitously. We consider
it as a pro of the anaphoric approach that it captures this distinction.

5. Conclusion

We have given a unified analysis of relative modality and modal subordina-
tion, based on a new DRT representation format that explicitly represents the
contextual dynamics of discourse. The analysis accounts for a wider range of
data than previous DRT approaches: in particular, it improves over Roberts’
and Geurts’ reconstructions of Kratzer’s theory of modality in that all relevant
contextual parameters of modal constructions are represented at the level of
the DRS. We have shown how to solve the problem of wellfoundedness that
was imported by use of our new representation format, and formulated syn-
tactic constraints on anaphoric binding, which also preserve wellfoundedness.

The analysis characterizes modal subordination as an anaphoric phe-
nomenon, a special instance of relative modality. We argue that examples that
seem problematic for the anaphoric approach to modal subordination can be
solved, if we clearly distinguish between modal subordination proper, which is
restricted in terms of syntactic conditions on anaphoric binding, and accommo-
dation, which is dependent on contextual and pragmatic licensing conditions.

Endnotes

* The acknowledgements of this paper address in the first place, and somewhat
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reports on results of a dissertation who benefitted greatly from the support
and insight of these two teachers. We also would like to thank the follow-
ing people for valuable comments, questions and discussion: Nicholas Asher,
Miriam Butt, Tim Fernando, Josef van Genabith, Daniel Hardt, Rodger Kib-
ble, Peter Krause, Arthur Merin, Uwe Reyle, Robert van Rooy, Daniel Rossi,
Antje Rofldeutscher, Michael Schiehlen, Ben Shaer, and Carl Vogel.



1 Geurts resorts to a notion of contextual suppletion in order to solve this
problem. See Frank(1996) for criticism.

2 A complex modal base is used for the analysis of deontic modality (see 3.3.).
% See also Kamp&Reyle(1996), Kamp(1996). Their definition of relational se-
mantics follows the spirit of Heim(1982) and Groenendijk&Stokhof(1991).

1 See Frank(1996) for motivation and comprehensive analysis. The DRS given
in (16) is overly simplistic: it doesn’t account for a possibly conflicting factual
antecedent context, and ignores problems of ‘trivially’ true deontic sentences.
5 (21) is based on the simpler language DRL?, defined in (i) and (ii). Here
and in (21) we assume Kamp&Reyle’s(1993,1996) syntax and verification con-
ditions for atomic DRS conditions. The verification of update conditions (ii.e)
only defines the context change potential for K’ relative to F. Nothing follows
from (ii.e) as to the truth of K’ relative to (w, e). Assertion of truth is defined
by the truth predicate (i.f), applied to a context referent (i. The predicate is
verified by (w, e) iff there is a state (w', g) € e(G) with w’ = w. Instead of a
simple assertive DRS K’ we thus construct a complex structure, consisting of
an update condition G := I' + K’ together with the truth predicate YG. Yet,
we refrain from using a special truth predicate in the representation language.
Instead we chose the more constrained language that is implicitly defined by
(21), where assertion of truth is built into the verification condition of updates.

(ie. G:=F+K' f YG g -YG h G Q I

e. (w,e) |—MG —F—I—[& iff
e(G)= {{w’ > I’ F)e e(F) sithe e oun[B T -
f. (w,e) Em iff Hw,q) € e(G).
g (w,e) Fa G i (3w, g) € e(G)).
h. (w,e) = M G Q H iff (A, B) € Quanty(Q), where
<< ,g): (W', g) € e(G) & w' € *(w, e(G

):
A= {{w )y &
B = {(w,g): (w'g) € e(G) & w' € *(w,e(G)) &
V!, g): (', g) € e(G) & w € *(w, e(G)) — !, h) € e(H)}.

6 Context reduction (21.1) is used for counterfactuals and deontic modality.
" Yet, we account for cases like Max doesn’t own a car. So he doesn’t have to
park it. The input referent of the negated condition of the second sentence can
refer to the annotating referent of the negated condition of the first sentence.
8 E.g., Quantys(probably)(A, B) = {(A, B): P(cs(A) N es(B))/P(cs(A)) >
75}, with probability P defined for sets of worlds ¢s(A), es(B), with A, B as
in (21g) and es(X) = {w': (F2') (v, 2) € X}.

 For indicative modals the normalcy selection function is centered. So, in all
of (29a-f) the evaluation world is among the normal worlds quantified over.
This predicts the indicative (29i) for (29a-c) and subjunctive (29ii) for (29f).
19 See Kibble(1996), who independently investigates modal subordination with
graded modals, but doesn’t take into account constraints on mood.



"' However, in (i), with modal subordination relative to the restrictor argu-
ment, indicative mood is licensed, which is predicted (see fn. 9).

(i) If I go to China, it’s unlikely that I'll buy books. I'll visit monuments.
12 The reason (32) might be considered as coherent could be due to the use of
the kind—denoting NP gold in possessive construction. Consider (i), for com-
parison, which is worse than (32). Speakers who accept the German equivalent
of (i) suggest that it gets better if the anaphor ihn for the carpet is replaced
by einen (one—anaphora), which is generally available in positions that do not
allow for individual-type anaphora, and thus calls for a separate analysis.

(i) If Andy met a unicorn, he’d be delighted. Unicorns sometimes have a
flying carpet. If Andy asked it kindly, the unicorn might give it to him.

13 Instead, it corresponds to the presupposition that is triggered within the
conditional’s antecedent, by the phrase really lucky, which is, then, responsible
for the local accommodation of this ‘missing’ additional assumption.

References

Corblin, F. 1994. “I’anaphore en subordination modale”, in: Actes du colloque
d’Anvers: Relations anaphoriques et (in)cohérence, CNRS Rennes.

van Eijck, D.J.N./ Kamp, H. 1997. “Representing Discourse in Context”, in:
Van Benthem, J./ Ter Meulen, A. (eds): Handbook of Logic and Lin-
guistics, FElsevier, Amsterdam, 179-237.

von Fintel, K. 1995. “Presupposition Accommodation and Quantifier Do-
mains”, in: Prague Workshop on Context Dependence, to appear.

Frank, A. 1996. Context Dependence in Modal Constructions, Doctoral Dis-
sertation, University of Stuttgart.

Geurts, B. 1995. Presupposing, Doctoral Dissertation, University of Stuttgart.

Groenendijk, J./ Stokhof, M. 1991. “Dynamic Predicate Logic”, in: Linguis-
tics and Philosophy, 14, 39-100.

Heim, I. 1982. The Semantics of Definite and Indefinite Noun Phrases in FEn-
glish, PhD Thesis, University of Massachusetts, Amherst.

Kamp, H. 1981. “A Theory of Truth and Semantic Representation”, in: Groe-
nendijk, J./ Janssen, T./ Stokhof, M. (eds): Formal Methods in the
Study of Language. Amsterdam, 277-322.

Kamp, H./ Reyle, U. 1993. From Discourse to Logic, Vol.I, Dordrecht, Kluwer.

Kamp, H./ Reyle, U. 1996. From Discourse to Logic, Vol.II, ms, Stuttgart.

Kasper, W. 1992. “Presuppositions, Composition and Simple Subjunctives”,
in: Journal of Semantics 9, 307-331.

Kibble, R. 1996. “Modal subordination, focus and complement anaphora”, in:
Ginzburg,J./ Khasidashvili,Z./ Vogel,C. /Lévy,J-J./ Vallduvf,E.(eds):
The Thilisi Symposium on Language, Logic and Computation, CSLI.

Kratzer, A. 1978. Semantik der Rede. Kontexttheorie — Modalworter — Kondi-



tionalsdtze. Konigstein/Taunus: Scriptor.
Kratzer, A. 1981. “The Notional Category of Modality”, in: Eikmeyer, J.J. &
Rieser, H. (eds): Words, Worlds, and Conteats, Berlin, 38-74.
Kratzer, A. 1991. “Modality” / “Conditionals”, in: von Stechow, A./ Wun-
derlich, D. (eds.) Semantik. Fin internationales Handbuch der zeit-
genossischen Forschung, Berlin, 639-656.

Morreau, M. 1992. Conditionals in Philosophy and Artificial Intelligence. Uni-
versity of Amsterdam, PhD dissertation.

Roberts, C. 1989. “Modal Subordination and Pronominal Anaphora in Dis-
course”, in: Linguistics and Philosophy 12, 683-721.

Roberts, C. 1995. “Domain Restriction in Dynamic Semantics”, in: Bach, E./
Jelinek, E./ Kratzer, A./ Partee, B.H.: Quantification in Natural Lan-
guages, Kluwer Academic Publishers, 661-700.

Stalnaker, R. 1976. “Indicative Conditionals”, in: Kasher, A.: Language in Fo-
cus, Dordrecht, Reidel, 179-196.

van der Sandt, R. 1992. “Presupposition Projection as Anaphora Resolution”,

in Journal of Semantics 9, 333-377.



