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Abstract

This chapter explores central issues in the semantics of anaphora, highlighting analytical chal-
lenges posed by anaphoric expressions with unspecific antecedents and solutions proposed to
address them. Focusing on anaphoric pronouns in hypothetical and counterfactual discourse,
it illustrates how unspecific antecedents, which are typically not considered referential, chal-
lenge an understanding of anaphora based on a classic notion of coreference. The chapter
compares descriptive (e/d-type) and dynamic approaches to explaining these non-referential
cases: Descriptive approaches address the challenge by assuming that anaphoric dependen-
cies retrieve linguistic representations rather than establishing coreference, whereas dynamic
approaches adopt a generalized notion of discourse reference. The chapter also provides a de-
tailed examination of dynamic analyses of hypothetical and counterfactual anaphora, showing
that discourse states must store discourse referents not only relative to possibilities within the
context set but also relative to counterfactual possibilities outside of it. The discussion is then
linked to psycholinguistic findings on the comprehension of anaphora. The chapter is intended
for advanced students and researchers seeking an overview of current semantic approaches to
anaphoric dependencies in hypothetical and counterfactual discourse.

1 Introduction

Anaphora is a dependency between expressions in discourse. A typical example is (1).

(1) Maryx was tired. Shex napped.

The pronoun she is an anaphoric expression1: It depends on its antecedent Mary for its interpreta-

tion. In this case, the dependency is one of coreference: Both expressions denote2 the same indi-

vidual (indicated by coindexation). Since coreference appears so central to basic cases, anaphora is

often pre-theoretically associated with coreference (see, e.g., discussion in King and Lewis, 2021).

*My thanks are due to Hans Kamp and Morwenna Hoeks for written feedback and discussion, as well as Patrick
Elliott, Adrian Brasoveanu, and Antje Rossdeutscher for discussion that aided the development of ideas presented here.

1 This chapter is about discourse anaphora in the sense of expressions interpreted via an antecedent, rather than in
the Binding Theory sense of reflexives and reciprocals (e.g. English themself/each other) (cf. Chomsky, 1981).

2We understand denotation model-theoretically, as a semantic value in a Fregean/Tarskian sense.
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However, defining anaphora based on coreference is problematic, since many cases typically

classified as anaphoric are not considered referential. In the classical sense (Frege, 1892), an ex-

pression is referential if it denotes a particular object in the world. Accordingly, two expressions

are co-referential if they denote the same object. This excludes cases like (2a) bound anaphora and

(2b) donkey anaphora (Evans, 1977), which lack a specific referent.

(2) a. Bound anaphora: Every actressx believes shex deserves more roles.

b. Donkey anaphora: Every farmer who owns a donkeyy feeds ity.

In (2a), the meaning of she can be described as a bound variable dependent on the quantifier every

actress, yielding the following paraphrase: for every individual x in the domain, if x is an actress,

then x believes x deserves more roles, captured in predicate logic as:

(3) ∀x(actress(x) → believes(x, deserves-more-roles(x))

Because the denotation of the pronoun depends on a quantifier that syntactically commands it, it

is analyzed as a variable bound by the quantifier (Montague, 1973). Similarly, the pronoun in

(2b) depends on the quantifier a donkey, which, in turn, depends on every farmer. This can be

paraphrased as: for every x, if x is a farmer and owns a donkey y, x feeds y. In these examples, the

value of the pronoun co-varies with the quantifier. This shows that anaphoric pronouns need not

pick out any specific individual in the actual world and therefore need not involve (co-)reference.

Beyond these quantificational cases, this chapter focuses on non-referential anaphora with an-

tecedents in the scope of non-veridical operators, which do not entail the existence of a referent.

These occur in modal subordination3 and so-called bathroom disjunctions (4) and (5).

(4) a. Modal subordination Roberts, 1987, 1989

A wolfx might walk in. Itx would eat you first.

b. Bathroom disjunctions Roberts, 1987, p. 21, attributed to Barbara Partee

Either there isn’t a bathroomy in this house or ity’s in a funny place.

(5) Modal subordination with negated antecedents Frank and Kamp, 1997, p. 155

I don’t have a microwave ovenz. I wouldn’t know what to do with itz.
3(4a) and (5) show modal subordination, where a pronoun is interpreted in the scope of a modal (here: would),

allowing for an anaphoric relation that would be impossible without the modal.
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These pronouns are not interpreted relative to quantification over individuals, like the bound and

donkey pronouns in (2). Rather, they are non-referential because they don’t (necessarily) denote

actual objects. While (4a,b) merely invoke the possibility that the mentioned objects exist, (5) ex-

plicitly denies the existence of a referent. We distinguish quantificationally unspecific anaphoric

expressions, whose antecedents correspond to real-world entities relative to quantificational in-

stances, and intensionally unspecific anaphora, whose antecedents do not point to actual objects

(both are kinds of scopally unspecific antecedents in the sense of Farkas, 2002).4

Non-referential cases of anaphora complicate a pre-theoretic definition by showing that corefer-

ence, though central in simple cases, cannot be a defining feature. King and Lewis (2021) consider

a broader characterization that anaphora arises whenever “the interpretation […] of one expres-

sion depends on the interpretation of […] another” (para. 1). While this captures both referential

and non-referential dependencies, they also note that it is too broad, since many types of context-

dependence (e.g., lexical disambiguation) are not anaphoric. A more restrictive definition is there-

fore needed. Two major traditions in semantic theory have offered competing answers:

Dynamic accounts (Kamp, 1981b; Heim, 1982; Groenendijk and Stokhof, 1991) treat anapho-

ric pronouns as variables that establish a relationship to their antecedent by recovering its semantic

value. This extends the notion of (co-)reference to a generalized notion of discourse reference

(Karttunen, 1976) to include anaphoric co-valuation relative to quantificational instances or rela-

tive to possible worlds of evaluation.

Descriptive accounts (Evans, 1977; Neale, 1988; Elbourne, 2005) treat pronouns as definite

descriptions that recover the descriptive content of their antecedent from its linguistic representa-

tion. As definite descriptions, pronouns presuppose the existence of a unique referent, allowing for

an account of non-referential cases by appealing to local accommodation.

This chapter discusses how descriptive and dynamic approaches address the challenge of non-

referential anaphora, focusing on intensionally unspecific cases. Descriptive analyses avoid prob-

lems of unspecific anaphora, by not relying on coreference. Dynamic analyses require additional
4 As a reviewer notes, generic quantification blurs the distinction between quantifying over actual and hypothetical

entities (e.g., D. Lewis, 1975; Carlson and Spejewski, 1997). Generic statements (e.g., Donkeys usually eat hay) often
receive law-like interpretations, making it unclear how actualized the quantificational possibilities are and whether
quantification in actual vs. possible domains is distinguished semantically. However, D. Lewis (1975) and later work
(e.g., Krifka et al., 1995) argue that generics involves simultaneous quantification over individuals and situations, the
latter being closely related to the intensional structure that also underlies intensionally unspecific anaphora.
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machinery to model discourse reference in quantificational, hypothetical, and counterfactual con-

texts, but offer a more general framework of anaphoric expressions as involving index variables.

Other cases where anaphoric expressions and antecedents are not in a coreference relation, are

those where the relation is a more indirect one: Anaphoric pronouns may denote an element of

heterogeneously gendered pair denoted by its antecedent (6a), the theme of an event denoted by

the antecedent (6b), or the instrument of a habitual event in which the antecedent is the agent (6c).

(6) a. Whole-part: Tom Roberts, p.c.

The Johnsons moved in next door. He’s a barista, and she moonlights as an assassin.

b. Event-theme: Douloureux, 1992, p. 47

When little Johnny threw up, was there any pencil eraser in it?

c. Agent-instrument: Lakoff and Ross, 1972, p. 121

John became a guitarist because he thought it was a beautiful instrument.

Because these cases do not involve identity between antecedent and pronoun denotations, they also

challenge a purely coreferential definition. Non-identity also occurs with split-antecedent plural

pronouns (7a), where the antecedent is “split” into to expressions, and with complement anaphora

(7b), where the antecedent mentions the (few) people that sang the hymn, but the pronoun denotes

its complement set given the relevant set of people, namely those that did not sing the hymn.

(7) a. Split antecedents Eschenbach et al., 1989, p. 161

Michael met Maria at the cinema. They had a great time.

b. Complement anaphora Moxey, 1986, p. 12

Few people sang the hymn. They didn’t know the words.

Further cases of non-identity include anaphoric tense (Partee, 1973, 1984; Kamp, 1981a; Klein,

1994), bridging with anaphoric definites (Clark, 1977), and functional anaphora with ‘paycheck’-

pronouns (Karttunen, 1969; Jacobson, 2000; Abney and Keshet, 2025). Various phenomena are

discussed under the heading of anaphora, including propositional anaphora (Webber, 1991; Asher,

1993; Snider, 2017), anaphoric zero arguments (e.g., Saebø, 1996), or quantifier domain restriction

(Stanley and Szabó, 2000). While many accounts aim to unify diverse cases, this chapter focuses on

singular anaphoric pronouns (e.g., English it, she) to illustrate challenges with unspecific anaphora.
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In the following, Section 2 introduces central issues by discussing referential cases, indefinite

antecedents, bound and donkey anaphora, along with the descriptive and dynamic approaches de-

veloped to address them. Section 3 turns to intensionally unspecific anaphora, examining how

intensional operators constrain anaphoric dependencies and contrasting descriptive and dynamic

approaches. Section 4 evaluates the extensions to dynamic semantics required to address such

cases. It compares existing analyses in detail and explores consequences of the dynamic theory

of anaphoric accessibility developed in Hofmann (2022, 2025). This section will be most useful

for readers with some background in dynamic semantics or those interested in exploring it. Sec-

tion 5 reviews psycholinguistic research on comprehending anaphora, focusing on evidence bear-

ing on whether anaphora involves retrieval of semantic denotations (as in dynamic approaches) or

linguistic representations (as in descriptive approaches), as well as investigations of hypothetical

and counterfactual antecedents. Section 6 concludes that, although descriptive analyses capture

many unspecific cases with less formal machinery, an enriched dynamic semantics may ultimately

provide a more unified and cognitively motivated account, once the variety of anaphora and psy-

cholinguistic evidence is considered.

2 Semantic approaches to anaphora

2.1 Referential anaphora, indefinite antecedents, and bound anaphora

Our main goal will be providing semantic representations to allow anaphoric pronouns to receive

their meaning from their antecedents. In basic cases like (1), repeated here, we want to capture a

coreference relation, where anaphoric expression and antecedent denote the same real-world object.

(1) Maryx was tired. Shex napped.

Our starting point is the standard Montegovian view, where pronouns are variables that receive

their semantic value from a variable assignment function g:

(8) Jnapped(x)KM,g = g(x) ∈ JnappedKM
Referential anaphora can then be interpreted by assuming that the pronoun is evaluated relative

to a contextual variable assignment that gives it the same value as its antecedent (e.g., Heim and
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Kratzer, 1998, p. 243). Assuming that pronouns are variables also allows for analyzing bound

anaphora (2a) as quantifier-bound variables5 in predicate logic (3) (definitions in Appendix A),

because quantifiers are interpreted by modifying assignment functions.

(3) ∀x(actress(x) → believes(x, deserves-more-roles(x))

Another central case is cross-clausal anaphora with indefinite antecedents, as in (9) (see Heim,

1982, or Kamp and Bende-Farkas, 2019).

(9) Mary owns a carx. Itx’s red.

Representing pronouns as variables, and quantifiers as manipulating variable assignments, we can

derive that anaphora with indefinite antecedents is possible in (9): Following Russell (1919), we

can assume that indefinites contribute existential quantifiers, and followingGeach (1962), wemight

assume that these quantifiers can take scope over multiple sentences in discourse:

(10) ∃x(car(x)∧ own(m,x)∧ red(x))

On this analysis, (9) contributes the complex existential statement in (10), which is true iff (if and

only if) Mary owns at least one red car. Since quantifiers range over sets of possible values, some

have argued (following Evans, 1977) that this misses the intuition that (9) refers to a specific car.

In contrast, Kripke (1977) proposed that existential statements can be used referentially to single

out a particular speaker’s referent that the speaker has in mind, as opposed to a semantic referent

determined solely by literal meaning. The idea that indefinites are sometimes used referentially

is supported by cross-linguistic evidence: many languages morphologically mark indefinites for

specificity, signaling that the speaker intends reference to a particular individual (see, e.g., Fodor,

1970; Dahl, 1970; Farkas, 1981; Enç, 1991; Farkas, 2002; Farkas and Brasoveanu, 2019). As-

suming that the speaker has such a referent in mind (here, a specific x that is Mary’s car) the

representation in (10) correctly derives that the pronoun and its antecedent denote the same object.

5Work on bound pronouns shows further complexities: Even with referential antecedents, embedded pronouns may
have de se readings, where they are interpreted from the attitude holder’s perspective (e.g., “John hopes he will win”≈
John hopes ‘I will win’; see D. Lewis, 1979; Kaplan, 1977; Anand and Nevins, 2004; King and Stanley, 2005; Anand,
2006). Further, phi-features on bound pronouns raise questions whether they contribute truth-conditional content, or
only reflect agreement with the antecedent (e.g., Heim, 2008; Sudo, 2012; Bassi and Longenbaugh, 2018). These
issues suggest that bound pronouns cannot always be treated simply as variables co-varying with their antecedents.
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2.2 The donkey scope paradox

Extending this approach to donkey anaphora (2b) presents a famous scope paradox (Evans, 1977;

Kamp, 1981b; Heim, 1982), illustrated in (12) (the scope of the indefinite is underlined).

(2b) Every farmer who owns a donkeyx feeds itx.

(11) a. ∃x(donkey(x)∧ ∀y((farmer(y)∧ own(y, x)) → feed(y, x)))

b. ∀y((farmer(y)∧ ∃x(donkey(x)∧ own(y, x))) → feed(y, x))

Analyzing the antecedent as a wide-scope indefinite (11a) yields the implausible reading that there

exists (at least) one donkey owned and fed by all relevant farmers. If we attempt to achieve the

unspecific interpretation by letting the indefinite scope below the quantifier (11b), it is no longer

in a position to bind the pronoun. That is because the existential quantifier would need to take

scope over the pronoun in order to analyze the relationship in terms of variable binding. Donkey

pronouns (11) thus raise the question of how they receive a semantic value.

This key issue has inspired two prominent approaches. The descriptive approach (Evans, 1977;

Neale, 1988) assumes that pronouns do not receive a semantic value from their antecedent, but

recover the predicative content of their antecedents, and reintroduce it as a definite description.

The dynamic approach (Karttunen, 1976; Kamp, 1981b; Heim, 1982; Groenendijk and Stokhof,

1991) posits that anaphoric expressions pick up discourse referents introduced in prior discourse.

2.3 The descriptive approach

The descriptive approach (Evans, 1977; Neale, 1988) assumes a standard treatment of indefinites

as existential quantifiers but departs from the Montegovian analysis of pronouns. Instead of treat-

ing pronouns as variables, it assumes they recover the (complex) predicate quantified over in the

antecedent (12) and reintroduce it as a definite description (here modeled using the description

operator (13d)). Accordingly, (13) states that the unique car that Mary owns is red.

(12) a. Mary owns a car.

b. ∃x(car(x)∧ own(m,x))

(13) a. It is red.

b. red(ιP)

c. P = λx.(car(x)∧ own(m,x))

d. ιP = x, iff P(x) and |P| = 1
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Here, P is the predicate recovered from the antecedent (13c). The operator ι (13d) presupposes that

there is a unique entity satisfying P, and returns that entity (following Russell, 1905; Strawson,

1950). differ in how this predicate is recovered, (e.g., syntactic anaphora like ellipsis, or semantic

anaphora over properties), but the discussion here assumes a simplified version of Neale’s (1988)

d-type account (full definitions in Appendix A). Bound anaphora can still be analyzed with variable

binding, but donkey pronouns receive the following analysis:

(14) a. Every farmer who owns a donkey feeds it.

b. ∀y((farmer(y)∧ ∃x(donkey(x)∧ own(y, x))) → feed(y, ιP))

c. P = λx.(donkey(x)∧ own(y, x))

The recovered predicate (14c) contains the free variable y. The pronoun introduces the ι-operator

which binds x, while y is bound by the universal quantifier over farmers. The resulting paraphrase

is: For every farmer, if they own a donkey, they feed the unique donkey they own. This account

successfully derives donkey anaphora by allowing pronouns to reuse descriptive content.

The account also captures the observation that indefinites under universal quantifiers (15) are

not available as an antecedent, i.e. not accessible, to pronouns outside their scope:

(15) a. Every farmer who owns a donkeyx feeds itx.

b. #Itx likes hay.

On the descriptive analysis, (15b) would yield the semantic form in (16a), where the recovered

predicate P again contains the free variable y.

(16) a. like-hay(ιP) b. P = λx.(donkey(x)∧own(y, x))

Outside the scope of the universal quantifier, the variable y is no longer bound, andmust receive

a value from contextual assignment (like the referential pronoun in (8)). But now, the uniqueness

presupposition of the ι-operator is not satisfied, since the universal antecedent sentence (15a) can

only be used to describe situations with more than one donkey. The analysis thus predicts that

indefinites under universal quantifiers cannot serve as antecedents for pronouns outside their scope.
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2.4 The dynamic approach

Dynamic accounts like Discourse Representation Theory (DRT Kamp, 1981b; Kamp and Reyle,

1993), File Change Semantics (FCS, Heim, 1982, 1983a), and Dynamic Predicate Logic (DPL

Groenendijk and Stokhof, 1991) treat pronouns as variables but depart from the Montegovian anal-

ysis of quantification. Here, existential quantifiers introduce discourse referents (Karttunen, 1976).

In this chapter, we formally understand discourse referents (drefs) as mappings from variable names

to model objects that are stored and accessed in a representation of the evolving discourse context.6

That is, the discourse context stores the variable mappings that have been introduced in the dis-

course, and subsequent variables can be interpreted relative to the mappings in the context.

2.4.1 The basic system

A discourse context C is modeled as a set of variable assignments, and sentence meanings are

updates to this context. The contribution of the sentence (17a) is modeled as a sequence of updates,

represented as (17b), using a version of DPL, with definitions in Appendix B.

(17) a. Mary owns a carx. b. [x]; [car(x)]; [own(m,x)]

For semantic representations of updates, I use inline DRT notation (Muskens, 1996; Braso-

veanu, 2006), where updates appear in square brackets separated by semicolons, indicating that

they are interpreted sequentially (defined as dynamic conjunction below). For clarity, I adopt an

atomic normal form: instead of representing (17b) as the complex update [x | car(x), own(m,x)]

(as in DRT, cf. Kamp and Reyle, 1993), each atomic update is stated separately, so each can be

discussed separately. The atomic updates in (17) have the following effects: [x] introduces a new

dref for the variable name x.7 The updates [car(x)] and [own(m,x)] impose conditions that xmust

point to a car owned by Mary. Let’s now see how these updates work in detail.
6This differs slightly from the DRT view of drefs as variables (e.g. Kamp, 1981b; Kamp and Reyle, 1993).
7 Dynamic systems differ in whether variable assignments are modeled as partial or total functions. In DRT, assign-

ments are partial, and defined only for previously introduced drefs. Therefore, the link between an anaphoric variable
and its antecedent follows from the semantics of discourse update. In DPL and FCS, assignments are total, and can in
principle assign values to any variable. As a result, the connection between anaphoric expressions and their antecedents
must be stipulated explicitly (e.g. Heim’s (1982) Formal Link Condition). This chapter assumes partial assignments
for exposition: the initial assignment g is empty, and new drefs (mappings like x 7→ c1) are added incrementally.
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Variable update. The first update [x] introduces a dref through variable update (18).

(18) DPL variable update: J[x]KM,g = {h | ∃d ∈ D: h = g[x 7→ d]}

Given a modelM and input assignment g, (18) defines a set of output assignments with new map-

pings from x to model objects. Consider a modelM1 where D = {c1, c2, c3,mary} is the domain

of individuals,mary is the person namedMary, c1, c2 and c3 are cars, Mary owns c1 and c2, and c1

is red, but c2 is not. Figure 1 illustrates how [x] extends an input assignment g: Output assignments

result frommodifying g so that xmaps to some object inD. The output set contains one assignment

for each possible value of x, reflecting the random and non-deterministic nature of variable update.

g

g[x 7→ c1]

g[x 7→ c2]

g[x 7→ c3]

g[x 7→ mary]

(= h1)

(= h2)

(= h3)

(= h4)

Figure 1: Random variable update

Predication. The updates [car(x)] and [own(m,x)] are atomic formulas with predication (19).

They eliminate assignments where x doesn’t point to a car owned by Mary, as shown in Figure 2.

(19) DPL predication: J[car(x)]KM,g = {h | h = g, h(x) ∈ IM(car)}

[x] [car(x)] [own(m,x)]

g

g[x 7→ c1]

g[x 7→ c2]

g[x 7→ c3]

g[x 7→ mary]

g[x 7→ c1]

g[x 7→ c2]

g[x 7→ c3]

g[x 7→ c1]

g[x 7→ c2]

×

×

Figure 2: Predication eliminating possibilities
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Updates not introducing new drefs are tests that eliminate assignments not satisfying the stated

conditions. For a single input assignment g, the output of (19) is the singleton set containing the

unchanged input (h = g) if the condition is met (h(x) ∈ IM1
(car)), or the empty set otherwise.

Discourse update and truth. To derive the context change in Figure 2, a DPL formula S (the

semantic representation of a sentence) updates the input context Cin distributively: For each as-

signment g ∈ Cin, we compute JSKM,g, and take the union of the resulting sets to obtain Cout. In
(17), S = [x]; [car(x)]; [own(m,x)].

(20) DPL update: Cout = Cin + S :=
∪
g∈Cin

JSKM,g
The three successive updates are conjoined using dynamic conjunction (;). This operation, defined

as function composition, combines the sequence into a single update (21), illustrated in Figure 3.

(21) J[x]; [car(x)]; [own(m,x)]KM,g = {g[x 7→ d] | d ∈ IM(car) and 〈IM(m), d〉 ∈ IM(own)}

g
g[x 7→ c1]

g[x 7→ c2]

Figure 3: Update withMary owns a car.

In dynamic semantics, the meaning of an utterance is characterized as its context-change-potential

(Heim, 1982), i.e., how it can update available information. A truth-conditional characterization is

given by quantifying over the assignments in the output. (22) states that a sentence representation

(DPL formula) S is true in a context iff it specifies an update with at least one output assignment:

(22) S is true relative to modelM and context C, iff
∪
g∈c

JSKM,g 6= ∅

An update with (21) is true in a model where Mary owns at least one car.

Anaphora. Importantly, the discourse state now stores a dref x for a car that Mary owns, allowing

subsequent pronouns to be interpreted with the same mapping:

(23) Itx is red: J[red(x)]KM,g = {h | h = g, h(x) ∈ I(red)}
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ForM1, assume that only c1 is red. The update with (23) following (21) is illustrated in Figure 4.

g
g[x 7→ c1]

g[x 7→ c2]

g[x 7→ c1]

×

Figure 4: Update with Mary owns a car. It is red.

2.4.2 Bound anaphora

Three features of dynamic semantics are central to interpreting bound pronouns: (i) drefs are intro-

duced non-deterministically, (ii) variable assignments can be quantified over, and (iii) drefs may

depend on being in the scope of certain operators, such as quantifiers. As in standard analyses, our

case with bound anaphora is captured with universal quantification and implication:

(24) a. DPL universal quantification: J[∀x.ϕ]KM,g = {h | h = g,∀d ∈ D: JϕKM,g[x 7→d] 6= ∅}

b. DPL implication: J[ϕ→ ψ]KM,g = {h | h = g,∀i ∈ JϕKM,g: JψKM,i 6= ∅}

Universal quantifiers (24a) introduce a “temporary dref” x for interpreting material in their scope.

While the condition h = g guarantees that the update is a test (just like predicative updates),

material in its scope is interpreted using an updated assignment g[x 7→ d], for each element d in the

domain. Pronouns in the scope can be interpreted using this variable mapping. Material implication

(24b) is also interpreted as a test, requiring that every assignment that results from updating with

the conditional antecedent also makes the consequent true. Accordingly, a universally quantified

sentence like (25a) is represented as in (25b), and interpreted as specifying the update in (25c).

(25) a. Every actress believes that she deserves more roles

b. J[∀x([actress(x)] → [believes(x, deserve-more-roles(x))])]KM,g =
c. {h | h = g,∀d ∈ D: ∀k ∈ J[actress(x)]KM,g[x 7→d]:J[believes(x, deserve-more-roles(x))]KM,k 6= ∅}

Because variable update is non-deterministic, x can map to any actress in the model domain. The

quantifier every actress is non-referential, because it doesn’t map to any specific object and no dref

is added to the context. However, quantifier meaning is formalized by quantifying over possible
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assignments, and each quantificational instance can be considered referential in a local sense. That

is, within the scope of the quantifier, for each quantificational instance of the assignment k, xmaps

to exactly one object. For (25a), we derive the truth conditions that each mapping satisfying the

restrictor (x is an actress) also satisfies the nuclear scope (x believes that x deserves more roles).

2.4.3 Donkey anaphora

In the donkey sentence (26), the antecedent a donkey does not syntactically command the pronoun

it, but both lie in the scope of the universal quantifier every farmer. The indefinite antecedent

introduces a temporary dref in the scope of this quantifier, with a specific value relative to each

quantificational instance, providing the denotation for the pronoun.

(26) Every farmer who owns a donkey feeds it.J∀x(([farmer(x)]; [y]; [donkey(y)]; [own(x, y)]) → [feed(x, y)])KM,g =
{h | h = g,∀i ∈ {g[x 7→ d1, y 7→ d2] |

d1 ∈ IM(farmer), d2 ∈ IM(donkey), 〈d1, d2〉 ∈ IM(own)}: J[feed(x, y)]KM,i 6= ∅}

The output of (26) contains unchanged input elements g, such that any possible assignment i that

is an update of g with x, y where i(x) is a farmer and i(y) is a donkey that i(x) owns, is one where

i(x) feeds i(y). Accordingly, an update with (26) is true in a model where every farmer who owns

a donkey feeds every donkey they own.

2.4.4 Accessibility and scope

Dynamic accounts treat quantificationally unspecific anaphora by using a generalized concept of

relative (discourse) reference: drefs pick out a specific object relative to each quantificational in-

stance. In the examples above, the indefinite antecedent introduced a temporary dref inside the

scope of a universal quantifier, and the pronoun referred back to it only from within that same

scope. Since these temporary, relative drefs exist only within the scope of the quantifier that in-

troduces them, dynamic approaches predict that anaphoric expressions will be unacceptable once

they are outside that scope, as in (15), repeated here:
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(15) a. Every farmer who owns a donkeyy feeds ity.

b. #Ity likes hay.

The universal quantifier can be characterized as internally dynamic and externally static (Groe-

nendijk and Stokhof, 1991): It is internally dynamic because drefs introduced within its scope

are accessible there, and externally static because it does not pass these drefs to the outer context.

Therefore, the variable y in (27b) cannot be interpreted using the dref from (27a).

(27) a. ∀x(([farmer(x)]; [y]; [donkey(y)]; [own(x, y)]) → [feed(x, y)])

b. [like-hay(y)]

Dynamic semantics explains the scope restriction on quantificational anaphora as a consequence

of how discourse referents are introduced and propagated.

2.5 Interim summary

Although basic cases of anaphora support a coreference-based characterization, the discussion

above illustrates how non-referential anaphora challenges this view. Descriptive and dynamic ap-

proaches offer different responses. In descriptive accounts, coreference may be a by-product of the

anaphoric dependency, which results from retrieving a predicate and introducing a definite descrip-

tion. When the definiteness presuppositions of existence and uniqueness are interpreted globally,

uniquely identifying a referent, the pronoun receives a referential interpretation. When it scopes

below a universal quantifier, the pronoun is interpreted unspecifically. Because the pronominal pre-

supposition can depend on the scope of the quantifier to be satisfied (and well-formed), indefinites

embedded under universals become inaccessible as antecedents once that scope is exited.

In dynamic semantics, all anaphoric expressions involve coreference in the sense that they in-

herit their semantic values from their antecedents via drefs. Quantificationally unspecific anaphora

are analyzed by generalizing the notion of (discourse) reference to a relative notion, identifying a

distinct referent for each quantificational instance. This predicts the inaccessibility of indefinites

under universal quantifiers, since the drefs they introduce are local to the quantifier’s scope and

cannot be accessed externally. Both approaches can analyze patterns of anaphoric (in)accessibility

in quantificational contexts, but they do so through fundamentally different mechanisms.
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2.6 Further issues

Discussion of many related questions has informed evaluations, comparisons, and developments of

dynamic and descriptive approaches to anaphora. Beyond anaphoric accessibility, a central topic

concerns the truth-conditions of donkey pronouns, particularly whether they receive existential or

universal quantificational force (Pelletier and Schubert, 1989; Heim, 1990; Chierchia, 1990, 1995;

Kanazawa, 1994). Both readings are attested: (28a) typically means that every person who has at

least one quarter puts one of their quarters in the meter – the weak (existential) donkey reading.

In contrast, (28b) is more naturally understood as meaning that every parent with least one teenage

son worries about all of their teenage sons – the strong (universal) reading.

(28) a. Weak donkey reading Chierchia, 1995, p. 63

Every person who has a quarter will put it in the parking meter.

b. Strong donkey reading based on Heim, 1990, p. 162

Every parent with a teenage son worries about him.

The uniqueness presupposition on the pronoun in descriptive approaches predicts that the sentences

in (28) are true only if each relevant individual (e.g., person with a quarter or parent with a son) has

exactly one quarter/son. Both readings are therefore problematic for simple versions of the descrip-

tive approach. Various refinements have been proposed, but the ambiguity remains problematic

(Neale, 1988; Heim, 1990; Elbourne, 2005; Mandelkern and Rothschild, 2020), given evidence

that the semantics should allow both readings while discourse factors guide disambiguation (see

Brasoveanu, 2006, 2008; Champollion et al., 2019; Denić and Sudo, 2022).

Other issues (see also King and Lewis, 2021) include the problem of indistinguishable partic-

ipants, a challenge for descriptive accounts (Heim, 1990; Elbourne, 2005, 2016; K. Lewis, 2022),

and paycheck pronouns, which challenge dynamic accounts (e.g., John gave his paycheck to his

mom. Everybody else cashed it.; Jacobson, 2000; Elbourne, 2005; Keshet, 2018). Beyond descrip-

tive and dynamic approaches, related proposals within static semantics include dynamic pragmatics

(K. Lewis, 2012, 2021), and accounts that derive the conditions on anaphoric pronouns from pre-

suppositional constraints (Spector, 2025; Chatain, 2025). Setting these questions aside, the rest of

this chapter discusses dynamic and descriptive accounts of intensionally unspecific anaphora.
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3 Intensionally unspecific anaphora

This section examines when intensionally unspecific indefinites can be anaphoric antecedents and

how veridicality constrains accessibility. Based on generalizations in Karttunen (1976), and Hof-

mann (2022, 2025), it maps the empirical landscape by distinguishing veridical, hypothetical, and

counterfactual antecedents. The main generalization is that anaphora is possible only if existence

presuppositions associated with pronouns can be locally accommodated without contradiction.

This generalization will guide the discussion of dynamic analyses in Section 4.

3.1 Accessibility and veridicality

Karttunen (1976) observed that unspecific indefinites under negation (29a), epistemic possibility

modals (29b), or disjunction (29c) typically cannot be antecedents for a pronoun as in (30):

(29) a. Mary doesn’t own a carx.

b. Mary might own a carx.

c. Either Mary owns a carx, or she walks to work.

(30) #Itx is red.

The relevant generalization is that the indefinite potential antecedent (a car) occurs in the scope of

a non-veridical operator here, that is, an operator that does not entail the truth of its propositional

argument. A formal definition is given in (31).

(31) Veridicality: Giannakidou, 1998, p. 106

Let O be a unary propositional operator. Then:

a. O is veridical iff, for any proposition p: O(p) → p is logically valid; otherwiseO is

non-veridical.

b. O is anti-veridical iff, for any proposition p: O(p) → ¬p is logically valid.

For instance, embeddings under I know, Sue believes, and It’s not the case are characterized as:

(32) a. Veridical embedding:

[I know [that Mary owns a car]]. (→ Mary owns a car)
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b. Non-veridical embedding:

[Sue believes [that Mary owns a car]]. (6→ Mary owns a car)

c. Anti-veridical embedding:

[It’s not the case [that Mary owns a car]]. (→ ¬Mary owns a car)

Both descriptive and dynamic approaches derive this basic contrast. Under the descriptive ap-

proach, anaphora is unavailable because the sentences in (29) do not entail that Mary has a car,

leaving the presupposition of the pronoun unsatisfied. For (29a), the representations are:

(33) a. Mary doesn’t own a car⇝ ¬∃x(car(x)∧ own(m,x))

b. It is red. ⇝ red(ιP), P = λx.(car(x)∧ own(m,x))

(33b) presupposes that there exists a unique car that Mary owns, but (33a) denies that, creating a

contradiction and rendering the discourse unacceptable.

In classic dynamic systems, non-veridical operators are externally static, so indefinites within

their scope cannot serve as antecedents for subsequent pronouns. For example, in the DPL system

from Section 2, negation and disjunction receive the following semantics:

(34) a. DPL negation: J[¬ϕ]KM,g = {h | h = g, JϕKM,g = ∅}

b. DPL disjunction: J[ϕ∨ψ]KM,g = {h | h = g, JϕKM,g ∪ JψKM,g 6= ∅}

Because these updates are tests, they return only assignments already present in the input satisfying

the conditions imposed by the content in their scope. Therefore, content embedded under non-

veridical operators affects only the informational content of an utterance without introducing new

drefs. Classic dynamic accounts thus make a strong prediction that indefinites in the scope of non-

veridical operators never introduce new drefs that are accessible for anaphora outside that scope.

However, the literature documents cases where anaphora with antecedents under non-veridical

operators is possible, showing that this prediction is too strong. These include modal subordination

and bathroom-disjunctions, as in (4), repeated here, where the anaphoric pronoun is also under a

non-veridical operator: the modal prejacent under would in (4a), and the second disjunct in (4b).

(4) a. A wolfx might walk in. Itx would eat you first.

b. Either there isn’t a bathroomy in this house or ity’s in a funny place.
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Another case involves antecedents under double negation (Krahmer and Muskens, 1995):

(35) Doubly negated antecedent Krahmer and Muskens, 1995, p. 358

It’s not true that John didn’t bring an umbrellax. Itx was purple and stood in the hallway.

To illustrate how systematically veridicality constrains anaphoric accessibility, this section explores

the anaphoric possibilities in veridical, non-veridical, and anti-veridical environments. Parallel to

the terminology for operators, it is useful to distinguish three types of content: A proposition is

veridical if it is entailed to be true (e.g., Mary owns a car in (35a)), it is hypothetical if it is not

veridical, and counterfactual if entailed to be false. Similarly, a DP is veridical if its denotation is

entailed to be non-empty (e.g., a car in (35a)), hypothetical otherwise, and counterfactual if iff the

utterance entails that the denotation is empty in the actual world.

3.2 Veridical anaphora

Krahmer and Muskens’s (1995) double negation case (35) shows that veridical indefinites, which

are specific and entail an existing denotation, support anaphora even when non-veridical operators

are present. This generalization is also supported, for instance, by indefinites under negated factives

(36a) or in negated prejacents of negative implicatives (36b).

(36) Indefinites under factives and implicatives Karttunen, 1976, p. 11

a. Bill didn’t realize that he had a dimex. Itx was in his pocket.

b. John forgot not to bring an umbrellay, although we had no room for ity.

Karttunen (1976) suggests anaphora is possible whenever the speaker commits to the truth of the

embedded proposition. This addresses the above cases: (35) and (36b) entail that John brought

an umbrella, while (36a) presupposes Bill has a dime. This aligns with the intuition that pronouns

presuppose an existing referent. We can thus restate Karttunen’s generalization as:

(37) Generalization about accessibility (preliminary, adapted from Karttunen, 1976)

An indefinite can be an antecedent only if its denotation is entailed to be non-empty.

(37) also applies to specific indefinites. Under a specific interpretation, the indefinite in (38a) takes

scope over negation and supports anaphora:
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(38) Context: Mary is enrolled in a class with a list of required readings.

a. Mary didn’t read a paperx.

b. Itx was too dense.

The wide-scope interpretation entails that the indefinite’s denotation is non-empty in the actual

world, enabling anaphora. In contrast, anaphora fails without such an existence entailment:

(39) No existing referent based on Karttunen, 1976, pp. 8–12

a. Bill can make a kitex. #Itx has a long string.

b. John failed to find an answery. #Ity was wrong.

c. I doubt that Mary owns a carz. #Bill has seen itz.

AsKarttunen demonstrated, the veridicality of the antecedent thus plays a central role, and veridical

indefinites are accessible antecedents even in the presence of anti-veridical operators. Descriptive

analyses can derive this observation, because the existential entailment of veridical antecedents

will satisfy the pronominal existence presupposition (van Rooij, 2001, 2006; Keshet and Abney,

2024). For instance, a representation for anaphora with doubly negated antecedent can be given as

follows in the simple descriptive system from Section 2.3:

(40) a. It’s not true that there is no bathroom. ⇝ ¬¬∃x(bathroom(x))

b. It’s upstairs⇝ upstairs(ιP), P = λx.(bathroom(x))

The sequence in (40) is true iff exactly one bathroom is located upstairs, and correctly predicts that

anaphora is possible. In contrast, the dynamic accounts discussed above strictly rule out anaphoric

dependencies in (40), as non-veridical operators are assumed to prevent the indefinites in their

scope from introducing drefs, even when the broader context leads to a veridical interpretation.

These cases therefore pose a challenge for classic dynamic approaches.

3.3 Hypothetical antecedents and local accommodation

Karttunen’s (1976) generalization that veridical antecedents are accessible for anaphora was about

antecedent contexts. Hofmann (2022, 2025) highlighted that accessibility also depends on the con-

text of the pronoun. For instance, Roberts’s (1987) modal subordination example shows that hypo-
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thetical antecedents license anaphora when the pronoun is interpreted in a matching non-veridical

environment (40a), with the paraphrase: “If a wolf were to walk in, the wolf would eat you first.”

(41) a. A wolfx might walk in. b. #Itx is gray.

c. Itx would eat you first.

Importantly, the anaphoric expression is also embedded in a non-veridical context, not committing

the speaker to it eating the addressee first in the actual world. Pronouns under third-person speech

reports also allow for hypothetical antecedents:

(42) Based on Karttunen, 1976, p. 13

Bill says he saw a lionx on the street. He claims itx had escaped from the Zoo.

Here, the antecedent a lion and the pronoun it are interpretedwithin the non-veridical report of Bill’s

claims, again showing that hypothetical indefinites can be antecedents for hypothetical anaphoric

expressions. Karttunen remarks on such cases that language users “must be sensitive to the semantic

properties of verbs that take sentential complements” and “distinguish what exists for the speaker

from what exists only for somebody else” (p. 14).

Formal semantics models the beliefs of different epistemic agents by allowing modals and

clause-embedding predicates to introduce quantification over possible worlds (based on Carnap,

1947, et seq., e.g., Kratzer, 1977, 1981). These operators specify a set of possible worlds where the

embedded content holds (e.g., a wolf does walk in), without necessarily asserting that it is actually

true. Based on that, the possibility of anaphora in the above cases can be understood in terms of

local accommodation (Heim, 1983b): Pronouns presuppose the existence of a referent, and this

presupposition can be locally accommodated – assumed to be true in the set of worlds associated

with the embedded content. Accordingly, (41) and (42) can be paraphrased as in (43).

(43) a. A wolf might walk in. It would be the case that (the wolf exists and) it eats you first.

b. Bill says he saw a lion on the street. He claims (the lion existed and) it had escaped

from the Zoo.

The possibility of local accommodation suggests a refined generalization:
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(44) Generalization about accessibility (final) (Hofmann, 2022, 2025)

Anaphora is possible just in case the pronoun’s existential presupposition can be accom-

modated in its local context.

(44) also predicts that veridical anaphora should allow for local accommodation, as long as that

doesn’t create a contradictory discourse. This indeed occurs in third-person attitude ascriptions:

(45) Bill doubts that Mary owns a carx. I have seen itx. Karttunen, 1976, p.12

The first sentence reflects a third persons’ belief state, not committing the speaker thatMary owns

a car. However, asserting I have seen it, presupposes that Mary does have a car, notwithstanding

Bill’s doubt. This suggests that any DP can be an antecedent if the speaker using the pronoun is

willing to commit themself to the existence of its referent, even if that requires accommodation.

3.4 Revisiting the modal subordination contrast

The possibility of accommodation prompts us to revisit the modal-subordination contrast in (41).

At face value, we incorrectly predict that local accommodation should be possible in both (41b+c).

(41) a. A wolfx might walk in. b. #Itx is gray.

c. Itx would eat you first.

To understand the unavailability of (41b), we can consider pragmatic reasons why these veridi-

cal pronouns are inconsistent with indefinite antecedents undermight: Possibility claims, like (41a),

often carry a scalar implicature that negates the corresponding necessity claim (like It’s not the case

that a wolf must walk in.). Scalar implicatures are typically strong inferences and that require ex-

plicit cancellation (Gazdar, 1979; Sauerland, 2004; Fox, 2014). When such cancellation is signaled

explicitly, veridical anaphora with antecedents under might becomes possible:

(46) There might be a bathroom in this house. In fact, I just remembered, it’s upstairs.

This explanation aligns with a view that centers discourse consistency and accommodation: the

possibility of anaphora depends on both truth conditions of literal content and contextual inferences,

including implicatures, about the invoked referents.
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3.5 Counterfactual antecedents

Anaphora is also possible with counterfactual antecedents under negation, even when the existence

of a referent is denied. This occurs in cases of modal subordination with negative antecedents

(Frank, 1996; Frank and Kamp, 1997), where a pronoun embedded under the modalwould depends

on an antecedent that would be inaccessible without the modal (47a), and in “negative subordina-

tion” (Kibble, 1994), named by analogy to modal subordination: here, a pronoun embedded under

negation depends on an antecedent that would otherwise be inaccessible (47b).

(47) a. There isn’t a bathroomx in this house. Itx would be easier to find.

b. ‘Negative subordination’:

There isn’t a bathroomy in this house, so you won’t be able to find it.y

In both cases, the initial sentence denies the existence of a bathroom in this house, but anaphora is

possible because the existence presupposition of the pronoun is consistently accommodated. In line

with the generalization (44), these cases show that counterfactual antecedents are accessible when

the existence presupposition can be accommodated in a non-veridical or anti-veridical context.

3.6 Discussion: descriptive and dynamic accounts

Section 2.5 illustrated that quantificationally unspecific antecedents already challenge a purely

referential conception of anaphora. Intensionally unspecific antecedents, namely hypothetical or

counterfactual ones, broaden this challenge: they lack actual-world referents altogether, but they

can license anaphora. This raises a tension for treating anaphora based on establishing coreference

with entities in the world. The descriptive and dynamic responses to this tension are similar to

those above, and fundamentally different from each other:

The descriptive response offers an analysis of hypothetical and counterfactual antecedents that

does not require denotational coreference and is thus compatible with the classic view of reference

(van Rooij, 2001, 2006; Keshet and Abney, 2024). Anaphoric expressions retrieve a linguistic

description, and accessibility is governed by their presuppositions. For instance, for bathroom-

disjunctions (48), the existence presupposition (and uniqueness presupposition) of the pronoun

is locally accommodated in the context of the second disjunct, rendering the disjunction true in
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situations where no bathroom exists, or a unique bathroom is located upstairs.

(48) a. Either there is no bathroom, or it’s upstairs. ⇝ (¬∃x(bathroom(x))∨upstairs(ιP))

b. P = λx.(bathroom(x))

Under the descriptive approach, anaphoric relations are constrained by the existence and unique-

ness presuppositions of the description introduced by the pronoun. Anaphora is therefore predicted

to be possible, when these presuppositions can be either satisfied, or when they can be consistently

(possibly locally) accommodated. Setting aside the uniqueness presupposition, this captures ex-

actly the generalization about accessibility discussed above, that anaphora is possible just in case

the pronominal presupposition can be consistently accommodated.

The dynamic route of generalizing the notion of reference to include intensionally unspecific

cases is more challenging. The classic dynamic approaches discussed above, which treat non-

veridical operators as externally static, cannot account for the accessibility of hypothetical and

counterfactual antecedents, since they predict that indefinites in their scope never introduce drefs.

To capture the observed patterns, dynamic accounts must generalize the notion of discourse refer-

ence yet again to track anaphoric dependencies even for hypothetical or counterfactual discourse

“referents”, thereby accounting for the accessibility of intensionally unspecific antecedents.

Taken together, the data discussed above suggest that veridical antecedents are the most flexible

and can support anaphoric in embedding contexts of any veridicality. Hypothetical antecedents are

more constrained, and enable anaphoric pronouns only when the existence presupposition can be

locally accommodated. Counterfactual antecedents support anaphoric expressions only in anti-

veridical or non-veridical contexts that are consistent with an anti-veridical interpretation. The

systematic constraints on anaphora based on entailments about their referents suggest a unified

analysis grounded in the generalization that pronouns carry an existence presupposition, which can

be locally accommodated when this maintains a consistent discourse.

The descriptive approach aligns naturally with this generalization by deriving accessibility from

the existential presupposition and allowing for accommodation. At this point, this approach appears

more successful: it is compatible with traditional notions of reference and extends to intension-

ally unspecific anaphora via a presuppositional account of accessibility, avoiding failures of clas-

sic dynamic approaches, which incorrectly rule out hypothetical and counterfactual antecedents.

23



Dynamic systems require a generalized notion of discourse reference to address hypothetical and

counterfactual dependencies. The following section shows that this requires substantial additional

machinery, but it also argues that it may be worthwhile, as it enables a unified account of anaphoric

dependencies across domains, including temporal, propositional, and modal anaphora.

3.7 Further conditions on anaphoric dependencies

3.7.1 Salience and the formal link

The generalization (48) is a necessary condition on anaphoric dependencies, capturing how truth-

functional properties of propositional operators, particularly their veridicality, constrain accessibil-

ity. However, additional constraints apply. One common assumption is that antecedents must be

sufficiently salient. On a strict view, pronouns can refer only to entities present in the utterance sit-

uation or introduced by an overt linguistic antecedent. This is formulated in Heim’s (1982) Formal

Link Condition, which requires an overt antecedent. Support comes from contrasts like (49):

(49) Roberts (1987), pp. 25–26, attributed to Barbara Partee:

a. I dropped ten marbles and found all but one of themx. Itx’s probably under the couch.

b. I dropped ten marbles and found nine of them. # It?’s probably under the couch.

(49) shows that anaphora cannot be licensed by satisfying only the existence-requirement of the

pronoun. Both discourses support the inference that a pronominal referent exists, but only in (49a)

is there a linguistic antecedent, thereby satisfying the formal link requirement.

However, some arguments suggest that this requirement may be too strict. For instance K.

Lewis (2021) argues that (49b) improves when there is a pause between the two sentences. More-

over, examples like (50) suggest that pronouns can sometimes occur without overt antecedents:

(50) Context: A video posted on social media depicts a sentence projected onto a building in

Las Vegas ; no preceding discourse context. (The Chud Report, 2025)8

He’s in the files. (he = Donald Trump; the files = the Epstein files)

These cases indicate that a more nuanced account of salience is needed to explain the conditions on

pronominal reference. And while there are various strands of literature, addressing related ques-
8Thanks to William Thomas for this example. (https://www.tiktok.com/@chudreport/video/7560093913344740639)
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tions under the headings of salience, prominence, cognitive accessibility, attention, or centering

(see, e.g., Sidner, 1979; Prince, 1981; Ariel, 1988; Gundel et al., 1993; Grosz et al., 1995; Bit-

tner, 2009; Bosch and Hinterwimmer, 2016; von Heusinger and Schumacher, 2019), an explicit

operationalization of salience that yields testable predictions remains a topic of ongoing research.

3.7.2 Constraints from discourse coherence

Beyond veridicality, anaphora is constrained bycoherence relations (Hobbs, 1979;Wolf et al., 2004;

Asher and Lascarides, 2003; Lascarides and Asher, 2008; Kehler et al., 2008; Rohde, 2008; Stojnić,

2016, 2019; Altshuler, 2016). This interaction is illustrated in (51).

(51) Phil tickled Stanley. Liz poked him. Smyth, 1994, p. 209

The generalization in (44) predicts that both Phil and Stanley are accessible antecedents for veridi-

cal pronouns, because both entail an existing referent. Indeed, Kehler et al. (2008) report that both

interpretations are attested, and disambiguated based on the coherence relation: when the two sen-

tences are linked by a parallel relation, describing two events targeting Stanley, the antecedent is

Stanley. When the clauses are linked by a result relation, where the second sentence describes Liz’s

revenge as a consequence of Phil tickling Stanley, the antecedent is Phil.

Coherence relations thus impose additional constraints on which anaphora to hypothetical or

counterfactual antecedents are acceptable. For modal subordination, it has been observed that a

forward-moving coherence relation is required – such as occasion, result, or elaboration (see def-

initions in Asher and Lascarides, 2003; Altshuler, 2016), whereas contrastive relations like in (52)

do not permit it (McCready and Asher, 2006; Stojnić, 2016, 2019).

(52) Based on Stojnić, 2016: Ch.4, (17)

If a wolf walks in, it would eat you. But, # it probably won’t walk in.

Stojnić argues that (52) shows that the contrastive relation signaled by but does not enable modal

subordination. Related phenomena, like quantificational subordination (Karttunen, 1976) and tele-

scoping (Roberts, 1987), have likewise been shown to depend on discourse coherence (Roberts,

1996; Wang et al., 2006). A systematic investigation of how coherence constrains hypothetical and

counterfactual anaphora remains an objective for future research.
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4 Analyses of intensionally unspecific anaphora

This section asks what kinds of formal mechanisms are needed for a dynamic analysis of inten-

sionally unspecific anaphora, where antecedents do not (necessarily) denote actual individuals.

Section 4.1 motivates extending dynamic accounts to capture such cases. Sections 4.2 and 4.3

compare dynamic analyses in detail, testing their predictions against four test cases: double nega-

tion, bathroom disjunctions, modal subordination, and counterfactual anaphora. A key result is that

counterfactual anaphora can only be analyzed if discourse states can store drefs relative to possibil-

ities that are no longer considered live possibilities (Hofmann, 2025). Section 4.4 concludes with

a summary and brief discussion of cross-linguistic implications.

4.1 Dynamic analyses – why bother?

Given the successes of the descriptive approach, one might question the need for dynamic analyses.

Critics of the descriptive approach often point to its assumption of a uniqueness presupposition,

which is problematic in cases such as Heim’s sage plant example:

(53) Heim, 1982, p. 62

Everybody who bought a sage plant here bought eight others along with it.

(53) is acceptable, apparently without a unique referent, contrary to the predictions of the descrip-

tive approach (Heim, 1982, 1990; though see also King and Lewis, 2021 for possible resolutions,

and van Rooij, 2001 arguing that pronouns are generally interpreted uniquely/exhaustively).

Beyond truth-conditions, a key advantage of dynamic semantics is that treating anaphoric ex-

pressions as variables extends naturally to other domains, including temporal anaphora (Partee,

1973, 1984; Kamp, 1981a; Stone, 1997) and propositional anaphora (e.g., Hankamer and Sag,

1976; Asher, 1993; Stone, 1997; Snider, 2017). Descriptive approaches have greater difficulty

accounting for anaphoric expressions in these domains, illustrated here for temporal anaphora.

Partee (1973) distinguished three ways that pronominal denotations are determined: Besides

bound and anaphoric uses, pronouns can be interpreted deictically, referring to a specific individual

in the extralinguistic context. She observes that tenses behave parallel to this, as they can also be

interpreted in these three ways, illustrated for the future tense in (54):
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(54) Based on Partee, 1973, pp. 605–606

a. Deictic: John will leave immediately.

b. Anaphoric: Susan is about to come in. John will leave immediately.

c. Bound: Whenever Susan comes in, John immediately leaves.

In (54a), the time of John leaving is identifiable based on the speech situation. In (54b), the tense

anaphorically depends on the previous clause (i.e, John will leave immediately after Susan coming

in). (54c) suggests multiple instances of John leaving, each in the future of Susan coming in. Here,

the interpretation depends on the quantifier whenever, similar to bound anaphora.

Partee also identifies amajor difference: while non-deictic pronouns require an overt antecedent

or binder, non-deictic tenses can occur with or without overt temporal adverbials. As tense is

an inflectional category, it is unclear what a “temporal definite description” would be, or how to

extend the descriptive approach to tense in a principled way. Analyzing temporal reference with

discourse variables effectively explains the parallels (Kamp, 1981a; Partee, 1984), offering a strong

motivation for extending dynamic semantics to provide a unifying theory of anaphora.

4.2 Relativizing drefs to possible worlds

To extend the notion of discourse referents to intensionally unspecific anaphora, we allow drefs to

reference different objects across possible worlds. One way to implement this is to treat discourse

contexts as sets of possibilities, each represented by an assignment function mapping variables

relative to a given world. This can be modeled either as sets of world-assignment pairs (Heim,

1982) or by including a designated world variable in the domain of each assignment (Dekker, 1993).

The analysis here adopts a version of File Change Semantics (FCS, Heim, 1983a; following Elliott,

2020, 2022) where contexts are sets of world-assignment pairs (definitions in Appendix C).

Dynamic analyses of hypothetical anaphora then need a mechanism whereby indefinites in-

troduce drefs only in possibilities where they have a non-empty denotation. This has been ap-

plied to modal subordination (Stone, 1999; van Rooij, 2005; Brasoveanu, 2006), as well as dou-

bly negated antecedents and bathroom anaphora (Gotham, 2019; Elliott, 2020, 2022; Mandelkern,

2022). I illustrate this approach by letting indefinites introduce drefs through their projective con-

tent (Gotham, 2019; Mandelkern, 2022). Projective content is a part of utterance meaning that per-
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sists when embedded under entailment-cancelling (i.e., non-veridical) operators (Karttunen, 1973;

Tonhauser et al., 2013). On this basis, hypothetical indefinites can introduce new drefs in all pos-

sibilities of the discourse state where they have a non-empty denotation.

4.2.1 The basic system

Variable update. We adapt the DPL system from Section 2.4 to work with contexts containing

world-assignment pairs, starting with variable update:

(55) FCS variable update: J[x]KM,C = {〈w,h〉 | 〈w,g〉 ∈ C,∃d ∈ D: h = g[x 7→ d]}

Given a modelM and input contextC, (55) defines an output context, containing world-assignment

pairs where a value for x is randomly introduced to the assignments. For illustration, consider a

modelM2, where: Dw = {w1, w2, w3, w4} is the domain of worlds, and De = {c1, c2,mary} is

the domain of individuals. An initial context C0 = {〈w1, g〉, 〈w2, g〉, 〈w3, g〉, 〈w4, g〉}, where g is

an arbitrary assignment can be updated with (55), as shown in Figure 5.

〈w1, g〉

〈w2, g〉

〈w3, g〉

〈w4, g〉

〈w1, g[x 7→ c1]〉
〈w1, g[x 7→ c2]〉

〈w1, g[x 7→ mary]〉
〈w2, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉

〈w2, g[x 7→ mary]〉
〈w3, g[x 7→ c1]〉
〈w3, g[x 7→ c2]〉

〈w3, g[x 7→ mary]〉
〈w4, g[x 7→ c1]〉
〈w4, g[x 7→ c2]〉

〈w4, g[x 7→ mary]〉

Figure 5: FCS variable update

Each element of the context represents an epistemic possibility, where the worlds are candidates

for the actual world. Updates can introduce new variable mappings or eliminate possibilities.
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Predication. (56) outputs all world-assignment pairs 〈w,g〉 ∈ C where g(x) is a car in w. This

update is a test, containing only unchanged elements from the input.

(56) FCS predication: J[car(x)]KM,C = {〈w,g〉 ∈ C | g(x) ∈ IM(car)(w)}

Sentences with indefinites are represented as in (57) (full derivations in Appendix C).

(57) Mary owns a carx:J[x]; [car(x)]; [own(m,x)]KM,C =

{〈w,g[x 7→ d]〉 | 〈w,g〉 ∈ C, d ∈ IM(car)(w), 〈IM(m), d〉 ∈ IM(own)(w)}

(57) defines an output containing all pairs 〈w,g〉 ∈ C where g(x) is a car owned by Mary in w.

Assume for M2 that c1, c2 are cars in all worlds, Mary owns c1 in w1, and c2 in w2. Figure 6

illustrates the update of C0 with (57) givenM2.

〈w1, g〉
〈w2, g〉
〈w3, g〉
〈w4, g〉

〈w1, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉

×
×

Figure 6: Update withMary owns a car.

Discourse update and truth. In this dynamic system, utterance meaning is characterized by the

information added to the discourse. Because the context stores epistemic information about the

candidates for the actual world, truth is understood relative to the discourse context:

(58) a. Discourse update: C+ S := JSKM,C
b. Truth: S is true relative to modelM and context C, iff JSKM,C 6= ∅

An update is true iff it has a non-empty set of output possibilities.

Anaphora. Pronouns are interpreted as variables:

(59) Itx’s red. J[red(x)]KM,C = {〈w,g〉 ∈ C | g(x) ∈ IM(red)(w)}
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For instance, assume that in all worlds, c1 is red and c2 is not. Applying (59) to the context in

Figure 6 retains only the possibility 〈w1, g[x 7→ c1]〉 where g(x) is red in w (see Figure 7).

〈w1, g〉
〈w2, g〉
〈w3, g〉
〈w4, g〉

〈w1, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉

〈w1, g[x 7→ c1]〉

×
×

×

Figure 7: Update with Mary owns a car. It is red.

4.2.2 Negation and doubly negated antecedents

Negation. Negated updates are still tests that eliminate possibilities where the prejacent is true.

(60) FCS negation: J[¬ϕ]KM,C = {〈w,g〉 ∈ C | JϕKM,{〈w,g〉} = ∅}

Accordingly, an update involving a counterfactual indefinite (61) retains all elements 〈w,g〉 ∈ C0
where Mary owns no car in w, without changing g (illustrated for C0,M2 in Figure 8).

(61) Mary doesn’t own a carx: J¬([x]; [car(x)]; [own(m,x)])]KM,C =

{〈w,g〉 ∈ C | J([x]; [car(x)]; [own(m,x)])KM,{〈w,g〉} = ∅}

〈w1, g〉
〈w2, g〉
〈w3, g〉
〈w4, g〉

〈w3, g〉
〈w4, g〉

×
×

Figure 8: Update with Mary doesn’t own a car.

Doubly negated indefinites (62), similarly, don’t (yet) introduce drefs.

(62) It’s not the case that Mary doesn’t own a carx: J¬¬([x]; [car(x)]; [own(m,x)])KM,C =

{〈w,g〉 ∈ C | J([x]; [car(x)]; [own(m,x)])KM,{〈w,g〉} 6= ∅}

Because negation is externally static, a double negation update retains input elements where the

prejacent is true without introducing any drefs (Figure 9).
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〈w1, g〉
〈w2, g〉
〈w3, g〉
〈w4, g〉

〈w1, g〉
〈w2, g〉

×
×

Figure 9: Update with It’s not the case that Mary doesn’t own a car.

Indefinites. Veridical antecedents under double negation and hypothetical antecedents are made

available because indefinites introduce drefs in each possibility where a referent exists (van Rooij,

2005; Brasoveanu, 2006; Gotham, 2019; Elliott, 2020, 2022; Mandelkern, 2022). While several

mechanisms have been proposed,9 we model this here by letting indefinites contribute both a main

assertion and the projective content (cf. Gotham, 2019; Mandelkern, 2022), shown in (63).

(63) Indefinites: εx(ϕ)

a. Main assertion: [x];ϕ

b. Projective content: [x]; (¬ϕ↔ (x = #e))

The projective content (63b) is a meaning component that survives on a global level even when

embedded under non-veridical operators (Karttunen, 1973; Tonhauser et al., 2013). We model

this here by letting (63b) update the global context prior to the main assertion (64a). To capture

cases where a variable has no referent, the domain of individuals includes a dummy individual ⋆,

which acts as a universal falsifier making any lexical relation false (following Brasoveanu, 2006).

Accordingly, (63b) introduces a dref for x, and states that x maps to ⋆ iff ϕ is false, or to a non-

dummy individual otherwise. The biconditional is defined as (64), retaining all input elements

where both conjuncts are true (non-empty) or both are false.

(64) FCS biconditional: J[ϕ↔ ψ]KM,C = {〈w,g〉 ∈ C | JϕKM,{〈w,g〉} = JψKM,{〈w,g〉}}
Veridical indefinites, which entail a non-empty denotation, introduce a dref throughout the entire

context set – making it familiar, in Heim’s (1983a) terms. For double negation, we derive this as:

(65) a. It’s not the case that Mary doesn’t own a carx. ⇝ ¬¬ εx([car(x)]; [own(m,x)])

9Other mechanisms include quantificational encapsulation (Stone, 1997, 1999; Bittner, 2001, 2007, 2011; Hof-
mann, 2025), selectively distributive discourse update (Brasoveanu, 2006, 2010), and bilateralism (Elliott, 2020, 2022).
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b. Projective content: [x]; ((¬([car(x)]; [own(m,x)]) ↔ [x = ⋆e])

c. Assertion: J¬¬([x]; [car(x)]; [own(m,x)])KM,C =

{〈w,g〉 ∈ C | J([x]; [car(x)]; [own(m,x)])KM,{〈w,g〉} 6= ∅}

Using a modelM⋆
2 (likeM2, but with ⋆ in the domain of individuals) and input C0, the sequence of

updates is illustrated in Figure 10. By assumption, we first apply the projective update (65b): For

each element 〈w,g〉 ∈ C0, if Mary owns a car in w, a dref x for that car is introduced; otherwise

g(x) = ⋆. Then, (65a) eliminates possibilities where the prejacent is false, yielding the same output

as the positive assertion (57), thus explaining why it licenses subsequent anaphora in the same way.

〈w1, g〉
〈w2, g〉
〈w3, g〉
〈w4, g〉

〈w1, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉
〈w3, g[x 7→ ⋆]〉
〈w4, g[x 7→ ⋆]〉

〈w1, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉

×
×

Figure 10: Update with It’s not the case that Mary doesn’t own a car.

4.2.3 Modal subordination and partially familiar drefs

Epistemic possibility. To analyze modal subordination using this projective content, we adopt

Veltman’s (1996) simple test semantics for the epistemic possibility modal might:

(66) FCS epistemic possibility: J[♢ϕ]KM,C = {〈w,g〉 ∈ C | JϕKM,C 6= ∅}

Updates with might retain the full input set iff some possibility makes the prejacent true. For a

modalized indefinite (67), the assertion (67c) is interpreted after the projective update (67b).

(67) a. Mary might own a carx. ⇝ ♢ εx([car(x)]; [own(m,x)])

b. Projective content: [x]; ((¬([car(x)]; [own(m,x)]) ↔ [x = ⋆e])

c. Assertion: ♢([x]; [car(x)]; [own(m,x)])

After applying (67b), some possibilities include a dref x for Mary’s car, while those where no such

object exists map x to ⋆ (Figure 11). Because the condition of the modal assertion (67c) is satisfied,

the entire context set is retained. Hypothetical indefinites thus introduce partially familiar drefs,

defined in a subset of the possibilities in the context (terminology from Elliott, 2020, 2022).
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〈w1, g〉
〈w2, g〉
〈w3, g〉
〈w4, g〉

〈w1, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉
〈w3, g[x 7→ ⋆]〉
〈w4, g[x 7→ ⋆]〉

〈w1, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉
〈w3, g[x 7→ ⋆]〉
〈w4, g[x 7→ ⋆]〉

x is partially
familiar

Figure 11: Update withMary might own a car, making a dref partially familiar.

Remote epistemic necessity. To give a suitable semantics for would, let’s consider which possi-

bilities should be eliminated when updating with (68).

(68) Itx would be red.

ForM⋆
2, suppose that in worldsw1 andw3 it is known that Mary dislikes all non-red cars, excluding

the possibility that she owns a non-red car. In worlds w2 and w4, assume instead that she dislikes

red cars. We model this with an epistemic accessibility relation R, which assigns to each world w

a set of epistemically possible worlds R(w) given what is known inw (Kratzer, 1981). We assume

a toy accessibility relation R given in (69).

(69) a. R(w1) = R(w3) = {w1, w3} (worlds where Mary dislikes non-red cars)

b. R(w2) = R(w4) = {w2, w4} (worlds where Mary dislikes red cars)

An update with (68) should leave open whether Mary actually owns a car, but provide the infor-

mation that if Mary did have a car, her car would be red. Therefore, it should eliminate world w2,

where she owns a non-red car, and world w4, where it is possible that she has a non-red car (the

epistemically accessible worlds include the w2). This is illustrated in Figure 12.

〈w1, g〉
〈w2, g〉
〈w3, g〉
〈w4, g〉

〈w1, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉
〈w3, g[x 7→ ⋆]〉
〈w4, g[x 7→ ⋆]〉

〈w1, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉
〈w3, g[x 7→ ⋆]〉
〈w4, g[x 7→ ⋆]〉

〈w1, g[x 7→ c1]〉

〈w3, g[x 7→ ⋆]〉
×

×

Figure 12: Update withMary might own a car. It would be red.

We derive this update by analyzing would as a remote epistemic necessity modal, following

Kratzer (1977, 1981, 1991), where modal expressions quantify over possible worlds and presup-
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pose some modal restrictor set. Necessity modals introduce universal quantification, meaning that

every world in the modal restrictor set also makes the prejacent true (70). For epistemic modals,

the restrictor is determined by an epistemic accessibility relation (cf. Kratzer’s modal base).10 Ac-

cordingly, an update with a (non-remote) epistemic necessity modal (70) retains all possibilities

〈w,g〉, where g(x) is red in all epistemically accessible worlds.

(70) J□([red(x)])KM,C = {〈w,g〉 ∈ C | ∀w ′ ∈ R(w) : J[red(x)]KM,{〈w ′,g〉} 6= ∅}

However, this does not yet derive the desired update in Figure 12. (70) merely states that it is

necessary, i.e., entailed in all accessible worlds, that x is red (which entails that x is not ⋆). Based

on (69), though, none of the sets of worlds that are accessible from the model worlds can support

such a claim, since both contain worlds where x points to ⋆ (these are w3, w4). Therefore, this

update eliminates all worlds in the current model, making (70) more appropriate to represent a

sentence with the epistemic necessity modal must, as in It must be red.

To capture the intended meaning (“If Mary had a car, Mary’s car would be red”), we limit the

modal restrictor to the hypothetical possibilities where Mary actually has a car, defining it as the

intersection of R(w) and an additional set of worlds B, which is provided contextually.

(71) Jwould([red(x)])KM,C = {〈w,g〉 ∈ C | ∀w ′ ∈ (R(w) ∩ B) : J[red(x)]KM,{〈w ′,g〉} 6= ∅}

If we suppose that B = Wcar = {w1, w2} (the worlds where Mary has a car), we predict the

update shown in Figure 12: The update retains all possibilities 〈w,g〉, such that each epistemically

accessible world where Mary has a car w ′ ∈ (R(w) ∩Wcar), is one where g(x) is red in w ′.

Specifically, the possibilities including the worldsw1 andw3 are retained in the output context,

because they satisfy the modal update: from worldsw1 andw3, the accessible worlds where Mary

has a car (R(w) ∩ B, i.e., {w1, w3} ∩Wcar = {w1}) includes only w1, where g(x) is red. The

possibilities including the worlds w2 and w4 are eliminated from the discourse context, because

they do not satisfy the modal update: from worlds w2 and w4, the accessible worlds where Mary

has a car (R(w) ∩ B, i.e., {w2, w4} ∩Wcar = w2) includes only w2, where g(x) is not red.
10The denotation for epistemic possibility modals in (66) fits in this theory of modality (as existential quantifiers

over epistemically accessible worlds) if we assume that the context set represents the possibilities that are epistemically
accessible from the world of evaluation.
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How to determine the restrictor? Previous literature suggests that the extra restriction B to the

modal base is retrieved anaphorically, thereby enabling modal subordination (Roberts, 1987, 1989;

Frank, 1996; Stone, 1999; Brasoveanu, 2006, 2010). While this assumption is motivated by the

context-dependent truth-conditions of epistemic modals (Kratzer, 1981; Frank, 1996; Frank and

Kamp, 1997; Geurts, 1999; Anand and Hacquard, 2013), it is not necessary for enabling anaphora,

as pronouns in non-veridical contexts very generally allow for hypothetical antecedents.

If it was necessary, we would expect a similar mechanism for any anaphoric expressions with

hypothetical antecedents. And, indeed, certain clause-embedding predicates (e.g., hope, want)

have been argued to anaphorically retrieve a restrictor set (Asher, 1987; Maier, 2015) but anaphora

with hypothetical antecedents is even more flexible. Recall that anaphora is possible whenever the

existence presupposition is consistently accommodated, even in unembedded contexts:

(45) Bill doubts that Mary owns a carx. I have seen itx.

To deal properly with these cases, which involve both non-veridical and plain indicative sentences,

one must be able to refer back to the antecedent a car while interpreting the pronoun relative to

the actual world. Therefore, an anaphoric dependency with a hypothetical antecedent is possible

without a contextually provided restrictor set. Such examples suggest a more general mechanism

for retrieving partially familiar drefs. In fact, the FCS system with partially familiar drefs defined

here (wrongly) predicts that a veridical pronoun following the update with might (72) is possible:

(72) Mary might own a carx. # Itx is red.

The eliminative update mechanism simply removes all possibilities that don’t satisfy the stated

conditions (see Figure 13), predicting that anaphora is possible.

〈w1, g〉
〈w2, g〉
〈w3, g〉
〈w4, g〉

〈w1, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉
〈w3, g[x 7→ ⋆]〉
〈w4, g[x 7→ ⋆]〉

〈w1, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉
〈w3, g[x 7→ ⋆]〉
〈w4, g[x 7→ ⋆]〉

〈w1, g[x 7→ c1]〉
×
×
×

Figure 13: (Predicted) update withMary might own a car. It is red.

To illustrate the issue, consider the update with a veridical pronoun (59), repeated here:
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(59) Itx’s red. J[red(x)]KM,C = {〈w,g〉 ∈ C | g(x) ∈ IM(red)(w)}

(72) is true only if x is defined, and updates entail definedness of all variables more generally. The

eliminative update mechanism therefore predicts local accommodation of existential presupposi-

tions throughout. However, as discussed in Section 3.3, this makes incorrect predictions for (71).

There I suggested that the unacceptability of (72) may arise from a scalar implicature associated

with epistemic possibility claims: when a speaker S utters Mary might own a car, we infer that S

lacked grounds to assert the stronger claimMary owns a car. If the same speaker then presupposes

that Mary does have a car, the discourse becomes pragmatically odd.

4.2.4 Bathroom disjunctions

We state the semantics for disjunction as follows:

(73) FCS disjunction: J[ϕ∨ψ]KM,C = {〈w,g〉 ∈ C | JϕKM,{〈w,g〉} ∪ JψKM,{〈w,g〉} 6= ∅}

A disjunctive update retains any element of the input context that makes at least one disjunct true.

Assuming that the indefinite scopes below negation in the first disjunct, the bathroom-disjunction

(74) in the context of the projective update (74b) givenM⋆
2, C0 yields the update shown in Figure 14.

(74) a. Either Mary doesn’t own [a car]x, or itx’s red. ⇝
(¬ εx([car(x)]; [own(m,x)]))∨ [red(x)]

b. Projective content: [x]; ((¬([car(x)]; [own(m,x)]) ↔ [x = ⋆e])

c. Assertion: (¬([x]; [car(x)]; [own(m,x)]))∨ [red(x)]

〈w1, g〉
〈w2, g〉
〈w3, g〉
〈w4, g〉

〈w1, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉
〈w3, g[x 7→ ⋆]〉
〈w4, g[x 7→ ⋆]〉

〈w1, g[x 7→ c1]〉

〈w3, g[x 7→ ⋆]〉
〈w4, g[x 7→ ⋆]〉

×

Figure 14: Update with Either Mary doesn’t own a car, or it’s red.

The disjunctive assertion (73c) is a test that retains elements 〈w,g〉 where: g(x) is a red car that

Mary owns in w (e.g., 〈w1, g[x 7→ c1]〉), or there is no way to make g(x) point to a car that Mary

owns in w (as for the other two remaining possibilities).
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4.2.5 Discussion and limitations

The approaches using projective content to introduce drefs to possibilities where a referent exists

are compatible with an externally static semantics for non-veridical operators. Gotham (2019) in-

tegrates projective variable update with a classic DPL system, and Mandelkern (2022) develops

a fully static semantics, where context sets are manipulated via a separate dimension of projec-

tive content. Elliott (2020, 2022), instead, integrates positive and negative updates associated with

indefinites in a fully dynamic system, deriving relevant generalizations from the truth-functional

contributions of sentential operators. These approaches make similar predictions for the cases dis-

cussed here. Importantly, they share a key limitation: because context sets only retain hypothetical

drefs for epistemic possibilities that are still live options in discourse, they cannot handle counter-

factual anaphora, as in modal subordination with negated antecedents (75).

(75) Mary doesn’t own a car. It would be parked outside.

Because the first sentence entails that Mary owns no car, the update eliminates all possibilities in

which a dref for a car is introduced. The representation is given in (76):

(76) a. Mary doesn’t own [a car]x⇝ ¬ εx([car(x)]; [own(m,x)])

b. Projective content: [x]; ((¬([car(x)]; [own(m,x)]) ↔ [x = ⋆e])

c. Assertion: ¬([x]; [car(x)]; [own(m,x)])

Interpreting the negative assertion (76c) in the context of the projective update (76b), givenM⋆
2

and C0, yields the update shown in Figure 15.

〈w1, g〉
〈w2, g〉
〈w3, g〉
〈w4, g〉

〈w1, g[x 7→ c1]〉
〈w2, g[x 7→ c2]〉
〈w3, g[x 7→ ⋆]〉
〈w4, g[x 7→ ⋆]〉

〈w3, g[x 7→ ⋆]〉
〈w4, g[x 7→ ⋆]〉

×
×

Figure 15: Update with Mary doesn’t own a car, in the context of the projective update.

This update retains only elements that cannot be updated to assign x to a car Mary owns. Therefore,

any possibility where x is defined and the prejacent is true is eliminated. Thus, (76) fails to make

a dref (even partially) familiar, falsely predicting that (75) is unacceptable.
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The core problem is that context sets of world-assignment pairs closely link epistemic possibil-

ities (worlds) with referential information (assignments). Consequently, discourse states can store

referential information only for worlds that remain viable candidates for the actual world. Once

the possibility that Mary owns a car is ruled out, it can no longer be invoked anaphorically, not

even hypothetically. These accounts inherently exclude counterfactual anaphora, since drefs are

removed from discourse as soon as their existence is negated.

4.3 Addressing counterfactual anaphora

Counterfactual anaphoric dependencies show that we need to track referential information for any

possible world, even those that are no longer considered epistemically possible. To track hypo-

thetical variable assignments separately from the possible worlds that store epistemic information,

we will use drefs for individual concepts: functions from worlds to individuals (following Carnap,

1947; Stone, 1999; Stone and Hardt, 1999; Aloni, 2001; van Rooij, 2006; Hofmann, 2019, 2025).

4.3.1 Drefs for individual concepts

Variable update is still random, but now the value of each dref is an individual concept – a function

from Dw to De, mapping each world to an individual. If a dref has no referent in some world, it

maps to the dummy individual ⋆. In modelM⋆
2, where: Dw = {w1, w2, w3, w4} is the domain of

worlds, and De = {mary, c1, c2, ⋆} is the domain of individuals, there are |De|
|Dw| = 44 = 256

such possible functions. Figure 16 illustrates some of them.
w1 7→ c1
w2 7→ c1
w3 7→ c1
w4 7→ c1



w1 7→ c2
w2 7→ c1
w3 7→ c1
w4 7→ c1

 . . .


w1 7→ c1
w2 7→ c2

w3 7→ mary

w4 7→ ⋆

 . . .


w1 7→ ⋆
w2 7→ ⋆
w3 7→ ⋆
w4 7→ ⋆


Figure 16: Some possible functions Dw 7→ De

4.3.2 The basic system

We use a simplified version of Hofmann’s (2025) Intensional Compositional DRT, which we call

Intensional Logic of Change (ILC, Section D). Representations of updates remain as above, e.g.:
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(77) Mary owns a carx⇝ ([x]; [car(x)]; [own(m)(x)])

We adjust how contexts are structured and how updates apply: a discourse contextC is a set of pairs

{〈W,g〉}, whereW ⊆ Dw is the context set of worlds that are considered epistemically possible at

the current state of the discourse, and g is a variable assignment storing the drefs that have been

introduced. Separating how epistemic and referential information is stored in the context is what

will allow us to store referential information for counterfactual scenarios.

ILC formulas are evaluated relative to a modelM, a set of worldsW ′, and an assignment g.

(78) An ILC formula (i.e. sentence meaning) S is true for a modelM, set of worlds W, and

input assignment g, iff JSKM,W′,g 6= ∅

Given an input context Cin, ILC updates (79) apply distributively to the pairs in the context.

(79) ILC discourse update: Cin + S :=
∪

〈W,g〉∈Cin

{〈W ∩W′, h〉 | h ∈ JSKM,W′,g}

(79) checks, for each pair 〈W,g〉 ∈ Cin, whether it should be updated or eliminated. Output set

elements are derived by intersectingW with some setW ′ that makes the sentence true (i.e. it has a

non-empty set of output assignments H for g), and pairing it with one of the output assignments h

forW ′ (i.e., h ∈ H). Based on the sum-operation, the output contains possibilities for all possible

choices of 〈W,g〉 ∈ Cin that satisfy these conditions.

To explain how the update with (78) works, we start by showing the output context of this

update in an ILC discourse state, given model M⋆
2, and an input context C0 = {〈W,g〉}, where

W = Dw and g is an arbitrary assignment (Figure 17).

C0

⟨
{w1, w2}, g[x 7→


w1 7→ c1
w2 7→ c2
w3 7→ ⋆
w4 7→ ⋆

]⟩

Figure 17: Update with Mary owns a car

The output is a singleton set containing the pair 〈Wcar, g ′〉, where Wcar = {w1, w2} contains

worlds where Mary has a car, and g ′(x) is an individual concept mapping to a car inWcar and to ⋆

in the other worlds ofDw. This update uses intensional versions of variable update and predication.
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Variable update. ILC variable update (80) introduces drefs for individual concepts relative to a

set of worldsW (Stone, 1999; Stone and Hardt, 1999; Brasoveanu, 2006, 2010; Hofmann, 2025).

(80) ILC relative variable updateJ[x]KM,W,g = {h | ∃f: Dw 7→ De, h = g[x 7→ f], ∀w ∈ Dw: w ∈W ↔ f(w) 6= ⋆}

(80) defines a set of assignments h, where h is the result of updating g with an individual concept

f assigned to x. For each w inW, h(x)(w) is a genuine individual; for any world w outsideW,

h(x)(w) maps to ⋆. This ensures that the individual concept associated with a new dref x stores a

referent for only the worlds inW, as illustrated for some choices ofW in Figure 18.

forW = Dw:


w1 7→ c1
w2 7→ c1
w3 7→ c1
w4 7→ c1



w1 7→ c2
w2 7→ c1
w3 7→ c1
w4 7→ c1

 . . .


w1 7→ mary

w2 7→ mary

w3 7→ mary

w4 7→ mary



forW = {w1, w2, w3}:


w1 7→ c1
w2 7→ c1
w3 7→ c1
w4 7→ ⋆



w1 7→ c2
w2 7→ c1
w3 7→ c1
w4 7→ ⋆

 . . .


w1 7→ mary

w2 7→ mary

w3 7→ mary

w4 7→ ⋆


. . .

forW = ∅:


w1 7→ ⋆
w2 7→ ⋆
w3 7→ ⋆
w4 7→ ⋆


Figure 18: Individual concepts randomly introduced relative toW

Predication. Predicative updates (81) eliminate possibilities not satisfying the given conditions.

(81) ILC predication: J[car(x)]KM,W,g = {h | h = g,∀w ∈W: h(x)(w) ∈ IM(car)(w)}

(81) retains only elements 〈W,g〉 for which g(x)(w) is a car for each world w inW.11

Truth and choosing the evaluation set. Combining (80) and (81) allows us to derive (82).

(82) J([x]; [car(x)]; [own(m)(x)])KM,W,g =
{g[x 7→ f] | f: Dw 7→ De,∀w ∈ Dw: w ∈W ↔ f(w) 6= ⋆,

11Including universal quantification over worlds in lexical meanings is the key feature of encapsulated quantification
accounts of dependencies of individual anaphora on modal quantification (Stone, 1997, 1999; Bittner, 2001, 2007).
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∀w ∈W: f(w) ∈ IM(car)(w),

∀w ∈W: 〈IM(m), f(w)〉 ∈ IM(own)(w)}

As f(w)must designate a car thatMary owns for eachw ∈W, howwe choose the epistemic context

setW is important. IfW contains worlds where Mary has no car, the predication is false, yielding

an empty output. It yields a non-empty output for anyW ⊆ Wcar, paired with the corresponding

mapping for x. However, although any subset ofWcar satisfies the predication, the condition is

vacuously true for W = ∅. We exclude this option in discourse by assuming non-empty context

sets to ensure that discourses remain consistent and non-contradictory. We say that an update is

true iff it yields at least one viable assignment g, paired with a non-empty context set.

(83) Truth in a discourse: S is true in a discourse context C, iff ∃〈W,g〉 ∈ C+ S :W 6= ∅

The update in Figure 17 is derived by assuming exactlyW =Wcar, i.e., the largest set that yields

a non-empty output for J([x]; [car(x)]; [own(m)(x)])KM⋆
2
,W,g. Although the semantic system also

outputs combinations for other subsets ofWcar, we typically select the largest context setW com-

patible with the update. This preference can be motivated by Gricean quantity – the assumption

that had the speaker intended to commit to something more informative, they would have explicitly

done so (Grice, 1975). Another possible explanation is the information-theoretic principle of maxi-

mum entropy – the assumption that the knowledge state that best captures the available information

is the one with the most uncertainty (Jaynes, 1957). In the following discussion, we assume this

pragmatic maximization of context sets and illustrate updates only for the largest possible sets.

Anaphora. The update with an anaphoric pronoun is represented as in (84). Assuming that,

throughout all worlds, c1 is red and c2 is not, the update is illustrated in Figure 19.

(84) Itx is red. J[red(x)]KM⋆
2
,W ′,g = {h | h = g,∀w ∈W ′: h(x)(w) ∈ IM⋆

2
(red)(w)}

C0

⟨
{w1, w2}, g[x 7→


w1 7→ c1
w2 7→ c2
w3 7→ ⋆
w4 7→ ⋆

]⟩ ⟨
{w1}, g[x 7→


w1 7→ c1
w2 7→ c2
w3 7→ ⋆
w4 7→ ⋆

]⟩

Figure 19: Update with Mary owns a car. It is red.
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We select the largest set of worldsW ′ making the update true and intersect it with the epistemic

context sets from the input. In this example,W ′ = {w1}, where x points to the red car c1. Impor-

tantly,W ′ must be a subset of the worlds where the antecedent was introduced, i.e. W ′ ⊆ {w1, w2}.

This “subset condition” arises because ⋆ falsifies any predication, so a world can only be included

inW ′ if x is defined there, i.e., h(x)(w) 6= ⋆ for each w ∈ W ′. This derives our generalization

from Section 3: an anaphoric pronoun can be interpreted only if the antecedent referent exists in

every world of the pronoun’s local context. The possibility of freely choosing the largestW ′ that

satisfies the update predicts a liberal possibility of local accommodation.

4.3.3 Counterfactual anaphora

Indefinites under negation (85) introduce a dref relative to the worlds in its local context.

(85) Mary doesn’t own a carx.

Negation introduces a set of worldsW2, which is the local context where the embedded content is

true,12 and states that the matrix context of evaluationW1 is the complement ofW2.

(86) ILC negation: J[¬ϕ]KM,W1,g = {h | ∃W2 ⊆ Dw :W2 =W1, h ∈ JϕKM,W2,g}

(87) updates the input context C0 by introducing a dref x for Mary’s car relative toW2, the largest

set of worlds where Mary owns a car (i.e,Wcar = {w1, w2}, see Figure 20).

(87) J¬([x]; [car(x)]; [own(m)(x)])KM,W1,g =

{g[x 7→ f] | ∃W2 ⊆ Dw :W2 =W1, f: Dw 7→ De,∀w ∈ Dw: w ∈W2 ↔ f(w) 6= ⋆,

∀w ∈W2: f(w) ∈ IM(car), ∀w ∈W2: 〈IM(m), f(w)〉 ∈ IM(own)(w)}

C0

⟨
{w3, w4}, g[x 7→


w1 7→ c1
w2 7→ c2
w3 7→ ⋆
w4 7→ ⋆

]⟩

Figure 20: Update withMary doesn’t own a car.
12We also implicitly assume that the local context is the largest set making the prejacent true. While this is not

explicitly implemented here, it is necessary to derive the truth-conditions for negation and other propositional operators.
For a detailed discussion and formalization of maximization for propositions, see Hofmann (2022, 2025).
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This update introduces the same variable mappings as the affirmative update above. However, the

matrix evaluation context W1 is the complement of W2 (i.e., {w3, w4}), restricting the epistemic

context sets to contain onlyW1-worlds, where x points to ⋆. This discourse state entails that the

referent of x does not exist (88), making it a counterfactual dref.

(88) A dref x is counterfactual in C, iff ∀〈W,g〉 ∈ C(∀w ∈W(g(x)(w) = ⋆)).

The epistemic status of this dref differs from the affirmative case (Section 4.3.2), where the exis-

tence of the referent is entailed, because the discourse contains only epistemic possibilities where

x refers to an actual entity (not ⋆). Here, x is a veridical dref (89).

(89) A dref x is veridical inC, iff ∀〈W,g〉 ∈ C(∀w ∈W(g(x)(w) 6= ⋆)), and x is hypothetical

in C otherwise.

We can now explain why a counterfactual dref cannot be picked up by a veridical pronoun:

(84) Itx is red. J[red(x)]KM,W,g = {h | h = g,∀w ∈W: h(x)(w) ∈ IM(red)(w)}

To update the context in Figure 20 with (84), we would have to chooseW = {w1}, i.e., the largest

set of worlds making the update true. However, the epistemic sets in the discourse are already

restricted to {w3, w4}, where x is not defined. This contradiction renders the update impossible,

making a veridical anaphoric expression unacceptable in this context.

In contrast, an anaphoric pronoun under would is possible (90a). We adapt the semantics for

would from Section 4.2.3 to ILC by letting it introduce a local context W2 as the largest set of

worlds where the prejacent is true. The modal relation between W2 and the matrix context W1

is expressed as follows: for each w ∈ W1, the intersection of worlds accessible from w and a

contextually determined set B contains onlyW2-worlds ((R(w)∩B) ⊆W2). Because this relation

does not require thatW2 is entailed byW1, it is non-veridical (Figure 21).

(90) Itx would be red: J[would([red(x)])]KM,W1,g =

{h | ∃W2 ⊆ Dw : h ∈ J[red(x)]KM,W2,g,∀w ∈W1 : (R(w) ∩ B) ⊆W2}

To interpret (90b), we choose appropriate setsW1,W2, andB. As in Section 4.2.3, letB =Wcar =

{w1, w2}, the worlds where Mary has a car. W2 is the set of worlds where the modal prejacent is
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true, namely where x is red, i.e.,w1. W1 then contains the worlds where the remote modal restrictor

B ∩ R(w) includes onlyW2-worlds. ForM⋆
2, recall the epistemic accessibility relation: R(w1) =

R(w3) = {w1, w3, w4} and R(w2) = R(w4) = {w2, w3, w4}. Accordingly,W1 = w1, w3, since in

these worlds the accessible worlds where Mary has a car (w1) are also worlds where x is red.

C0

⟨
{w3, w4}, g[x 7→


w1 7→ c1
w2 7→ c2
w3 7→ ⋆
w4 7→ ⋆

]⟩ ⟨
{w3}, g[x 7→


w1 7→ c1
w2 7→ c2
w3 7→ ⋆
w4 7→ ⋆

]⟩

Figure 21: Update with Mary doesn’t own a car. It would be red.

The resulting output contains pairs 〈W ′, h〉, s.t. 〈W,g〉 was in the input, the epistemic sets are

narrowed by the new information (W ′ = W ∩W1), and paired with an assignment h resulting

from (90b). Since the update has a non-empty output, it is predicted to be acceptable here.

ILC discourse states keep track of which drefs exist in which worlds, and which worlds are

still epistemically possible. Updating epistemic and referential information somewhat indepen-

dently allows for analyzing counterfactual anaphora, which systems like those in Section 4.2 can-

not. Despite this dissociation, storing epistemic information about drefs is crucial. Variables denote

concepts that may be veridical, hypothetical, or counterfactual. This distinction determines dref ac-

cessibility: because variables are interpreted intensionally, relative to their local context, updates

with variables can only be true when their referent exists locally. The flexibility in choosing local

contexts derives a liberal possibility for accommodating the existence presupposition.

4.4 Discussion

Intensionally unspecific anaphora, where antecedents do not refer to actual real-world entities, chal-

lenge referential characterizations of anaphora. Descriptive approaches handle such cases by pre-

supposing the existence of a referent and allowing local accommodation. Analyzing pronouns them

as definites with an existence presupposition naturally explains why anaphora is possible whenever

that presupposition can be satisfied or accommodated.

Dynamic accounts need extra machinery to capture the same generalization. The theory of

anaphoric accessibility developed in Hofmann (2019, 2022, 2025), presented here using the ILC

system in Section 4.3, shows that interpreting drefs intensionally, separating referential from epis-
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temic information, enables dynamic semantics to account for intensionally unspecific, and par-

ticularly counterfactual, anaphora. While descriptive analyses are simpler, dynamic frameworks

offer broader empirical coverage, extending naturally to temporal and propositional anaphora. In

the systems discussed in this section, pronouns are discourse variables that are interpreted rela-

tive to possible worlds in the context set. Constraints on accessibility follow from two principles:

(i) individual-denoting expressions (such as anaphoric pronouns) carry an existence presupposition

that may be locally accommodated, and (ii) discourse updates must maintain consistency. Allowing

the context to store drefs for counterfactual possibilities makes it possible to capture the observed

generalizations across veridical, hypothetical, and counterfactual contexts.

The ILC system and related analyses (Stone, 1999; Stone and Hardt, 1999; Brasoveanu, 2006,

2010; Hofmann, 2019, 2025; Elliott, 2020, 2022) also improve on conceptual issues in standard

dynamic systems by linking the discourse effects of sentential operators directly to their truth-

conditional contribution (see Schlenker, 2008; George, 2008; Elliott, 2020; Mandelkern, 2022,

2024). By defining propositional operators as externally dynamic and interpreting discourse ref-

erents relative to possible worlds, these systems preserve inferential rules from static logic while

predicting how truth-conditional inferences influence anaphoric accessibility.

The theory presented here also predicts that constraints on anaphoric accessibility should hold

cross-linguistically insofar as they derive from (i) the truth-conditional semantics of propositional

operators and (ii) the interaction between individual-denoting DPs and non-veridical local contexts.

Based on this theory, both dimensions are possible loci of cross-linguistic variation. Variation in

the second dimension, how DP meanings interact with their local context, is evident for in the

encoding of (non-)specificity for indefinites. For instance, dependent indefinites in Hungarian

and Romanian obligatorily scope under quantifiers and other distributive operators (Farkas, 1997;

Farkas and Brasoveanu, 2019) and St’át’imcets ku-marked indefinites are interpreted within the

scope of intensional operators (Matthewson, 1996). Similarly, strong negative polarity items in

many languages mark indefinites restricted to the scope of negation (see, e.g., Barker, 2018). These

patterns suggest that whether indefinites can introduce hypothetical, counterfactual, or veridical

discourse referents may depend on (non-)specificity marking.

For pronouns, it is less clear whether there is comparable variation in their interaction with em-

bedding operators. One observation is that in Japanese only null pronouns, not overt demonstratives
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(e.g., sore), license bathroom anaphora (Kurafuji, 1998), suggesting that interactions between ana-

phora and embedding operators may not be universal (Yagi, 2024). Japanese may in fact provide

a useful case for cross-linguistic comparison, as hypothetical and counterfactual anaphora appear

more restricted than in English. Modal subordination is more restricted (McCready and Asher,

2006), and Japanese polar response particles form a relative answering system (Pope, 1972; Farkas

and Bruce, 2010), suggesting they can only take veridical antecedents (Krifka, 2013; Claus et al.,

2017). Some explanations have been proposed for these differences: that presupposition accom-

modation is generally less available in Japanese (Kurafuji, 1999; Beck et al., 2004); that Japanese

requires overt marking of the discourse relations needed to establish a modal-subordination dis-

course (McCready and Asher, 2006), or that counterfactual antecedents are less available than in

English (Krifka, 2013; Claus et al., 2017). However, no conclusive explanation links all of these

observations. Investigating such variation within a unified framework for hypothetical and coun-

terfactual discourse dependencies may therefore help situate these phenomena within a broader

typology of hypothetical and counterfactual anaphora.

5 Comprehending hypothetical and counterfactual anaphora

This section reviews psycholinguistic research on comprehending anaphora, focusing on whether

anaphora involves retrieving semantic denotations (as assumed in dynamic approaches) or linguis-

tic representations (as in descriptive approaches), and on how comprehenders process anaphora

when antecedents are introduced in hypothetical or counterfactual contexts. Section 5.1 discusses

what representations are retrieved during anaphora resolution: linguistic representations of an-

tecedent expressions or semantic representations of discourse entities? Section 5.2 asks if potential

antecedents that are semantically inaccessible based on veridicality constraints are still consid-

ered during memory retrieval, producing interference effects. Finally, Sections 5.3 and 5.4 discuss

whether retrieving hypothetical or counterfactual antecedents incurs measurable processing costs

For discussion and broader overviews of psycholinguistic research on anaphora, as related de-

pendencies or discourse phenomena, see Nicol and Swinney, 2003; Zwaan and Rapp, 2006; Arnold,

2010; Schwarz-Friesel and Consten, 2011; Poesio, 2016; Brasoveanu and Dotlačil, 2020; Kroll,

2020; Kaiser, 2021; Arnold, 2023; Schmitz, 2025.

46



5.1 Dependencies over linguistic representations or semantic denotations?

This subsection reviews psycholinguistic findings and proposals relevant to the comparison be-

tween descriptive and dynamic approaches: when comprehenders resolve anaphora, do they re-

trieve linguistic representations or semantic denotations? Descriptive approaches assume that ana-

phora resolution retrieves linguistic representations of antecedents, whereas dynamic approaches

assume retrieval of semantic denotations. After introducing basic assumptions about lexical acti-

vation and anaphoric reactivation, I consider evidence about the level of representation involved

and its relation to cognitive and semantic theories.

5.1.1 Background: Lexical activation and anaphoric reactivation

Many models of word recognition assume that lexical items become activated in working memory

for integration into syntactic and semantic representations. Activation is an abstract notion used to

explain response speed and accuracy in various experimental tasks that require word recognition,

and is typically taken to reflect the probability that a representation will be needed at a given time,

in line with views that cognitive systems adapt to the statistical structure of the environment (see,

e.g., Anderson, 1976; Anderson and Schooler, 1991; Anderson, 2007; Budiu and Anderson, 2004;

R. L. Lewis and Vasishth, 2005; Brasoveanu and Dotlačil, 2020).

A well-established consequence is the frequency effect (Howes and Solomon, 1951; Whaley,

1978; Murray and Forster, 2004): higher-frequency words are assumed to have higher base ac-

tivation in memory and thus recognized more quickly or accurately. The effect is robust across

paradigms, including lexical decision tasks (Stanners et al., 1975; Whaley, 1978), reading time

studies (Monsell, 1991), and the visual world paradigm, where participants preferentially fixate on

objects with more frequent names (Dahan et al., 2001).

Another common assumption is that memory is associative and activation spreads to seman-

tically related items. This explains semantic priming effects, where prior exposure to a related

word facilitates access, yielding faster responses, for instance, in lexical decision tasks (Meyer and

Schvaneveldt, 1971; Swinney et al., 1979). Such priming effects are short-lived, typically lasting

250–700 milliseconds, roughly the duration of three syllables (Nicol and Swinney, 2003).

Because semantic priming can diagnose current activation, it has been used to study anaphora
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resolution. Nicol, 1988 used semantic priming in a lexical decision task to show that pronoun

processing reactivates the antecedent: Participants heard sentences like (91) and made a lexical

decision on a visually presented target word at the marked position:

(91) The ballerina told the skier that the doctor for the team would blame him * for the recent

injury.

Targets related to skier (e.g., snow) were recognized faster than targets related to other nouns in the

sentence, indicating that encountering the pronoun reactivated the antecedent representation (see

also McElree and Bever, 1989; MacDonald and MacWhinney, 1990; Nicol and Swinney, 2003).

5.1.2 Levels of representation in anaphora resolution

A key question is whether the reactivated representation corresponds to the full, form-based, lexical

entry or to an abstract, purely semantic representation. Love and Swinney (1996) investigated this

using semantic priming in a lexical decision task with lexically ambiguous antecedents (e.g., bank).

They tested whether pronouns reactivated all lexical meanings of an ambiguous antecedent (e.g.,

bank) or only the contextually relevant one (see Nicol and Swinney, 2003). Participants heard

sentences like (92) made lexical decisions on visually presented target words at one of three points:

immediately after the ambiguous noun, after a short delay, or immediately following the pronoun.

(92) Jeff had read about problems with savings and loan institutions, so he went to the bank to

ask about the safety that it provided with respect to CD investments.

At the first test point they found priming effects for words related to both meanings (e.g., financial

institution and river edge), consistent with well-established findings that all meanings of a lexically

ambiguous word are initially activated during comprehension (e.g. Swinney 1979, Tanenhaus,

Leiman, and Seidenberg 1979). At the second test point, no priming was observed, consistent with

the typical priming duration of 250–700 milliseconds. At the third and critical test point, immedi-

ately after the pronoun, facilitation was observed for only target words related to the contextually

appropriate meaning. This suggests that pronoun resolution selectively reactivates only the seman-

tic representation of the antecedent that was already integrated into the semantic interpretations of

the sentence, rather than its full, form-based, lexical entry, which would activate both meanings.
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Further evidence that anaphoric pronouns involve dependencies over denotations rather than

textual representations is reported in Clifton and Ferreira (1987), Cloitrew and Bever (1988), Lucas

et al. (1990), Carreiras (1997), van Gompel and Majid (2004), and Simovic and Chambers (2023).

However, some findings also indicate that a textual representation can contribute to interpretation

in some cases (Carreiras et al., 1993; Garnham et al., 1995).

5.1.3 Mental models and dynamic semantics

Mental-model theories (also called situation-model or discourse-model theories) provide a frame-

work for understanding the denotation-level representations involved in anaphora comprehension

(e.g., Webber, 1979; Johnson-Laird, 1983; van Dijk and Kintsch, 1983; Zwaan and Radvansky,

1998). On this view, discourse comprehension involves constructing and updating mental repre-

sentations of the described scenarios by integrating linguistic input with contextual inferences and

world knowledge. These mental models represent discourse entities and relations between them

and are continuously updated as the discourse unfolds. Evidence comes from memory-probe stud-

ies like MacDonald and Just (1989), in which participants read sentences containing indefinites

with or without negation (93) and judged whether a target word had appeared in the sentence.

(93) Almost every weekend, Elizabeth bakes…

a. no bread but only cookies for the children.

b. some bread but no cookies for the children.

Responses were faster for non-negated indefinites in both positions, suggesting they were more

strongly activated. This can be interpreted as a difference between veridical and counterfactual

discourse referents: entities introduced by veridical indefinites receive additional activation from

being integrated into the mental model of the described scenario, but those associated with coun-

terfactual indefinites do not. The result aligns with broader evidence that sentence comprehen-

sion relies on denotational models of the discourse scenario in addition to form-based linguistic

representations (e.g. Bransford et al., 1972; Johnson-Laird, 1983; Zwaan and Radvansky, 1998;

Garnham, 2000; Kaup, 2001; Kaup and Zwaan, 2003).

Within this framework, anaphoric dependencies are understood as targeting semantic repre-

sentations of entities in the mental model (see discussion in van Dijk and Kintsch, 1983; Oakhill
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et al., 1989; Garnham, 2000; Boella and Lesmo, 2002; Brasoveanu and Dotlačil, 2020). Mental

models also closely parallel dynamic semantic representations of discourse, where sentences intro-

duce and update discourse referents. Work by Boella et al. (1999) and Boella and Lesmo (2002)

shows that phenomena such as donkey and plural anaphora can be modeled using a system of finite

denotational representations that combine insights from mental models and dynamic semantics.

Brasoveanu and Dotlačil (2020) note that the mental-models approach is essentially equivalent to

the model-theoretic interpretation of DRT. While mental-model theories incorporate world knowl-

edge and often abstract away from individual referents, bothmental-model and dynamic approaches

treat discourse interpretation as tracking denotational values rather than linguistic representations.

In this respect, they contrast with descriptive approaches, which derive anaphoric dependencies

through relations between linguistic expressions.

Mental-model theory has also been extended to hypothetical and counterfactual scenarios, in

theories of reasoning (Byrne, 1997, 2005; Khemlani et al., 2018), and in studies on the processing

of sentences with negation, which suggest that comprehenders mentally simulate the counterfac-

tual scenario before shifting attention to the veridical situation (e.g., Zwaan et al., 2002; Kaup and

Zwaan, 2003; Kaup et al., 2006, 2007). The idea of distinguishing between entities in actual, hypo-

thetical, and counterfactual mental models therefore connects this framework to dynamic analyses

of intensionally unspecific anaphora (Section 4). However, the processing of hypothetical and

counterfactual anaphora itself, and the effects of semantic accessibility governed by veridicality,

remain comparatively understudied, as discussed in the remainder of this section.

5.2 Effects of semantic accessibility: (no) interference effects

This subsection discusses whether antecedents that are semantically inaccessible based on veridi-

cality nonetheless lead to interference effects during anaphora resolution. After introducing the

cue-based retrieval framework, it compares evidence from structurally inaccessible antecedents

with findings on negated antecedents, asking whether discourse antecedents ruled out by negation

are still considered as potential antecedents during retrieval. While more research is needed, the

available evidence suggests that counterfactual antecedents do not cause interference effects for

veridical anaphora, indicating that they may not even be considered as potential antecedents.
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5.2.1 Background: Cue-based retrieval

Current processing models often analyze anaphora resolution within a cue-based retrieval frame-

work, in which representations are retrieved frommemory bymatching retrieval cues against stored

candidates (e.g., R. L. Lewis and Vasishth, 2005; Kush et al., 2015; Dotlačil, 2021). Applied to

discourse anaphora, the idea is that pronouns retrieve antecedents by matching their cues against

discourse representations in memory (Badecker and Straub, 2002; Brasoveanu and Dotlačil, 2020;

Schmitz et al., 2024; Schmitz, 2025). These cues include grammatical features such as gender and

number, and there is long-standing evidence that such cues guide early stages of pronoun resolution

(Ehrlich and Rayner, 1983; Nicol, 1988; Garnham et al., 1995; Arnold et al., 2000).

Cue-based retrieval models also predict similarity-based interference: when multiple candi-

dates (partially) match the retrieval cues, processing slows down or becomes less accurate because

the systemmust discriminate between competing candidates (VanDyke, 2007; Wagers et al., 2009).

A classic demonstration is Badecker and Straub (2002), who examined sentences like (94), where

the pronoun (him) has one grammatically accessible antecedent (John) and one structurally inac-

cessible antecedent (Bill/Beth), ruled out by Principle B of binding theory (to grammatically refer

to Bill, the pronoun would have to be a reflexive).

(94) Badecker and Straub, 2002: (9–10)

a. Multiple match

John thought that Bill owed him another chance to solve the problem.

b. Accessible match

John thought that Beth owed him another chance to solve the problem.

Reading times after the pronoun were slower when multiple DPs matched its gender (94a) than

when only the accessible antecedent did (94b). This suggests that pronoun resolution initially con-

siders all gender-matching candidates, including structurally inaccessible ones, before selecting

the grammatically licensed antecedent. In cue-based retrieval models, this interference effect is

interpreted as indicating that pronouns actively search for antecedents using gender as a cue for

retrieving matching representations from memory. Since ruling out unsuitable options is costly,

structurally inaccessible DPs that match the pronoun cause a slowdown.
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5.2.2 Interference from counterfactual indefinites?

Schmitz et al. (2024) combined offline measures and eye-tracking while reading to test whether

gender-matching but negated DPs in Dutch (geen zoon ‘no son’) interfere with pronoun resolution.

(95) a. Multiple match

De professorm heeft geen zoonm. De laatste jaren werkte hijm…

The professor has no son. The last few years, he worked…

b. Accessible match

De professorm heeft geen dochterf. De laatste jaren werkte hijm…

The professor has no daughter. The last few years, he worked…

…helaas op alle feestdagen.

…unfortunately during all holidays.

Unlike many previous studies, where structurally inaccessible items still interfere, Schmitz and

colleagues found no interference from negated DPs. This suggests that counterfactual discourse

referents introduced under negation were not considered viable antecedents for a subsequent veridi-

cal pronoun. They did observe weak evidence for an effect in post-critical regions, where subject-

object interactions influenced right-bounded reading times. They did find weak evidence for effects

in post-critical regions, where subject-object interactions influenced right-bounded reading times,

possibly indicating a limited role for inaccessible antecedents in resolving veridical anaphora.

This finding contrasts with earlier work (Levine and Hagaman, 2008), which found that negated

indefinites did interfere during the interpretation of anaphoric definites (e.g., Justin bought a mango

but not an apple. He ate the fruit.), especially when the distractor was a highly typical member of

the relevant category. They therefore argued that negation does not automatically suppress the

negated concept, which can remain available as a competitor during anaphora resolution.

However, the negated expressions in that study were not necessarily counterfactual: denying

that Justin bought an apple does not entail that said apple does not exist in the actual world. In

contrast, the counterfactual indefinites discussed in previous sections, and the materials in Schmitz

et al. (2024), involve negated existential or possessive statements, where denying the event entails

that the object does not exist.
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This contrast suggests that the status of the discourse referent as counterfactual, hypothetical,

or veridical is crucial. In Schmitz et al. (2024), the negated DPs are counterfactual and thus se-

mantically inaccessible for veridical pronouns, so the absence of is consistent with the idea that

such discourse referents are filtered out early during retrieval. In Levine and Hagaman (2008), the

negated indefinites are not entailed to have an empty witness set and are therefore not ruled out as

potential antecedents. The observed interference thus suggests that negated concepts can remain

available when they can be understood as veridical, rather than demonstrating that semantically

inaccessible antecedents are directly retrievable as discourse referents.

5.3 More effects of semantic inaccessibility

Dwivedi (1996) used sentence-by-sentence self-paced reading to investigate how veridical pro-

nouns are processed when they refer to hypothetically introduced antecedents. Using four-sentence

discourses like (96), she compared continuations in which the pronoun was embedded under the

non-veridical modal would (S3a) with continuations in a veridical, unembedded context (S3b).

(96) Dwivedi, 1996: (23)

S1: Cathy will probably buy a house.

S2: She’s been looking at the market lately.

S3a: It would be a Colonial. (hypothetical)

S3b: It’s a Colonial. (veridical)

S4: Luckily, she has a good agent.

Reading times were slower for continuations with veridical pronouns, consistent with the observa-

tion that they are infelicitous with hypothetical antecedents.

In subsequent EEG-studies, Dwivedi et al. (2006, 2010) investigated the neurophysiological re-

sponse to this unacceptability. In a 2×2 design, participants encountered a veridical or hypothetical

context (97), followed by a veridical or hypothetical continuation (98).

(97) Context sentence:

a. John is reading a novel. (veridical)

b. John is considering writing a novel. (hypothetical)
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(98) Target sentence:

a. It ends quite abruptly. (veridical)

b. It might end quite abruptly. (hypothetical)

The study analyzed event-related potentials (ERPs) at the pronoun (it), the verb (ends/might) and

the following word. A key finding was a slow frontal positivity at the verb in the unacceptable

hypothetical-veridical condition. This effect resembled a P600 in latency, but had a frontal rather

than a centro-parietal distribution. Unlike an N400, which is typically associated with conceptual

semantic anomaly (e.g, John ate # democracy), this pattern may indicate a process of discourse-

level structural revision or repair, in line with proposals linking frontal positivities to structural

revision in sentence and discourse processing.

5.4 Effects of accessing negated and hypothetical antecedents

Evidence on whether retrieving hypothetical or counterfactual antecedents incurs a processing cost

remains inconclusive. Haviland and Clark (1974) examined anaphoric definites with hypothetical

antecedents and found that definites (e.g., the alligator) were read slower when the antecedent was

introduced in a non-veridical desire context (e.g., Ed wanted an alligator for his birthday), rather

than in a context entailing its existence (e.g., Ed was given an alligator…). They argued that this

slowdown reflects the need to accommodate an entity that has not been established in the discourse

model. Later replication attempts produced mixed results: Claus (2008) found a slowdown for

German anaphoric definites with veridical antecedents compared to hypothetical ones in desire-

contexts, while Delogu (2009) and Delogu et al. (2010) did not replicate the finding for Italian.

Dwivedi (1996) (Experiment 2) used sentence-by-sentence self-paced reading with a moving

window to compare reading times for sentences with pronouns embedded under will, should, or

would (99)–(100). Antecedents were proper names introduced in sentences with or withoutmaybe.

(99) Dwivedi, 1996: (27)

a. Susan will major in math. She will take Calculus III first. (F-F)

b. Susan will major in math. She should take Calculus III first. (F-NF)

c. Maybe Susan will major in math. She should take Calculus III first. (NF-NF)
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(100) Dwivedi, 1996: (28)

a. Mario will run for President again. He will win this time. (F-F)

b. Mario will run for President again. He would win this time. (F-NF)

c. Maybe Mario will run for President again. He would win this time. (NF-NF)

Target sentences containingwould were readmore slowly than those withwill or should. This slow-

down was independent of whether the antecedent sentence containedmaybe. Since the antecedents

were proper names and therefore interpreted veridically, the effect likely reflects processing costs

associated with the hypothetical modal would rather than with retrieving a hypothetical antecedent.

Shuval and Hemforth (2008) investigated veridical anaphora with negated antecedents using

the visual world paradigm in French. Participants heard sentences introducing a non-negated and a

negated referent (e.g., You will buy a car, not a motorcycle) while viewing corresponding images.

When hearing an ambiguous pronoun, negated referents attracted fewer fixations than non-negated

ones but more than semantically related or unrelated distractors. Importantly, the negated referents

in this study may again not have been counterfactual, since denying that You will buy a motorcycle

does not entail that the motorcycle does not exist in the invoked scenario. The results therefore sug-

gest that negated indefinites not entailed to have an empty witness set remain available as potential

antecedents, although with reduced accessibility.

5.5 Summary

The studies reviewed here invite further experimental investigation, while also suggesting some

tentative conclusions. First, Section 5.1 summarized psycholinguistic evidence supporting the view

that anaphora resolution involves retrieving denotational representations of discourse entities rather

than purely linguistic representations of antecedent expressions. Second, Section 5.2 suggested that

counterfactual discourse referents that are semantically inaccessible appear to behave differently

from structurally inaccessible antecedents in cue-based retrieval, failing to produce interference

effects. Third, although hypothetical and counterfactual antecedents may incur processing costs in

some contexts, the available evidence remains sparse and mixed (Sections 5.3 and 5.4). Overall,

the psycholinguistic literature on these cases is still limited, inviting future experimental work on

the comprehension of hypothetical and counterfactual anaphora.
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6 Conclusion

This chapter has examined the implications of intensionally unspecific anaphora for the seman-

tics of anaphoric dependencies. Rather than as a simple relation of coreference, anaphora is best

understood as a relationship between expressions that is interpreted relative their local context of

evaluation. The chapter compared how two major approaches to anaphora address this issue.

Descriptive accounts treat anaphora as a dependency over semantic form: pronouns recover the

descriptive content of their antecedents. They are interpreted relative to their local context by ana-

lyzing constraints on anaphora as presuppositions. This view extends naturally to hypothetical and

counterfactual discourse, because presuppositions can be locally accommodated in non-veridical

environments. Dynamic accounts instead model anaphora as a dependency over semantic values,

using discourse referents to provide a more comprehensive approach to anaphora across domains,

including temporal and propositional anaphora. The challenge for dynamic semantics discussed

here was capturing intensional and counterfactual anaphora, which require extending the notion of

discourse reference to track dependencies across possible worlds.

The dynamic account illustrated in Section 4 addresses the dependence of anaphora on their

local contexts via local accommodation of existential presuppositions and discourse states which

store drefs for individual concepts. This account captures how we track hypothetical and coun-

terfactual entities in discourse by distinguishing epistemic from referential information. Finally,

by linking semantic accessibility constraints to truth-conditional semantics and variation in speci-

ficity marking, the account points toward a general perspective on interpreting hypothetical and

counterfactual discourse dependencies.

The chapter has also reviewed experimental studies investigating cognitive mechanisms in-

volved in interpreting anaphora. Psycholinguistic research suggests that this process involves se-

mantic rather than lexical reactivation of antecedents, supporting the view that anaphoric dependen-

cies are meaning-based rather than form-based. Research about lexical activation, mental models,

and discourse representation suggest an understanding of anaphora as processed relative to situa-

tion models, where linguistic meaning is integrated with contextual knowledge. The findings are

tentatively interpreted as supporting a dynamic view of discourse interpretation, where language

users track referents across possible contexts, including hypothetical and counterfactual scenarios.
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Appendix

A Semantics for predicate logic with iota

(1) Basic expressions

a. JvKM,g = g(v) (for a variable v)
b. JαKM,g = IM(α) (for a non-logical constant α)

(2) Atomic formulas

a. Predication: Jπ(α1, . . . , αn)KM,g = 1 iff 〈Jα1KM,g, . . . , JαnKM,g〉 ∈ JπKM,g
(for n ∈ N, n-ary predicate π, sequence of n individual terms α1, . . . , αn)

(3) Unary operators (for a formula ϕ)

a. Negation: J¬ϕKM,g = 1, iff JϕKM,g = 0
(4) Binary operators (for formulas ϕ,ψ)

a. Conjunction: Jϕ∧ψKM,g = 1, iff JϕKM,g = 1 and JψKM,g = 1
b. Disjunction: Jϕ∨ψKM,g = 1, iff JϕKM,g = 1 or JψKM,g = 1
c. Implication: Jϕ→ ψKM,g = 1, iff JϕKM,g = 0 or JψKM,g = 1
d. Biconditional: Jϕ↔ ψKM,g = 1, iff JϕKM,g = JψKM,g

(5) Lambda abstraction (for variable v, formula ϕ): Jλv.ϕKM,g = {〈d ∈ DM, JϕKM,g[v 7→d]〉}

(6) Quantification (for variable v, formula ϕ)

a. Existential: J∃vϕKM,g = 1, iff for some individual d ∈ DM: d ∈ Jλv.ϕKM,g
b. Universal: J∀vϕKM,g = 1, iff for all individuals d ∈ D: d ∈ Jλv.ϕKM,g

(7) Definite operator (complex term, for a predicate P)JιPKM,g = d, if d ∈ JPK, and |JPK| = 1
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B Dynamic predicate logic

B.1 Semantics

(1) Basic expressions

a. JvKM,g = g(v) (for a variable v)
b. JαKM,g = IM(α) (for a non-logical constant α)

(2) Atomic formulas

a. Variable update: J[x]KM,g = {h | ∃d ∈ D: h = g[x 7→ d]}

(for an individual variable x)

b. Predication: J[π(α1, . . . , αn)]KM,g = {h | h = g, 〈Jα1KM,h, . . . , JαnKM,h〉 ∈ JπKM,h}
(for n ∈ N, an n-ary predicate π, a sequence of n individual terms α1, . . . , αn)

(3) Unary operators (for a formula ϕ)

a. Negation: J[¬ϕ]KM,g = {h | h = g, JϕKM,g = ∅}

(4) Binary connectives (for formulas ϕ,ψ)

a. Dynamic conjunction: Jϕ;ψKM,g = {h | ∃i ∈ JϕKM,g: h ∈ JψKM,i}
b. Disjunction: J[ϕ∨ψ]KM,g = {h | h = g, JϕKM,g ∪ JψKM,g 6= ∅}

c. Implication: J[ϕ→ ψ]KM,g = {h | h = g,∀i ∈ JϕKM,g: JψKM,i 6= ∅}

(5) Universal quantification: J[∀v.ϕ]KM,g = {h | h = g,∀d ∈ D: JϕKM,g[v7→d] 6= ∅}

(6) a. Update: C+ S :=
∪
g∈CJSKM,g

b. Truth: S is true relative to modelM and context C, iff
∪
g∈CJSKM,g 6= ∅

B.2 Derivations for updates

(7) Itx is red.: Jred(x)KM,g = {h | h = g, h(x) ∈ IM(red)} (2b), (1)

(8) Mary owns a carx.

a. J[x]; [car(x)]; [own(m,x)]KM,g = (4a), (2a)

b. {h | ∃d ∈ D: h ∈ J[car(x)]; [own(m,x)]KM,g[x 7→d]} = (4a), (1)
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c. {g[x 7→ d] | d ∈ IM(car), 〈IM(m), d〉 ∈ IM(own)}

(9) Everyx actress believes that shex deserves more roles.

a. J[∀x([actress(x)] → [believes(x, deserve-more-roles(x))])]KM,g = (5)

b. {h | h = g,∀d ∈ D:J[actress(x)] → [believes(x, deserve-more-roles(x))]KM,g[x 7→d] 6= ∅} = (4c)

c. {h | h = g,∀d ∈ D: ∀k ∈ J[actress(x)]KM,g[x 7→d]:J[believes(x, deserve-more-roles(x))]KM,k 6= ∅}

(10) Everyx farmer who owns ay donkey feeds ity.

a. J∀x(([farmer(x)]; [y]; [donkey(y)]; [own(x, y)]) → [feed(x, y)])KM,g = (5)

b. {h | h = g,∀d1 ∈ D:J([farmer(x)]; [y]; [donkey(y)]; [own(x, y)]) → [feed(x, y)]KM,g[x 7→d1] 6= ∅} = (4c)

c. {h | h = g,∀d1 ∈ D: ∀i ∈ J([farmer(x)]; [y]; [donkey(y)]; [own(x, y)])KM,g[x 7→d1]:J[feed(x, y)]KM,i 6= ∅} = (4a)

d. {h | h = g,∀d1 ∈ D: ∀i ∈ {j | ∃k ∈ J[farmer(x)]KM,g[x 7→d1]:
j ∈ J([y]; [donkey(y)]; [own(x, y)])KM,k}: J[feed(x, y)]KM,i 6= ∅} = (2b), (1)

e. {h | h = g,∀d1 ∈ D: ∀i ∈ {j | d1 ∈ IM(farmer),

j ∈ J([y]; [donkey(y)]; [own(x, y)])KM,g[x 7→d1]}: J[feed(x, y)]KM,i 6= ∅} =

(4a), (2a), (2b), (1)

f. {h | h = g,∀d1 ∈ D: ∀i ∈ {g[x 7→ d1, y 7→ d2] |

d1 ∈ IM(farmer), d2 ∈ IM(donkey), 〈d1, d2〉 ∈ IM(own)}:J[feed(x, y)]KM,i 6= ∅}

(11) Mary doesn’t own ax car.: (3a)J[¬([x]; [car(x)]; [own(m,x)])]KM,g = {h | h = g, J([x]; [car(x)]; [own(m,x)])KM,g = ∅}

(12) It’s not the case that Mary doesn’t own ax car.

a. J[¬¬([x]; [car(x)]; [own(m,x)])]KM,g = (3a)

b. {h | h = g, J[¬([x]; [car(x)]; [own(m,x)])]KM,g = ∅} = (3a)

c. {h | h = g, {i | i = g, J([x]; [car(x)]; [own(m,x)])KM,g = ∅} = ∅} =

d. {h | h = g, J([x]; [car(x)]; [own(m,x)])KM,g 6= ∅}
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C File change semantics with partially familiar drefs

C.1 Semantics

(1) Basic expressions

a. JvKM,w,g = g(v) (for a variable v)
b. JαKM,w,g = IM(α)(w) (for a non-logical constant α)

(2) Atomic formulas

a. Variable update: J[x]KM,C = {〈w,h〉 | 〈w,g〉 ∈ C,∃d ∈ D: h = g[x 7→ d]}

(for an individual variable x)

b. Predication:J[π(α1, . . . , αn)]KM,C = {〈w,g〉 ∈ C | 〈Jα1KM,w,g, . . . , JαnKM,w,g〉 ∈ JπKM,w,g}
(forn ∈ N, intensionaln-ary predicate π, sequence ofn individual termsα1, . . . , αn)

c. Identity: J[α1 = α2]KM,C = {〈w,g〉 ∈ C | Jα1KM,C = JαnKM,C}
(for terms α1, α2)

(3) Unary operators (for a formula ϕ)

a. Negation: J[¬ϕ]KM,C = {〈w,g〉 ∈ C | JϕKM,{〈w,g〉} = ∅}

b. Epistemic possibility: J[♢ϕ]KM,C = {〈w,g〉 ∈ C | JϕKM,C 6= ∅}

c. Epistemic necessity (for an epistemic accessibility relation R):J[□ϕ]KM,C = {〈w,g〉 ∈ C | ∀w ′ ∈ R(w) : JϕKM,{〈w ′,g〉} 6= ∅}

d. Remote epistemic necessity

(for epistemic accessibility relation R, hypothetical scenario B)J[would(ϕ)]KM,C = {〈w,g〉 ∈ C | ∀w ′ ∈ (R(w) ∩ B) : JϕKM,{〈w ′,g〉} 6= ∅}

(4) Binary operators (for formulas ϕ,ψ)

a. Dynamic conjunction, i.e. relation composition: Jϕ;ψKM,C = JψKM,JϕKM,C

b. Disjunction: J[ϕ∨ψ]KM,C = {〈w,g〉 ∈ C | JϕKM,{〈w,g〉} ∪ JψKM,{〈w,g〉} 6= ∅}

c. Implication: J[ϕ→ ψ]KM,C = {〈w,g〉 ∈ C | JϕKM,{〈w,g〉} ⊆ JψKM,{〈w,g〉}}
d. Biconditional: J[ϕ↔ ψ]KM,C = {〈w,g〉 ∈ C | JϕKM,{〈w,g〉} = JψKM,{〈w,g〉}}

79



(5) a. Update: C+ S := JSKM,C
b. Truth: S is true relative to modelM and context C, iff JSKM,C 6= ∅

(6) Indefinites: εx(ϕ)

a. Asserts: [x]; [ϕ]

b. Projects: [x]; (¬ϕ↔ (x = ⋆e))

(An update of the at-issue asserted content of an utterance containing an indefinite

takes place after the projective update has been applied)

C.2 Derivations

(7) (Assertion of) Mary owns [a car]x.

a. J[x]; [car(x)]; [own(m,x)]KM,C = (4a)

b. J[own(m,x)]KM,J[car(x)]KM,J[x]KM,C

= (2b), (1)

c. {〈w, i〉 ∈ {〈w′, h〉 ∈ J[x]KM,C | h(x) ∈ IM(car)(w′)}

| 〈IM(m), i(x)〉 ∈ IM(own)(w)} =

d. {〈w, i〉 ∈ J[x]KM,C | i(x) ∈ IM(car)(w), 〈IM(m), i(x)〉 ∈ IM(own)(w)} = (2a)

e. {〈w, i〉 ∈ {〈w′, h〉 | 〈w′, g〉 ∈ C, ∃d ∈ D: h = g[x 7→ d]} |

i(x) ∈ IM(car)(w), 〈IM(m), i(x)〉 ∈ IM(own)(w)} =

f. {〈w,g[x 7→ d]〉 | 〈w,g〉 ∈ C, d ∈ IM(car)(w), 〈IM(m), d〉 ∈ IM(own)(w)}

(8) (Assertion of) Mary doesn’t own [a car]x

a. J¬([x]; [car(x)]; [own(m,x)])KM,C = (3a)

b. {〈w,g〉 ∈ C | J([x]; [car(x)]; [own(m,x)])KM,{〈w,g〉} = ∅}

(9) (Assertion of) It’s not the case that Mary doesn’t own [a car]x

a. J¬¬([x]; [car(x)]; [own(m,x)])KM,C = (3a)

b. {〈w,g〉 ∈ C | J[¬([x]; [car(x)]; [own(m,x)])]KM,{〈w,g〉} = ∅} = (3a)

c. {〈w,g〉 ∈ C | {〈w ′, g ′〉 ∈ {〈w,g〉} |J([x]; [car(x)]; [own(m,x)])KM,{〈w ′,g ′〉} = ∅} = ∅} =

d. {〈w,g〉 ∈ C | J([x]; [car(x)]; [own(m,x)])KM,{〈w,g〉} 6= ∅}
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(10) Itx’s red.

a. J[red(x)]KM,C = (2b), (1)

b. {〈w,g〉 ∈ C | g(x) ∈ IM(red)(w)}

(11) (Assertion of) Mary might own [a car]x.

a. J[♢([x]; [car(x)]; [own(m,x)])]KM,C = (3b)

b. {〈w,g〉 ∈ C | J[x]; [car(x)]; [own(m,x)]KM,C 6= ∅} = (7f)

c. {〈w,g〉 ∈ C | {〈w ′, g ′[x 7→ d]〉 |

〈w ′, g ′〉 ∈ C, d ∈ IM(car)(w ′), 〈IM(m), d〉 ∈ IM(own)(w ′)} 6= ∅}

(12) It would be red.

a. Jwould([red(x)])KM,C = (3c)

b. {〈w,g〉 ∈ C | ∀w ′ ∈ (R(w) ∩ B) : J[red(x)]KM,{〈w ′,g〉} 6= ∅}

(13) (Assertion of) Either Mary doesn’t own [a car]x, or itx’s red.

a. J[((¬([x]; [car(x)]; [own(m,x)]))∨ [red(x)])]KM,C = (4b)

b. {〈w,g〉 ∈ C | J¬([x]; [car(x)]; [own(m,x)])KM,{〈w,g〉} ∪ J[red(x)]KM,{〈w,g〉} 6= ∅} =

(8), (10b)

c. {〈w,g〉 ∈ C | {〈w′, g′〉 ∈ {〈w,g〉} |

{〈w,g′[x 7→ d]〉 | d ∈ IM(car)(w′), 〈IM(m), d〉 ∈ IM(own)(w′)} = ∅} ∪

{〈w′, g′〉 ∈ {〈w,g〉} | g′(x) ∈ IM(red)(w′)} 6= ∅} =

d. {〈w,g〉 ∈ C |

{〈w,g[x 7→ d]〉 | d ∈ IM(car)(w′), 〈IM(m), d〉 ∈ IM(own)(w)} = ∅} ∪

{〈w,g〉 | g(x) ∈ IM(red)(w)} 6= ∅}
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D Intensional logic of change

D.1 Semantics

(1) Basic expressions

a. JvKM,w,g = g(v)(w) (for a variable v)
b. JαKM,w,g = IM(α)(w) (for a non-logical constant α)

(2) Atomic formulas

a. Relative variable update (individual concepts)J[x]KM,W,g = {h | ∃f: Dw 7→ De, h = g[x 7→ f], ∀w ∈ Dw: w ∈W ↔ f(w) 6= ⋆}

(for an individual concept variable x, of type 〈w, e〉)

b. PredicationJ[π(α1, . . . , αn)]KM,W,g =
{h | h = g,∀w ∈W: 〈Jα1KM,w,h) . . . (JαnKM,w,h〉 ∈ JπKM,w,h}
(forn ∈ N, intensionaln-ary predicate π, sequence ofn individual termsα1, . . . , αn)

(3) Unary operators (for a formula ϕ)

a. Negation: J[¬ϕ]KM,W,g = {h | ∃W′ ⊆ Dw :W′ =W,h ∈ JϕKM,W′,g}

b. Epistemic possibility: J[♢ϕ]KM,W,g = {h | ∃W′ ⊆ Dw :W ∩W′ 6= ∅, h ∈ JϕKM,W′,g}

c. Remote epistemic necessity:J[would ϕ]KM,W,g = {h | ∃W′ ⊆ Dw : h ∈ JϕKM,W′,g,∀w ∈W : (R(w) ∩ B) ⊆W′}

(4) Binary operators (for formulas ϕ,ψ)

a. Dynamic conjunction, i.e. relation compositionJϕ;ψKM,W,g = {h | ∃i ∈ JϕKM,W,g: h ∈ JψKM,W,i}
b. Disjunction J[ϕ∨ψ]KM,W,g =

{h | ∃W′ ⊆ Dw,W
′′ ⊆ Dw: W =W′ ∪W′′, ∃i ∈ JϕKM,W′,g: h ∈ JψKM,W′′,i}

c. Implication:J[ϕ→ ψ]KM,W,g = {h | ∃W′ ⊆ Dw,W
′′ ⊆ Dw: W =W′ ∪W′′, W′ ⊆W′′,

∃i ∈ JϕKM,W′,g: h ∈ JψKM,W′′,i}
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(5) a. Context: C = {〈W,g〉}

b. Update: C+ S :=
∪

〈W,g〉∈C{〈W ∩W′, h〉 | h ∈ JSKM,W′,g}

c. Truth

S is true relative to modelM and context C, iff ∃〈W,g〉 ∈ C+ S :W 6= ∅

D.2 Derivations

(6) Mary owns [a car]x

a. J([x]; [car(x)]; [own(m)(x)])KM,W,g = (4a)

b. {h | ∃i ∈ J[x]KM,W,g: ∃j ∈ J[car(x)]KM,W,i: h ∈ J[own(m)(x)]KM,W,j} = (2a)

c. {h | ∃i ∈ {k | ∃f: Dw 7→ De, k = g[x 7→ f],∀w ∈ Dw: w ∈W ↔ f(w) 6= ⋆}:

∃j ∈ J[car(x)]KM,W,i: h ∈ J[own(m)(x)]KM,W,j} =
d. {h | ∃f: Dw 7→ De,∀w ∈ Dw: w ∈W ↔ f(w) 6= ⋆,

∃j ∈ J[car(x)]KM,W,g[x 7→f]: h ∈ J[own(m)(x)]KM,W,j} = (2b), (1)

e. {h | ∃f: Dw 7→ De,∀w ∈ Dw: w ∈W ↔ f(w) 6= ⋆,

∀w ∈W: f(w) ∈ IM(car)(w), h ∈ J[own(m)(x)]KM,W,g[x 7→f]} = (2b), (1)

f. {g[x 7→ f] | f: Dw 7→ De,∀w ∈ Dw: w ∈W ↔ f(w) 6= ⋆,

∀w ∈W: f(w) ∈ IM(car)(w),

∀w ∈W: 〈IM(m), f(w)〉 ∈ IM(own)(w)}

(7) Mary doesn’t own a car

a. J¬([x]; [car(x)]; [own(m)(x)])KM,W1,g = (3a)

b. {h | ∃W2 ⊆ Dw :W2 =W1, h ∈ J[x]; [car(x)]; [own(m)(x)]KM,W2,g} = (6f)

c. {h | ∃W2 ⊆ Dw :W2 =W1, h ∈

{g[x 7→ f] | f: Dw 7→ De,∀w ∈ Dw: w ∈W2 ↔ f(w) 6= ⋆,

∀w ∈W2: f(w) ∈ IM(car)(w),

∀w ∈W2: 〈IM(m), f(w)〉 ∈ IM(own)(w)}}

d. {g[x 7→ f] | ∃W2 ⊆ Dw :W2 =W1,

f: Dw 7→ De,∀w ∈ Dw: w ∈W2 ↔ f(w) 6= ⋆,

∀w ∈W2: f(w) ∈ IM(car),

∀w ∈W2: 〈IM(m), f(w)〉 ∈ IM(own)(w)}
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(8) Itx’s red.

a. J[red(x)]KM,W,g = (2b), (1)

b. {h | h = g,∀w ∈W: h(x)(w) ∈ IM(red)(w)}

(9) Itx would be red.

a. J[would ([red(x)])]KM,W,g = (3c)

b. {h | ∃W ′ ⊆ Dw : h ∈ J[red(x)]KM,W ′,g,∀w ∈W : (R(w) ∩ B) ⊆W ′}

(10) It’s not the case that Mary doesn’t own a car

a. J¬¬([x]; [car(x)]; [own(m)(x)])KM,W,g = (3a)

b. {h | ∃W′ ⊆ Dw :W′ =W,h ∈ J¬([x]; [car(x)]; [own(m)(x)])KM,W′,g} = (7d)

c. {h | ∃W′ ⊆ Dw :W′ =W,h ∈ {g[x 7→ f] | ∃W′′ ⊆ Dw :W′′ =W′,

f: Dw 7→ De,∀w ∈ Dw: w ∈W′′ ↔ f(w) 6= ⋆,

∀w ∈W′′: f(w) ∈ IM(car),

∀w ∈W′: 〈IM(m), f(w)〉 ∈ IM(own)(w)}} =

d. {g[x 7→ f] | ∃W′ ⊆ Dw :W′ =W, ∃W′′ ⊆ Dw :W′′ =W′,

f: Dw 7→ De,∀w ∈ Dw: w ∈W′′ ↔ f(w) 6= ⋆,

∀w ∈W′′: f(w) ∈ IM(car),

∀w ∈W′′: 〈IM(m), f(w)〉 ∈ IM(own)(w)}

(11) Either Mary doesn’t own [a car]x, or itx’s red.

a. J[(¬([x]; [car(x)]; [own(m)(x)])∨ [red(x)]]KM,W,g = (4b)

b. {h | ∃W′ ⊆ Dw,W
′′ ⊆ Dw: W =W′ ∪W′′,

∃i ∈ J¬([x]; [car(x)]; [own(m)(x)]KM,W′,g: h ∈ J[red(x)]KM,W′′,i} (7d), (8b)

c. {h | ∃W′ ⊆ Dw,W
′′ ⊆ Dw: W =W′ ∪W′′,

∃i ∈ {g[x 7→ f] | ∃W′′′ ⊆ Dw :W′′′ =W′,

f: Dw 7→ De,∀w ∈ Dw: w ∈W′′′ ↔ f(w) 6= ⋆,

∀w ∈W′′′: f(w) ∈ IM(car),

∀w ∈W′′′: 〈IM(m), f(w)〉 ∈ IM(own)(w)}:

h ∈ {j | j = i,∀w ∈W′′: j(x)(w) ∈ IM(red)(w)}} =

d. {h | ∃W′ ⊆ Dw,W
′′ ⊆ Dw: W =W′ ∪W′′, ∃W′′′ ⊆ Dw :W′′′ =W′,
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f: Dw 7→ De,∀w ∈ Dw: w ∈W′′′ ↔ f(w) 6= ⋆,

∀w ∈W′′′: f(w) ∈ IM(car), 〈IM(m), f(w)〉 ∈ IM(own)(w),

∀w ∈W′′: f(w) ∈ IM(red)(w)} =

(12) Mary might own [a car]x.

a. J[♢([x]; [car(x)]; [own(m)(x)])]KM,W,g = (3b)

b. {h | ∃W′ ⊆ Dw :W ∩W′ 6= ∅, h ∈ J[x]; [car(x)]; [own(m)(x)]KM,W′,g} (6f)

c. {h | ∃W′ ⊆ Dw :W ∩W′ 6= ∅, h ∈

{g[x 7→ f] | f: Dw 7→ De,∀w ∈ Dw: w ∈W′ ↔ f(w) 6= ⋆,

∀w ∈W′: f(w) ∈ IM(car)(w),

∀w ∈W′: 〈IM(m), f(w)〉 ∈ IM(own)(w)}} =

d. {g[x 7→ f] | ∃W′ ⊆ Dw :W ∩W′ 6= ∅,

f: Dw 7→ De,∀w ∈ Dw: w ∈W′ ↔ x(w) 6= ⋆,

∀w ∈W′: f(w) ∈ IM(car)(w),

∀w ∈W′: 〈IM(m), k(x)(w)〉 ∈ IM(own)(w)}

D.3 Updates

D.3.1 Double negation

(13) a. It’s not the case that Mary doesn’t own a car

b. J¬¬([x]; [car(x)]; [own(m)(x)])KM2
⋆,W,g = {g[x 7→ f] | ∃W′ ⊆ Dw :W′ =W,

∃W′′ ⊆ Dw :W′′ =W′,

f: Dw 7→ De,∀w ∈ Dw: w
′ ∈W′′ ↔ x(w) 6= ⋆,

∀w ∈W′′: f(w) ∈ IM(car),

∀w ∈W′′: 〈IM(m), k(x)(w)〉 ∈ IM(own)(w)}}}

C0

⟨
{w1, w2}, g[x 7→


w1 7→ c1
w2 7→ c2
w3 7→ ⋆
w4 7→ ⋆

]⟩

Figure 22: Update with It’s not the case that Mary doesn’t own a car
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D.3.2 Bathroom sentences

(14) a. Either Mary doesn’t own [a car]x, or itx’s red.

b. J[(¬([x]; [car(x)]; [own(m)(x)])∨ [red(x)]]KM,W,g = {g[x 7→ f] | ∃W′ ⊆ Dw,W
′′ ⊆

Dw: W =W′ ∪W′′,

∃W′′′ ⊆ Dw :W′′′ =W′,

f: Dw 7→ De,∀w ∈ Dw: w ∈W′′′ ↔ x(w) 6= ⋆,

∀w ∈W′′′: f(w) ∈ IM(car),

∀w ∈W′′′: 〈IM(m), k(x)(w)〉 ∈ IM(own)(w),

∀w ∈W′′: j(x)(w) ∈ IM(red)(w)}

C0

⟨
{w1, w3, w4}, g[x 7→


w1 7→ c1
w2 7→ c2
w3 7→ ⋆
w4 7→ ⋆

]⟩

Figure 23: Update with Either Mary doesn’t own a car, or it’s red.

D.3.3 Modal subordination

(15) a. Mary might own [a car]x. Itx would be red

b. J[♢([x]; [car(x)]; [own(m)(x)])]KM,W,g =
{g[x 7→ f] | ∃W′ ⊆ Dw :W ∩W′ 6= ∅,

f: Dw 7→ De,∀w ∈ Dw: w ∈W′ ↔ x(w) 6= ⋆,

∀w ∈W′: f(w) ∈ IM(car)(w),

∀w ∈W′: 〈IM(m), k(x)(w)〉 ∈ IM(own)(w)}

C0

⟨
{w1, w2, w3, w4}, g[x 7→


w1 7→ c1
w2 7→ c2
w3 7→ ⋆
w4 7→ ⋆

]⟩ ⟨
{w1, w3}, g[x 7→


w1 7→ c1
w2 7→ c2
w3 7→ ⋆
w4 7→ ⋆

]⟩

Figure 24: Update withMary might own a car. It would be red.
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