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Introduction

Human communication expresses meaning both through description ('grammar') and depiction ('iconicity') [START_REF] Clark | Depicting as a method of communication[END_REF]. An English speaker may describe a scene with words and sentences at the same time as depicting it through co-speech gesture. In sign languages, description and depiction are arguably even more intertwined, with the signing space being used to iconically organize and depict referents that have been introduced in the discourse [START_REF] Goldin-Meadow | Gesture, sign and language: The coming of age of sign language and gesture studies[END_REF]. In this paper, focusing on data from French Sign Language (LSF), I argue that both descriptive and depictive meaning should be represented using dynamic semantics, in parallel but interacting systems.

Dynamic semantics provides a mechanism by which information and discourse referents are introduced gradually into context as a discourse unfolds [START_REF] Groenendijk | Dynamic predicate logic[END_REF]. Dynamic semantics involves left-to-right evaluation: discourse referents must be introduced before they can be accessed, as shown in [START_REF] Barker | Possessive descriptions[END_REF]. Anaphoric relations also depend on the local contexts introduced by logical operators; in [START_REF] Brasoveanu | Incremental and predictive interpretation: Experimental evidence and possible accounts[END_REF], for example, pronominal reference is possible only within the local context under nobody.

(1) Left-to-right evaluation a.

[A man] i entered the room. He i began to sing. b. * He i began to sing. [A man] i entered the room.

(2) Sensitivity to local contexts a.

Nobody received [a prize] i and bragged about it i . b. * Nobody recieved [a prize] i . It i was made of gold.

Here, I argue that a similar dynamic system governs the iconic use of space in sign language. Intuitively, one must create a picture before one can point to it. This dynamic iconic system runs parallel to the grammatical system, but interfaces with it. I motivate this by looking at a number of linguistic phenomena. First, I look at cases of cataphora, or 'backwards anaphora,' which have been claimed to be more restricted in sign language than in spoken language. Second, I look at indefinites appearing in embedded contexts, where iconic inferences are interpreted relative to the local context.

Depictive meaning

Descriptive and depictive representations over time

Consider how a series of linguistic utterances, unfolding over time, change a discourse representation. In (3), we start out with an empty context; (3a) introduces John into the discourse context; (3b) introduces Mary; (3c) introduces Susan. Linguistic expressions that predicate about these discourse referents establish semantic relations between them (see, call over ). As the discourse develops, these discourse referents can be referred to by pronouns.

(3) a. John entered.

b. Mary saw him. c.

She called Susan over.

Now consider how a pictorial production, unfolding over time, changes a discourse representation. In (4), we start out with an empty context; (4a) introduces A into the discourse context; (4b) introduces B; (4c) introduces x. Here, semantic relations are not introduced by linguistic expressions, but rather by holistic iconic mappings acting on the structural, configurational properties of the forms themselves: B is interpreted as a subset of A and x is interpreted as an element of A that is not in B. As the discourse develops, these discourse referents can be referred to, by the labels 'A,' 'B,' and 'x' that name the objects once they have been introduced, or by gestural pointing (in a multimodal setting).

(4) a.

b. c.

In either case, there is a mechanism to introduce discourse referents. There is a mechanism of predication (although descriptive relations and iconic relations are qualitatively different in nature). And there is a mechanism of indexicality or anaphoricity that allows the retrieval of discourse referents (but only those that have been introduced by that point in the discourse).

In multimodal utterances these two systems may interact. A speaker may point to a depicted object, and refer to it with linguistic anaphora, such as this, that or it. Iconic inferences may be generated about linguistically introduced discourse referents, via depictive elements (gestures, drawings, etc.) that cooccur with an utterance.

In what follows, I will show that sign language provides a rich case study to investigate the interaction of descriptive and depictive meaning. I will argue that the two different kinds of meaning can be productively seen as acting on two separate tiers of representation, with grammatical mechanisms that mediate between them. I will propose a model of the iconic level of meaning that draws heavily on recent theories of dynamic semantics, thus extending the theories that have been built for (3) to the representations manipulated in (4).

Spatial features in sign language

Sign languages are well known to use space to index discourse referents. A noun phrase may be established at a locus-a point in the horizontal space in front of the signer. Later, the signer may direct a pronoun to this locus to retrieve the relevant discourse referent. This use of space in sign language mirrors the use of logical variables, motivating some researchers to posit that loci are in fact a syntactic realization of variable names [START_REF] Lillo-Martin | Pointing out differences: ASL pronouns in syntactic theory[END_REF][START_REF] Schlenker | Donkey anaphora: the view from sign language (ASL and LSF)[END_REF].

On the other hand, [START_REF] Kuhn | ASL Loci: Variables or Features?[END_REF][START_REF] Kuhn | Disjunctive discourse referents in french sign language[END_REF] argue that loci are not themselves variables; rather, they act as morphological features that constrain the value of a pronoun. Specifically, [START_REF] Kuhn | ASL Loci: Variables or Features?[END_REF] observes that two pronouns may appear at the same locus but nevertheless receive different interpretations. For example, the LSF sentence in (5a) may receive a reading in which one pronoun co-varies under only but the other does not. Loci are thus closer in behavior to the gender features in (5b) than to the variable names in the logical form in (5c).

(5) a. only jean-a question poss-a mother poss-a favorite color.

' One implementation of this insight is as a presupposition on the value of the pronoun [START_REF] Schlenker | Featural variables[END_REF]. Following [START_REF] Jacobson | Towards a variable free semantics[END_REF], we define pronouns as the identity function. The feminine English pronoun she presupposes that the value returned is a female; by analogy, the LSF pronoun ix-a presupposes that the value returned is at locus a, as shown in [START_REF] Chierchia | Dynamics of meaning: Anaphora, presupposition, and the theory of grammar[END_REF]. What remains defined, of course, is what the meaning of a locus is and what it means for a value to be 'at' this locus. Below, I will argue that loci like 'a' are referents in a iconic, pictorial representation that grows as discourse develops. Like in standard theories of dynamic semantics, a pictorial discourse referent must be introduced before it can be retrieved. Additionally, the pictorial representation generates iconic inferences arising from a mapping that preserves structural properties of loci. Depending on context, these inferences may include rich geometric structure, such as the geometric configuration of individuals in a three dimensional space, schematic properties such as set relations, or very minimal structure, approximating a simple list of referents. For present purposes, we will assume only a single iconic constraint on loci: namely, a single individual cannot be at two different loci at the same time. 1 This entails that (a) a pronoun at one locus may not be bound by an antecedent at a different locus and, (b) the use of two loci entails the existence of two distinct discourse referents.

Cataphora and order sensitivity

As mentioned in the introduction, dynamic systems show order sensitivity: discourse referents must be introduced before they can be accessed, as in [START_REF] Clark | Depicting as a method of communication[END_REF].

(7) a.

[A man] i entered the room. He i began to sing. b. * He i began to sing. [A man] i entered the room.

If iconic representations are also governed by a dynamic system, then we should expect to see similar order sensitivity. Here, I argue that evidence in favor of such order sensitivity comes from examples involving cataphora, in which a pronoun precedes its binder. Notably, on the definition in (6b), there are two values to be bound-the value of the pronoun (x), and the value of the locus (a). Even when a pronoun is subject to quantificational, in-scope binding, the locus still requires dynamic binding of the iconic variable. I will argue that certain cases of cataphora allow a dissociation of these two levels. In these examples, quantificational binding of the pronoun proceeds as normal, but dynamic binding of the locus is no longer possible.

Cataphora as in-scope binding

Cataphora describes a phenomenon in which a pronoun precedes its binder, as shown in (8b).

(8) a.

Before Jean i left the office, he i turned out the lights. b.

Before he i left the office, Jean i turned out the lights.

Exactly what is going on in cases of cataphora has been the subject of some discussion [START_REF] Brasoveanu | Incremental and predictive interpretation: Experimental evidence and possible accounts[END_REF][START_REF] Chierchia | Dynamics of meaning: Anaphora, presupposition, and the theory of grammar[END_REF]. One particular point of note regards the nature of binding in these examples: is it quantificational binding or dynamic binding? I think that a reasonable case can be made that at least some of these examples are cases of quantificational, in-scope binding. First, cataphora is becomes extremely degraded across sentence boundaries, as [START_REF] Graf | Is syntactic binding rational?[END_REF]. This suggests that the binding relation in (8b) arises from sentence-internal mechanisms.

(9) a.

Jean i left the office. He i forgot to turn out the lights. b. * He i left the office. Jean i forgot to turn out the lights.

Second, at least some cases of cataphora allow binding by quantificational expressions, including negative quantifiers, as in [START_REF] Groenendijk | Dynamic predicate logic[END_REF]. These facts suggest that the subordinate clause in these examples is interpreted at a lower position (possibly adjoined to the verb phrase), where the pronoun is in the scope of the quantificational expression.

(10) a. When his i child throws a tantrum, [no father] i can sit idly by.

b. Unless they i bought it j in the last year, [none of my relatives] i own [a gun] j .

Iconic constraints on cataphora in sign language

Interestingly, it has been remarked occasionally that cataphora (or 'backwards anaphora') is significantly less available in sign language than it is in a spoken language like English [START_REF] Van Hoek | Anaphora and conceptual structure[END_REF][START_REF] Sandler | Sign language and linguistic universals[END_REF][START_REF] Koulidobrova | A 'point' of inquiry: The case of the (non-) pronominal IX in ASL[END_REF]. An example from LSF is provided in [START_REF] Van Hoek | Anaphora and conceptual structure[END_REF].

The syntactic structure is equivalent to the grammatical English example in (8); however, the LSF sentence becomes ungrammatical when an overt pronoun points to a locus where the antecedent will later be introduced, in (11b).

(11) a. jean-a leave office before, ix-a light-off 'Before Jean left the office, he turned out the lights.' b. * ix-a leave office before, jean-a light-off Intended: 'Before he left the office, Jean turned out the lights.'

Koulidobrova and Lillo-Martin (2016) offer an informal explanation of this observation: one can't point to something (an object or a demonstration) until it has been introduced. This is exactly the constraint on iconcity that we aim to spell out in dynamic terms.

Expressing this as a constraint on space and iconicity makes a further prediction. Specifically, cataphora should sometimes be possible in LSF, but only in cases in which a non-iconic pronominal form is used. This prediction seems to be borne out. First, LSF (like a number of other sign languages) allows the use of null pronouns in certain positions. As observed by [START_REF] Schlenker | Donkey anaphora: the view from sign language (ASL and LSF)[END_REF], since null pronouns have no overt form, they generate no iconic inferences and cannot be subject to iconic constraints. As seen in [START_REF] Jacobson | Towards a variable free semantics[END_REF], null pronouns also do allow cataphora. Second, some relational nouns have been argued to involve implicit anaphora (neighbor = 'neighbor of x') [START_REF] Partee | Binding implicit variables in quantified contexts[END_REF][START_REF] Barker | Possessive descriptions[END_REF]. Unlike pronouns, these nouns allow a neutral form that does not invoke any iconic use of space; for example, the sign neighbor in ( 13) is signed in the neutral space in front of the signer. As seen in ( 13), the interpretation of the sentence allows a cataphoric relation, in which the implicit argument is bound by the later noun phrase.2 [START_REF] Jacobson | Towards a variable free semantics[END_REF] leave office before, jean-a light-off 'Before he left the office, Jean turned out the lights.' (13) when neighbor noise, marie-a call police 'When (her) neighbor makes noise, Marie calls the police.'

These examples provide further evidence that the unavailability of cataphora in examples like [START_REF] Van Hoek | Anaphora and conceptual structure[END_REF] arises from the use of space and iconicity.

Analysis: Cataphora with iconicity

Based on the evidence in Section 3.1, we analyze our examples of cataphora as in-scope, quantificational binding. Specifically, we assume that a sentence with an adverbial phrase has an underlying structure in which the antecedent c-commands the pronoun that it binds. A syntactic operation dislocates the temporal phrase to the left, but a mechanism of reconstruction allows the pronoun to be interpreted in its lower position, bound by its antecedent.

To this static analysis, we add a dynamic component that manages the pictorial representation. That this representation is pictorial, and not just a list of discourse referents, will be seen in the fact that iconic inferences can be drawn the geometric relations between the locations in space. In the example below, though, only a single discourse referent is established in the dynamic picture, so no iconic inferences appear. The present system is thus for the moment highly similar to a standard dynamic semantics that manages discourse referents.

Building on [START_REF] Charlow | On the semantics of exceptional scope[END_REF][START_REF] Bumford | Incremental quantification and the dynamics of pair-list phenomena[END_REF] meaning is modeled as a tuple which pairs the basic static meaning of an expression with its dynamic effect on the pictorial representation that is being constructed in context. For linguistic expressions that make no reference to this representation, their static meaning x can be converted to a dynamic type via the unit operator η in [START_REF] Kuhn | ASL Loci: Variables or Features?[END_REF], which passes along a pictorial representation unchanged. ( 14) η(x) = λP. x, P We note that one formal difference between this model and standard dynamic models is that there is no nondeterminism. In linguistic utterances, indefinites like somebody can introduce discourse referents whose value varies across a set of assignment functions. In contrast, pictures are always definite, so only a single pictorial representation is needed at any given stage of the computation.

In iconic constuctions, when noun phrases and pronouns are indexed in space, they manipulate or make reference to the pictorial representation. Noun phrases at loci introduce a new pictorial discourse referent, then presuppose that the relevant individual is at pictorial referent, as shown in [START_REF] Kuhn | Logical meaning in space: Iconic biases on quantification in sign languages[END_REF]. Pronouns do not change the pictorial representation, but presuppose that the value that they return is at the indicated pictorial referent, as shown in ( 16). ( 15) jean-a = λP. j if at(a)(j) in P+a # otherwise , P + a ( 16) ix-a = λP. λx.x if at(a)(x) in P # otherwise , P

The rules of composition are defined to pass dynamic information from left to right. Following [START_REF] Bumford | Incremental quantification and the dynamics of pair-list phenomena[END_REF], we define these rules directly, but see [START_REF] Charlow | Static and dynamic exceptional scope[END_REF] for discussion about how to define them in terms of an applicative functor. Critically, in these definitions, regardless of whether a function appears to the left or the right of its argument, the pictorial information is updated first by the element on the left and then by the element on the right. x, P = m(P)

As an example, consider an LSF sentence with an overt cataphoric pronoun. Since the subordinate clause appears linearly first, it updates the iconic representation first, via the definitions in [START_REF] Lillo-Martin | Pointing out differences: ASL pronouns in syntactic theory[END_REF]. The resulting meaning is provided in [START_REF] Partee | Binding implicit variables in quantified contexts[END_REF]. Of note, because the pronoun is evaluated before locus a has been introduced, the meaning presupposes that the value of the pronoun (Jean) is at a in the input context P. This presupposition is not satisfied, so the sentence is infelicitous. [14] evaluates a hypothesis, very similar to the one proposed here, on which loci introduce a presupposition that constrains the full range of values that can be taken by a pronoun. The hypothesis is stated in [START_REF] Sandler | Sign language and linguistic universals[END_REF].

(19) Referential locus hypothesis: In a context c, the value of a locus is provided by the assignment function g c , where g c (i) is the set of type e, t that corresponds to the noun indexed at locus i in c.

a. ∀ assignment functions s, ix-i k = s(k) if s(k) ∈ g c (i); # otherwise [14, p . 455] 
[14] ultimately rejects this hypothesis, however, based on examples in ASL in which two quantified expressions range over the same set of individuals. Empirically, [START_REF] Kuhn | ASL Loci: Variables or Features?[END_REF] observes that the two quantifiers in ( 20)-( 21) may both range over the same set of individuals; in [START_REF] Schlenker | Local contexts[END_REF], for example, John may be either the helper or the person helped. If loci introduce a global presupposition on the values that a pronoun can take, this means that the presupposition introduced by locus a and locus b will be identical, since g c (a) = g c (b). And, if ix-a and ix-b carry exactly the same presupposition, then a pronoun at either locus is predicted to be ambiguous. But this prediction is not borne out: pointing to locus a or locus b does disambiguate the sentence. I contest that the source of this problem is that the presupposition in ( 19) is taken to be a constraint on the global context. A related presupposition, such as the one I have proposed in (6b), can avoid these pathological predictions if we relativize the presupposition to the local context of the locus.

Local contexts in dynamic semantics

A local context describes the immediate scope in which an expression is interpreted. This includes information from the global context (roughly, the common ground), but also incorporates information about the syntactic environment in which the expression appears [START_REF] Schlenker | Local contexts[END_REF].

For non-iconic phenomena, constraints related to discourse reference have been shown to be sensitive to the local context. The simplest such constraint is that a pronoun can only be used in a context in which it has a non-empty value. For example, as foreshadowed in the introduction, the pronoun in (22a) cannot be anaphoric to the indefinite a prize, since the context in which it appears entails that there is no such object. This, however, does not mean that no such discourse referent is introduced-indeed, a pronoun within the scope of nobody can refer back to it felicitously, as in (22b). In its local context, this pronoun has a non-empty value. Similarly, the adjectives other and else presuppose the existence of another individual-but once again, this is evaluated with respect to the local context. Examples ( 23)-( 25) illustrate the point. In (23), the two indefinites are unembedded, so the local context and the global context are the same; the sentence entails that there are two boys, one who coughed and one who laughed. In examples with embedding, though, the local context and global context differ, generating different judgments. In (24a), for example, another American is interpreted in the scope of the when clause; in this local context, the existence of another American has been entailed, so the presupposition of another is satisfied. In contrast, in (24b), another American appears in the following sentence, in a global context which does not entail the existence a first American; the sentence is thus degraded. Similarly, in (25a), every other boy is interpreted in the distributive scope of every boy, a local context which entails the existence of another boy. In the global context, the two quantified expressions can thus range over the same set of individuals. But in (25b), when every other boy appears in the following sentence, other must be interpreted with respect to the global context, so the only interpretation is one in which the there are two distinct groups of boys, one which coughed and one which laughed.

(23) One boy coughed. Another boy laughed.

(24) a.

When an American sees another American, they say hi. b. ? When an American goes to Paris, they take a lot of pictures. When another American goes to Paris, they go to the Louvre.

(25) a. Every boy told every other boy that he would win. b. ? Every boy coughed. Every other boy laughed.

Local contexts for iconicity

Parallels with the English examples in (24a) and (25a) can help us understand the ASL examples in [START_REF] Schlenker | Local contexts[END_REF] and [START_REF] Schlenker | Donkey anaphora: the view from sign language (ASL and LSF)[END_REF]. As discussed in Section 2.2, we have been assuming a rather weak iconic inference-namely, that the use of two loci entails that there are two distinct individuals. By analogy with the English examples, it is clear that this is satisfied in the local contexts for both of the ASL sentences.

On the other hand, because this iconic inference is so weak, it is impossible to dissociate it from inferences that already arise from [START_REF] Schlenker | Local contexts[END_REF] and [START_REF] Schlenker | Donkey anaphora: the view from sign language (ASL and LSF)[END_REF]. Specifically, the existence of two distinct individuals is already strongly implicated by [START_REF] Schlenker | Local contexts[END_REF] and is entailed by the word other in [START_REF] Schlenker | Donkey anaphora: the view from sign language (ASL and LSF)[END_REF], independent of the use of loci.

In order to isolate the contribution of the iconic inference, and its modulation by the local context, we can thus consider new examples in which the use of two indefinites does not independently implicate the existence of two individuals. The sentences in (26) provide one such example, in which the signer is explaining the rules of a card game. In (26a), the same locus is used twice; in (26b), two distinct loci are used. In both (26a) and (26b), the values of someone range over the set of all individuals; the use of space thus does not introduce any global constraints on the interpretation of these pronouns. However, within the local context introduced by the conditional if, there is an iconic inference. When two distinct locations in space are used, the two discourse referents must be distinct. In (26a), the person who loses may or may not be the person who drew the card; in contrast, (26b) entails that the person who loses is not the person who drew the card. Iconic inferences thus exist, but they, like the presupposition of other, are evaluated with respect to the local context.

(26) Context: Explaining the rules of a card game a. if someone-a draw ix snake, someone-a lose. 'If someone draws the snake card, someone loses.' b. if someone-a draw ix snake, someone-b lose 'If someone draws the snake card, someone else loses.'

Finally, we note that [START_REF] Kuhn | Logical meaning in space: Iconic biases on quantification in sign languages[END_REF] argues that, while it is not obligatory, there is often a tendency to interpret iconicity with respect to the global context. Such an inference may have a variety of effects, including a preference to avoid bound pronouns under negative quantifiers when other strategies are available [START_REF] Graf | Is syntactic binding rational?[END_REF], or the preference of some signers to interpret [START_REF] Schlenker | Donkey anaphora: the view from sign language (ASL and LSF)[END_REF] as referring two groups of students, analogous to the interpretation of (25b) [START_REF] Kuhn | ASL Loci: Variables or Features?[END_REF].

Conclusion

Drawing on a number of sign language phenomena in which grammatical operations intersect with iconicity, I have argued that iconic representations are governed by a dynamic system that is order-sensitive and mediated by local contexts. I have provided an explicit proposal in which descriptive and depictive meaning are represented in parallel but interacting systems, which thread a growing iconic representation through the discourse.

( 6 )

 6 a. she = λx : fem(x) . x b. ix-a = λx : at(a)(x) . x

  (x), P where x, P = n(P ) f, P = m(P) b. B B\A → A m n λP. f (x), P where f, P = n(P )

( 18 ), P + a 4 Iconicity and local contexts 4 . 1

 18441 ix-a leave office before, jean-a light-off = λP. light-off(j) before leave(j) if at(a)(j) in P and at(a)(j) in P+a # otherwise The problem with presuppositions on the global context

( 20 )

 20 when someone-a help someone-b, ix-b happy 'When someone helps someone, he [=the latter] is happy.' (21) [all boy]-a tell [all other boy]-b ix-a will win 'Every boy told every other boy that he [=the former] would win.' (ASL; [14, p. 456])

( 22 )

 22 a. * Nobody recieved [a prize] i . It i was made of gold. b.Nobody received [a prize] i and bragged about it i .

We leave it open whether this is an entirely iconic constraint that can be weakened in appropriate contexts, or whether there is also a stricter constraint that requires morphosyntactic feature matching; of relevance, see[START_REF] Schlenker | Featural variables[END_REF] on bound iconic loci.

In some cases, this interpretation may compete with an interpretation in which the implicit argument is interpreted as the signer-for example sister = 'my sister.'
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