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Conditionals in selection semantics *

Fabrizio Cariani!

Northwestern University, Evanston, IL, USA
fabrizio79@gmail.com

Abstract
I explore the semantic and logical prospects for reconstructing Stalnakerian truth-conditions

for conditionals on a theory on which these emerge from the separate contribution of
selection modals (will and would) and a restrictor theory of if-clauses.

1 Introduction

This paper presents an account of the interaction between conditionals and selection modals.
Cariani and Santorio [6, 7] argue that modals such as will and would are neither necessity nor
possibility operators, but instead operate ‘world selection’.! I explore how this commitment
illuminates some key questions concerning conditionals. The paper complements and overlaps
with previous work by some fellow neo-Stalnakerians, specifically Santorio [25] and Mandelkern
[22]. The overlap is virtuous: the core ideas of §§4-5 germinated more or less simultaneously,
and there are many choice points at which we take different paths.

2 Selection modals

Following a strong linguistic tradition, assume that will and would share a common modal
morpheme WOLL; will decomposes as PRES + WOLL; would decomposes as PAST + WOLL.
Semantically, WOLL takes two arguments: a modal base f and a prejacent proposition. (I
distinguish between the modal base variable f and the set theoretic object f it is assigned to.)
It is widely believed (but by no means obvious) that the natural modal base for will and would
is historical [4, 7, 13, 15], which I interpret to mean:

in context ¢, f(w) = the worlds that are duplicates of w up to the time of c.

Properly understood, this appeal to historical modal bases is neutral between several metaphysical
options concerning the future, such as branching and divergence.?

Onto the semantics. Let ¢ be a selection function and W a background set of worlds. That
is, o : P(W) x W — W satisfying.

success: for w € W, P CW with P # 0, o(w,P) € P
centering: for w € W, P C W with w € P, o(w,P) = w

In this note, I adopt a toy treatment of the temporal role of will and would and tense more
generally.> Let » map a time ¢ to a time that is no earlier than t. The basic semantics for
WOLL is as follows:

*Conversations with David Boylan, Josh Dever, Valentine Hacquard, Matt Mandelkern, Ginger Schultheis,
and Paolo Santorio have much improved this paper. Special thanks to Simon Goldstein for feedback on a draft.

1See also [3, 4]. Kratzer [18] also independently proposes a semantics along the same lines.

2See [20, §4.2] for the metaphysical distinctions, and [3, 7] for the neutrality arguments.

3For a fuller, more descriptive, proposal about the future orientation of these modals, see [4] and [3, ch. 7].

2nd
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[woLL(P)]®t = 1 iff [P]ofw)w)>(®) =1
Present tense is given a redundant interpretation:
[PrRES(P)]“t = 1 iff [P]** =1

We will need the non-selectional modal might as well—also with a plain vanilla entry. Following
Condoravdi [8], assume that might is future-oriented, which in the current toy picture means:

[might;(P)]*“** =1 iff Jv € f(w), [P]*>®) =1

There is evidently much more to be said about the complexities of a integrated semantics for
modality, tense and aspect, but none of it will be said here (see among others [4, 8, 12, 32]). I
will also not explicitly spell out the consequences of my discussion for would-conditionals, though
they are very much on the theoretical radar.

3 Stalnaker’s conditional.

The selectionist approach to will and would draws inspiration from Stalnaker’s account of
conditionals [28, 29, 30]. According to Stalnaker, if P, Q is true at w iff Q is true at a world v
that is the “closest” P-world to w. Here is a Stalnaker-inspired entry for a conditional connective
‘>’ with the modification that, with later developments in mind, I throw in a modal base.

[P>; Q! =1iff [Q]eF@NPw)t — 1

Unlike my selectionist theory, this account associates the selection-behavior with the conditional,
as opposed to the modals. Another difference between my account and Stalnaker’s is that
Stalnaker imposes stricter conditions on selection.

The lynchpin of Stalnaker’s account is the validity of:

CEM. I—(P>fQ)\/(P >f notQ)

Here I assume without argument that validating conditional excluded middle is desirable. I
defer to the extensive literature to supply the relevant arguments ([5, 6, 22, 25, 29, 33]).
Just as central as CEM is a classic set of invalidities for the Stalnaker conditional.

AS. P>;RIK (P & Q) >¢R
I/E. P>, (Q>/R)AF (P & Q) >fR

The conventional wisdom surrounding these is that the invalidity of AS is desirable, but the
failure of I/E is not, at least for indicatives.* Another logical challenge to Stalnaker’s analysis
involves the relation between if and might. These pairs seem contradictory:

(1) If Keith plays, Mick will sing.
If Keith plays, Mick might not sing.
If Keith had played, Mick would have sung.

If Keith had played, Mick might not have sung.

(2)

o o

4See [23] for treatment of some alleged counterexamples to indicative I/E. Mandelkern also highlights that
the subjunctive conditional case is very different when it comes to I/E.

2nd
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The Stalnaker conditional does not deliver these incompatibilities. This drove Stalnaker to the
heroic but not widely accepted idea that the might in (1-b) is a wide-scoped epistemic operator.
It is helpful to identify the truth-conditions that are predicted for (1-a). Since the conditional
already provides a selection function, a Stalnakerian analysis of the meaning of (1-a) naturally
requires a purely temporal analysis of will. To keep this purely temporal meaning distinct from
the selectionist one, introduce the operator FUT endowed with a purely temporal semantics.

[FuT P]¥t = 1 iff [P]*>® = 1.

Letting ‘keith plays’ denote the proposition that Keith plays at the relevant time, this semantic
package predicts the following truth-conditions:

(3) [(1-a)]** = [Keith plays >; Mick sings]** = [Mick sings]? (f(w)Nkeith plays,w),»(t)

Any plausible truth-condition for (1-b) should be compatible with this.

4 The basic equivalence

The formal fact at the center of this paper is that, within a selectionist framework for will, it is
possible to reconstruct Stalnakerian truth-conditions for will-conditionals by a different route.
This route generates a different set of predictions about the validity of inference patterns. (One
would want to say a different logic for the conditional if the syntactic differences didn’t make a
proper logical comparison less than straightforward.) This section takes up these points in turn.

For purposes of integration with the selection semantics for will, assume a restrictor analysis
for if clauses [16, 17]. Since we have syntacticized modal bases, this means adopting a treatment
of conditionals antecedent as assignment shifters along lines that are presented by von Fintel [9]
and applied to selectionist will-conditionals by Cariani and Santorio in [7]. To avoid dealing
explicitly with assignment functions, I give a somewhat coarser presentation of the idea than
either of these sources Let f + P be the result of operating on the assignment function so that
f is assigned to Aw.f(w) N P. Whatever the exact entry for if (there are choices we don’t need
to consider here), it needs to deliver this constraint (where P denotes the set of P-worlds):

[(if P)((TENSE4)MODAL; Q)]*** = 1 iff [(TENSE+)MODALsyp Q]** =1

The key claim I intend to establish is that the restriction + selection analysis of will-conditionals
delivers the same truth-conditions as Stalnaker’s analysis of if combined with a temporal analysis
of will (as specified in the semantics of FUT). This is easily ascertained:

[(if Keith plays)(PRES(WOLL y(Mick sings))]*"* =
[PRES(WOLL f 4 keith plays(Mick sings)]** = [Mick sings](f(w)Nkeith plays,w),»(t)

These are precisely the truth-conditions we predicted in (3) within the Stalnakerian framework
for Keith plays >; FUT(Mick sings). This moral is fully general: combining selection semantics
for will with the restrictor analysis predicts Stalnakerian truth-conditions for will-conditionals.

Let us move on to the predictions about logic. A form of CEM is valid for will-conditionals:

CEM-w. | (if P)(willy Q) V (if P)(willy not Q)

Interestingly, in addition to this, the semantics validates an analogue of (I/E), appropriately
restricted to will-conditionals.

2nd
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1/E-w.  (if P)(if Q)(willy R) -l (if P & Q)(willy R)

I’'m glossing over some needed syntactic work here by assuming it’s possible for two if-clauses
to independently restrict a single modal.

We still have no account of the duality between will-conditionals and their might-counterparts.
In other words, we predict:

WM-w.  (if P)(willy Q), (if P)(might; not Q) [~ L

This inference is not classically valid: (if P)(will; Q) and (if P)(might; not Q) can both be true.
As Santorio [25] notes, the dialectic surrounding WM closely mirrors the dialectic surrounding
epistemic contradictions—sentences of the form P & might not P—on the sort of analysis
favored by Yalcin [34]. One paradigmatic approach to these is to invoke a more permissive
notion of consequence than the classical concept of preservation of truth at an index. Following
the dynamic tradition, and more locally [31, 34], introduce a concept of acceptance, and
define a concept of entailment as preservation of acceptance, so that every truth-preserving
argument is also acceptance-preserving.” This move might appear conceptually unmotivated in
a straightforwardly contextualist semantic framework. There are two possible paths to address
this worry: one is to take the semantic framework in more ‘information’-friendly direction; the
other is to suggest that the informational notion of consequence can serve as a pragmatic overlay
on top of a contextualist semantics. I believe both paths are viable. Here, however, I illustrate a
way of walking down the first path, deferring more extensive discussion to [3].

Let s be an information state—modeled, as usual a set of worlds. Lift semantic values so
that indices also have an information state coordinate. At this point, the standard path would
be to define a concept of acceptance and use it to define informational entailment. However,
the present framework needs to coordinate the relationship between information states and
modal bases. Say that information state s accepts P (in context c) iff for all v € s, [P]5%f = 1.
Suppose that, for each time ¢, the background model fixes the historical modal base at ¢ (h;). Say
that an information state s is historically eligible in context ¢ if and only for every world w € s,
h; (w) € s. Informally, we zero-in on those information states s such that the relevant historical
modal base function in ¢ does not map from inside to outside of s. Because historical modal bases
represent equivalence relations (specifically: duplication up to a time), they induce partitions.
Under these assumptions, the eligible information states (in ¢) can be equivalently characterized
as those states that do not cut through the cells of the historical partition determined by M
at t.. Finally, say that an argument with premises P1, ..., P, and conclusion R is a coordinated
informational entailment (written Pq,...,P, |=c.info R) iff for any context ¢, no information
state s that is historically eligible in ¢ accepts each of the P;’s (in ¢) but fails to accept R (in c¢).

Anything that is valid in the truth-preservation sense (and specifically I/E) is informationally
valid—a standard fact about informational consequence that also holds for its coordinated
variant. Furthermore, though not classically valid, WM-w is informationally valid.

WM-w.  (if P)(willy Q), (if P)(might; not Q) Fcuinfo L

This completes the presentation of the basic framework.%

5This is the general approach Santorio takes in his path semantics [25], though Santorio goes for a more
radical revision of the fundamental objects of the semantics than what I am exploring here.

61f we are willing to move to a more standard dynamic framework and to assume that will selects out of an
information state, we can avoid some of these novelties. Set times aside and evaluate relative to information
state/world pairs:

[[P > Qﬂs,w = 1iff HQHsﬁP,w =1

2nd
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5 Stalnaker’s conditional factorized.

So far, I focused on conditionals with will in their consequents, elaborating a picture that was
already outlined in [7]. We can try something more general and assign all conditional sentences
broadly Stalnakerian truth-conditions while also having an logic that classically vindicates
generalizations of CEM and I/E, as well as informationally vindicating WM.

The standard idea associated with Kratzer’s restrictor approach is that, when if lacks an
overt modal to restrict, a covert necessity modal is posited in the LF. In particular:

(4)  If Keith played, Mick sang.
gets reconstructed as:
(5) (if Keith played)(MusT; Mick sang )

It is natural to wonder what would happen if instead of positing a covert necessity modals, we
posited covert selection modals (this analysis is independently entertained but not endorsed in
[22]). Suppose for instance that (4) gets assigned the logical form in (6) (from now on, I omit
the redundant present tense):

(6) (if Keith played)(woLL; Mick sang )
Evidently, (5) and (6) differ in truth-conditions.

(1) a. [(5)]“t =1iff Vv € f(w) N keith played, [PAST Mick sing]’* =1
b, [(6)]“! = 1 iff [PAST Mick sing]”(f(w)Nkeith plays,w),»() — ]

Remarkably, the logical form in (6) delivers fully Stalnakerian truth-conditions for (4).
This analysis accounts for the plausibility of those surface forms that appear to instantiate
conditional excluded middle like:

(8) Either Mick sang if Keith played or Mick didn’t sing if Keith played.
More precisely, the following holds:
CEM-c. |- (if P)(woLL; Q) V (if P)(WoLLs not Q)

As before in addition to CEM-c¢ the semantics classically (and thus informationally) validates a
pattern that accounts for instances of import/export involving bare conditionals.

I/E-c. (if P)(if Q)(worLs R) 4} (if P & Q)(woLL; R)
Interestingly, the system makes available a second logical form for I/E, which is however invalid.
I/E-c2. (if P)(woLLs(if Q)(woLLy R)) Al (if P & Q)(woLLs R)

There are some interesting questions to press about I/E-c2. On the one hand, it incorporates
the fascinating suggestion that there might be a way of defining a binary conditional connective
with Stalnakerian truth-conditions and logic inside a restrictor theory: just say that P — Q =
(if P)(woLLy Q). On the other, it raises question about how responsible the theory ought to be

[will P]>® = 1 iff [P]*o (@) =1
This will deliver CEM-w, I/E-w and WM-w on a standard dynamic notion of entailment. Thanks to Simon Goldstein
for making the point. The original inspiration for this account is Mandelkern’s [21] reconstruction of McGee’s
semantics from [24]).

2nd
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for the predictions of these additional structures. Does the validity of I/E-c properly account
for the felt intuitive validity of import/export, given that there is a very nearby LF that is
invalid? I will say a bit more about this towards the end.

A generalization of the approach in the previous section will also deliver the informational
validity of an analogue of WM .

WM-c. (if P)(woLL; Q), (if P)(might; not Q) |cinfo L

This, then, is the core of the account of conditionals that emerges if we start with selection
modals and work our way out to a general approach to conditional meaning.

The news value of this tale is this: conventional wisdom has it that Stalnakerians are forced
into a tradeoff between CEM on the one hand, and I/E and WM on the other. Stalnaker’s semantics
accounts for the evidence for CEM at the cost of invalidating I/E and WM, which has invited some
uncomfortable resistance strategies. Associating selection behavior with some modals shakes up
the I/E dialectic, while moving towards coordinated informational consequence recovers WM.”

6 Counterhistorical restriction.

The proposal of §5 posits a covert WOLL in the logical structure of bare conditionals. What
modal base should it have? If this covert operator is to parallel overt will, we should expect
it (in light of our present assumptions) to have a historical modal base. As Simon Goldstein
and John Hawthorne (p.c.) note, this hypothesis falters on counterhistorical antecedents—those
antecedents that are incompatible with the settled history up to the time of the context. Suppose
that in w, Ann takes a test on Tuesday. On Wednesday, I say:

(9)  If Ann took her test on Monday, it was graded on Tuesday.

If the restriction of WOLL is historical, f(w) is the set of worlds that duplicate w up to the time
of my utterance. That means that, at every world in f(w), Ann took the test on Tuesday, and
so the restriction with the antecedent of (11) is vacuous.®

A natural alternative—and a solution to this problem—is to assign that covert WOLL an
epistemic modal base. It is convenient, but philosophically quite substantial, to assume that at
any given time, the epistemic modal base is a coarsening of the historical one. Let h; be the
historical modal base at ¢ and e; be the epistemic modal base at ¢.

Yw,v,Vt : if v € hy(w), v € er(w)

The informal meaning of this constraint is that worlds can only be distinguished by the epistemic
modal base (at t) if they there is some qualitative difference between them (at t).

The assumption that the covert WOLL has an epistemic modal base correctly handles (11).
The spirit of the objection is not yet defeated, however: will-conditionals still rely on historical
modal bases. Given that, the problem seems to reappear for counterhistorical will-conditionals,
like:

(10) If Ann took her test on Monday, it will be graded on Thursday.

"The most prominent alternative for validating all of these principles goes homogeneity-based account of
conditionals [10, 1, 26, 5]. In this paper, I am not concerned with arguing against homogeneity-based accounts—in
part because the theory of homogeneity is itself in flux ([19]) and in part because there are some problems for
some of the existing formulation ([7, 25]).

8Though I haven’t specified how the selection function is to operate on the empty set, this is certainly
problematic: all counterhistorical conditionals would depend only on what goes on at a single world.

2nd
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I propose that examples like (10) motivate importing an idea that proponents of restrictor
approaches have been advocating independently. Sometimes, a covert modal is posited even
in the presence of an overt modal [11, 14]. As before, I differ from this tradition in positing
selection modals all the way down. The result is that the logical form of (10) is something like:

(11)  (if 1 test monday)(WOLL s willys grade thursday)

Suppose that f1, which is co-indexed with the if-clause, is assigned to the epistemic modal base
e, while f2 is assigned to the historic modal base h (at the relevant times). This allows for
non-vacuous counterhistorical restriction, because it is the e, and not h, that gets the restriction:

(12) ﬂ(ll)ﬂw’t _ [[grade thursday]]o(h(o(e(w)ﬂtest monday,»(t))),»(t))

In support of this move, I note that it is independently needed, not only in the class of cases
that standardly motivate double modalization, but even in cases that are extremely close to
the present dialectic. Suppose that the language contains some historical modals like the
cumbersome but intelligible it is historically necessary that. Then, consider the conditional,

(13) If Ann took her test on Monday, it is historically necessary that it will be graded on
Tuesday.

For the reasons explored above, we cannot treat (13) as involving a counterhistorical restriction
on the historical necessity modal. The only sensible strategy within a restrictor analysis is to
posit a covert modal for the if-clause to restrict.

7 On the proliferation of covert modals.

Mandelkern [22] sketches and rejects an account of conditionals like the one from §5. His first
concern is that the heavy reliance on covert modals is suspect for reasons having to do with
learnability of conditional constructions across languages (see also [27]).

How do we learn to insert covert modals in all the needed places? And how do we
learn which modal to put in? We can imagine a wide array of options that would
seem to be open to children concerning what kind of modal we put in (existential?
universal? epistemic, deontic, metaphysical?) as well as when to insert them (always?
sometimes? never?). How do children (both within and across languages) converge
on the correct combination? [22, p. 312]

It is hard to address this challenge without a major digression, and this is not the place for that.
But I believe the challenge is not as pressing as Mandelkern suggests. For one thing, figuring out
force and flavor of covert modals is not significantly harder than figuring out force and flavor of
overt ones. Setting this point aside, it is not clear exactly what children are supposed to not be
able to do. On most standard models for acquisition, children can entertain and test syntactic
and semantic hypotheses of the relevant complexity: slotting covert elements into the relevant
LFs and fixing the relevant parameter values involves searching and testing a relatively small
hypothesis space.

There are also less direct reasons for caution. If there is a problem with covert modals here,
then there is a problem in all the other places where semanticists have found it plausible to
resort to covert modalities. Furthermore, if there is a problem with covert modals, then there
likely is a problem with covert elements more generally. Semantics without covert elements
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would be a respectable research program, but it comes with a large unfinished agenda. In light
of these considerations, I submit that we have no evidence that the theory is unlearnable.

8 Collapse and the identity principle.

Mandelkern’s second concern concerns the logic of the conditional. Accounts that validate
I/E fail to deliver the validity of an impressively intuitively compelling schema—the identity
schema if P, then P. More specifically, [23] argues that Identity is involved in a striking collapse
result in which the only other reasonable culprit is I/E. Let ‘=’ be a conditional connective.
Identity, together with a weak monotonicity constraint, yields the principle:

(EC) if Pentails Q P —Q
Here are two consequences of (EC):

14) a F(=(P=Q) & Q) — (P —Q)
b. E((=P=Q) & Q) & P) = Q

However, applying import/export reasoning to (14-b) yields:
(15)  F(=(P—=Q) & Q= (P—=Q)

If so, (=(P — Q) & Q) (the common antecedent of (14-a) and (15)) is logically false, and
collapse follows (details in §3 of [23]). Mandelkern rejects the I/E step and develops an impressive
theory which accounts for why I/E—though invalid—seems to not fail in the indicative domain.

My first reaction to this argument would be to reach for a bullet-biting, I/E-supporting
response. Restrict Identity to its non-junk instances (this is part of a more general line of
responses to collapse results that is briefly entertained in [5]). The strategy would grant that
Identity is a simple-looking principle in conditional semantics, but resist the idea that the intuitive
support for it extends to cases in which P is instantiated by complex, conditional-embedding
(and possibly even contradictory) sentences such as ((—(P — Q) & Q) & P).°

However, a more concessive reply is also available, if one were so inclined. It is possible
within the present framework to embrace the core tenets of Mandelkern’s [23, §6-7] positive
proposal. This involves invalidating I/E but recovering the prediction that there are no outright
counterexamples to I/E by capturing it as valid under a more permissive, ‘pragmatic’, notion
such as (a modernized version of) Strawson entailment.

Here is a (too) compressed presentation of Mandelkern’s framework. First: have the
interpretation function keep track of the presuppositional content of expressions, though not in
the standard trivalent way. In particular, given input sentence P, the interpretation function
outputs a pair whose first coordinate is 1 if the presuppositions of P are satisfied and 0 otherwise;
the second coordinate of the pair is the standard truth-value of P. Second: say that P is
Strawson-valid iff for all models and indices P’s semantic value is (1,1) or (0, x) where ‘*’ is a
placeholder for either 1 or 0. By contrast, P is logically valid iff it is guaranteed to have semantic
value (x,1). Informally: logical validity is guaranteed truth, while Strawson validity is guarantee
of a status that is either truth with presuppositions being satisfied or presupposition violation.
Third: enrich indices a parameter for keeping track of ‘local contexts’. Fourth: assume that the

9Even if this were right, this argument would not end here. Someone who wanted to bite the bullet would
have to reply to Mandelkern’s case for Identity in §4.2 of [23].
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indicative conditional P — Q presupposes a ‘local’ version of Stalnaker’s indicative constraint.'?
If that was too dense, here is an implementation of the semantics of the indicative conditional:

(16)  [P— Q= =
(1, %) iff Vv € k,o([P]",v) € &
(%, 1) iff [Q]rIPI™o(PI™w) = (1 1)

This semantics Strawson-validates I/E, even though the inference is not logically valid.

My concluding point is that it is possible to replicate Mandelkern’s story within my framework.
Earlier, I noted that we have built a kind of conditional connective with the form (if P)(wWOLL;Q).
The present idea is to translate everything that Mandelkern says about P — Q in terms of
(if P)(woLLy Q). Nearly every part of the story carries over smoothly. The only element
that requires special attention is the implementation of the indicative constraint. Instead of
associating this with the conditional, associate it with WOLL. As a result, WOLLf(Q) presupposes
in w that for every world v € k, o(f(w),v) € k (note the reinstatement of modal bases which
are not part of Mandelkern’s setup). For wOLL-conditionals, this analysis works out to:

7)1 P)(worL, Q)
(1,%) iff Vv € k,o(f(w) N [P]",v) € k
(x,1) iff [Q]FNIPI"o(fw)nlPI®,w) — (1 1)

For full comparability with the theories in this paper we’d have to reinstate a time coordinate,
but that can be done modularly.
In §5, I pointed out that I/E might get one of two forms: either I/E-c or:

I/E-c2. (if P)(woLLs(if Q)(woLLy R)) -l (if P & Q)(woLLy R)

I also noted then that it is puzzling that we don’t detect a truth-conditional difference correspond-
ing to this distinction. Interestingly, under (17), I/E-c2 goes through as a Strawson equivalence
in the same, rather nuanced sense, in which Mandelkern’s conditional Strawson-validates I/E.

The upshot of this round of Mandelkern vs. Mandelkern is this: contrary to a claim in [22],
the development in [23] is not an obstacle for the factorized Stalnakerian analysis. It might even
illuminate why we don’t detect a difference in readings corresponding to two possible construals
of I/E. Whether the factorized analysis is tenable in full generality remains to be seen.
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Abstract

Tagging is the phenomenon in which regions of a picture, map, or diagram are annotated
with words or other symbols, to provide descriptive information about a depicted object.
The interpretive principles that govern tagged images are not well understood, due in part
to the difficulty of integrating pictorial and linguistic semantic rules. Rather than directly
combining these rules, I propose to use the framework of perspectival feature maps as an
intermediary representation of content, in which the outputs of pictorial and linguistic
interpretation may be assimilated. The result is a simple and compositional semantics for
tagged images.

1 Tagging

Human communication is multi-modal. Spoken and signed words are accompanied by pictorial
gestures and emotive facial expressions. Written words are enriched with illustrations, dia-
grams, and emoji. Newspaper articles come with photographs, and photographs come with
captions. Maps are annotated with detailed geographic labels. And technical illustrations con-
tain numerals, labels, call-out boxes, and more. In nearly every domain of human transaction,
symbolic and iconic signs are integrated to efficiently express rich tapestries of information.
Ultimately, the science of semantics must come to terms with this multi-modal outpouring.

We can loosely categorize multi-modal signs into three basic types. In egalitarian repre-
sentations, icons and linguistic signs each express their own modality-specific content, which
together contribute to a richer discourse content. Egalitarian representation are exemplified by
sentential captions on photographs (Alikhani and Stone, 2019), by illustrated narratives and
instructions (Alikhani and Stone, 2018b), and by many cases of coverbal gesture (Lascarides
and Stone, 2009a,b).

In language-dominant representation, icons are used to enrich a linguistic expression;
the interpretation of the iconic elements modulate the semantic contribution of the linguistic
whole. Language-dominant multi-modality has been widely studied in recent years. Examples
include pro-speech, co-speech, and post-speech gesture (Schlenker, 2018a; Tieu et al., 2017),
iconic modulation of words (Schlenker, 2018a), and a wide variety of iconic enrichments in sign
language (Schlenker, 2018b). See Schlenker (2019) for an overview of the state of the art.

The last category of multi-modal representation has received relatively little attention from
semanticists, but is ubiquitous in human affairs. In icon-dominant representation, words,
phrases, and non-linguistic symbols are used to enrich a picture, map, or diagram. The inter-
pretation of the symbolic elements modulate the semantic contribution of the dominant image.
Tagging is the phenomena in which symbolic tags are associated with specific subregions of
the dominant icon.

Maps provide a vivid example of tagging, where names are inscribed throughout the map
to indicate the location and identity of landmarks. Other cases include the descriptions, labels,
and numerals featured in technical drawings and mass-media imagery, and the variable letters
that are used to supplement mathematical and logical diagrams. Speech balloons in comics are
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a genre-specific form tagging. And in, sign languages, classifier constructions involve the use of
symbolic hand shapes to tag iconically presented paths and locations.

Figure 1: Tagging as the annotation of an icon with linguistic symbols.
Excerpt from from Middlesex County Atlas (2002), pgs. 32-33.

In this paper I'll focus on the paradigm case of tagged images: perspectival pictures
enriched with linguistic tags. (I'll use “picture” and “image” interchangeably; I treat maps as
a class of picture.) In tagged images, symbolic tags play the role of contributing identifying
and descriptive information about particular objects (broadly construed) for which the picture
provides pictorial information. An adequate semantics of tagging must address three central
explanatory problems.

Problem 1: semantic significance of tag placement. The placement of tags within a
printed images contribute to the accuracy-conditions of the whole tagged image by indicating
which depicted objects are associated with the contents of the tags. For example, relative to
a realistic scene, (1) is accurate. But swapping the position of “sphere” and “cube” results in
(2) which is not accurate. In effect, tagging locates linguistically expressed properties within
pictorial space. Understanding how this is done is the central challenge for a semantics of
tagging.

<= <>

( 1) tetrahedron (2> tetrahedron

Figure 2: Relative to a realistic scene, image (1) is accurate, but (2) is not. They differ
only with respect to the placement of “sphere” and “cube.”

Problem 2: flexibility of tag placement. The ultimate semantic contribution of tags—
to supply descriptive information about depicted objects— can be achieved through a variety of
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expressive means. In Figure 3, for example, the tag “sphere” is associated with the image by
placement prozimal the part of the image it tags; “cube” is associated with a part of the image
by placement within it; and “tetrahedron” is associated with the image through line linking (or
indication in Alikhani and Stone 2018a, pg. 3555).

Shoulder Neck Trunk

Leg
tetrahedron ot " ) Feet
p Toes
‘ Eyes ia ]
Nose \
Face
Lips
Jaw

sphere

Lateral Medial

Figure 3: Tagging can be expressed through Figure 4: Tagging relations beyond predication in
a variety of visual means: line linking, inclu- a diagram of the sensory cortex. (Problem 3) From
sion, and proximity. (Problem 2) Purves et al. (1997) Neuroscience, pg. 22.

Problem 3: variety of tagging relations. Nouns and names can both be tags, but be-
cause nouns and names denote objects in different semantic categories, the semantic significance
of tagging must itself be allowed to vary. A picture of a person tagged with the name “Kiara”
expresses the content that the person is identical with [Kiara]; a picture of person tagged with
the noun “professor” expresses the content that the person has the property [professor]. More
extreme variations are common. Consider the tag “08816” on a map; here the relevant relations
is has the zipcode. In Figure 4, the relation brain region X processes information from body re-
gion Y is put to work in a standard depiction of the somatosensory cortex. As these examples
show, the correct tagging relation cannot be determined simply as a matter of syntactic or
semantic type, but must advert to contextual and discourse-sensitive constraints. Instead, I
view tagging relations as a species of multi-modal coherence relation (Alikhani and Stone,
2018Db), a structural link in discourse which functions to bind together independent discursive
elements.

The prospect of a tagging semantics which answers Problems 1-3 presents us with a theoret-
ical puzzle. On one hand, linguistic and pictorial elements demand radically different kinds of
semantic analyses (Giardino and Greenberg, 2015; Schlenker, 2019). On the other hand, they
cannot be entirely separated: to compute the content of a tagged image, one cannot simply
divide it into a picture and a set of tags, compute their respective contents, and put them back
together again. There would be no way of tracking which properties went with which depicted
objects when they were recombined. In this paper, I'll recruit the theoretical apparatus of
feature maps to serve as the nexus point where linguistic and pictorial information streams
may come together. This approach will ultimately make it possible to formulate a simple and
compositional semantics for tagged images.

2 Syntax

The underlying syntactic structure of a tagged image can be divided into a pure image that
is free from tags, a set of tags, and a set of linking relations that hold between regions of the
pure image and pairs of tags and relation-symbols (cf. Alikhani and Stone, 2018b, pg. 2). On
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this model, the location of a tag on the printed page is not itself part of syntax, but is a signal
of a syntactic relation. Tags themselves have no location; they are associated with regions of
the picture plane by abstract syntactic links. The rationale for this way of approaching tag
placement will emerge shortly. Here the syntax of a tagged image stands to the image on the
printed page roughly as a sentence’s syntax stands to its phonology. I model this structure
formally as follows, illustrated in Figure 5.

(3) A tagged image T = (I,tag), where:
(i) [ is a pure image;
(ii) tag is a (partial) function from regions of I to pairs (s,r)
where s is a tag-symbol, and r is a relation-symbol.

tetrahedron |<--4 predication:--f------

(4) ()

Figure 5: The syntax of a tagged image: (4) a pure image; (5) a set of linking relations between
picture regions and pairs of tags and relation-symbols.

The structure of the pure image itself can be understood as a 2D plane segment where
regions are associated with colors. (A more complete account might include lines and line-
types, textures, and color regions.) Formally:

(6) A pure image I = (P,d, color) where:
(i) P is a set of points;
(ii) d is a Euclidean metric over P which defines a 2D rectilinear space;
(iii) color is a (total) function from points or small regions of P to colors (or values).

Meanwhile the linguistic constituents of tagged images are sub-clausal phrases that include
names, numerals, nouns, adjectives, as well as definite and indefinite descriptions. In this paper,
I’ll set aside indexical sentences, like “you are here,” which can also play a tagging-like role.
Non-linguistic tags, as in a map, include a variety of specialized symbols which may be listed
in a legend or conventional for a type of discourse.

Tags themselves are associated with regions of the picture plane by abstract structural
links.! T’ll assume that the regions in question are normally contiguous and correspond to
psychologically natural segmentations of the graphical space. The links which connect tags to
regions need not be explicitly marked on the printed page, but they are nevertheless signaled
through a variety of means. Here a range of defeasible conventions may be invoked to indicate
structural links:

ISuch links are a sub-segmental variant of the text-to-image links posited by Alikhani and Stone (2018b).
The semantic function of image sub-regions is anticipated in Abusch’s analysis of visual co-reference (Abusch
2012, §3-5; Abusch 2015, §4). T’ll assume here that the shapes of the regions in question are perfectly definite,
though this is certainly an idealization in many cases.
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. Inclusion: a symbol tags the region it is located inside of.

. Proximity: a symbol tags the region whose perimeter it is closest to.

. Alignment: a symbol tags the region with an edge it is spatially aligned with.
. Line Linking: a symbols tags the regions it is linked to by a line or arrow.

=W N

Figure 3 features line linking, proximity, and inclusion. Alignment can be seen in Figure 1, in
the placement of road and river names.

These conventions often come into conflict. If a tag is prozimal to one region, then it is
necessarily included in a different region; which convention applies? The adjudication of these
conflicts is sometimes guided by strict selection rules; for example, line-linking always trumps
proximity and inclusion. But choosing between proximity and inclusion seems to be more open-
ended, informed by spatial cues (e.g. degree of proximity), by semantic match between a picture
region and the tag (e.g. “sphere” probably goes with the picture of the sphere), and by known
design constraints (e.g. a long word like “tetrahedron” cannot be included in the region it tags).
Determining which region is tagged by a symbol is a complex problem that may involve visual
cognition, world-knowledge, and general purpose reasoning, in addition to specific conventions.

The proposed solution to Problem 2 is that the variety of expressions of tagging on the
page all correspond to a single underlying relation of linking at the syntactic level. Inclusion,
proximity, and line-linking are all signals of the underlying syntax, but they are not part of
it. This analysis reflects a choice about where to draw the syntax/semantics boundary for
the interpretation of tagged images. It divides interpretation into the pre-semantic process
of disambiguating tagging links between symbols and regions, on one hand, and the semantic
process of computing their meanings, on the other. Part of the rationale for this division
of labor is that the two processes demand different kinds of cognitive capacities. The pre-
semantic process of disambiguation requires defeasible reasoning and world-knowledge. The
semantic process, by contrast, follows a set of narrowly defined interpretive rules, as I’ll show.
This bifurcation reflects the traditional view in linguistics and philosophy of language, which
allows that general purpose reasoning may be enlisted in syntactic disambiguation, whereas
semantics follows monotonic and compositional rules.

The final ingredient in the syntax of tagged images addresses the variety of tagging relations
from Problem 3. I propose a set of relation-symbols which are explicit in the syntax, but
implicit on the printed page. Each link between a symbol and a region is associated with one
such symbol. Formally, I treat the tag function as a mapping from picture regions to pairs of
tag symbols and relation-symbols. I'll represent identity and predication, the two most common
tagging relations, by the relation-symbols as id and pred respectively.?

3 Content

What kind of contents are expressed by tagged images? Because tagging ultimately involves
the location of linguistic information within pictorial space, we should model the contents of
tagged images after the contents of pure images, rather than those for words or sentences. A
popular approach to the contents of pictures understands them as sets of viewpoint-centered

2Despite variation, there are constraints on how tagging relations may be expressed. Identity and predication
appear to be defaults. Other relations are inferred when these defaults are incoherent or otherwise ruled out in
context. A further constraint is typographic consistency: tags with the same typographic features are expected
to encode the same tagging relation. In Figure 4, for example, tags presented with line linking express the
relation processes information from, while the two tags “Lateral” and “Medial” in the bottom corners, which
use proximity, express predication. Ultimately these factors must be considered within the context of discourse
coherence theory more generally.
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worlds (Blumson, 2009; Abusch, 2015). But a centered-worlds approach is an awkward fit for
the object-oriented semantics of tagging. Tags are associated with objects, not entire scenes.
Once the set of centered-worlds associated with a pure image is fixed, there is no way of going
back into the set and introducing the semantic contribution of the tags, without re-computing
the content of the image.

Instead, I propose to use a level of structured content which is intermediate between syntax
and accuracy conditions. We can define a simple semantics which separately maps visual and
symbolic contents into this intermediate level, which in turn is subject to a general definition
of accuracy. The intermediate level is a type of feature map, a 2D array whose regions are
associated with objects and properties. Feature maps preserve the visual structure of the un-
derlying image while trading the syntactic constituents of the picture for the semantic elements
they express. In Greenberg (2019b) I develop a model of pictorial contents as perspectival
feature maps (PFMs), a type of feature map where each point in the array is associated
with a viewpoint-centered direction. Feature maps provides an intuitive interface between the
pictorial sign and the background projection semantics, and are straightforwardly extended to
incorporate the contents of tagged images.

A perspectival feature map is a two-dimensional array where each point in the array is
associated with a viewpoint-centric direction in three-dimensional space; and regions of the
array are associated with clusters of objects and properties.?

(7) A perspectival feature map M = (Field, Direction, Cluster) where:
(i) Field is a two-dimensional array;
(ii) Direction is a total function from points in Field to 3D directions which satisfy a
viewpoint condition.
(iii) Cluster is a (partial) function from regions of Flield to feature-clusters.

A feature cluster is a sequence (0,Gy,...,G,) where o is an object and Gy, ...,G, are
properties. If a picture express a feature map as content, then the objects of the map’s feature
clusters correspond to the singular contents of the picture. These are the objects it depicts. The
properties of the feature cluster correspond to the attributive contents of the picture. These
are the properties it depicts its objects as having (Greenberg, 2018). The structure of PFMs is
illustrated in the two figures below.

map field feature cluster
object features
BT SRS oo Oi1  FluFi2. Fin
A B 102 Fa1Faz2...Fan
Figure 6: Feature map with feature clusters. Figure T7: Perspectival feature map with feature

clusters and viewpoint-centric directions.

3A more complete definition of feature maps would allow for variations in acuity, the representation of
relations, the expression of more than one represented object per region (Greenberg, 2019b).
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A perspectival feature map can be thought of as a kind of directional space— a space whose
“dimensions” are directions emanating from a viewpoint, and whose constituents are the objects
and properties laid out in that space. It locates each of the objects in its feature clusters in
a given direction, and attributes to each its associated properties. A PFM is accurate relative
to a world w and viewpoint v if and only if the attributions it makes are correct, when it is
fixed to the location of v within w. In the definition below, given a PFM and its associated
Cluster function, let object() be a function from a region r to the object of Cluster(r), and
properties() to the set of properties in Cluster(r).

(8) A perspectival feature map M = (Field, Direction, Cluster)
is accurate at a world w and viewpoint v iff for every region r € dom(Cluster):
(i) object(r) is located in Direction(r) from v in w;
(ii) object(r) realizes each F € properties(r) in w.

PFMs are a natural choice for the content of tagged images, because they easily accommo-
date the accumulation of features associated with different regions of the visual field. For pure
images, the constituents of the feature clusters are, to a first approximation, entirely visual
properties. For tagged images, the content of a tag is simply construed as yet another property
which is added to the feature cluster of a depicted object. Thus the word “cube”, used as a tag,
expresses the property cube. Since the properties expressed by tags enter into feature clusters in
the feature map, they automatically inherit the spatial significance of the structure of the map
itself. Thus, if the property cube is associated with an object o in the feature map, the final
accuracy conditions will simultaneously attribute cube to o and attribute a specific viewpoint-
relative direction to o. The result is that tagged properties are projected out through pictorial
space. In this way, the PFM framework allows us to directly co-index tagged properties with
visually depicted properties within a single semantic structure. And this is ultimately what is
required to capture the distinctive semantic contribution of tagging.

4 Semantics

The central challenge for a semantics of tagged images is the problem of integrating the deeply
divergent semantic rules for words and pictures. In previous work I’ve advocated a projection
semantics for pictures, where a picture is mapped to the set of centered-worlds from which it
can be projected (Greenberg, 2019a). But this approach is not easily extended to tagging, since
there is no way to locate the properties expressed by tags within the worlds expressed by the
pure image, without drawing on the projective rule which defined the pure image content in the
first place. Instead, the interpretation of tags would have to be integrated into the definition
of projection from the start. The resulting theory could be systematic, but it would not be
compositional, since the content of the pure image would not be computed independently of the
contents of the tags.* On this approach, one can’t simply use one’s semantics for pure images
“out of the box.”

To get at the semantics of tagging, we must find a way to integrate the interpretation of
the tags with the interpretation of the pure picture. It is here that the feature map framework
comes into its own, for PFMs are naturally suited to the task of coordinating diverse streams
of object-oriented information within a unified visual frame. My strategy is to exploit the
parallelism between tagged image syntax and feature map structure: as each tag is associated

4Compare the theory of indexing in Abusch (2012, 2015), which integrates object-coreference with rules of
projection.
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with a region, it contributes a property to the feature cluster expressed by that region. The
resulting account smoothly assimilates the content of the pure image and those of the tags.

By stating the semantic rules as mappings from syntactic elements to elements of a feature
map, the interpretation of a complete tagged image can be neatly divided into three sub-
problems: (i) the semantics for pure images; and (ii) the semantics for the tags themselves;
and (iii) the semantics of the region-to-tag links. The resulting semantics for tagged images is
compositional, in the sense that the content of the whole is a function of the content of each
part (the pure image, the tags, and the relation symbols), and the way they are put together
(the linking relations).

Each sub-problem is governed by distinct interpretive rules. The linguistic expressions in a
tagged image are interpreted relative to a language. So too, pictures are governed by systems
of depiction, the pictorial analogues of languages. The pictures of platonic solids used in
this paper belong to a simple system of black and white line drawing. But systems vary in
their treatment of line, color, shading, stylization, and more. Tagged images themselves belong
to hybrid systems: the combination of system of depiction and a language. Where L is a
language and D is a system of depiction, a tagged image belongs to the hybrid system L/D.

(9) Tagging Semantics
Given a hybrid system L/D, for any tagged image T = (I,tag) in L/D, and context ¢:
[T]L/p,c = the minimal feature map M = (Field, Direction, Cluster) such that:
(i) Congruence:
there is a unique f: P — Flield such that I and Field are congruent wrt to f;
(ii) Pictorial Semantics: [I]p. & M;
(iii) Tagging:
Vr e dom(tag) : where tag(r) = (S, R) : [R]r;p([S]L) € properties(f(r)).

Clause (i) serves the same function as before, imposing congruency between regions of the
image surface and feature map regions. Clause (ii) introduces the semantic contribution of the
pure image, presupposing something like the semantics specified above. The “=” relation is the
part-hood relation for feature maps.

Clause (iii) states that, for every tagged region r in the image, a corresponding property
should be added to the feature cluster which is expressed by 7 in the feature map. The property
in question is not simply [S]r, the content of the tagged symbol, but rather [R];/p([S]z),
the content of the tagged symbol as it is modulated by the content of the relevant tagging
relation, as required by Problem 3. The denotations for two most common relation-symbols,
“id” (identity) and “pred” (predication) are:

(10) [id]r/p = Axdy.x =y
(11) [[pred]L/D = AFF

This semantics has the desired effect of allowing the content of symbolic tags to enter into
the content of the tagged image at specific, object-dependent locations in pictorial space. The
resulting analysis provides a satisfactory account of Problem 1, the semantic contribution of
tags to accuracy conditions. To see this, recall the accurate image (1) and inaccurate image (2)
from Figure 2, which differed only in the placement of the tags “cube” and “sphere”. Suppose
that, in (1), “cube” is linked by predication to region r;. And assume that [cube];, = the
property cube. By clause (iii) from tagging semantics, the “cube” tag imposes the following
condition on the resulting feature map:

(12) a. [pred]y p([cube]r) € properties(f(r1)) <

2nd

Proceedings of the 2 Amsterdam Colloquium 18



Tagging: Semantics at the Iconic/Symbolic Interface G. Greenberg

b. cube € properties(f(r1))

By the definition of accuracy for feature maps, it follows that the tagged image is accurate at
a centered-world (w,v) only if:

(13)  a. object(f(r1)) is located in Direction(f(r1)) from v in w;
b. object(f(r1)) realizes the property cube in w.

The inaccurate image (2) is exactly like the accurate (1), except that “cube” is associated with
ro, rather than 1. When ry is substituted for r; in the accuracy conditions above, the picture
locates a cube in a different direction within pictorial space. As a result, (1) and (2) express
different accuracy conditions.

I turn next to pictorial semantics, the semantics governing pure images. Pictorial seman-
tics is itself a multi-faceted problem, where vision, convention, and context all play a role in
determining meaning (Kulvicki, 2006; Greenberg, 2018). T’ll assume that, given a system of
depiction D, image I, and context ¢, [I]p,. is a PFM (Greenberg, 2019a). Context determines
the singular content of a PFM by associating regions of I with objects. Systems of depiction, in
turn, determine part of the attributive content of a PFM by associating regions with directions
and basic properties. Further stages of visual processing contribute additional visual features
like depth, 3D shape, and category. The semantics sketched below shows how these different
interpretive vectors can be brought together:

(14) Pictorial Semantics
Given a system of depiction D, for any image I = (P, d,color) in D, and context c:
[I]p,c = the minimal feature map M = (Field, Direction, Cluster) such that:
(i) Congruence:
there is a unique f: P — Field such that I and Field are congruent wrt f;
(i) Reference:
Vrc P: if r e dom(ref.), then ref.(r) = object(f(r));
(iii) System of depiction:
there is a viewpoint v = vp.(F'ield) such that Vpe P :
(a) Projection condition:
Direction(f(p)) is co-directional with projectionp (v, f(p));
(b) Marking condition:
markingp(color(p)) € properties(f(r));
(iv) System of vision:
Vi(P) e M;

Clause (i) imposes a spatial congruency f between regions of the image surface and feature
map regions, which is used to preserved consistency between the other clauses. Where r is
an image region, f(r) is the corresponding map region. Two 2D fields are congruent just in
case there is a a metric isomorphism between them that preserves up/down and front/back
orientations. (I've suppressed orientation vectors in the definitions of images and map fields
here.) Clause (ii) accounts for the singular content of an image, as determined by context,
which in turn reflects artist’s intentions and the causal history of thte picture’s production.
Contextual reference is modeled as a function ref., part of a context ¢, which associates (some)
regions of I with objects.

Clause (iii) specifies the contribution of the system of depiction within a projection semantics
(Greenberg, 2013; Abusch, 2015). In Greenberg (2019a), I've shown how a projection semantics
can be translated into a feature map framework; in short, projection semantics implies that each
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feature cluster in a picture’s feature map be association with (a) a viewpoint-relative direction;
and (b) a basic feature (such as surface, edge, or color). These are determined, in turn, by the
projection condition and marking condition which characterize the system of depiction.
Formally, vp,. fixes the position of the viewpoint, relative to he map field, within the 3-space
of the feature map; projectionp is a function from viewpoints and points on the map field to
rays in the 3-space of the feature map; markingp is a function from colors in the picture to
basic features. Clause (iv) is a catch-all for the contribution of visual computation to pictorial
content.

Drawing upon the feature map analysis of visual content, I have sketched a theory of the
syntax, content, and semantics of tagged images. While the account leaves significant issues
unresolved, I hope the general analytical strategy I've pursued here is flexible enough to extend
to other kinds of tagging in maps, comics, sign language, and beyond.
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Abstract

We point out a puzzle that comes from the interaction of Mazimize Presupposition (MP)
with the Neg-raising verb believe. In response, we offer a reformulation of MP that we call
Mazimize Update (MU). MU compares not only the presuppositions of the relevant com-
peting forms, but the conjunctions of the forms’ presuppositions with their assertions. The
principle favors the stronger of these. We compare MU with the possibility of combining
MP with other accounts of neg-raising.

1 Introduction
In contexts where it is common ground that Tesla designed the Tesla coil, it is odd to say (B):
(B) Kim believes that Tesla designed the Tesla coil.

(B) is odd because it seems to suggest that Tesla did not in fact design the Tesla coil. This
inference, on current thinking, results from competition between (B) and an alternative of it,
(K), where the factive verb know replaces believe:

(K) Kim knows that Tesla designed the Tesla coil.

The context we have in mind here supports the factive presupposition of (K), and because
(B) and (K) otherwise assert the same thing, (K) blocks (B). The principle that makes this
blocking happen, which finds its roots in Hawkins 1978, Hawkins 1991, and Heim 1991, states
that a form ¢ is to be favored over another v iff ¢’s presupposition asymmetrically entails s,
and ¢ and 1 are otherwise contextually equivalent. In current literature the principle is called
Mazimize Presupposition (MP). We borrow the formulation in (1) from Spector and Sudo 2017:

(1) Maximize Presupposition (MP):

If S” is an alternative to S, and Dom([S’']¢) C Dom([S]¢), then favor S’ to S in any
context ¢ where cN[S]¢ = cN[S']¢.!

From (1), and assuming the lexical entries in (2) and (3) for believe and know,

(2)  [believe]” = [Ap(sty - AT - BELg o Cp) (to be revisited)
(3)  [know]™ = [Ap(ss : p(w)=1. Az . BELy o Cp)

*For helpful discussions, we thank Elena Herburger, Orin Percus, Jacopo Romoli, Florian Schwarz, Philippe
Schlenker, Yael Sharvit, and Yasutada Sudo.
1We assume that a context c is a set of possible worlds (the context set), and we write [ [¢ to mean [Aw . []¥].
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it follows that (K) is to be preferred to (B) by speakers who share the opinion that Tesla designed
the Tesla coil. Conversely, (1-3) lead to the result that (B) is felicitous only in contexts where
Tesla is not presumed to have invented the Tesla coil.?

With this in mind, consider (nB), the negation of (B):

(nB) Kim does not believe that Tesla designed the Tesla coil.

Unlike (B), (nB) is natural in our context. Yet by the same assumptions reviewed above, (nB)
should be odd given the availability of the alternative (nK):

(nK) Kim does not know that Tesla designed the Tesla coil.

The only difference between (nB,nK) and (B,K) is the presence of negation. But at first glance
it isn’t obvious why negation should stop MP from favoring (nK) to (nB) in the same way that
it favors (K) to (B). The presuppositions of (nB,nK), and the logical relation between them, are
the same as those of (B,K), and it is reasonable to think that the negations of two assertorically
equivalent sentences like (B,K) are also assertorically equivalent. What, then, changes with
(nB,nK)?

The answer is that believe, unlike know, is a “neg-raising” verb: while (nK) says — setting
aside its factive presupposition — that it is not the case that Kim believes Tesla to have designed
the Tesla coil, (nB) says that Kim believes that he did not. Let us use the term NR to refer
to this property of the verb believe; that when it is negated, it is understood to say that the
(relevant) attitude holder believes that the (relevant) attitude is false. We summarize this,
informally and theory-neutrally, in (4):

(4)  NR: [not believe S| implies [believe not S|

It might seem that (4) by itself explains why (nB) and (nK) are acceptable: the two sentences are
not equivalent in the given context, hence not subject to MP, because (nB) asserts something
stronger than (nK). But this explanation is incomplete, because it is not accompanied by a
theory of where NR inference comes from. If it comes from an opinionatedness presupposition,
as Bartsch (1973) and Gajewski (2005, 2007) have proposed, then indeed (nB) and (nK) would
no longer be in the domain of MP, because neither would have presuppositions that entail the
other’s. But then, for the same reason, (B) and (K) should also no longer be in the domain
of MP, leaving the oddness of (B) unexplained. If NR comes from a scalar implicature, as
proposed by Romoli (2012, 2013), then (nB) and (nK) could be explained if we show independent
evidence that MP can operate on exhaustified sentences, not just on their implicature-less literal
meanings. This too is not trivial, and we will explain why it is difficult to find independent
support for it. Finally, if NR came from the assertoric meaning of (nB), then we would have
to assume either a theory where believe is ambiguous, or a theory that derives NR from a
syntactic mechanism (Fillmore 1963; Collins and Postal 2014, 2018). The first of these options is
stipulative; the second, we will argue, makes incorrect predictions elsewhere. Our own proposal
is a replacement of MP with another principle, which we call Mazimize Update (MU), that
compares not only the presuppositions of the given alternatives but the conjunctions of their
presuppositions together with their assertions.

2Careful readers may have noticed a slight change in our narrative: We opened with the claim that (B)
presumes that Tesla did not design the Tesla coil, but from MP we derived the weaker result that the context
of (B) does not presume that Tesla designed the Tesla coil. The stronger of these two results — the first — is an
example of an antipresupposition. Readers are referred to Percus 2006 and Chemla 2008 for discussion of the
connection between MP and antipresuppositions.
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Before we proceed, we want to note that we are not the first to observe this interaction
between MP and the NR property of believe. Percus (2006), in fn. 14. credits Gillian Ramchand
with an observation like ours, and speculates on a connection to NR but does not develop a
detailed account. To our knowledge, the interaction has not been discussed elsewhere.

We will begin our presentation in Section 2 with the “semantic” view of NR, i.e. the view
that derives inference from a presupposition of opinionatedness, and after some discussion we
propose our own solution. We then discuss the implicature-based view (Section 3), and the
syntactic view (Section 4).

2 The semantic view of NR and Maximize Update

Proponents of the semantic account of NR write an “opinionatedness” presupposition into the
semantics of believe, as in (5):

(5)  [believe]™ = [Ap(s sy - ATe : OPNg o (p) . BELg o Cp (revised from (2))
(6)  OPNg . (p) iff BEL, wCpV BEL, ,, CP

As the reader can see, the opinionatedness presupposition in (5) does not strengthen the truth
conditions in positive belief ascriptions, like (B), because opinionatedness follows logically from

the assertion itself. However, in cases like (nB) where the verb believe appears under negation,
the opinionatedness presupposition leads to NR, as desired:

(nB) Kim does not believe that Tesla designed the Tesla coil
a. [(nB)]" is defined only if OPNy, ,,([Tesla designed the Tesla coil]®) (OPNg (%))
b. If defined, [(nB)]¥=1 iff BELy , C[Tesla designed the Tesla coil]® (BELy,, Ct)

In words, (nB) is only interpretable if Kim has an opinion about whether Tesla designed the
Tesla coil, and if it is interpretable, (nB) is true iff it is not the case that Kim believes that
Tesla designed the Tesla coil. Since (by the presupposition) Kim has an opinion on the matter,
it follows that Kim believes that Tesla did not design the Tesla coil. This is the NR inference.

But adding a presupposition of opinionatedness into the meaning of believe presents us with
a problem. Being opinionated about p does not entail p, and p does not entail being opinionated
about p. This means that neither of (B,nB) should compete with (K,uK) by MP, because the
presuppositions of (K,nK) no longer entail those of (B,nB). In the case of (nB) and (nK) this is
a good result, because both examples are acceptable, but in the case of (B) and (K) the result
is not welcome.

Note that as long as asymmetric entailment is required to hold between the presuppositions
of the two competing forms, any alternative to MP will fail to distinguish between the negated
pair of alternatives (nB,nK), which are both acceptable, and the unnegated pair (B,K), which
are not both acceptable. For example, Spector and Sudo’s (2017) Presupposed Ignorance Prin-
ciple (7) favors the (presuppositionally-stronger) alternative that current context supports. But
because neither know nor the presuppositional believe is presuppositionally-stronger than the
other, there is no way to predict the oddness of (B).

(7) Presupposed Ignorance Principle:

If S’ is an alternative to S, and Dom([S’]¢) C Dom([S]¢), then S is infelicitous in any
context ¢ where cCDom([S']?).
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A more radical revision of MP, one that does not make direct reference to presuppositions, is
proposed by Anvari (2018). The principle requires that context preserve entailment between
alternatives: a form S is infelicitous iff it entails an alternative S’ in context, but does not entail
it logically:

(8)  Logical Integrity (LI):

If S" is an alternative to S, and [S]® € [S']¢, then S is infelicitous in any context c
where ¢N[S]¢ C en[S']¢

But LI also fails to distinguish the unnegated (B,K) from the negated (nB,nK). The principle
correctly blocks “believe p” (e.g. (B)) in p-contexts, because in p-contexts “believe p” entails
“know p”, but it does not entail it logically. However, the same holds of “not believe p” (e.g.
(nB)) in p contexts: “not believe p” entails “not know p” in a p-context, but it does not entail
it logically.

We propose to replace Mazimize Presupposition with Mazimize Update:

(9) Maximize Update (MU):

If S’ is an alternative to S, and [S']¢ C[S]¢, then favor S’ to S in any context ¢ where
NS = en[S']°.

MU, like LI, does not make any direct reference to the presuppositions of the forms under
comparison. Instead it compares their update potential, as it were, by comparing the sets of
worlds in which they are true: if S’ is defined and true in a strictly narrower set of worlds than
S, and if the two forms are otherwise contextually equivalent, then S’ is to be favored.

The effect of MU on (B,K) is as we want it to be: the worlds where (B) is true are worlds
where Kim’s belief state supports the proposition that Tesla designed the Tesla coil (10a);
the worlds where (K) is true make up a proper subset of these — they are worlds where Tesla
designed the Tesla coil and where Kim has that belief (10b). Crucially, proper subsethood holds
between these two sets of worlds despite the lack of entailment between the presuppositions of
believe and know. When their presuppositions and assertions are considered together, know
comes out stronger, and is therefore preferred when supported.

(10) a. [(B)]¢ = {w: BELy» Ct}
b. [(K)]¢ = {w: tw)=1 & BELy, Ct}

In the case of (nB,nK), however, things are different. Worlds where (nB) is true (and defined)
are worlds where Kim is opinionated about whether Tesla designed the coil, and does not have
the opinion that he did. These are therefore worlds where Kim believes that Tesla did not
design the Tesla coil (11a). On the other hand, worlds where (nK) is true (and defined) are
worlds where Tesla designed the Tesla coil, but where it is not the case that Kim has that belief
(11b):
(11)

a. [(nB)]¢ = {w : BELy,, Ct}

b. [(nK)]¢ = {w : t(w)=1 & BELy ., £t}

Clearly, neither of (11a,11b) is a subset of the other, so (nB,nK) are correctly predicted not to
compete under MU.

Note that, by its definition, MU makes the same prediction as MP in every case where two
forms S, S’ are equivalent in their assertions but where S’ has a stronger presupposition than
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S. In these cases, [S']* is a proper subset of [S]¢, because [S']¢ is effectively a conjunction
of two propositions ¢ & 1) — the assertion and presupposition of S’ respectively — while [S]¢
is by assumption a weaker conjunction ¢ & 1, 1) being weaker than v)’. MP favors S’ because
of the presuppositions alone; MU favors S’ because of the “conjunction” of the presuppositions
with their assertions.

Note also that MU, like Anvari’s LI, correctly blocks uses of weaker scalar items like some
in contexts where they are equivalent to their stronger alternatives, like all. Cases of this kind
were discussed in Magri 2009, 2011. (12), from Magri 2011, is an example:

(12)  Context: Prof. Smith assigns the same grade (possibly a different one every term) to all
of his students.

a. #This year, Prof. Smith assigned an A to some of his students.
b. v'This year, Prof. Smith assigned an A to all of his students.

Magri took data like these to show that scalar implicature calculation is not based on purely
pragmatic grounds; given that the context in (12) does not distinguish between the some and
the all alternatives, there is no reason for the imagined listener in this context to infer, on
hearing (12a), that the professor did not assign an A to all of his students. Either of (12a,b)
should therefore be acceptable, yet only (12b) is.

Magri’s conclusion that extra-literal inferences, like scalar implicatures, are not governed
solely by contextual factors does not change under LI, since LI makes reference both to logical
entailment and contextual entailment. MU is similar in this respect. (12a) is dispreferred even
though it is contextually equivalent to (12b); it is dispreferred because it is logically weaker
than (12b). We therefore do not see MU as a pragmatic principle.

We now turn our attention to alternative ways of explaining (nB,nK) without altering the
basic formulation of MP. These are (a) the possibility of deriving NR as a scalar implicature,
and (b) the possibility that NR results from interpreting negation in an embedded position.

3 NR as a scalar implicature

The idea of deriving NR as an implicature comes from Romoli 2012. A central assumption
in the proposal is that believe has a formal alternative that states opinionatedness. Let us
abstract away from the form of this alternative, and call it opn for short. Opn has the following
semantics:

(13) [[opnﬂw = [)‘p<s,t> -)‘xe . OPNw,w(p)L
where as before: OPNg ,, iff BEL; ., CpV BELy ., CP

And believe itself has no presupposition of opinionatedness. This is the original entry we saw
in (2):

(2)  [believe]™ = [Ap(sty - AT . BELg 0 Cp)

In positive contexts, opn does not participate in the implicatures of believe, because its truth
conditions follow from those of believe: BEL, ., Cp asymmetrically entails OPNy 4, (p).

In negative contexts, however, the alternative where believe is replaced with opn gives rise
to an implicature that leads to NR: “not believe S” implicates that the alternative “not opn
S” is false, and “not opn S” is false iff “opn S” is true. So “not believe S” brings with it the
implicature that the given attitude holder is opinionated about S. And since the sentence
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asserts that the attitude holder does not have the belief that S, it follows that s/he believes
that not S. These steps are summarized in (14):

(14) Kim does not believe that S

a. ALT(14) = {Kim does not opn that S, ---}

b. ExH(14a)(14) =1 iff [Kim not believe S]* =1 and [Kim not opn S]* =0
=1 iff [believe]™([S]*)(k)=0 and [opn]“([S]*)(k)=1
=1 iff BELy,,, Z[S]* and OPNy 4, (p)
=1 iff BELy ,, C[S]¢

Now we can revisit the problem we pointed out in the context of MP. The semantic account
of NR assigns independent presuppositions to believe and know, and by doing so breaks the
entailment relation between them that feeds MP. The implicature-based account of NR does not
have this problem, however; by its semantics, believe has no presupposition of opinionatedness,
so its competition with know works as initially thought: know S is favored over believe S in
contexts where S is part of the common ground.

What about negated cases? Recall that we want both (nB) and (nK) to be acceptable in
our Tesla context. But if we go by literal meaning alone, MP will incorrectly favor (nK) to
(nB), because (nK) has a factive presupposition and (nB) presupposes nothing. The question
that comes up now is whether MP is indeed sensitive only to literal meanings, or whether it
compares the exhaustified meanings of the given forms. If the latter, then neither (nB) nor
(nK) would be favored over the other, because the exhaustified meaning of (nB) includes NR
(see (14b)), while the exhaustified meaning of (nK) does not.

We do not know how to find independent evidence to support this possibility. The task is
difficult because it requires that we compare two forms ¢ and 1, where ¢ is presuppositionally
stronger than v, but where ¢ with its implicatures assert something beyond what ¢ asserts.
Now, suppose that ¢ and 1 are assertorically equivalent. Then the needed implicatures of ¥
would have to come from alternatives that v has, but that ¢ does not have — indeed, this seems
to be the case for believe and know on Romoli’s theory (opn is a formal alternative to believe,
but not to know). We cannot at the moment think of other cases that fit this description.
Suppose, on the other hand, that ¢ and v are not assertorically equivalent. Then they may not
be subject to MP in the first place, because MP targets only alternatives that make equivalent
assertions in context. We will leave this matter to future work.

4 NR as syntactic neg-raising

For our purposes we will assume a descriptive version of the syntactic account of NR. It is one
where (nB) has an LF like (15):

(15)  [Kim believes that [NEG [Tesla designed the Tesla coil]]]

Clearly, the interpretation of (15) generates the NR reading of (nB) as part of its literal meaning,
and because of this, the form’s assertion is no longer equivalent to the assertion of (nK). Both
sentences are therefore predicted to be acceptable in our context, and the prediction does not
change the result we get for the unnegated (B,K).

For the sake of discussion, assume a view that derives all instances of NR from LFs like (15).?
While (15) is correctly predicted not to compete with (nK), as we just noted, it is predicted to
compete with (Kn):

3As will point out shortly, not all proponents of the syntactic view believe this.

2nd

Proceedings of the 2 Amsterdam Colloquium 26



Neg-raising believe and Maximize Presupposition Alxatib & Purovié

(Kn) [Kim knows that [NEG [Tesla designed the Tesla coil]|]

Of course, (Kn) is not defined in the context that we are working with, because its presupposition
is false. But suppose we change this. Take (Kn’):

(Kn’) Kim knows that Tesla did not found the rock band Tesla.

In our world, (Kn’) has a true factive presupposition.* As expected, (Bn’) below is odd, and is
predicted to be odd by MP as well as LI and MU:

(Bn’) Kim believes that Tesla did not found the rock band Tesla.

What we would like to point out is that (Bn’) should resemble in all relevant respects the LF
of (nB’), assuming that the source of the NR inference in (nB’) is syntactic:

(nB’) Kim does not believe that Tesla founded the rock band Tesla.
(LF on the syntactic view: [Kim believes [that NEG Tesla founded the rock band Tesla]])

But (nB’) is not very odd — certainly not as odd as (Bn’). As far as we can see, the syntac-
tic view of NR does not predict this difference. Perhaps one could assume that, despite the
similarity of their LFs, (Kn') is not a formal alternative to (nB’). However, we do not know if
this assumption can be defended. Note by comparison that, on the semantic view of NR, (nB’)
does not have an LF where negation appears in the scope of believe, which means that (nB’)
will not have (Kn') as a formal alternative. The account therefore predicts (nB’) and (Bn’) to
behave differently, as desired.

There are more questions to raise. Even if the underlying syntax of (nB) turns out to be
the right explanation of its acceptability, and even if something else can be said to distinguish
(nB’) from (Bn’), the overall story cannot be extended to other cases of NR that seem to us to
have the same profile as believe. Let us expand on this.

Collins and Postal (2018) (C&P), citing Horn 1978, have argued that the expressions is of
the opinion and it is X ’s opinion license an NR inference when they are negated, but that unlike
believe, they do not license strict NPIs, and do not allow negative auxiliary inversion. From
this, C&P conclude that the NR inference in these cases cannot have a syntactic source. The
examples below show the relevant data. (16a,b) show that NR follows from the negations of be
of the opinion and it is X’s opinion. (17a,b) show that these negation do not allow embedded
strict NPIs; (17¢) shows they they do not allow auxiliary inversion. (18a,b) show that negated
believe allows both.

(16) a. Kim is not of the opinion that Mars can be colonized (Based on C&P, ex. 18)
~ Kim is of the opinion that Mars cannot be colonized

b. It is not Kim’s opinion that Mars can be colonized
~ It is Kim’s opinion that Mars cannot be colonized

(17) a. *Kim is not of the opinion that Chris will leave until Friday.
b. *Tt is not Kim’s opinion that Chris will leave until Friday.
c. *It is not my opinion that at any time did he commit perjury.
(18) a. Kim does not believe that Chris will leave until Friday.
b. I do not believe that at any time did he commit perjury.

4Tesla is an American rock band that was formed in the early 1980s. Its members have no relation to Nikola
Tesla, who died in 1943.
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Let us accept the conclusion that the NR inference of is of the opinion and it is X ’s opinion
does not result from syntactic neg-raising. Now we ask whether the two predicates interact with
MP in a similar way to believe, specifically, (i) whether they license an “anti-factive” inference
when unnegated, and (ii) whether they do not license the inference when negated. We think
that the answer is yes to both of these questions: (19a,b) are odd, like (B), and (20a,b) are
acceptable, like (nB):

(19) a. ?7Kim is of the opinion that Tesla designed the Tesla coil.
b. 771t is Kim’s opinion that Tesla designed the Tesla coil.
(20) a. v'Kim is not of the opinion that Tesla designed the Tesla coil.

b. v'It is not Kim’s opinion that Tesla designed the Tesla coil.

Given this finding, it follows that the syntactic answer to why (nB) is acceptable is not enough,
since it cannot apply to cases like (20).

5 Summary

We began with Mazimize Presupposition (MP) and with the standard account of how it favors
(K) over (B) in contexts where (K) is licit. We then showed that both of (nB) and (nK) are licit
in these contexts, and speculated on possible reasons behind this. We assumed that the NR
property of believe plays a key role in the interaction, and with that, we turned the question
about (nB,nK) into a question about two things: the different accounts of NR, and the correct-
ness of MP. Our proposal is faithful to the semantic view of NR, but includes a reformulation
of MP as Mazimize Update (MU). MU compares the force of not only the presuppositions of
its competitors, but the result of conjoining those presuppositions with the assertions of the
given forms. We compared the account to Romoli’s (2012) implicature-based theory of NR,
and to syntactic views of NR. On the implicature theory, we concluded that MP can explain
the acceptability of (nB) if the principle is assumed to operate on exhaustified expressions. We
were not able to find evidence in favor of or against this possibility, and we explained why find-
ing that evidence is difficult. On the syntactic theory, we argued first that the theory predicts
(nB) to behave like (Bn), given that the underlying form in the first case is structurally like the
surface form of the second. We claimed, however, that the two forms behave differently. More
generally, we pointed out that other NR expressions behave just like believe in their interaction
with MP, but are not amenable to a syntactic account of the NR inference.
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Does success entail ability? Call the principle that it does Success:
Success. S ¢’s |= S can ¢

When we focus on successful action, Success is compelling: when someone succeeds in some-
thing, like sinking a putt or surfing a wave, one is forced to concede they were able to do that.
This is what Success would lead us to expect. But when success is not yet assured, the lesson
seems different. When said before the fact, the claim that I can surf that wave is strong — it
says that surfing that wave is within my control. This intuition drives against Success. Just
doing something does not demonstrate it is within my control: flukes do happen. So, if the
control intuition is right, success should not demonstrate ability.

First I try to make the above tension precise. I argue that the appeal of Success is connected
to two plausible and related principles: that past success entails past ability, which I call Past
Success; and that cannot seems to entail will not, which I call Can’t-entails-won’t. But, on
the other, I show we can find counterexamples to Success in cases of inexact ability discussed
by Kenny [1976]. To explain these data, I maintain we must connect the truth of ability
claims to the facts about what our options settle and what they leave open, in the sense
familiar from the literature on future contingents. I do this within a kind of conditional analysis
of ability ascriptions. I first define an operator W with features attributed to ‘will’ in the
literature on future contingents. In particular, W¢ is indeterminate in truth-value, when ¢ is
unsettled. Building on previous joint work in Mandelkern et al. [2016], I state my conditional
analysis in terms of W-conditionals: on my view, "S can ¢ says, roughly, there’s some action
available to S such that if S does it, then W(S ¢’s) is true. By thus building a connection
between unsettledness and indeterminacy into ability claims, my conditional account of abilities
reconciles the motivations for Success with its counterexamples.

1 The Status of Success

Two facts are easy to explain, if Success is valid and hard to explain otherwise. To appreciate the
first, let’s focus on relatively mundane cases inspired by Kenny [1976]’s discussion of abilities:

Fluky Dartboard. I am a terrible dartplayer. I struggle to even hit the board
whenever I take a shot. However, I take my shot and I flukily hit the bullseye.

Once I have taken the shot and hit the bullseye, I can compellingly argue:

(1) I hit the bullseye on that throw.
So, I was able to hit the bullseye on that throw.

If you know that I have been successful, you must concede I was able to.

*Thanks to Fabrizio Cariani, Melissa Fusco, Jeff King, Justin Khoo, Matthew Mandelkern, Milo Phillips-
Brown, Robert Stalnaker, and, especially, Ginger Schultheis.
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This is our first point in favour of Success: past success feels like it entails past ability.
Where ~» denotes a felt entailment, we have:!

Past Success. PAST (S ¢’d) ~» PAST (S can ¢)

This seems like strong motivation for Success itself. How could Past Success be valid, if Success
is not? After all, I haven’t changed since I hit the bullseye. My abilities are what they were
some moments ago.

The second fact is that it sounds incoherent to affirm or leave open the premise of Success,
but deny the conclusion. Consider:
(2) # I can’t hit the bullseye on this shot, but I will.

(3) # 1 can’t hit the bullseye on this shot, but I might.
This is our second point in favour of Success. In general, it seems that can’t entails won’t:
Can’t-entails-won’t. —(S can @) ~ —(S ¢’s)

And Can’t-entails-won’t is just the contrapositive of Success.
That is the case for Success, as I see it. But at the end of the day, I think it cannot be valid.
Recall the control intuition: if I say something like

(4) T can hit the bullseye on this throw.

I say something quite strong. (4) is not verified by the small chance of me hitting the dartboard.
We can leverage this intuition to find counterexamples to Success. Take the following variation
on the dartboard case inspired by Kenny [1976]:

Unreliable Dartboard. I am a fairly bad dartplayer. I regularly hit the bottom
half when I aim for the top; and vice versa. But I never miss the board entirely.

I am about to take a shot. I am skilled enough to know I will hit the board; so I know that I
will either hit the top half of the board or the bottom half of the board.? But it does not seem
that I should ascribe myself either of the following abilities here:

(5) I can hit the top on this throw.
(6) I can hit the bottom on this throw.

Even the disjunction does not seem true:
(7) I can hit the top of the board or I can hit the bottom of the board.

So, in advance of the shot, even if I know I will hit the board somewhere, I do not have the
ability to hit the top or the ability to hit the bottom.

IThis is something like the converse of the actuality entailments discussed by Bhatt [1999] and Hacquard
[2006].
2Note that here and throughout I assume the following principle:

Will Excluded Middle. Will ¢ V Will —¢

This principle is widely taken to be extremely plausible. And, even given a view that denies Will Excluded
Middle, no existing view of abilities will deliver both the validity of Past Success and Can’t-entails-won’t and
the failure of V-Success below.
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But I would be predicted to have one ability or the other if Success were valid. For I will
hit either the top or the bottom of the dartboard. In the first case, Success says I'm able to
hit the top, in the second that I'm able to hit the bottom. In either case, then, (7) is true, if
Success is valid.

The consequences of Success become more absurd as the disjunctions get longer. Suppose
we divide the dartboard into a million tiny, numbered regions. I can see that I will hit (at least)
one of these regions because I know I will hit the dartboard, yielding:

(8) I will hit region 1 or 2 or 3 or ... or 1,000,000 on this throw.
If Success is valid, then the following incredible claim is true:

(9) I can hit region 1 on this throw or I can hit region 2 on this throw or ... or I can hit
region 1,000,000 on this throw.

And, to put an even finer point on it, notice that each disjunct of (9) entails:
(10)  There is a certain point that I can hit on this throw.

Success predicts that (10) should just be a truism here. In fact, (10) would be an incredible
boast for me to make in Unreliable Dartboard.

So you can be sure that you will make true some disjunction, while failing to have the ability
to make true either disjunct. This gives us the failure of an instance of Success:

V- Success. S ¢’s V ’'s >+ S can ¢ V S can ¢

Predicting this combination of data is a serious challenge. On standard theories, Past
Success and Can’t-entails-won’t are both equivalent to Success. On the modal analysis of ability
ascriptions, defended by Hilpinen [1969], Lewis [1976], Kratzer [1977] and Kratzer [1981a],
reflexivity of the modal domain is necessary and sufficient for all three conditions. Brown
[1988], Horty and Belnap [1995] and Horty [2001] all defend a view equivalent to the following:

Boxy Analysis. [S can ¢]*=1iff 3p € A(w) : Vo' € p: [S ¢'s]* = 1.

But again, all three inference patterns are equivalent: each is characterised by the condition
that {w} € A(w). Since we have seen that they are not equivalent, a new semantics is needed.
(This also illustrates how the puzzle here goes beyond Kenny [1976]’s puzzle about disjunction:
even views predict ability fails to distribute over disjunction fail to solve my puzzle.)

2 Future Contingents and W

I will explain these data by connecting ability claims to future contingents. Future contingents
have been argued to have three special properties. As we will see, each property mirrors a
property of ability. Our assessments of ‘will’-claims, it has been argued, involve a kind of
temporal asymmetry. Before the fact, the future seems open and ‘will’-claims seem unsettled;
but after the fact, we seem happy to talk as if they were settled all along. ‘Will’ is also scopeless
with respect to negation: "=Will ¢ seems equivalent to "Will =¢™ .

Here I introduce a modal operator W that captures this behaviour. W is a selection modal,
in the sense of Cariani and Santorio [2018]: "W¢™ says that ¢ is true in the closest world to
actuality. But crucially, on my theory, the closest world leaves various facts unsettled. This
ensures WV has the right properties for giving the semantics of ability modals.
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2.1 Features of Future Contingents

Let’s first take the temporal asymmetry in assessing future contingents.

Recall Aristotle’s famous case of the sea battle. On Monday, it is not yet settled whether
there will be a battle or not on Tuesday: a capricious ruler decides by flipping a fair coin this
evening. I make the following prediction:

(11) There will be a sea battle on Tuesday.

There is a long tradition of thinking that because the future is unsettled, sentences like (11)
must be indeterminate in truth-value.® Things could go either way, depending on how the coin
lands. If the coin comes up heads, there will be a battle; if not then not. But the outcome of
the toss is not settled; and so whether there will be a sea battle tomorrow is unsettled too.

Now suppose the sea battle does take place on Tuesday. When I look back on my earlier
prediction, what should I think? It seems I can say either of the following:

(12)  There would in fact be a sea battle on Tuesday.
(13) I said there would be a sea battle on Tuesday; and indeed there would be.

‘Would’ is generally regarded to be the past tense of ‘will’.* But then it is surprising that we
can say either of (12) or (13): if my assertion was indeterminate when I said it, why do I now
say that it was true?’

These are the first two properties I want WV to have. I want W to obey two inference patterns.
Where ¢¢ says that ¢ is circumstantially possible and V¢ says that ¢ is indeterminate:

Openness. Op, O~ V Weo
Past Settledness. PAST ¢ ~ PAST W¢

This will eventually allow me to validate Past Success without validating Success.

The third feature is the way that ‘will’ interacts with negation. ‘Will’ does not give rise to
any scope distinctions with respect to negation. Take a predicate like ‘is absent’ that includes
a negation as part of its meaning. Consider the following example:

(14) T doubt that John will be present.
This says that I think it is not the case that John will be present. But it quite clearly entails
(15) I think that John will be absent.

In general, saying that it is not the case that ¢ will happen just is to say that —¢ will happen.®
That is, W should be scopeless with respect to negation, as Cariani and Santorio [2018] put it:

Scopelessness. =W e~ W

Scopelessness will secure Can’t-entails-won’t.

3See, among others, Aristotle, De Interpretatione, Lukasiewicz [1920], Lukasiewicz [1951].
4See Abusch [1997] and Condoravdi [2002].

5This point was first raised in Prior [1976] and later repeated in MacFarlane [2003].
6This point has been recognised at least since Thomason [1970].
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2.2 Semantics for W

Following Cariani and Santorio [2018], I say that "We¢™ is true iff ¢ is true in the closest world
to the actual world. Unlike Cariani and Santorio, however, I say that the closest world can
be unsettled in various respects. As shown by Prior [1967], Thomason [1970] and Thomason
[1984], a world that is unsettled past a certain time can be represented using a set of worlds
which agree in all (relevant) matters of fact up to that time, but diverge afterwards; I'll call such
a set an unsettled world. In the sea battle case, we represent the earlier, indeterminate state
of the world with a set of worlds agreeing on all (relevant) matters of fact up until today and
then diverging on whether a sea battle occurs tomorrow. A proposition is true at an unsettled
world iff it is true at all worlds in that set; it is false iff it is false at all worlds in that set; and
indeterminate, otherwise.

To state the lexical entry for W, let’s first say how unsettled worlds get into the semantics.
I add an unsettled world, Z, to the index of the semantic evaluation function [-]. I assume that
the unsettled world is supplied to the semantics by context: we form the unsettled world of the
context Z. by taking the set of worlds that are duplicates of the (determinate) context world
up until the context time:

Unsettled World. Z. = {w | w is identical to w. up until .}

Now let’s consider how to model closeness. Following Stalnaker [1968], T use a selection
function to supply the closest worlds. A Stalnakerian selection function s takes a world w and a
proposition A and returns the closest world to w where A is true. My selection functions take
an unsettled world as input and can also return an unsettled world as output: s(Z,A) picks
out the closest (possibly unsettled) world to Z which settles that A is true.

What if we want the selection function to give us the closest world to Z simpliciter? We
simply let the other argument be the tautology T. I say that T is supplied by a modal base,
a function f from a world and a time to a set of worlds.” I assume that f is supplied by the
index and that f does not include any information by itself:

Modal Bases. fe.(w,t) =W

Thus, to find the closest world simpliciter to the unsettled world of the context, Z., we find

S(ICa fc(wm tc))'
I will make a structural assumption about closeness, which I call Overlap:®

Overlap. If ANB # (), then s(A,B) = ANB.

Suppose we want the closest worlds to an unsettled world B where A happens and that B
contains some A-worlds. Overlap tells us that those closest worlds will be the A-worlds in B.

Overlap guarantees that Z. is the closest world to itself. Since f.(we,t.) is the set of
all worlds, s(Z., fc(w.,t.)) must be Z.. This allows us to ignore the modal base when W is
unembedded or under past tense. (The modal base will be relevant, however, when we consider
conditionals in the next section.)

Now let’s state the semantics. To see if "W¢ ™7 is true, we find s(Z, f(w,t)), the closest world
to the unsettled world where ¢ is true. If ¢ is true at s(Z, f(w,t)) (i.e. true throughout 7),
"WeT is true; if ¢ is false at s(Z, f(w,t)) (i.e. false throughout Z), "We¢™ is false; but if ¢
is neither true nor false at s(Z, f(w,t)) (i.e. is true at some worlds in Z but false at others),

7Cariani and Santorio also use a modal base, but do not assume it is empty.
8This is an analogue of the Strong Centering principle on Stalnaker selection functions, which says that w
is always the closest world to itself.
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"W¢7 is indeterminate. Say that the value of [¢] is determinate at a point just it is not
indeterminate. Then we can make this precise as follows:

(16) a. [We]“t/T is determinate only if either
() S fw1) C [ or
(i) s(Z, f(w,)) C [9]I7
b. If determinate, [We]wtHT = 1 iff s(Z, f(w,t)) C [¢]"F7

We also need to make explicit some background assumptions. I assume the following stan-
dard semantics for negation, the past and the indeterminacy operator.

(17) [-g]= T =1 iff [g]»+/% = 0
[~g]“ /T =0 iff [p]»tHT = 1.
[[ﬁqgﬂw,t,fl = # iff M]]w,t,f,z "y

(18)  [PAST ¢]“/T=1iff 3t < t: [¢]**/T=1

(19) [Ve]wtiT =1, if [p]w ST = #;
[Ve]wt/T = 0, otherwise.

I assume a standard semantics for the circumstantial modal and make the standard assump-
tion about its accessibility relation C(w,t):

(20)  [© @]t T=1 iff some w’ € C(w,t): [¢]* /T=1
Circumstantial. C(w,t) = {w’ | w’ is identical to w up until ¢}
Finally, I assume entailment is preservation of truth at a context:

Truth at a context. [P]¢ = [p]VerteferTe
Diagonal validity. ¢1, ..., dn If ¢ iff whenever [¢1]¢ = ... = [¢n]¢ = 1 then [¢]° = 1.

2.3 Delivering Openness, Past Settledness and Asymmetry

This package delivers our three features of future contingents:

Fact 1. O¢, O—¢ = V(Wg)

Proof. Suppose [O¢]¢ = [O—¢]¢ = 1. Then C(w,,t.) € [¢]t/< L and C(w.,t.) €
[=o]tefete. By Unsettled World, I. = C(we,t.), so Z. ¢ [¢]t/eTe and Z. ¢
[-¢]tefete. By Overlap and Modal Bases, s(ZI., fe(we,t.)) = Z.. Since then
$(Ze, fe(we, te)) ,¢_ [[¢ﬂtc,fc,1c and s(Ze, fe(we, te)) ,@ [[_'¢]]tc’fc’zcv [[Wd)]]wr,7tr,7fcyzc =
#: 50 [VOVGeiodoe = 1.

Fact 2. Where ¢ is non-modal, PAST ¢ = PAST(W¢)

Proof. Suppose [PAST ¢]¢ = 1. Then there’s some ¢’ earlier than ¢. such that
qb]]“’c’t/’fclf = 1. By Clircumstantial and Unsettled World, it follows that Z, C
[¢]"f=T-. By Modal Bases and Overlap, we have s(Z, f(w,t')) = Z.. So there is
some ¢ < t., such that s(Z, f(w,t)) C [¢]" F=T. So [PAST(We)]wetefeTle =1,

Fact 3. -W¢ If W-o
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Proof. Suppose [-W¢]¢ = 1. Since [-W¢]°¢ = 1 is determinate, it must be that
either i) s(Z., fo(we,te)) C [@]te /T or ii) s(Ze, fo(we,te)) C [—@]tefeTe. Case
i) is inconsistent with our initial assumption, so case ii) holds. That suffices for

V-¢l° = 1

3 A Conditional Semantics for Abilities

Now that we have introduced W, I can give my semantics for abilities. On my theory, ™S can
¢ is true iff, for some available action «, if S a’s then W(S ¢’s).” To build up to a precise
statement, we will first say more about actions, conditionals and the projection of indeterminacy.

To simplify, propositions about actions stand in for actions. I represent the available actions
using a function A4 that takes a world and a time and yields a set of propositions. A(w,t) is
the set of actions available to the subject at w and ¢.

I make two important formal assumptions about actions. First, I assume the set of available
actions is a partition of the circumstantially possible worlds:!'"

Partitionality. A(w,t) is a partition of C(w,t), the circumstantially accessible worlds at w and
t.

Importantly, since the actual world is always circumstantially accessible to itself, the actual
world is always a member of an available action. Secondly, I add the assumption that if an
action available in the past was performed, then it is settled that it was performed:

Action Time. If t < t., then if a € A(w,,t) and w, € a then Z. C a.

To fully spell out my conditional analysis, we need to be clear on how the conditional works.
I give it a restrictor semantics, a la Kratzer [1981b, 2012]: a conditional restricts the domain for
a modal in the consequent to worlds where the antecedent is true.'* More precisely, where f4
is the function such that fA(w) = f(w)N A, the conditional has the following truth-conditions.

(21) IIIf ¢7 w]]w’t’f’I: 1 iff [[w]]w,t7f|[¢]]t’f’z)I: 1

When W is embedded in the consequent, a restrictor conditional restricts the modal base
argument to the selection function. Tif ¢, W™ is true iff the closest world to the actual
unsettled world where ¢ is true is one where v is true:

(22) [[lf (b’ W,(/}]]w,t,f,l_: 1iff [[Ww]]w,af[[dp]]t«f,I,Z: 1
iff s(Lf[[dJ]]t,f,z(w’t)) c [[w]]tf[[m]t,f, I

Finally, we need to say how indeterminacy projects. I assume a Strong Kleene approach.
On a Strong Kleene approach to disjunction, "¢ or ¥ is determinate when we have enough
information to determine a unique truth-value using the classical truth-table for ‘or’. If at least
one of ¢ and 1 is true, "¢ or ¢ is true; if both are false, "¢ or ¢ is false; in all remaining cases
it is indeterminate. This idea carries over to existential quantifiers: an existentially quantified
sentence is true if it has a true instance; it is false if it has only false instances; and indeterminate
otherwise.

9 As mentioned, this semantics builds on the account of Mandelkern et al. [2016].
10This is a standard move in the literature in deontic modals. See for instance Cariani [2013].
1 Kratzer assumes bare conditionals involve a tacit epistemic ‘must’ in the consequent.
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Now apply this to ‘can’. I say that ™S can ¢ is true when, for some available a, "If S «’s,
W(S ¢’s)7 is true; S can ¢ is false when, for every available a;, "If S o’s, W(S ¢’s)7 is false;
and is indeterminate, otherwise. Spelled out precisely:

(23)  [S can ¢]*“/T is determinate only if either
a. there is some a € A(w,t) such that (S qﬁ’s)]]w’t’fa’z =1;
b. or for all a € A(w,t), [W(S ¢’s)]*H/"T = 0.

Putting this altogether, here is the full statement of the view:

(24)  a. [S can ¢]¥*F7 is determinate only if either
(i)  there is some o € A(w,t) such that [W(S ¢’s)]wt/" T = 1;
(i) or for all & € A(w,t), [W(S ¢’s)]*H/"T = 0.
b. If determinate, [S can ¢]*"5/F = 1 iff for some e € A(w, t) : [W(S ¢’s)]* T =1
i.e. iff for some o € A(w,t) : s(Z, f(w,t) N ) C [S ¢’s]"/ "

Given our earlier entry for negation, this yields the following entry for ‘cannot’:

(25)  a. [S cannot ¢]**F7T is determinate only if either
(i)  there is some a € A(w,t) such that [W(S ¢’s)]*t/" % = 1;
(ii) or for all a € A(w,t), [W(S ¢’s)] " TA = 0.
b. If determinate, [S cannot ¢]*5/T = 1 iff for all a € A(w, t) : [W(S ¢’s)]/" T # 1
i.e. iff for all @ € A(w,t) : s(Z, f(w,t) Na)  [S ¢’s]"F"F
i.e., given the determinacy conditions, iff for all a € A(w,t) : s(Z, f(w,t) Na) C
[-(8 ¢'s)]"/"*

4 Predictions

I distilled the tension involving Success into three data points about ability modals:

Validity of Past Success. PAST (S ¢’s) ~ PAST (S can ¢)
Validity of Can’t-entails-won’t. —(S can ¢) ~ =(S ¢’s)
Invalidity of V- Success. S ¢’s V S p’s >+ S can ¢ V S can ¢

My semantics predicts all of these data. Past Success holds because if S actually did a and
¢ in the past, this suffices for the truth of "TPAST(if S «’s, W(S ¢’s))". Can’t-entails-won’t is
valid because ™S cannot ¢ says that for all available actions «, the closest world where S a’s
settles that S does not ¢. Since some available action must always be performed, this ensures
that S ¢’s. V-Success fails because S may end up ¢-ing even though no available action settles

whether S ¢’s.
More precisely, we can prove the following facts:

Fact 4. Sqﬁ’s\/Sd;’sl%Scand)\/Scanw.
Proof. Take S ¢’s and (S —¢’s). Suppose:

L. [S ¢'s]wertefele =1
2. A(we,tc) = {S tries to ¢, S tries to =¢}

3. S tries to ¢ and S tries to ~¢ are consistent with both [S ¢’s]t/eZe and [(S
—p’s)]terfeLe
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By 1, [S ¢’s V S =¢’s]?ete-fele = 1. But the determinacy conditions for ™S can
¢ are not met: for no a € A.(we,t.): a C [S ¢'s]tefoTe or a C [S —¢'s]terferTe
Similarly the determinacy conditions for S can —¢7 are not met. So [S can
pvetedede =[S can —g]Wertedele = 4. So S ¢'s V S ¢’s l%é S can ¢ V S can
.

Fact 5. For non-modal ¢, PAST(S ¢’s) If PAST(S can ¢)

Proof. Suppose [PAST(S ¢’s)|VetefeZe = 1. By our entry for PAST, there is
some t' < t such that [S ¢’s]¥e? FeZe = 1. By Circumstantial, that C(w,t) C [S
¢’s]t feTe; and by Unsettled World, T, C [S ¢’s]tfZe. Now by Partition, we know
that there is some a € A.(we,t',) such that w. € a. Action Time gives us that
Z. C .

Now we can show that s(Z, fo(we,t') Na) C [S ¢'s]* 7%, By Modal Bases,
(fe(we, ) Na) = a. So Z. C fo(we,t') Na. So, by Overlap, we have that
$(Ze, folwe,t') N @) = Z.. But we already know that Z, C [S ¢’s]feZe. So
Ja € Ac(we,t') ¢ $(Ze, folwe, t') Na) C [S ¢'s]tFoTe. Since ¢ is non-modal, [S

@'s]t FeTe =[S ¢s]t /< Te ; and so for some t' < te, [S can ¢]vetfeTe = 1. So
[[PAST(S can ¢)]°¢ =

Fact 6. When ¢ is non-modal, S cannot ¢ If =(S ¢’s)

Proof. Suppose [S cannot ¢]“e-te:feZe = 1. Since it is determinate, either i) there is
some o € A.(we, t.) such that [W(S ¢’s)[eterfeZe = 1; or ii) for all @ € A.(we, t.),
V(S ¢'s)|vetefeTe = 0. Since [S cannot ¢]Wetefele = 1, i) cannot hold. ii)
and the determinacy conditions for W gives us that for all « € A.(we,t.), [W—(S
¢’s)]Werterfetale = 1. In other words, for all a € A.(we,te), 8(Ze, fe(we, te) Na) C
(S ¢

By Partitionality, Circumstantial and Unsettled World, there’s some « € A.(we, t.)
such that w. € a. This, together with Modal Bases, ensures w, € f*(w,t.). By
Circumstantial and Unsettled World, we know w,. € Z.. By Overlap, we then know
we € $(Ze, & (we,te)). But then, since Va € Ac(we,t.), s(Ze, fe(we,te) N a) C
[+(S ¢9)] e, w, € [+(S ¢)ieF T, ie. [(S g)veteds T = 1. When
¢ is non-modal, [=(S @’s)[WertefeTe = 1 iff [(S ¢'s)|etefele = 1. So [(S
¢7S)]]wc,tc,fc,l'c =1.
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This paper is about The Qualitative Thesis, the thesis that if you are not sure that ¢ is false,
then you are sure of the indicative conditional ¢ > 9 just in case you are sure of the material
conditional ¢ D 1. Following contextualists about indicative conditionals like Bacon [2015], we
will understand this thesis in a local way—roughly as saying that if you are not sure that ¢ is
false, then you are sure of the proposition expressed by ¢ > 1 in your context just in case you
are sure of the material conditional ¢ D . To state this precisely, let S“*([¢]°) mean that
the speakers in ¢ are sure of [¢]° in w. Then:

The Local Qualitative Thesis. For any world w and context ¢, if =S"([-¢]¢), then:
S ([if o, then ¥]°) if and only if S©*[¢ D ¥]°.

We investigate the epistemological consequences of The Qualitative Thesis. We characterize
The Qualitative Thesis in standard formal frameworks for studying the logic of attitudes and
conditionals. With these characterization results in hand, we develop a connection first ob-
served by Ben Holguin (p.c.) between The Qualitative Thesis and a plausible margin-for-error
requirement on rational sureness. We show that The Qualitative Thesis is inconsistent with the
margin-for-error principle. We propose a new shifty semantics for indicative conditionals. We
say that the meaning of an indicative conditional is partly determined by the conditional’s local
informational environment—the conditional’s local contert—which, in turn, is systematically
shifted by attitude operators. Our account validates The Qualitative Thesis, but dispenses with
its undesirable epistemological consequences.

1 Motivating The Qualitative Thesis

The first argument for the Qualitative Thesis is that it follows from the conjunction of two
standard claims about reasoning with conditionals. The first claim is that Modus Ponens is
valid. This entails one half of the Qualitative Thesis—if you are sure of the indicative conditional
© > 1, then you are sure of the corresponding material conditional ¢ D v (regardless of whether
you are sure of —p). The second claim is that Stalnaker’s Direct Argument is a reasonable
inference. This entails the second half of the Qualitative Thesis, namely, that if you are not
sure that —¢ and you're sure of the material conditional ¢ D 1, then you are also sure of the
indicative conditional ¢ > 1.

The Direct Argument is the argument from the disjunction ¢V to the indicative conditional
= > 1. The argument is compelling, as the following example shows.

(1) Matt is either in Los Angeles or London.

*The authors made equal contributions to the paper. Thanks to Justin Bledin, Sam Carter, Lucas Cham-
pollion, Cian Dorr, Kevin Dorst, Simon Goldstein, Justin Khoo, Harvey Lederman, Bernhard Salow, and Una
Stojnié¢ for helpful feedback. We are especially grateful to Ben Holguin and Matthew Mandelkern for numerous
helpful conversations and comments on earlier drafts.
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(2) So, if Matt is not in Los Angeles, he is in London.

We should not say that the Direct Argument is a walid inference. For (1) is equivalent to
the material conditional Matt’s not in Los Angeles D Maitt’s in London. So to say that (1)
entails (2) would be to say that the material conditional entails the indicative conditional, a
notoriously unacceptable consequence. Following Stalnaker, we should instead say that the
Direct Argument is a reasonable inference—roughly, if you are sure of the disjunction ¢ V 1,
and are not sure that ¢, then you are sure that ~¢ > 1. This claim is equivalent to the second
half of the Qualitative Thesis: if you are sure of the material conditional ¢ D % and you are
not sure that —, then you are sure of the indicative conditional ¢ > 1.

The second argument for The Qualitative Thesis is that, given plausible assumptions, it
follows from Stalnaker’s Thesis, stated informally below.

Stalnaker’s Thesis. The probability of ¢ > 1 is equal to the probability of ¢ conditional
on .

Stalnaker’s Thesis is strongly supported both by intuition and experimental data. Take an
example. You are holding a standard 52-card deck of cards, and you draw one at random. Ask
yourself how confident you are in the following conditional.

(3)  The selected card is a jack if it’s a red card.

If you are like most, you will judge the probability of (3) to be 1/13. There are 26 red cards,
and 2 of them are jacks. So the probability that the selected card is a jack given that it is
red is 1/13. That is the probability that you assign to to (3), in conformity with Stalnaker’s
Thesis.? It is easy to multiply examples like this. In general, we calculate the probability of a
conditional ¢ > 9 by calculating the probability of i) conditional on ¢. This is just what we
would expect if Stalnaker’s Thesis were true. If we assume a plausible probabilistic account of
being sure—specifically, that one is sure of some proposition just in case one assigns credence
1 to that proposition—then Stalnaker’s Thesis entails The Qualitative Thesis.

2 The Qualitative Thesis in the Standard Framework

Here we present a standard formal framework for thinking about The Qualitative Thesis. This
framework gives sureness ascriptions a Hintikka semantics. And, following Kratzer [2012] and
Stalnaker [1975a], it gives the conditional a variably strict semantics, where Mif ¢, then ™
says, roughly, that % is true in the closest ¢-worlds.®> We characterize the Qualitative Thesis in
this framework and then use this result to show that the Qualitative Thesis puts a significant
constraint on the logic of sureness, entailing a principle we call No Opposite Materials.

INote that it doesn’t follow from the Qualitative Thesis that whenever the you are sure of (1), you are
in position to infer (2). You might be sure of (1) without leaving open that Matt is in Los Angeles, and the
Qualitative Thesis is silent about that case. But, as Stalnaker points out, it is felicitous to assert (1) only if the
context leaves open that Matt is not in Los Angeles, and so whenever (1) is felicitously asserted, the posterior
context will entail that Matt is in Los Angeles or London, but leave open that Matt is in Los Angeles. This
means that The Qualitative Thesis predicts that the speakers can infer (2) from (1) whenever they have become
sure of (1) on the basis of a successful assertion of (1).

2See Adams (1975), Jeffrey and Edgington (1991), Stalnaker (1970), and van Fraassen (1976) for semantic
theories that are designed to predict Stalnaker’s Thesis. See Douven and Verbugge (2013) and Evans and Over
(2004) for empirical work supporting Stalnaker’s Thesis.

3In Boylan and Schultheis [2019], we prove that analogous results hold in a strict conditional framework,
defended by Gillies [2004], Gillies [2009], Rothschild [2013], and Willer [2017], where ¢ > v says that ¢ D ¥
holds throughout some fixed set of closest worlds.
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2.1 A Standard Framework

We begin by constructing a propositional modal language that we can use to describe what a
subject is sure of. The set of sentences of the language L is the set of sentences generated by
the following grammar:

e pu=p| | oAY | o>V |5

The propositional connectives D, =, and V are defined as usual; > is our conditional operator.
We read S¢ as the subject is sure of ¢.

Next, the interpretation of the language. We assume that we are in some fixed arbitrary
context with some relevant speaker who determines the particular interpretation of the condi-
tional; that is, our semantic evaluation function, [-], specifies only the content of the sentences
in our language in this context.

We interpret the logical connectives in the standard way. To give the truth-conditions of
the conditional, we use a selection function, which we assume is supplied by the background
context. Where f(A,w) is the set of selected A-worlds at w and [¢] = {w : [¢]¥ = 1}, we say:

Standard Variably Strict Semantics. [¢ > ¢]“= 1 iff f(w,[4]) C [¢]

This clause says that ¢ > 1 is true at a world w just in case all of the selected -worlds at w
are Y-worlds. We stipulate that the selection function has the following natural properties:

Success. f(w,A) C A
Minimality. If w € A, then w € f(w, A)

Non-Vacuity. If R(w) N A # () then f(w,A) # 0

Success and Minimality are standard assumptions.* Success says that the selected A-worlds at
w must be A-worlds; it’s needed to validate ¢ > ¢. Minimality says that if w is an A-world,
then it must be among the selected A-worlds at w; it’s needed to validate Modus Ponens.
Non-Vacuity says that if there are accessible A-worlds at w, then the set of selected A-worlds
at w isn’t empty. It’s needed to validate a form of Conditional Non-Contradiction, specifically:

Weak Conditional Non-Contradiction. —=S—¢ D> =((¢ > ¥) A (¢ > —)))

Weak Conditional Non-Contradiction says that if ¢ is a live possibility, then ¢ > v and ¢ > —
are not consistent. This is a standard—and desirable—principle in conditional logic.” In
general, there is something very wrong with asserting both ¢ > ¢ and ¢ > —).

Truth for the sureness operator S is defined in terms of an accessibility relation R: wRw’
means that w’ is compatible with what the subject is sure of in w.’

Standard Hintikka Semantics. [S¢]* = 1 iff Vo' € R(w) : [¢]* =1

4See, for example, Stalnaker [1968] and Lewis [1973].

5Why not a stronger version of Conditional Non-Contradiction that just says ¢ > ¢ and ¢ > —) are not
consistent? This stronger principle is inconsistent with Logical Implication, which says that ¢ > 1 is always
true when ¢ entails 1». Weak Conditional Non-Contradiction, by contrast, is consistent with Logical Implication.
See Stalnaker [1968] and Lewis [1973] for theories that validate a version of Conditional Non-Contradiction that
is at least as strong as Weak Conditional Non-Contradiction.

6We use the term dozastic accessibility to mean compatibility with what the subject is sure of, not what
she believes.
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We assume only that R is serial: at every world the subject has consistent beliefs and so what
they know is compatible with some world. We assume that the accessibility relation R is that
of the relevant agent in the arbitrary context we interpret our language in.

Given how we understand the interpretation of our language, we can characterize The Qual-
itative Thesis by characterizing the following object language principle:

QT. =S=¢ D (S(¢ > ) = S(¢ D ¢))

Our interpretation of the language forces us to understand QT locally—specifically, as saying
that if the speaker of a given context ¢ leaves open [p], then she is sure of the proposition
expressed by ¢ > 1 relative to the information in her context just in case she is sure of

[¥ > YI.

2.2 Characterizing the Qualitative Thesis

We will now characterize QT and show that it requires a strong constraint on the logic of
sureness. Consider Stalnaker’s Indicative Constraint:

Indicative Constraint. If R(w) N A # 0, then if w’ € R(w), then f(w',A) C R(w).”

This says that if A is compatible with what the speaker is sure of in a world w, then for any
world w’ that is compatible with what the speaker is sure of in w, the selected A-worlds at w’
are a subset of the worlds compatible with what the subject is sure of at w. We prove:

Fact 1. QT is valid iff the Indicative Constraint holds.

Proof. <: We split QT into the following two principles and show that both must
be valid on F, if it meets the Indicative Constraint:

QT- —~S-¢ D (S(¢ > 1) D S(¢p D))
QT. —~S-¢ D (S(¢Dv) D S(¢>1))

First we show QT cannot fail.. Suppose for contradiction it did. Then, for some
w, [S=¢]* = [S(¢ > ¥)]* =1 but [S(¢ D ¥)]* = 0. So, for some w’' € R(w) :
[6]*" =1 but [¢]*" = 0. But, by Minimality, v’ € f([¢],w’). So [¢ > ¥]* =0
and [S(¢ > ¢)]* = 0 after all; contradiction. So QT holds on any normal frame;
and in particular it holds on any normal frame that meets the Indicative Constraint.

Now suppose that QT - fails. Then, for some w, [-S—¢]¥ = [S(¢ D ¥)]* =1 but
[S(¢ > )]* = 0. So, for some w’ € R(w), [¢ > ]*" = 0. This means there is
some w” such that w” € f([¢],w’) and w” & [¢]. So, by Success, w” ¢ [¢ D ¥].
But, since [S(¢ D ¢)]™ it follows R(w) C [¢ D ¢]. So w” ¢ R(w); the Indicative
Constraint fails.

=-: Suppose that the Indicative Constraint does not hold. Then for some A, there’s
some w and w’ such that R(w) N A # 0, w' € R(w) but f(A,w') € R(w). So
there’s some w” € f(A,w) such that w” ¢ R(w). But now we can build a model
where QT fails. Let V(p) = A and V(q) = {w”}. We can see that for all w' € R(w)
[p > =q]* =1, as w” ¢ R(w). So [S(p D ¢)]* = 1. But [p > ¢]*" = 0, since
w” € f([p],w"). But w’ € R(w), so [S(p > ¢)]* =0. O

"Versions of the Indicative Constraint are defended by von Fintel [1998], Bacon [2015], Khoo [2019], Man-
delkern and Khoo [2019] and Mandelkern [2019b)].
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Given Fact 1, we can show that the Qualitative Thesis has important epistemological up-
shots. Consider the following property on frames:

No Opposite Materials. For any two worlds w1y, ws, if there’s some ws such that wy Rws
and wo Rws, then, for any A C W: if R(wy)NA # 0, R(wa) N A # () and R(ws) NA # 0,
then there’s no C C W such that R(w;) C A D C and R(w2) C A D —-C.

No Opposite Materials says that for certain pairs of worlds, and certain propositions A, you
can’t be sure of a material conditional A D C at the first world and sure of the ‘opposite’
material conditional, A D —C, at the second. Which pairs of worlds? Any two worlds that see
a world in common. And for which propositions? Any proposition that is consistent with what
you're sure of at all three worlds.

We prove that No Opposite Materials is a consequence of QT:

Fact 2. QT is valid only if No Opposite Materials holds.

Proof. Suppose for contradiction that QT holds but No Opposite Materials does
not. Then there are w; ws, w3 and A such that (i) R(w1)NA # 0, R(ws)NA # @ and
R(w3) N A # 0 but (ii) for some C, R(w;) C A D C and R(w2) € A D —C. Since
QT is valid on F, F obeys the Indicative Constraint. This means that f(A, w3) C
R(wy) and f(A,w3) C R(wz). So f(A,ws) € A D C and f(A,wz) € A D
—C. Given Success, this means f(A,w3) € C and f(A,ws) € —C. But this
can only happen if f(A,w3) = (. But this is already ruled out by Non-Vacuity.
Contradiction. [J

In the next section we develop a connection noted first by Ben Holguin (p.c.) and show
that No Opposite Materials is inconsistent with a plausible margin for error requirement on
rational sureness.® Fact 2 tells us that QT entails No Opposite Materials. It follows that QT
is itself inconsistent with the margin for error requirement.

3 No Opposite Materials and Margin for Error Principles

To illustrate the margin for error requirement, we begin with a case from Timothy Williamson.”

Mr. Magoo is staring out the window at a tree some distance off, wondering how tall it is.
Assuming his only sources of information are reflection and present perception of the tree, what
should he believe? That depends on how tall the tree actually is. If the tree is 100 inches tall,
Mr. Magoo’s visual information rules out possibilities in which the tree is 200 inches tall, or
so we can imagine. So it would be reasonable for Magoo to be sure that the tree is not 200
inches tall. On the other hand, Magoo’s visual information does not rule out possibilities in
which the tree is 101 inches tall; his eyesight is simply nowhere near that good. It would not be
reasonable for Magoo to be sure that the tree is not 101 inches tall. There’s a general principle
underlying these observations. Mr. Magoo’s beliefs about the height of the tree are rational
only if they leave a margin for error.'?

8olguin [Forthcoming] draws a very different moral from his argument, concluding that if you accept the
margin for error principle you should reject The Qualitative Thesis. We think these can be reconciled.

9 See Williamson [2000].

10Williamson introduces the margin for error principle as a requirement on knowledge, but as Hawthorne
and Magidor [2009],Hawthorne and Magidor [2010] suggest, the principle is equally plausible for other attitudes.
Hawthorne and Magidor focus on Stalnaker’s attitude of presupposition, but similar considerations apply to
rational sureness.
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To state the margin for error requirement, we introduce a margin for error frame (W, R).
W is a set of worlds representing possible tree heights. Where i is the height in inches of the
tree in w, W = {w; : i € R and ¢ > 0}. R is a binary doxastic accessibility relation on W:
w; Rw; means that, in a world where the tree is 4 inches tall, it is compatible with everything
Magoo is rationally sure of that the tree is j inches tall. R is defined as follows, relative to an
arbitrarily chosen positive constant h.

Magoo’s Margin. w;Rwj; if and only if |j — i < h.

h is Magoo’s margin for error; h is positive, for otherwise his discrimination would be perfect.

No Opposite Materials fails on every margin for error frame. To see this, suppose that
h = 10, and consider three worlds in W: wygg, wips, and wi16. Here is a diagram depicting Mr.
Magoo’s beliefs in these three worlds.

w100 @ Wi16

Mr. Magoo’s belief worlds at wi16 overlap with his belief worlds at wigg: w1pg is consistent
with what he is sure of in wi16 and consistent with what he is sure of in wigg. Moreover, it’s
consistent with what Magoo is sure of at each world that the tree is either 100 inches tall or
116 inches tall. This means that the antecedent of No Opposite Materials is satisfied. The right
and left worlds see a world in common, wyos. And the proposition that the tree is either 100
inches tall or 116 inches tall is consistent with what Magoo is sure of at all three worlds. But
the consequent of No Opposite Materials is not satisfied. Since Magoo’s margin for error is 10,
w1go does not see wy16 and wy16 does not see wigg. As a result, Mr. Magoo is sure of ‘opposite’
material conditionals at wigg and wi16. At wige, Mr. Magoo is sure that (4) is true; at wiie,
Mr. Magoo is sure that (5) is true:

(4) (116 Vv 100) D 100
(5) (116 v 100) O 116

This shows that No Opposite Materials fails on every margin for error frame when h = 10.
But the choice of 10 inches for h was arbitrary. It is not hard to see that No Opposite Materials
will fail on every margin for error frame, regardless of the value of h.

In models that violate No Opposite Materials, The Qualitative Thesis places inconsistent
demands on the selection function. At wigg, Magoo is sure of (4) and so by the Qualitative
Thesis it follows that he is sure of the corresponding indicative conditional. Hence, at wigs,
the selected (116 v 100)-worlds are worlds where the tree is 100 inches tall. On the other hand,
at wi16, Magoo is sure of (5) and so by the Qualitative Thesis it follows that he is sure of the
corresponding indicative conditional. Thus, at wis, the selected (116 V 100)-worlds are worlds
where the tree is 116 inches tall. But the selection function cannot meet both of these demands
on pain of violating Non-Vacuity. Putting the problem this way suggests a solution. Instead
of just one selection function, which we use to evaluate an indicative relative to just any belief
state, we have multiple selection functions, indexed to different belief states. We develop this
idea in the next section, showing how it allows us to validate The Qualitative Thesis in models
like Williamson’s Tree.
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4 The Local Shifty Account of Conditionals

Starting in the early 1970s, theorists such as such as Stalnaker [1975b], Karttunen [1974], and
Heim [1992] noticed that a sentence’s local informational environment can also influence its
interpretation. Specifically, how we interpret an expression in a sentence is partly determined
by the information contained in the rest of the sentence, its local context. This idea has been
applied, in both static and dynamic frameworks, to both presupposition projection (Heim [1992]
and Schlenker [2009]) and the phenomenon of epistemic contradictions (Veltman [1996], Gillies
[2001], Yalcin [2007] and Mandelkern [2019a]).

We develop the idea sketched in the previous section by making the conditional’s contribu-
tion sensitive to its local context. Following Schlenker [2009], we add a local context parameter
to the index of the semantic evaluation function. This ensures that when a conditional occurs
under an attitude verb, the conditional is evaluated relative to the local context introduced by
the attitude verb. We then validate The Qualitative Thesis using a version of the Indicative
Constraint. But importantly, our account is not subject to the problem of conflicting demands.
That is because the selection function for the conditional is indexed to the conditional’s local
context. When the local context changes, the selection function does, too.

4.1 The Theory

We state our theory in a static, variably strict framework. Where & is the conditional’s local
context, here’s our semantic entry.

Local Shifty Variably Strict Semantics. [if ¢, then ¢¥]** = 1 if and only if: Vw' €
fe(w, [o]%) : []™* =1

The Local Shifty Variably Strict Semantics is similar to the Standard Variably Strict Semantics.
The difference is that there is a new parameter—a local context parameter—and the selection
function is indexed to that parameter. Since selection functions are indexed to local contexts, we
can impose constraints on selection functions that make reference to local contexts. We propose
to replace Stalnaker’s Indicative Constraint with the following Localized Indicative Constraint:

Localized Indicative Constraint. If AN« # 0, then V' € k : f.(w',A) Ck

The Localized Indicative Constraint tells us that the selected antecedent worlds relative to a
world w in the local context for the conditional must be a subset of the local context (so long
as the antecedent is compatible with the local context).

With this new parameter, we restate the remaining constraints on the selection function.

Success. f;(w,A) C A
Minimality. If w € A, then w € fq(w, A).
Non-Vacuity. If kN A # ) then f.(w, A) # 0.

Success says that the selected A-worlds are a subset of A. Minimality says that if w is an
A-world, then w is one of the selected A-worlds at w. We assume Success and Minimality for
the same reasons as the standard framework does. Non-Vacuity says that if there are some
A-worlds in &, then the set of selected A-worlds at w is not empty. This constraint guarantees
a local version of Weak Conditional Non-Contradiction: whenever there are ¢-worlds in &, at
most one of ¢ > 1 and ¢ > —) can be true at a point of evaluation (k,w).
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We said that selection functions are indexed to local contexts and obey the Localized In-
dicative Constraint. The reason this matters, of course, is that local contexts are shiftable. In
particular, they can be shifted by attitude predicates, such as believe, want, and, our focus in
this paper, is sure that. Following Schlenker [2009], we assume that the local context introduced
by an attitude predicate like is sure that at a world w is the set of worlds compatible with what
the subject is sure of in w. Where R is a doxastic accessibility relation representing what an
arbitrary subject is sure of and R(w) is the set of worlds compatible with what that subject is
sure of in w:

Shifty Hintikka Semantics. [S¢]™* = 1 if and only if: Yu' € R(w) : [¢]F®)*" =1

Shifty Hintikka Semantics treats ‘is sure that’ as a necessity operator, just as the standard
Hintikka semantics does. But now we’ve added a new parameter, a local context parameter,
to the index. Shifty Hintikka Semantics says that attitude operators shift this parameter to
R(w), the set of worlds compatible with what the subject is sure of in w. This means that
when we evaluate an attitude ascription like Magoo is sure that if ¢, then v at a world w, we
evaluate the embedded conditional relative to Magoo’s belief state at w. As we show in the
next section, this is exactly what we need to validate The Qualitative Thesis without falling
prey to the problem of conflicting demands.

4.2 Local Shifty Indicatives and The Qualitative Thesis

We prove that, on the Local Shifty Variably Strict Semantics, the Localized Indicative constraint
is sufficient for QT:!!

Fact 3. If the Local Indicative Constraint holds, then QT is valid.

Proof. Suppose the QT fails. Then for some x and w, one of two cases obtains:
i) [25=¢]™*=1, [S(¢ > ¢)]""= 1 and [S(¢ > ¢)]"*= 0; or ii) [~5=¢]""=1,
[S(¢ D))"= 1 and [S(¢ > ¢)]**= 0.

Case i) is ruled out by Minimality. For suppose i) obtains. Since [S(¢ > ¢¥)]""=1,
for all w' € R(w) : frew)(w', [¢]F®)) C []#™). Since [S(¢ D ¥)]**= 0, there
is some w’ € R(w) : [¢]F@)»" =1 and []F®)*" = 0. But by Minimality, this
w' e f(w', [p]*)). So [p] B =1 after all. Contradiction.

In case ii), the Local Indicative Constraint fails. Since [-S—¢]" "= 1, there is some
w' € R(w) s.t. [¢] B =1; so the antecedent of the Local Indicative Constraint
is satisfied when x = R(w) and A = [¢]"(*). Since [S(¢ D ¥)]"*= 1, for all
w' € R(w) : either [¢]*@)»" = 0 or [¢]*®)*" = 1. Since [S(¢ > ¥)]**= 0,
there is some w’ € R(w) such that fr(,)(w’, [¢]F™)) ¢ [¥]F*). Since by Success
TRew) (W', [[¢HR(w)) C [[¢]]R(w), it cannot be that fr.,)(w’, [[(/)]]R(w)) C R(w). So the
Indicative Constraint fails. [

Now that we’ve shown that the Qualitative Thesis is valid on our theory, the last thing to
do is explain why we do not fall prey to the problem of conflicting demands in models where
No Opposite Materials fails. Recall that in Williamson’s Tree, Magoo is sure of the material
conditional (4) in wygp and he is sure of the material conditional (5) in wyig.

HNote that the Localized Indicative Constraint is not necessary for validating QT: we only need the instances
where k = R(w) for some w. But it seems to us that, from a semantic point of view, the more general principle
is the more natural one.
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(4)  (100V 116) D 100
(5)  (100V 116) D 116

In the standard variably strict framework, there is no way to guarantee that The Qualitative
Thesis holds at both wgg and w16 without placing conflicting demands on the selection function
at the overlap world wigs. To secure The Qualitative Thesis wigo, the selected (100 V 116)-
worlds at wyps must be a subset of {wygg}; otherwise (100 V 116) > 100 would be false at wigs,
and so Magoo would not be sure of it at wygg. To secure The Qualitative Thesis at w16, the
selected (100 Vv 116)-worlds at wyps must be a subset of {wy16}; otherwise (100 V 116) > 116
would be false at wi9s Magoo would not be sure of it at wy16. The selection function cannot
meet both of these demands on pain of violating Non-Vacuity.

In the local, shifty framework, by contrast, different belief states correspond to different
selection functions. When we evaluate an indicative conditional relative to Magoo’s belief state
at w16, we use one selection function; when we evaluate a conditional relative to his belief state
at wigp, we use a different selection function. Consider (6) and (7):

(6)  [Magoo is sure that: 100V 116 > 100]*
(7)  [Magoo is sure that: 100V 116 > 116]"~

Where R is an accessibility relation representing Magoo’s beliefs, (6) is true at wigg just in case
(8) is true at every world in R(w1g0): wioo and wips. (7) is true at wiie just in case (9) is true
at every world in R(wi16) : wios and wi1e.

(8)  [(100 Vv 116) > 100]F(wi00)
(9) (100 V 116) > 116]R(w1e)

But (8) and (9) do not place incompatible demands on the selection function at the overlap
world wipg. (8) is true at wyps only if the selected (100V 116)-world at wies, relative to Magoo’s
belief state at wigg, is w1pg, whereas (9) is true at wigg only if the selected (100 V 116)-world at
wiog, relative to Magoo’s belief state at w16, is wi16. These are simply different demands on
different selection functions, so there is no inconsistency.
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Abstract

One of the key and still outstanding challenges for formal semantics is “how to build for-
mal semantics into real-time processing models — whether psychological or computational
— that involve the integration of linguistic and not-specifically linguistic knowledge.” [11]
In this paper, we outline the structure of a cognitively realistic semantic processor that
we have fully implemented elsewhere [5]. The processor is able to incrementally construct
DRT semantic representations in response to linguistic stimuli. We show how this seman-
tic parser can be used to account for the reaction time (RT) data in the fan experiment
reported in [4], which investigates how propositional information of the kind encoded by
atomic DRSs is (stored and) retrieved from declarative memory. We provide the first (to
our knowledge) fully implemented and cognitively realistic model of incremental interpre-
tation and semantic evaluation that is systematically informed by formal semantics and
can be used to model RT data.

1 Introduction

One of the key and still outstanding challenges for formal semantics is “how to build formal
semantics into real-time processing models — whether psychological or computational — that
involve the integration of linguistic and not-specifically linguistic knowledge.” [11, 4]) In this
paper, we outline the structure of a cognitively realistic semantic processor — that is, a parser
that incrementally constructs semantic representations in response to linguistic stimuli of the
kind presented in self-paced reading or eye-tracking experiments. The parser has been imple-
mented in [5].

Our choice for a processing-friendly semantics framework is Discourse Representation The-
ory (DRT) [9, 10]. We chose DRT because atomic DRSs and the compositional construction
principles used to build them provide meaning representations and elementary compositional
operations that are well understood mathematically, widely used in formal semantics, and can
simultaneously function as both meaning representations and models (at least when we restrict
ourselves to persistent DRSs [10, 96-97]). Thus, atomic DRSs can be thought of as mental
models in the sense of [7, §].

Due to the incremental nature of the semantic parser and its incremental-interpretation
friendly cognitive components, the parser can be used to predict reaction time (RT) data.
In particular, we show how it can model time latencies in the fan experiment reported in
[4]. This experiment investigates how basic propositional information of the kind encoded by

*We would like to thank the Amsterdam Colloquium 2019 anonymous reviewers and the reviewers of [5], on
which this paper builds. Jakub Dotlacil was supported by the NWO grant VC.GW17.112. The usual disclaimers
apply.
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atomic DRSs is stored and retrieved from memory, which is an essential component of real-
time semantic interpretation in at least two respects: (¢) incrementally processing semantic
representations involves composing and integrating semantic representations introduced by new
sentences or new parts of a sentence with semantic representations of the previous discourse; (i)
incremental interpretation also involves evaluating new semantic representations relative to our
mental model of the world, and integrating their content into our world knowledge database
stored in declarative memory. We provide the first (to our knowledge) cognitively realistic
model of incremental interpretation and truth evaluation that is systematically informed by
formal semantics and can be used to model RT data.

2 The fan effect: three generalizations

The fan effect “refers to the phenomenon that, as participants study more facts about a partic-
ular concept, their time to retrieve a particular fact about that concept increases.” ([3, 186]).
The original experiment in [4] demonstrated the fan effect in recognition memory. Participants
studied 26 facts about people being in various locations, ten of which are exemplified in (1).

(1) a. A lawyer is in a cave. b. A debutante is in a bank. c. A doctor is in a bank.
d. A doctor is in a shop. e. A captain is in a church. f. A captain is in a park.
g. A fireman is in a park. h. A hippie is in a park. i. A hippie is in a church.

j- A hippie is in a town.

In the training part of the experiment, participants committed 26 items of this kind to memory.
In the test part of the experiment, participants were presented with a series of sentences, some
of which they had studied in the training part (targets) and some of which were novel (foils).
They had to recognize the targets and had to reject the foils, which were novel combinations of
the same people and locations.

The ten items in (1) form a minimal network of facts that instantiates the 9 experimental
conditions in [4]. Each condition uniquely specifies how often a person or location concept
has been used in (1). In case a person concept has been used only once (in one propositional
fact), we say it has a fan of 1, if it has been used twice, we say it has a fan of 2 etc. In (1),
and in the experiment as a whole, person or location concepts can have a fan of 1, 2 or 3. For
example, lawyer and cave have a fan of 1, captain and bank have a fan of 2, and hippie and park
have a fan of 3. The mean RTs for target recognition and foil rejection in this fan experiment,
measured in seconds (s), are provided in Table 1 (from [3, 187]).

Several generalizations become apparent based on this data and various follow-up experi-
ments, as discussed in [3]. Generalization (i): averaging over targets and foils, the effect of
1-fan (both person and location) was about 1.2 s and increased by about 50 ms for each addi-
tional fan. Generalization (ii) (the min effect): retrieval latency is a function of the minimum
fan associated with a probe, e.g., participants tend to respond more slowly to the 2-2 fan items
than to the 1-3 or 3-1 items. Generalization (iii): the fan effects are approximately equal
for targets and foils, suggesting that foil rejection is not done by a serial (possibly exhaustive)
search of the facts one knows about a concept.

3 The account in a nutshell: DRSs in declarative memory

We can reformulate the notion of fan as a relation between the main DRS contributed by a
sentence and the sub-DRSs contributed by its three parts: the person indefinite, the location
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Target location fan Foil location fan
RTs 1 2 3 RTs 1 2 3
g o 1111 117 1.15 g o 1120 125 1.26
£ & 2|117 120 123 £ &8 2|122 136 147
& 3122 122 1.36 & 31126 1.29 147

Table 1: The mean RTs (in seconds) for target recognition and foil rejection in the fan experi-
ment in [4], as reported in [3].

indefinite, and the relational predicate in. Consider the fan example in (1-j). The DRSs
(meaning representations) of the three major components of the sentence — the indefinites a
hippie and a town and the binary predicate in — are composed / combined together to form
the DRS / meaning representation for the full sentence. The content of A hippie is in a
town ends up represented in memory as the attribute-value matrix (AVM) below: the DREF
attribute specifies the new discourse referent (dref) introduced by indefinites, PRED specifies
the predicate, and ARG1 and ARG2 specify which drefs fill the first and second argument slots.

SUB-DRS1 : [DREF: 1
PRED  hippie
_ARGl: 1
SUB-DRS2: [DREF: 2
PRED town
_ARGl: 2
SUB-DRS3: [PRED in
ARGL: 1
_ARG2: 2

MAIN-DRS ™ -

This partitioning into 3 sub-DRSs matches the basic compositional skeleton generally assumed
in the formal semantics literature for this type of sentences, as well as the real-time incremental
comprehension process the ACT-R cognitive architecture [1, 2] imposes on us. ACT-R, a widely
used architecture that includes an explicit model of declarative memory, among other things,
provides the cognitive infrastructure for our incremental semantic processor / parser.

The evaluation of the sentence as true (target) or false (foil) is accomplished by recalling
from declarative memory the DRS with the highest activation, and checking whether the DRS
incrementally constructed for the current sentence matches the components (sub-DRSs) of the
DRS retrieved from memory. In principle, any DRS could be recalled from memory, but sub-
DRSs in the currently constructed DRS spread activation to the same sub-DRSs in declarative
memory, increasing the activation of the main DRS with matching information.

[3, 188-189] account for these generalizations in ACT-R. Generalization (iii) above is
captured because memory search in ACT-R is not serial. Generalizations (i) and (ii) follow
from properties of spreading activation. More specifically, in ACT-R, the total activation A; of
a fact/main DRS (a.k.a. chunk) i like the AVM above is:

A; = B; + ijsﬁ (1)

J

The base activation B; in eq. (1) is determined by the history of usage of fact i: how many
times ¢ was retrieved and how much time elapsed since each of those retrievals. The spreading
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activation component Y j W;S;; boosts the activation of fact ¢ based on the concepts j that
fact 4 is associated with, e.g., the person and location concepts/sub-DRSs in the AVM above.

For each concept j, Wj is the extra activation flowing from concept j, and Sj; is the strength
of the connection between concept j and fact ¢ that modulates how much of the extra activation
W; actually ends up flowing to fact i. Source activation W (for simplicity, let’s assume it is
the same for all concepts j and drop the subscript) is inversely proportional to the number of
concepts j in fact i. For example, W = 1/3 for a fact/main DRS with 3 concepts/sub-DRSs.

The account of the fan effect crucially relies on the strengths of association Sj; between
concepts j and facts i. The strengths of association are taken to be:

Sji =5- log(fanj) (2)
In eq. (2), S is a constant (baseline strength) to be estimated for specific experiments, and
fan; is the fan of concept j. Thus, strength of association, and therefore fact activation, de-
creases as a logarithmic function of concept fan (see Chapter 8 in [5] for a detailed justification).
The time T it takes to retrieve fact ¢ from memory, i.e., its retrieval latency, is a function

of fact activation A;, as specified in eq. (3), where F', the latency factor, is a free parameter.

T =Fe i (3)

In an experiment, we usually do not observe the retrieval time directly, rather, we observe the
latency in carrying out the task. We can represent this latency as Tiota1, sSuch that Tiore = 147,
where [ is an intercept, i.e., the time needed to carry out cognitive tasks other than retrieval
from declarative memory. We can simplify Tiotq; as follows ():

Tyotar = I + F' H fan!”, where F/ = Fe Bi—5 (4)
J

This latency equation shows how the ACT-R model captures the fan effect, i.e., Generaliza-
tion (i) that recognition latency increases with fan. The retrieval latency for an AVM like the
one above is: Tiotal = I+F/(fanperson'fanlocation'fanin)% =I1+F {’/fanperson : fanlocation . fanin-
The predicate in is connected to all the sentences/facts, so it has a constant fan and contributes
a constant amount of latency across all conditions in the experiment. But the person and lo-
cation fan values fan,eyson and fanjecqasion are manipulated in the experiment, and the equation
correctly predicts that as they increase, the corresponding latency increases.

This equation also provides an account of Generalization (ii) (the min effect). The
reason is that the product of a set of numbers with a constant sum, specifically the product
fanperson - faljocation, is maximal when the numbers are equal, e.g., 2 x 2 > 3 x 1.

The remainder of the paper discusses in more detail how DRSs like the AVM above are con-
structed incrementally by means of production rules stored in procedural memory (Section §4)
and how semantic (truth) evaluation is modeled as DRS/mental model retrieval from declar-
ative memory (Section §5). In Section §6, we show how the complete cognitive model is fit
to the fan-experiment data by embedding it into a Bayesian model, for which it provides the
likelihood function; we also compare the posterior predictions of the Bayes+ACT-R model with
the RT's observed in the fan experiment and discuss some limitations of the model. Finally, we
outline some prospects for cognitive modeling in formal semantics (Section §7).

4 Incremental DRS construction and procedural memory

The AVM in Sect. 3 is an ACT-R friendly representation of the DRS [, y|hippie(z), town(y), in(z, y)],
and we will assume here that the intuitive correspondence between these alternative represen-
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tations is obvious (see Chapter 8 in [5] for a much more detailed discussion).

With these kind of representations in place, we can move to the core component of our
cognitive model, which is an eager left-corner parser that parses syntactic trees and DRSs
simultaneously and in parallel. As a new word is incrementally read in the usual left-to-
right order for English, the model eagerly and predictively builds as much of the syntactic
and semantic representation as it can, before deciding to move the eyes to the next word.
This process of syntactic and semantic representation building is the process of comprehending
the new word and integrating it into the currently available, partial syntactic and semantic
structure. The comprehension and integration result in a new partial syntactic and semantic
structure, which, in turn, provides the context relative to which the next word is interpreted.

The overall dynamics of parsing is thus very similar to dynamic semantics: a sequence of
parsing actions or a sequence of dynamic updates charts a path through the space of information
states. Info states serve a dual function: they provide the context relative to which a semantic
update is executed, and they encode the result of executing that update. Information states are
simpler for dynamic semantics: they are basically variable assignments or similar structures.
For our ACT-R incremental parser, information states are complex entities consisting of the
partial syntactic and DRS structures built up to that point, as well as the state of the buffers
and modules of the ACT-R mind at that point in the comprehension process.

Implicit in the above description of the parsing process is the fact that an ACT-R mind is
composed of modules, which include declarative and procedural memory, but also visual and
motor modules etc. Modules are not directly accessible: they can only be accessed through
associated buffers, e.g., the retrieval buffer is associated with declarative memory. Buffers serve
a dual purpose: individually, they provide the input/output interface to specific modules; as a
whole, however, buffers represent the current cognitive state of the mind. Crucially, productions
fire based on the current cognitive state, i.e., conditioned on the contents of various buffers.
The ACT-R architecture constrains cognitive behavior in various ways, two of which are that
buffers can hold only one chunk (AVM), and only one production can fire at any given time.

Production rules are condition-action pairs stored in procedural memory. These rules trigger
a cognitive action if the cognitive context (the buffers) satisfy a range of conditions. Let us see
some of these rules in action by showing how our model incrementally interprets our running
example A hippie is in a town. Assume that the first word A has already been read and
recognized as a determiner. At that point, the PROJECT NP rule below is selected and fired:

PROJECT: NP ==> Det N

conditions actions
goal> TASK: parsing goal> TASK: move_peg
STACK1: S STACK1: N
DREF_PEG: =peg STACK?2: NP
S STACK3: S
retrieval> | ISA: word
‘ CAT: Det ‘ +imaginal> | ISA: parse_state
NODE_CAT: NP

DAUGHTER]1: Det

+context> ISA: drs
DREF: =peg
ARG1: =peg

The conditions of this rule involve the goal buffer, whose contents drive the cognitive process,
and the retrieval buffer, which is the interface to the declarative memory module. The lexical
entry for the determiner a has to be available in the retrieval buffer, and our current top parsing
goal is to parse a sentence (S). Furthermore, the rule assumes that a fresh discourse referent
index, a.k.a. DREF_PEG, is available in the goal buffer. The value of the DREF_PEG attribute is
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assigned to an ACT-R variable =peg (in this context, ‘=’ indicates that we’re dealing with a
variable). The variable =peg (which stands for a specific value, 1 in this case) will be used to
specify the cognitive actions triggered by this rule. The index =peg is fresh in the sense that
no discourse referent with that index was introduced in the semantic representation up to this
point (it was never the argument of a predicate, it couldn’t have served as the antecedent for a
pronoun etc.) The term ‘peg’ and its specific usage here originates in [12].

Assuming its preconditions are satisfied, the rule triggers several actions. Most importantly,
it simultaneously builds a syntactic representation in the imaginal buffer and a semantic repre-
sentation in the (discourse) context buffer. The ‘+’ sign (+imaginal, +context) indicates that
new representations are added to these buffers. In the imaginal buffer (a standard buffer in
ACT-R that maintains an internal representation of the current stage of the cognitive process),
we build the unary branching node NP dominating the Det node (which in turn dominates
the word A). In the context buffer, we start a new DRS that will be further specified by the
upcoming N (hippie). This DRS introduces a new discourse referent with the index =peg and
requires this discourse referent to be the first argument (ARG1) of the still-unspecified predicate
contributed by the upcoming N.

The context buffer is not a standard buffer in ACT-R. We postulate it in our model for
pedagogical purposes, so that we can neatly separate the syntactic and semantic components of
our parse states and be able to focus on the semantic aspects of the incremental interpretation
process. The DRS contributed by the PROJECT NP rule to the context buffer is provided below.
Note that the value of the =peg index is specified as 1, since this is the first discourse referent
introduced in the sentence.

AVM format: DRS format:
ISA: drs 1
DREF: 1
STILL-UNSPECIFIED-PREDICATE(1)
ARGL: 1

In addition to adding chunks to the imaginal and (discourse) context buffers, the PROJECT
NP production rule also specifies a new task in the goal buffer, which is to move_peg. This will
trigger a rule that advances the ‘fresh discourse referent’ index to the next number — in our case,
it will advance it to 2. This way, we ensure that we have a fresh discourse referent available for
any future expression that might introduce a new discourse referent, e.g., another indefinite.

We also have a new stack of expected syntactic categories in the goal buffer: we first expect
an N, at which point we will be able to complete the subject NP. Once that is completed, we
can return to our overarching goal of parsing an S.

Once the discourse referent peg is advanced, a sequence of rules fires that leads to reading
the next word, namely hippie, and retrieving its lexical entry from declarative memory. At that
point, the PROJECT AND COMPLETE N rule below is fired.

PROJECT AND COMPLETE: N

conditions actions
goal> STACKL: N goal> STACK1: NP
STACK2: NP STACK2: S
STACK3: S
+imaginal> | ISA: parse_state
retrieval> | ISA: word — NODE_CAT: NP
CAT: N DAUGHTER1: Det
PRED: =p DAUGHTER2: N
context> ISA: drs
PRED: =p

This rule requires the lexical entry for an N (hippie, in our case) to be in the retrieval buffer.
It also requires the top of the goal stack, that is, the most immediate syntactic expectation, to
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be N, followed by NP and S in the subsequent stack positions.

Once these preconditions are satisfied, the rule triggers several actions. First, N is popped
off the goal stack. Second, a new part of the tree is added to the imaginal buffer: the binary
branching node NP with two daughters, a Det on the left branch and an N on the right. Finally,
the DRS in the context buffer is updated with a specification of the PRED attribute: the new
value is the predicate =p, contributed by the word hippie in the retrieval buffer.

After this rule fires, the DRS in the context buffer becomes SUB-DRS; of the MAIN-DRS for
the sentence A hippie is in a town:

AVM format: DRS format:
ISA: drs 1
DREF: 1

hippie(1
PRED  hippie ippie(1)
ARG1: 1

At this point, we fire the production rule PROJECT AND COMPLETE S ==> NP VP (not listed
here; see Chapter 8 in [5] for details), which eagerly discharges the expectations for an NP and
an S from the goal stack and replaces them both with a VP expectation. At the same time, a
new part of the syntactic tree is built in the imaginal buffer, namely the top node S and its two
daughters NP and VP. This rule also performs an important semantic operation: it transfers
the discourse referent 1 introduced by the subject NP to the goal buffer, so that it is available
as the first argument of the VP we are about to parse.

We assume, for simplicity, that the copula (is) is semantically vacuous. After that, the rule
PROJECT AND COMPLETE PP ==> P NP parses the preposition in. Once again, we refer the
reader to Chapter 8 of [5] for details. The sub-DRS contributed by the subject NP is cleared
from the context buffer and the partially constructed sub-DRS below is placed there:

AVM format: DRS format:
ISA: drs
PRED mn 11’1(1, 7)
ARGL: 1 L -

The fact that the previous sub-DRS is cleared from the context buffer means that we never
have the full view of the main DRS we are constructing. During the incremental interpretation
process, we hold only parts of it in our cognitive state (working memory). This is a consequence
of essential constraints imposed by the ACT-R architecture, which reflect experimentally es-
tablished constraints on human cognitive processes.

We can now move on to parsing the location NP a town. Once the indefinite determiner a
is read and lexically retrieved, the PROJECT AND COMPLETE NP ==> Det N rule is fired, which
sets the second argument slot of the predicate in to a newly introduced discourse referent 2.
The result is SUB-DRS3 of the main DRS we need to construct for our running example:

AVM format: DRS format:
ISA: drs
PRED in ~{, 2)
ARGL: 1
ARG2: 2

We then clear this sub-DRS from the context buffer and start constructing a new DRS in
there that, once the subsequent word town is parsed, will be SUB-DRSy of the main DRS for
our running example A hippie is in a town. This is the final sub-DRS we needed to construct:

AVM format: DRS format:
ISA: drs 2
: 2
DREF town(2)
PRED: town
ARG1: 2
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5 Truth evaluation as retrieval from declarative memory

Our model has completely parsed the sentence A hippie is in a town. With the DRS for this
sentence in hand, we move on to establishing whether the sentence was studied in the training
phase or not. To put it differently, the training phase presented a set of facts, i.e., a model in
formal semantics terms, and now we have to evaluate whether the test sentence is true relative
to the model. That is, we view semantic evaluation as memory retrieval.

Thus, the bigger picture behind our DRT-based model of the fan effect is that the process
of semantic interpretation proceeds in two stages, similar to the way interpretation proceeds in
DRT. In the initial stage, we incrementally construct the semantic representation (DRS, mental
discourse model) for the sentence to be evaluated. In DRT [10], this first stage involves a step-
by-step transformation of a complete syntactic representation of the sentence into a DRS by
means of a series of construction-rule applications. In our processing model, this stage consists
of applying an eager, left-corner, syntax-and-semantics parser to the current test sentence.

The DRS/mental discourse model that is the result of the first stage encodes constraints
that the set of facts/actual model in declarative memory has to satisfy. In simple cases like the
one we are considering, the mental model is homomorphic to a fact in declarative memory.

We can therefore move to the second stage, in which we evaluate the truth of this DRS
by connecting it to the actual, ‘real-world’” model, which is our background database of facts
stored in declarative memory. In DRT, the second stage involves constructing an embedding
function (a partial variable assignment) that verifies the DRS relative to the model. In our
processing model, truth/falsity evaluation involves retrieving — or failing to retrieve — a fact
from declarative memory that has the same structure as the DRS we have just constructed.

Once again, the full details of the process of semantic evaluation as memory retrieval are
provided in Chapter 8 of [5]. The main idea is that the semantic evaluation process sets up a
cognitive state that provides the correct configuration for spreading activation from sub-DRSs
to main DRSs stored in memory, so that Generalizations (i), (ii) and (iii) above are captured.

6 Fitting cognitive models to data: Bayes+ACT-R

We fit our cognitive model to the fan-experiment data by embedding the ACT-R-based DRS
parser into a Bayesian model. We estimate four model parameters: (i) source activation
(weight) W; (i) baseline strength of association S; (é) rule firing r, which is the time re-
quired for a rule to fire; and, finally, (iv) the latency factor F. The structure of the Bayesian
model is provided in the left panel of Fig. 1: low-information priors for the parameters are
listed at the top and the entire ACT-R model provides the likelihood function, which outputs
semantic evaluation (main DRS retrieval) latencies.

The discussion in Section §3 above provides the motivation for estimating the W, S and F
parameters. We have also decided to estimate the r parameter, which can be seen as a way to
capture the intercept I in eq. (4).

The posterior estimates for these four parameters are provided and discussed in Chapter 8 of
[5]. The plot of the posterior predictions of the model is given in the right panel of Fig. 1. The
plot compares the RTs predicted by our model (y-axis) against the observed, experimentally-
obtained RTs. The blue dots represent the means, the blue whiskers are 95% credible intervals.

The model captures the data well: the dots are close to the red diagonal line, where predicted
and observed RTs are identical. There are slight discrepancies between the predictions of the
model and the actual observations, which are due to variance in the data that our fan model
ignores from the start. For instance, when we inspect the Target sentence RT's in Table 1, we
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Figure 1: Bayesian model that embeds the ACT-R semantic parser (left-side), and fit of the
model to the fan experiment (right-side).

see that the mean RT for targets with a fan of 3 for person and 1 for location is 1.22 s, while
the mean RT for targets with a fan of 3 for location and 1 for person is 1.15 s. This difference
of 70 ms cannot be captured in our model, which treats the two cases as identical.

7 Prospects for cognitive modeling in formal semantics

We modeled the fan experiment in [4], bringing together the ACT-R account of the fan effect in
[3] and formal semantics theories of natural language meaning and interpretation. The resulting
incremental semantic processor is the first one to integrate, in a computationally explicit way,
dynamic semantics in its DRT incarnation on one hand, and mechanistic processing models
formulated within an independently motivated cognitive architecture on the other.

In developing this cognitive model, we argued that the fan effect provides fundamental in-
sights into the memory structures and cognitive processes that underlie semantic interpretation
and evaluation, which is the process of determining whether a given sentence is true relative to
a database of known facts, i.e., relative to a model in the sense of model-theoretic semantics.

Future directions for this line of research include investigating whether a partial match of
known facts is considered good enough for language users in comprehension. This could provide
an integrated account of a variety of interpretation-related phenomena, e.g., Moses illusions,
the interpretation of plural definites like The reporters asked questions, where the sentence is
true without every single reporter asking a question, and ‘partial presupposition resolution’
cases, where part of the presupposition is resolved and part of it is accommodated.

Another direction for future research is reexamining the decisions we made when developing
our incremental DRT parser that were not based on cognitive plausibility, but instead were
made for pedagogical reasons — in an effort to ensure that the contributions made by semantic
theories were still recognizable in the final syntax-and-semantics parser. These decisions led to
posterior estimates of the parameters in the model that differ from the previous literature. For
example, rule firing time r, traditionally set to 50 ms in ACT-R, was estimated to be 15 ms in
our parser.

We also oversimplified the model in various ways, e.g., we initiated the semantic evaluation
process (the search for a matching fact in declarative memory) only when the sentence was fully
parsed syntactically and semantically. This is unrealistic: parsing, disambiguation and semantic
evaluation are most probably interspersed processes, and searches for matching facts/main
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DRSs in declarative memory are probably launched eagerly after every parsed sub-DRS, if not
even more frequently. See [6] for a similar proposal, and for an argument that such an approach,
coupled with a judicious use of spreading activation, might explain the preference to provide
given (topic) information earlier in the sentence, and new (focused) information later.

Another oversimplification was the decision to add sub-DRSs to the goal buffer to initiate
spreading activation only after the entire sentence was parsed. It is likely that some, possibly
all, sub-DRSs are added to the goal buffer and start spreading activation to matching main
DRSs as soon as they are parsed. It might even be that such sub-DRSs are added to the goal
buffer and start spreading activation even before they are completely parsed. This could be
the case for NPs with a relative clause, where the partial sub-DRS obtained by processing the
nominal part before the relative clause is added to the goal buffer, and then it is revised once
the relative clause is processed.

We have barely scratched the surface with the model introduced in this paper. There
are many semantic phenomena for which we have detailed formal semantics theories, but no
similarly detailed and formalized theories and models on the processing side. The variety of
semantic phenomena to be investigated and the variety of semantic frameworks and processing
hypotheses that can be formulated and computationally implemented offer a rich and largely
unexplored theoretical, empirical and modeling territory.

References

[1] John R. Anderson. How can the human mind occur in the physical universe? Oxford University
Press, 2007.

[2] John R. Anderson and Christian Lebiere. The Atomic Components of Thought. Lawrence Erlbaum
Associates, Hillsdale, NJ, 1998.

[3] John R. Anderson and Lynne M. Reder. The Fan Effect: New Results and New Theories. Journal
of Experimental Psychology: General, 128(2):186-197, 1999.

[4] John Robert Anderson. Retrieval of propositional information from long-term memory. Cognitive
Psychology, 6(4):451 — 474, 1974.

[5] Adrian Brasoveanu and Jakub Dotlaéil. Computational Cognitive Modeling and Linguistic Theory.
Language, Cognition, and Mind (LCAM) Series. Springer, Dordrecht, 2020. In production. The
current version of the pyactr library (Python3 ACT-R) is available here: https://github.com/
jakdot/pyactr; the frozen version used in the book, together with the code for all the models, is
available here: https://github.com/abrsvn/pyactr-book.

[6] Raluca Budiu and John R. Anderson. Interpretation-based processing: A unified theory of semantic
sentence processing. Cognitive Science, 28:1-44, 2004.

[7] Philip N Johnson-Laird. Mental models: Towards a cognitive science of language, inference, and
consciousness. Harvard University Press, 1983.

[8] Philip N. Johnson-Laird. The history of mental models. Psychology of reasoning: Theoretical and
historical perspectives, pages 179-212, 2004.

[9] Hans Kamp. A theory of truth and semantic representation. In Jeroen Groenendijk, Theo Janssen,
and Martin Stokhof, editors, Formal Methods in the Study of Language, pages 277-322. Mathe-
matical Centre Tracts, Amsterdam, 1981.

[10] Hans Kamp and Uwe Reyle. From Discourse to Logic. Introduction to Model theoretic Semantics of
Natural Language, Formal Logic and Discourse Representation Theory. Kluwer, Dordrecht, 1993.
[11] Barbara Partee. The semantics adventure. ms., 2011.

[12] C.F.M. Vermeulen. Merging without mystery: Variables in dynamic semantics. Journal of Philo-
sophical Logic, 24:405-450, 1995.

2nd

Proceedings of the 2 Amsterdam Colloquium 59



Definiteness across Languages: from German to
Mandarin

David Bremmers, Jianan Liu, Martijn van der Klis and Bert Le
Bruyn'
Utrecht University

d.j.e.bremmers@students.uu.nl, j.liud4@uu.nl,
m.h.vanderklis@uu.nl, b.s.w.lebruyn@uu.nl

Abstract

We showcase the potential of a data-driven methodology for cross-linguistic research:
Translation Mining. We introduce the technique and put it to use in the domain of
definiteness. We show how Translation Mining confirms existing insights about
definiteness in English, German (Schwarz 2009) and Mandarin (Jenks 2018) while at the
same time leading to novel insights for Mandarin.

1 Introduction

When approaching a phenomenon o from a language  for the first time, linguists rely on the
knowledge about o that was built up based on other languages. This is the standard way of
doing cross-linguistic research: we interpret data against existing accounts and — where
necessary — extend these or develop new ones.

In this paper, we showcase the potential of a more data-driven methodology: Translation
Mining (henceforth TM). We present the technique and put it to use in the domain of
definiteness. In our presentation of the technique, we compare it to the semantic map
method (e.g. Haspelmath 1997). The semantic map method is an example of the standard
approach sketched above but also shares some features with TM and provides for an
insightful comparison.

The paper is organized as follows. Section 1 introduces TM, Section 2 provides a quick
review of recent work on definiteness in the languages under consideration and Section 3
presents our application of TM. Section 4 discusses and concludes.

2 From Semantic Maps to Translation Mining

TM can be considered the data-driven variant of semantic maps. We introduce semantic
maps (2.1) and then turn to TM (2.2).

2.1 Semantic maps

A semantic map is ‘a geometrical representation of functions in "conceptual/semantic space"
which are linked by connecting lines’ (Haspelmath 2003). Semantic maps are mainly found in

'David covered the German data collection and analysis, Jianan the Mandarin one. Martijn designed the
Translation Mining interface and contributed to the methodological part of this paper. Bert supervised David and
Jianan, brought together the different parts and worked them into the current paper. We thank the members of the
Time in Translation project for valuable feedback and gratefully acknowledge financial support of NWO (grant 360-
80-070).
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typological work: ‘the map describes and constrains languages that venture their grammars
and/or lexicons into this space, both with respect to diachrony and synchrony.’(Van der
Auwera & Plungian 1998). An example of a semantic map is given in Figure 1. We first look
into the research that underlies it and then turn to its interpretation.

Semantic maps are developed for specific domains. The map in Figure 1 was developed by
Haspelmath (2003) for datives. Researchers start from existing analyses of the domain and
cast the widest possible net to identify as many functions as possible. E.g., in the domain of
datives, these would include functions like recipient, beneficiary, etc.

The next step is to establish whether these functions should indeed be distinguished. The
criterion for this is empirical: a function is ‘put on the map if there is at least one pair of
languages that differ with respect to this function’ (Haspelmath 2003). An example is the
distinction English makes between ‘give something to someone’ and ‘buy something for
someone’: many languages allow their dative to appear in both contexts but the fact that
English makes a formal distinction between the two warrants the inclusion in the map of the
functions recipient and beneficiary.

predicative external
possessor possessor
/ English to English for h
direction recipient beneficiary judicantis
J
purpose experiencer

Figure 1: A semantic map of typical dative
functions / boundaries of English to and for
(Haspelmath 2003)

Turning to the interpretation of a map as in Figure 1, we find functions connected by lines,
and boundaries of specific lexical items/constructions:

Connecting lines are added between two functions — as for direction and purpose — to
indicate that there are lexical items/constructions that combine these functions. The absence
of a connecting line between two functions — as for purpose and experiencer — entails that no
lexical items/constructions combine these functions without also conveying the functions
that connect them — direction and recipient in this particular case. The exact geometrical
lay-out of the map (e.g. the fact that direction and purpose are arranged on the vertical axis)
does not reflect any claim and in general depends on the graphical creativity of the
researcher.

For concreteness, we have added the boundaries of English to and for but in principle we
should be able to add any lexical item/construction that conveys one of the functions that is
included in the map. The claim the map makes is that these lexical items/constructions
convey functions that are connected on the map, both in diachrony and synchrony. Herein
lies the predictive power of semantic maps.
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2.2 Translation Mining

TM can be considered the data-driven variant of semantic maps.” We briefly compare the
two at the levels of data collection and analysis.

Data collection

As we indicated above, classical work in semantic maps relies on existing literature to
establish which functions might be relevant for a given domain. The empirical contribution
of a semantic map then lies in establishing which functions should indeed be included and
how they should be arranged.

The data collection in TM is different. To illustrate, let us switch from the dative domain
to the domain of definiteness. Where classical work in semantic maps would look into
existing literature and focus on what has been said about definiteness in different languages,
TM would aim for neutrality as to what has been claimed before. The way to achieve this is
to start from a marker of definiteness — say English the — and to select all contexts that
contain this marker in the English version of a parallel corpus (i.e. a corpus containing texts
and their translations into different languages). The next step is to establish how the in these
contexts is rendered in the other languages and to repeat the whole procedure for all the
equivalents of the that are found in the different languages. The output of this data
collection is a set of datapoints consisting of contexts with the lexical items/constructions
that are used in the different languages of the corpus. An example is given in (1):

(1) ‘I'm not having one in the house, Petunial’ English: the, German: contracted
definite, Mandarin: demonstrative

This datapoint involves the use of a definite in English (in the house), a definite that
contracts with the preceding preposition in German (im Haus as opposed to in dem Haus)
and a proximal demonstrative in Mandarin (zhé CL fdngzi).

Analysis

The analysis in TM starts with a graphical representation of the data, known as a map.
We first present TM maps and then compare them to classical semantic maps.

One of the maps that will come back in this paper is the following:

Econtracted

Figure 2: A TM map of definiteness / distribution of German lexical items/constructions

*Variants of core components of TM can — among others — be found in Wilchli & Cysouw (2012) and
Beekhuizen et al. (2017). For a comparison between classical semantic maps and work like that of Walchli &
Cysouw (2012), see also Georgakopoulos & Polis (2018). See van der Klis et al. (2017, 2019) for an application of
TM to the semantic domain of the (have)-Perfect.
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This map is based on a subset of data that were collected along the lines set out above. We
get back to the selection criteria in Section 3. For now, we note that we have used data from
English, German and Mandarin and comment on what the map represents and how it has
been generated.

Every dot on the map stands for a datapoint like (1). The organization of the dots on the
map is created through Multi-Dimensional Scaling (MDS). Intuitively speaking, this
algorithm groups contexts that use the same form in a given language. By doing this in
parallel for the three languages, a single cross-linguistic pattern of groupings obtains.

With language specific color schemes, TM visualizes variation across languages. A
comparison between the English map in Figure 3 and the German one in Figure 2 allows us
to establish that the formal distinction between contracted and uncontracted definites has no
formal equivalent in English. This is not immediately clear from the static version of the
maps: the purple dots in the English map make up very tight clusters and this makes it hard
to establish that they outnumber the other forms.

[ & &bare sing

Figure 3: A TM map of definiteness /
distribution of English lexical items/constructions

The maps created in TM are however interactive and allow us to zoom in and establish that
out of the 96 datapoints on the map, 80 involve the definite article, making it by far the
most frequent equivalent of both contracted (30 out of 40) and uncontracted definites (50
out of 56).

Now that we have established how TM maps are generated and what they represent, we
can compare them to classical semantic maps. The best way to do so is to think of groupings
of dots in TM maps as functions. The classical semantic map fragment that can be derived
from Figures 2 and 3 would then look as in Figure 4:

@rman contracted\ @erman uncontracteh

definite definite
English the
Function 1 Function 2

N /

Figure 4: A classical semantic map fragment based on
the TM maps of definiteness for German and English

2nd

Proceedings of the 2 Amsterdam Colloquium 63



Definiteness across languages Bremmers et al.

Figure 4 distinguishes two functions. German makes a formal distinction between the two
using contracted and uncontracted definites whereas English the covers both functions. The
crucial point to be made is that no interpretive labels are given to the functions, unlike what
we saw for the classical semantic map in Figure 1. Indeed, TM maps are different from
classical semantic maps in that they merely record formal distinctions between groups of
contexts. Under the assumption that formal distinctions reflect functional ones, TM maps
then invite the researcher to investigate differences between groups of contexts and establish
which functional distinctions underlie the formal ones. In the classical map method, these
two steps are not strictly separated: formal distinctions are used to confirm the relevance of
functional ones, not to discover them. In this sense, TM maps and the TM method count as
the data-driven variant of classical semantic maps and the classical semantic map method.

3 Definiteness across languages

Putting TM to work for the analysis of a full semantic domain like definiteness across a

typologically balanced sample of languages is — at the moment — utopian. We restrict our

enterprise in two ways. The first is to limit ourselves to three languages: German, Mandarin
and English. The second is to only look at a subset of contexts, wviz. definites that occur in

PPs in German. To justify these restrictions, we first need to give a brief sketch of the

literature on definiteness.

The literature typically distinguishes between two types of definiteness, one based on
uniqueness, the other on anaphoricity (Russell 1905; Strawson 1950; Kamp 1981; Heim
1982). English is believed to combine the two types in a single lexical item (the). German, on
the other hand, has been claimed to formally distinguish between the two in the
prepositional domain: Schwarz (2009) claims that uniqueness definites can contract with a
subset of prepositions whereas anaphoric definites resist contraction. Examples from Schwarz
are given in (2) and (3):

(2) Der Empfang wurde vom/#von dem Biirgermeister eroffnet.

‘The reception was opened by the mayor.’

(3) In der New Yorker Bibliothek gibt es ein Buch iiber Topinambur. Neulich war ich
dort und habe #im / in dem Buch nach einer Antwort auf die Frage gesucht, ob
man Topinambur grillen kann.

‘In the New York public library, there is a book about topinambur. Recently, I was
there and searched in the book for an answer to the question of whether one can
grill topinambur.’

The mayor in (2) has not been introduced before but is the unique mayor of the contextually
salient town. This is a uniqueness context and the definite contracts with the preposition. In
(3), a book is introduced in the first sentence and referred back to in the second. The second
sentence constitutes a familiarity context and contraction is not allowed.

The contraction facts from German led Schwarz to coin the terms weak and strong
definiteness. The first applies to contracted (uniqueness) definites, the latter to uncontracted
(anaphoric) ones. We adopt this terminology here as it has become standard in studies
looking at definiteness distinctions in typologically diverse languages (see Aguilar-Guevara et
al. 2019). One such language is Mandarin.

Jenks (2018) argues that Mandarin makes a formal distinction between weak and strong
definiteness in its use of bare nouns and demonstratives (examples from Jenks 2018):*

*This distinction disappears in subject position. See Jenks (2018) for discussion.
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(2) a. (#Na/Zhe ge)  Taiwan (de) zongtong hen shengqi.
DEM/DEM CL  Taiwan DE president very angry
‘The president of Taiwan is very angry.’
b. Jiaoshi  1i zuo-zhe yi ge nansheng he yi ge niisheng. Wo zuotian  yudao

classroom in sit-ASP one CL boy and one CL girl I yesterday meet

#(na  ge) nansheng.
DEM CL boy

‘There are a boy and a girl sitting in the classroom. I met the boy yesterday.’

(2) shows demonstratives are proscribed in uniqueness contexts (2a) but are mandatory in
anaphoric contexts (2b). Bare nouns come out as the mirror image of demonstratives: they
are proscribed in anaphoric contexts and mandatory in uniqueness contexts.

With the preliminary data and intuitions about definiteness in German, Mandarin and
English in place, we can return to the restrictions we introduced above. To showcase the
potential of TM, we need a semantic domain with a solid theoretical basis and a literature
that has used this basis to explore cross-linguistic variation. Definiteness qualifies with the
literature on English definiteness going back over a century. The recent literature on German
and Mandarin further neatly illustrates how new data are approached from existing insights:
the distinction between uniqueness and anaphoric definiteness has made its way into the
cross-linguistic literature under the label of the weak/strong distinction. The restriction to
definites occurring in PPs in German is inspired by Schwarz, who suggests that PPs are the
only place where we can find form variation in German." This restriction allows for a more
focused data collection.

4 Definiteness in Translation Mining

In this section, we put TM to work for an analysis of the semantic domain of definiteness
with the two restrictions we introduced in Section 3: we focus on German, Mandarin and
English and restrict our attention to contexts that are rendered with a definite in German
PPs. We introduce our corpus, briefly comment on the data collection and then present our
results.

4.1 The corpus

The corpus we selected is the first volume of the Harry Potter series and its translations
to German and Mandarin. An important asset of this corpus is that the source text is
English. Given that English does not make a formal distinction between different types of
definiteness, the formal distinctions we find in the German and Mandarin translations are
independent from each other and translation biases are kept to a minimum. Other assets of
this corpus are its recency and the availability of many other languages.

‘We independently checked this suggestion through the study of referential expressions in German, English,
Dutch and French. We used TM as our methodology and the first three chapters of the novel L’Etranger and its
translations as our parallel corpus. We found that there is indeed little variation in the expression of definiteness in
these languages. Based on Lobner (2011) we had expected some cross-linguistic variation between the definite article
and demonstratives but we failed to establish this variation.
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4.2 The data collection

Our first step was to extract PPs in German and specifically those in which the preposition
contracted with the definite following it or in which the preposition could have contracted.
For the uncontracted forms we selected all PPs in the novel. For the contracted forms we
limited ourselves to forms in the first three chapters except for those contracted PPs that
had an uncontracted counterpart with the same noun. In the latter case we extracted all
occurrences in the novel. The goal of our selection procedure was to end up with a dataset
with a more or less even distribution of contracted and uncontracted PPs, while at the same
time maximizing the likelihood of including minimal pairs.

Once the set of German PPs established, we aligned them with the English original and
the Mandarin translation. Alignment was done by two of the authors, one a native speaker
of German and the other a native speaker of Mandarin. The number of contexts we ended up
with for German-English-Mandarin amounts to 96.

4.3 Results

We discuss the results on the basis of TM maps. We start with German, then move to
English and end with Mandarin.

German

The TM map with the color scheme for German was introduced above as Figure 2.
Unsurprisingly, we find clear-cut groups of contracted and uncontracted forms. There are 40
contracted cases and 56 uncontracted ones.

Given that TM maps merely record formal distinctions, the map in Figure 2 does not
allow us to confirm or refute Schwarz’s claim that the groups oppose weak/uniqueness and
strong/anaphoric definiteness. With the interactive TM interface we can however zoom in on
the contexts themselves and confirm the predictions an analysis along the lines of the
weak /strong distinction makes.

(3) E: ‘T suppose we could take him to the zoo,” said Aunt Petunia slowly, ‘... and
leave him in the car ...
G: ‘Ich denke, wir kénnten ihn in den Zoo mitnehmen’, sagte Tante Petunia
langsam, ‘... und ihn im Wagen lassen ...’

(4) [Context: ‘As the owls flooded into the Great Hall as usual, everyone’s attention
was caught at once by a long thin package carried by six large screech owls.
Harry was just as interested as everyone else to see what was in this large parcel
and was amazed when the owls soared down and dropped it right in front of
him, knocking his bacon to the floor.’]
E: They had hardly fluttered out of the way when another owl dropped a letter on
top of the parcel.
G: Sie waren kaum aus dem Weg geflattert, als eine andere Eule einen Brief auf das
Paket warf.

The car in (3) does not refer back to a previously introduced car but to the unique family
car. It consequently counts as a weak definite. The parcel in (4) refers back to the package
that was introduced before and counts as a strong definite. As predicted by Schwarz,
German relies on a contracted definite in (3) and an uncontracted definite in (4).

In the case of German, TM does not lead to the discovery of new semantic insights in the
typology of definiteness but does allow us to check the basic predictions existing analyses
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make. It furthermore allows us to establish the opposition between contracted and
uncontracted forms in German as a baseline for studying weak/uniqueness and
strong/anaphoric contexts in our corpus.5

English

The TM map with the color scheme for English was introduced above as Figure 3. The
main equivalents of the German definites are the definite article (N=80), the bare singular
(N=5) and the demonstrative (N=4). In line with the literature, the comparison with the
German TM map shows that the definite article can be found both in weak and strong
contexts. The distribution of bare singulars is clearly on the side of the weak/uniqueness
definites. This is also in line with the literature that has often hinted at the complementary
distribution of bare nouns and weak definites (e.g. Carlson & Sussman 2005; Aguilar-
Guevara & Zwarts 2010). The distribution of demonstratives deserves closer scrutiny but the
fact that they allow for a deictic and an anaphoric use might explain their appearance in
weak and strong contexts.

For English, the contribution of TM is similar to that in German. We do not find new
semantic insights. The technique however does allow us to confirm claims in the literature.
This reinforces both these claims and the value of the technique.

Mandarin
The TM map with the color scheme for Mandarin is given below as Figure 5. The main
equivalents of the German definites are bare nouns (N=79) and demonstratives (N=13).

Figure 5: A TM map of definiteness / definiteness / distribution
of Mandarin lexical items/constructions

The comparison with the German TM map reveals that the distribution of bare nouns and
demonstratives in Mandarin is unexpected on Jenks’ analysis. Jenks predicts (i) Mandarin
bare nouns to appear in the same contexts as German contracted forms, and (ii) Mandarin
demonstratives to appear in the same contexts as German uncontracted forms.

In Figure 6 we compare the TM maps of German and Mandarin side by side. The colors
are a visualization of the predictions Jenks makes. Blue covers contexts with contracted

*We refer to Bremmers (2019) for an in-depth discussion of the German facts.
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forms in German and bare nouns in Mandarin. Red covers contexts with uncontracted forms
in German and demonstratives in Mandarin. If Jenks’ predictions were borne out, we would
have expected the colors to cover the same contexts in the two languages. This is not what
we find. Rather, the contracted/uncontracted distinction and the bare noun/demonstrative
distinction seem orthogonal to one another.

GERMAN MANDARIN
.I 53 | .
50 o o
.
: s uncgntracted 4 - bare noun ~
Ll — SR S O o4 ! ] o= —
contracteds i, =
. 5 o demonstrative

Figure 6: Enhanced TM maps for German and
Mandarin

Closer study of the data reveals that the use of demonstratives in contracted contexts (N=3)
probably relies on the deictic interpretation of demonstratives and not on their anaphoric
use. This is illustrated in (5):
(5) M: Peéini, woO juébu rang  tamen rénhérén jin zhé dong fangzi.

Petunia I  not have them anyone enter this CL house
(5) is the Mandarin version of example (1) and is uttered by a house owner who assures his
wife that certain people will never be welcome in their house. The proximal demonstrative
that is used refers to the house the two are in at the moment of speech.

With examples like (5) out of the way, the comparison between German and Mandarin
becomes simpler. Demonstratives come out — as predicted by Jenks — as equivalents of
German uncontracted forms (N=10). The problem that remains is that bare nouns not only
occur as the equivalent of German contracted forms (N=34) but also of uncontracted forms
(N=45). An example of a bare noun occurring as the equivalent of a German contracted
form is given in (6). This is the Mandarin version of example (4) (see example (4) for the
broader context):

(6) M: Tamen pushan-zhe chibdang ganggang fei zou, you
They flutter-ASP wings right fly away, and
you y1 zhi maotéuymg  xié lai y1 feng  xin,
have  one CL owl bring come one CL letter
reng  zai baoguo shangmian.
throw to parcel on.

Unlike what we found for German and English, the Mandarin facts do not follow from
current wisdom on how differences in form relate to differences in function. What they
suggest is that weak/uniqueness definites are indeed conveyed by bare nouns but that
strong/familiarity definites are conveyed both by bare nouns and demonstratives. These facts
invite linguists to have a closer look at what distinguishes between bare nouns and
demonstratives in strong/familiarity contexts.

The conclusion that imposes itself is that TM points to there being more functions in the
definiteness domain than previously anticipated. In particular, Mandarin seems to come with
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two types of strong/familiarity definiteness, one conveyed by bare nouns, the other conveyed
by demonstratives.

5 Discussion and conclusion

In this paper, we have introduced Translation Mining as a data-driven way of doing cross-
linguistic research. We have compared it to the classical semantic maps method and shown
how it can be put to use in the study of definiteness. Our results show that Translation
Mining not only allows us to confirm existing intuitions (see our discussion of German and
English) but is also able to identify new areas of research (see our discussion of Mandarin).

The division of labor between Mandarin bare nouns and demonstratives in
strong/anaphoric definite contexts suggests that there is a dimension of definiteness that has
hitherto gone unnoticed. In Bremmers et al. (ms.) we argue that this new dimension is a
stable one and not an accident of our data collection. We furthermore develop the intuition
that bare nouns in anaphoric contexts need to be part of the same narrative sequence as the
one their antecedent was introduced in (example (6)).° Outside these sequences, a
demonstrative is required for anaphoric reference (example (2b)).

We would like to end by noting that it is clear to us that a standard approach to cross-
linguistic research would sooner or later also establish a more fine-grained account of the
Mandarin data. The value of TM lies in that it allows us to anticipate this result, even with
a very restricted application like the one in this paper.
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Abstract

Against the even analysis of dou, this paper argues that a simple distributor semantics
of dou can be maintained with two assumptions: (i) Mandarin sentences allow an optionally
overt topic set [12]; (ii) scalar dou-sentences have an optionally overt preposition lian [1, 15].

1 Introduction

The multi-functional particle dou has drawn immense attention from Chinese linguists. The
two main uses exemplified in (1) and (2), with dou as a distributor and a focus operator even,
respectively, raise an imminent question — what is the semantic core of dou that conditions its
distribution?

(1) Tamen dou maile yi liang che' (2) Zhangsanp dou xihuan Lisi
they DOU buy Asp one CL.  car Zhangsan DOU like  Lisi
They each bought a car. Even Zhangsan likes Lisi.

Linguists take two different routes to answer this question. The first route is to treat the
distributive use as the core function of dou that subsumes the even reading as a special case
[12]. To the contrary of the first, the second route is to analyze dou as even while attributing
the distributive reading to a covert dist operator [11]. In this paper, I argue that analyses along
the second route are on the wrong track, evidenced by a set of incorrect predictions made by
the even analysis of dou. I show that a simple distributor semantics for dou can be maintained
with a satisfactory account of its distribution in (1) and (2), if we make two assumptions. First,
as a topic prominent language, Mandarin allows an optionally overt topic set in a sentence.
Second, the even-sentences with dou have an optionally present preposition lian [1, 15] that
makes non-trivial contribution to the scalar reading.

2 Flaws in the ecven analyses of dou

Mandarin Chinese wh+dou resembles the indefinite+even sequences found cross-linguistically.
With a clause-mate negation, it gives rise to an NPI reading; with a generic predicate, it has
a universal reading. The parallel is illustrated here with a comparison between Mandarin and
Hindi?, as in (3) - (4).

*I thank Sam Alxatib, Anna Szabolcsi and the three reviewers of Amsterdam Colloquium for their help-
ful comments. For native English judgement, I thank Sarah Cocozzello D’Arienzo, Andre Eliatamby, Paul
Feitzinger, Yulia Gorokhovsky, and Cameron Wilson. The remaining errors are mine.

LAs [10] points out, dou does not require to distribute down to atoms. I use each here for simplicity.

2All Hindi examples are from [7], glosses his. The same behavior of indefinite+even sequence is also found
in Japanese, Korean, Bangla, Malayalam and many more languages. Due to space constraint, I only present
Hindi examples in this paper for illustration.
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(3) a. shei dou mei lai . shei dou keyi taiqi zhe zhang zhuozi
who DOU NEG come who DOU can lift this CL table
No one came. Anyone can lift this table. (Chinese)
(4) a. koii bhii nahiiN aayaa b. tum to kuch bhii kah dete ho
someone even not come you PRT something even say
No one came. You say anything. (Hindi)
(5) a. yi geren dou mei lai b. yi ge ren dou keyi taiqi zhe zhang zhuozi
one CL person DOU NEG come one CL p DOU can lift this CL table
No one came. Even one person can lift this table. (Chinese)
(6) a. ek bhii aadmii nahiiN aayaa  b. ek bhii cingaarii ghar-ko jalaa detii hai

one even not come one even spark house burns

No one came. (Hindi)

The same alternation between an NPI and a universal reading is also exhibited by minimiz-
ers one NP+dou and one NP+even in Mandarin and Hindi, respectively, in (5)-(6). Given the
similarities between Hindi indefinite+even and one NP+ even, Lahiri [7] proposes to reduce the
former to the latter. Specifically, an indefinite like ‘someone’ introduces a variable satisfying the
cardinality predicate one and the NP restriction, i.e. one(x)Aperson(x). In (4a), an existential
closure closes off the the variable introduced by koii. The negation turns the existential state-
ment into a negative one, serving as the prejacent of the focus operator bhii. Bhii activates the
alternatives of its associate koii, each with one replaced with a different cardinality predicate
two, three, etc. Moreover, bhii imposes two implicatures. The additive implicature says there is
at least one true alternative distinct from the prejacent. The least likelihood implicature says
the prejacent is the least likely one among its alternatives. The formal representation of the
prejacent, the alternative set and the two implicatures are given in (7). Since the prejacent
logically entails all other alternatives, the two implicatures are satisfied as long as the prejacent
is true.

(7)

Even one spark burns the house.

Assertion: a = —Jzone(z) A came(z)]

ALT = {-3z[P(z) A came(x)] | P € {two, three, four...}}
Additive implicature: 3¢ € ALT[q # a A q]

d. Least likelihood implicature: Vg € ALT[q # a — a <jikelihood 4|

SIS

In a generic sentence (4b), Lahiri gives the same kind of semantics to kuch bhii. The generic
operator binds the variable introduced by kuch, which locates in the restrictor of the universal
generic quantifier, a downward-entailing environment. The prejacent, again, logically entails all
the other alternatives. The two implicatures are thus satisfied as long as the prejacent is true.

Lee and Horn [8] have very similar ideas as Lahiri, who argue that English NPI any NP
is underlyingly one NP+ ecven in negative sentences. In generic sentences, however, they argue
that any is a superlative plus even, motivated by an observation made by Fauconnier [3] that
(8) and (9) mean the same.

(8) Alfred will eat any food.
(9) Alfred will eat the most awful food.

Given the resemblance between Chinese wh+dou and Hindi indefinite+even, it is tempting
to carry over the aforementioned two theories to the Chinese data. Despite the temptation,
however, I will show that their theories make incorrect predictions on the Chinese data.
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Another recent even theory of dou is proposed by Liu [11], who assumes the same semantics
for dou as that given by Karttunen and Peters [5] to English even, (10). The even-sentences
with dou are thus captured without ado.

(10) [dou] = Ap : VYqlg €ALT(P) = ¢ <iikely P)-P
As for a distributive sentence like (1), Liu assumes a covert dist operator [14] is present.
The alternatives are formed by replacing the plurality associated with dou with its subparts.
The prejacent logically entails all other alternatives, as shown in Figure 1, making the least
likelihood automatically satisfied, wherefore the even flavor of dou is not sensed. I will show

that this theory also makes incorrect predictions.

2.1 Problems with Lahiri’s theory

Reducing wh+dou to one NP+dowu in Chinese cannot explain their different grammatical status
in (11) or (12) as an NPI. When Lisi forgot to count the cardinality of the students, (11b) is a
grammatical complaint but (11a) is not. When Lisi held his debut in his hometown instead of
any big city, (12a) is a grammatical description but (12b) is not.

(11) a. *Lisi shei dou mei shu b. Lisiyi ge ren  dou mei shu
Lisi who DOU NEG count Lisi one CL person DOU NEG count
Lisi didn’t count anyone. Lisi didn’t count even one person.

(12) a. Lisi shouyan na  ge dachengshi dou mei ban. Ta laojia ban de

Lisi debut  which CL big city DOU NEG hold. He hometown hold SFp
Lisi didn’t hold his debut in any big city. He held it in his hometown.
b. *Lisi shouyan yi ge dachengshi dou mei ban...

Lisi debut one CL big city DOU NEG hold
Lisi didn’t hold his debut in even one big city...

Moreover, wh+dou and one NP+dou behave differently in their universal uses. When dis-
cussing who can be the President, (13a) is a grammatical statement but (13b) is not. When
evaluating the weight of a table, (14b) is a grammatical report but (14a) is not.

(13) a. shei dou keyi dang zongtong b. *Yige ren  dou keyi dang zongtong
who DOU can be  president one CL person DOU can be  president
Anyone can be the President. Even one person can be the President.

(14) a. *shei dou zugou taiqi zhe zhang zhuozi
who DOU sufficient lift  this CL table
Anyone is sufficient to lift this table.
b. yi ge ren dou zugou  taiqi zhe zhang zhuozi
one CL person DOU sufficient lift this CL.  table
Even one person is sufficient to lift this table.

Lahiri’s theory that treats wh+dou and one NP+dou as semantically equivalent fails to
explain their different distribution in the above examples.

2.2 Problems with Lee and Horn’s theory

Lee and Horn [8] account for the NPI use of English any in the same spirit as Lahiri [7], analyzing
any as underlyingly indefinite+even argued to be semantically equivalent to the minimizer one
NP+even. The same problem plaguing Lahiri’s theory on the NPI use thus carries over. As for
the generic use, Lee and Horn take any as a superlative plus even, a theory that has its own
problem.
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(15) a. Any set is a subset of itself. b. *Even the biggest set is a subset of itself.

(16) a. shei dou you shengmu
who DOU have biological mom
Anyone has a biological mother.

b. *zuilaode ren dou you shengmu
oldest pers. DOU have biological mom
Even the oldest one has a biological mother.

(15a) states an axiom in Mathematics. The satisfaction of the predicate only has to do
with the property of being a set, without activating any kind of scalar relationship between the
sets. Actually, an attempt to impose such a scale will fail, (15b). Likewise, the predicate ‘has
a biological mother’ only concerns the NP restriction person of who in (16) without reference
to any scale. Hence the contrast between (16a) and (16b).

2.3 Problem with Liu’s theory

Liu [11] ascribes the absence of the even flavor in distributive dou-sentences to the automatic
satisfaction of the least likelihood presupposition imposed by dou. This analysis predicts the
even flavor of dou to be subdued whenever the prejacent logically entails all other alternatives.
While it seems to be true in the distributive (1), the prediction is not borne out in a collective
sentence (17), even if the latter exhibits the same logical entailment relations between the
prejacent and the alternatives as the former, see Figure 23.

(17)  Yuehan, Mali he Bi’er yiqi dou keyi ji jin zhe ge hezi, geng bu yong
John  Mary and Bill together DOU can squeeze into this CL box, more NEG need
shuo Yuehan he Mali liang ge ren  le
say John and Mary two CL people SFP
EVEN J, M and B together can squeeze into the box. Let alone the two of J and M.

Dist(f,a®b® c) Cf(ta®bde)
Dist(f,a®b) Dist(f,a®c) Dist(f,bdc) Cf(tadd) Of(tade) Of(Tbdc)
> > | | > > |
Dist(f,a)  Dist(f,b)  Dist(f,c) of(ta)  oftb)  of(te)

Figure 1: Distributive (1) Figure 2: Collective (17)

2.4 Interim conclusion

Analyzing dou as even obligates a scalar relationship between the alternatives triggered by the
focus associate of dou. This requirement, however, clashes with the unordered set denoted
by a singular wh-indefinite in wh+dou constructions. In the NPI use, this clash is obscured
when the predicate is distributive (3a), but is foregrounded when the predicate is collective
relative to the indefinite (11a). In the universal use, this clash is also veiled by a distributive
predicate (3b), but is spotlighted when the predicate comes with an obligatory scalar require-
ment on the argument indefinite (14b). Reducing wh-indefinite+dou to a scalar phrase+dou,
be it a minimizer or a superlative, therefore, cannot explain the drastic differences in their
compatibility /incompatibility with the same predicate.

3f in Figure 1 and Figure 2 refers to the predicate in the respective sentences.
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The distinction between Chinese wh+dou and one NP /superlative+dou is also corroborated
by an old observation in English by Heim [4], who classified NPIs into ones with an inherent
even and ones without. The former type includes any/ever and the latter includes minimizers
one NP+even. Heim shows that minimizers are only grammatical in sentences that facilitate
the satisfaction of their scalar implicatures, but any does not have such requirement. Hence
the contrast between (18a) and (18b).

(18) a. 7?Every restaurant that charges so much as a dime for iceberg lettuce happens to
have four stars in the handbook.

b. Every restaurant that advertises in any of these papers happens to have four stars
in the handbook.

Since wh+dou behaves in line with English any in its NPI and universal use, the conclusion
drawn by Heim [4] casts further doubt on the even analyses of dou. In light of all the incorrect
predictions made by the current even theories of dou and the corroboration from English data,
I argue that the even analyses of dou are on the wrong track.

3 Dou as a simple distributor

I propose that dou can be treated as a simple distributor once we make two assumptions,
both having been argued for elsewhere by other linguists. First, Mandarin Chinese allows a
covert topic set present in sentences [12]. Second, the even-sentences with dou always have a
semantically active preposition lian, overt or covert [15]. The semantic entry for dou in this
proposal is as in (19).

(19)  [dou]? = AP AQ¢ V2 [Q(x) — P(x)]*

3.1 The distributive sentences with dou

Chinese subjects are moved to the topic position by default [9], shown by the felicitous insertion
of topic markers between the subject and the predicate (20). Moreover, with contextual support,
it’s free to drop the topic (21), wherefore the semantic equivalence of the following two sentences
in the given context.

Context: You ask John whether the students have come for class. John answers:

(20) Xueshengmen a/na dou lai le (21) dou lai le
student TOP DOU come SFP DOU come SFP
Students have all come. Students have all come.

In a simple distributive sentence like (1), dou distributes over the subject topic they. Suppose
they denotes the set of John and Mary. We get the truth condition in (22) accordingly. When
the topic set is covert whose value is determined by the context like (21), dou does the same
job. Suppose the covert topic has an index j, we get the truth condition in (23) accordingly.

(22) [()]? =1 iff Valo € {j,m} — Jy[car(y) A bgt(y)(z)]]
(23) [@D]Y =1 iff Va[z € g(j) — come(z)]

4As pointed out before, dou does not require to distribute down to atoms [10]. Here, I give this entry to
simplify the illustration. A more rigorous entry is as in (i), where C' is a cover on the plurality associates with
dou in the sense of Schwarzschild [14].

i [dou]9 = APr:AQ++.Vz[Q(z) A C(z) = P(z)]
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The composition of distributive sentences with dou is quite straightforward. We now turn to
the scalar even sentences with dou.

3.2 The ceven sentences with dou

In an even sentence with dou, the topic set is again optionally overt. Moreover, a preposition
lian literally meaning ‘including’ that precedes the focus associate is optionally present as well.
As a result, the following four sentences all mean the same in the given context.

Context: John thinks Mary is the most popular student in their class because Bill, the aloofest
student, likes her.

(24) tamenban lian Bi’erp dou xihuan Mali ~ (25) tamenban Bi'erp dou xihuan Mali

they class LIAN Bill  DOU like Mary they class Bill DOU like Mary

(In their class), even Bill likes Mary. (In their class), even Bill likes Mary.
(26) lian Bi’erp dou xihuan Mali (27) Bi'erp dou xihuan Mali

LIAN Bill  pou like = Mary Bill poulike  Mary

(In their class), even Bill likes Mary. (In their class), even Bill likes Mary.

Since dowu is not even, as we have concluded, the semantic contribution of even is naturally
shifted to lian®. I propose a semantic entry for lian as in (28). Specifically, its semantics is
broken down to three ingredients. I name them likelihood presupposition, membership condition
and property condition respectively.

(28) [lian]™ = AzAY AP :
Vz[(z € (F-ALT(2) NY) A 2 # &) = A’ Py (Y\{x}) >ikery A’ P (Y\{2})].

likelihood presupposition

zeY A Pu(Y)

——
membership condition property condition

Take (24), whose logical form is given in

Figure 3 for example. Suppose ‘their class’, @

the topic set, denotes the set of students

{john, mary, bill, sue}. The focus alterna- /\

tives F-ArLT(John) is the set of all elements ) ©)

of the same type as John, i.e. D, [13]. The

topic set confines the quantificational domain heir cl dou

of lian to the members in it only. thelr class lian  Bill like Mary

The composition of (24) is shown in (29).
(29) a. [Q]U = AQ.Vx[r € Q — like(w)(m)(x)]
b, [@]"9 = AP :
Vz[(z € {j,m,s}) = M. Py ({4, m, $}) >tikery APy ({7, m, b, s}\{z})].

likelihood presupposition

be {j,m,b,s} AP,{j,m,b,s})

membership condition property condition

Figure 3: LF of (24)

5A reviewer has brought to my attention a recent thesis by Zhao [16], who also argues to shift the even
contribution to lian. A comparison between the current theory and his analysis will have to be left for another
occasion.
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o [D]%9 =1iff
VZ[(Z € {jvmv S}) - [Vy € {j7m7 S}[Allke(y)]] Zlikely [Vy € {jvma b, s}\{z}[%ke(m)(y)]]]

likelihood presupposition

be {j,m,b,s} AVye {j,m,b,s}like,(m)(y)]

membership condition property condition

The membership condition says Bill is a member of the topic set of students. The property
condition says dou-VP holds of the topic set, i.e. every student in the topic set likes Mary. We
deduce from the two conditions that Bill likes Mary. The likelihood presupposition says for
every other student z distinct from Bill in the topic set, the likelihood that dou-VP holds of the
topic set with Bill subtracted from the set is higher than the likelihood that dou-VP holds of
the topic set with z subtracted from it. If z is Sue, the likelihood presupposition is reduced to
(30), i.e. the likelihood that Sue likes Mary is greater than the likelihood that Bill likes Mary.
Iterating through all the other students will lead to the conclusion that Bill is the least likely
one among the students to like Mary.

(30)  [Vy € {4, m, b, s}\{b}[like(m)(y)]] >iikety [Vy € {3, m, b, s}\{s}[like(m)(y)]]
= [likey (M) () A likey (M) (m) Alikey (m)(S)] >likely
[likeyw (M) (5) A likey (m)(m) A likey (m)(b)]
=Pj X Pm X Ps > Pj X Pm X Dp
=ps > Dy (p. stands for the likelihood that x likes Mary)

The proposed semantics for lian can easily explain the even sentences with dou when the
focus associate is a scalar term. In (31), the topic set is the set of time instants that have
arrived, a set with the utterance time w as the ending element {...u — ¢, ...u}. A covert lian is
assumed to be present, giving the logical form as in (32). The truth condition derived for this
sentence is in (33).

(31) wudiang dou dao le, zenme  hai mei hao
5 o’clock DOU arrive Asp, how come still NEG good
Even 5 o’clock has arrived. How come you are still not done?

(32) LF: [ip[pp{.--tu — €,...u} [pplian 5]][dou [vp has arrived]||
(33) [31]"9 =1 iff
Vz[(z € {..., ul\{5}) = [vy € {..., ul\{B} arr(y)] >tikery [Vy € {..., up\{z} arr(y)]].
likelihood presupposition
5€ {..,u} AVy € {...,u}arry(y)]

membership condition property condition

The membership condition says 5 o’clock is at least as early as the utterance time. The
property condition says the utterance time and all the instants preceding it have arrived. From
these two conditions, we know that 5 o’clock has arrived. The likelihood presupposition requires
the likelihood of the instants in the topic set with 5 o’clock subtracted having all arrived
be higher than the likelihood of the instants in the topic set with any non-5 o’clock instant
subtracted having all arrived. This presupposition can only be satisfied when 5 o’clock is itself
the utterance time. If 5 is not the utterance time, the likelihood that the instants in the topic
set with 5 subtracted have all arrived is the same as the likelihood that the utterance time has
arrived (due to the fact that for an instant to have arrived means for this instant and every
instant preceding it to have arrived). As a result, for any instant ¢ in the topic set that is
distinct from 5, the likelihood presupposition is reduced to (34). If ¢ is not the utterance time,
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the likelihood on either side will be the same, both being the likelihood of the utterance time
having arrived. If ¢ is the utterance time, the likelihood on the left will be smaller, not greater
than the likelihood on the right, as the utterance time is later than any instant in the topic
set with itself subtracted. In other words, when 5 is not the utterance time, the likelihood
presupposition cannot be satisfied for any instant ¢ distinct from 5, be it the utterance time or
not.

(34) M.arry (w) >pigery [Yy € {..., up\{t}[ ' .arry (y)]]

If 5 is the utterance time, however, ¢ has to be an instant preceding 5. The likelihood presuppo-
sition for any ¢ is accordingly reduced to (35). A later instant having arrived entails any earlier
instant having arrived, thus is less likely. Since the utterance time 5 o’clock is later than any
instant in the topic set with 5 subtracted, the presupposition is satisfied in this case.

(35) [Vy € {....,5}\{b}H W .arry (y)]] >tikery [Aw'.arry (5)]

I have shown that we can keep dou as a simple distributor with the semantics in (19), as long
as two assumptions are adopted. First, Mandarin Chinese allows a covert topic set. Second, in
even sentences with dou, a focus operator lian is always present, covertly or overtly. These two
assumptions have been argued for in previous literature and are not concocted specifically for
the current proposal on douw.

4 Discussion

Taking dou as a distributor in (19) necessarily implements a universal quantification over the
topic set. Recall that in (24), the property condition imposed by lian requires that every student
in the class like Mary. Two reviewers wonder whether the universal quantification is overly
strong, considering especially the fact that linguists [2, 5, 6] have encoded the quantification
in the presupposition rather than the assertion of English even. Moreover, a sentence like (36)
seems to be felicitous in a context where the speaker expresses her surprise that other people
who are more punctual than John are late.

(36) Even John has arrived. How come the other people are still not here?

I do not have a satisfactory answer to this question yet and leave it for future research®.

Another reviewer raises the question of how to account for a free choice sentence with
dou (37) using the current proposal. While a complete discussion of the free choice wh+dou
construction in Chinese is beyond this paper, I give the main idea of how the proposed theory
will explain (37) here.

(37)  Yuehan huozhe Mali dou keyi dang zongtong
John or Mary DOU can be  president
John can be the president and Mary can be the president.

The disjunctive marker or forms a set out of its flanking arguments. The subject topic in (37),
therefore, is a set of John and Mary {j, m}. The VP that dou takes as its first input is a modal
one — ‘can be the president’, which is interpreted as a set of individuals, with each individual
being the president in an epistemically accessible world, formally represented in (38). Dou then
claims that each member in the subject topic set is in the set denoted by the VP, giving a truth
condition as in (39).

6Rooth [13] treats the quantification of the alternatives as part of the conventional implicature of even,
similar to my stance in this paper. However, he argues for an existential quantification rather than a universal
one.
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(38) Az.Fw'[w’ is epistemically accessible to wa A President(z) in w']

(39) [(B7)] =1iff
Velz € {j,m} — Jw'[w’ is epistemically accessible to wa A President(x) in w']]

Still another question from the reviewers is why a negation can be inserted before dou in a
simple distributive sentence (40), but not in an even sentence (41). The answer has two parts.
First of all, the negation is a focal negation locating syntactically higher in the structure with
an optional focal marker shi after it. Second, the negation follows the topic set. In (40), the
topic set is overt but in (41) it is covert. An analogous even sentence to be compared to (40)
should be the grammatical (42) rather than the ungrammatical (41).

(40) Tamenban bu (shi) dou xihuan Mali (41) *Lian Yuehan bu dou xihuan Mali
they class NEG FOC DOU like ~ Mary LIAN John NEG DOU like  Mary
Their class don’t all like Mary. It’s not that even John likes Mary.

(42) (tamenban) bu (shi) lian Yuehan dou xihuan Mali
their class NEG FOC LIAN John DOU like = Mary
Among their class, it is not the case that even John likes Mary.

5 Conclusion

This paper discusses the multi-functional particle dou in Mandarin Chinese. Specifically, I
argue to keep dou as a simple distributor. The recent even theories of dou have been shown to
make incorrect predictions on the (un)grammaticality of the NPI and universal use of wh+dou
constructions with certain predicates as well as on the presence/absence of the even flavor of a
dou-sentence. Adopting two assumptions that have been argued for in Mandarin — Mandarin
Chinese allows a covert topic set and even-sentences in Mandarin allow an optionally overt focus
operator lian — I propose a simple distributor semantics of dou and shift the labor of even to
the focus operator lian. The proposal is able to capture the distributive and even sentences
with dou. The question of whether it is too strong to make a universal assertion in the even
sentences with dou that the predicate holds of all the members in the topic set is left for future
research.
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Abstract

Many recent theories treat indicative conditionals as restricted necessity modals. I dis-
cuss two problems for this view. First, indicative conditionals do not behave like necessity
modals in embedded contexts, e.g., under ‘might’ and ‘probably’: in these contexts, con-
ditionals do not contribute a universal quantification over epistemic possibilities. Second,
when we assess the probability of a conditional, we do not assess how likely it is that
the consequent is necessary given the antecedent, but how likely it is that it is true given
the antecedent. I propose an account which predicts the embedding behavior of condi-
tionals under modals and the way we assign probabilities to conditionals. The account
is based on the idea that the semantics of conditionals involves only a restriction of the
relevant epistemic state, and no quantification over epistemic possibilities. The relevant
quantification is contributed by an attitude parameter in the semantics, which is shifted
by epistemic modals. If the conditional is asserted, the designated attitude is acceptance,
which contributes a universal quantifier, producing the overall effect of a restricted neces-
sity modal.

1 Introduction

The Box View. Many recent theories of indicative conditionals analyze them as restricted
epistemic necessity modals. This family includes dynamic semantics accounts (Gillies, 2004,
2009; Willer, 2014, 2018; Starr, 2014) and other semi-dynamic information-based accounts (Yal-
cin, 2007; Gillies, 2009, 2010; Bledin, 2014)." The core idea is the following:?
Box View. The semantics of an indicative conditional p = ¢ involves two components:

1. Restriction: restrict the set of epistemic possibilities to the p-worlds;

2. Quantification: check that ¢ is true at every world in the restricted set.

The conditional is true/accepted iff the check in the second step is successful.?

This view is motivated by an intuitively compelling analysis of how indicative conditionals are
assessed, known as the Ramsey test view (after Ramsey (1929)). The idea is that, in order
to assess p = ¢ in an information state s, we proceed in two steps: first, we add p to s,
resulting in a hypothetical state s[p]; second, we check whether we accept the consequent ¢ in
this hypothetical state; if so (and only in this case) we accept the conditional.

*Thanks to Maria Aloni, Paul Egré, Peter Hawke, Luca Incurvati, Hannes Leitgeb, Matt Mandelkern, Floris

Roelofsen, Katrin Schulz, Shane Steinert-Threlkeld and Frank Veltman for discussion of these ideas.

IThe restrictor account of Kratzer (1986) also fits broadly within this line, although due to its specific
assumptions about the syntax of conditionals it needs to be discussed separately. We will do so in Section 4.

2In this paper I focus on indicative conditionals, although the puzzles that I will raise concern subjunctive
conditionals as well. Proposal extends straightforwardly to the subjunctive case. However, making subjunctive
assumptions involves a different process than making indicative assumptions; spelling out the details of this
process is orthogonal to our present concerns; thus, I leave subjunctive conditionals out of consideration here.

3In some of the theories mentioned above, the view is implemented as giving truth-conditions for conditionals
relative to a world with an associated set of epistemic possibilities; in other theories, conditionals lack truth-
conditions, and the semantics delivers acceptance conditions relative to an information state.
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In possible world semantics, an information state s is typically modeled as a set of worlds—
those worlds which are possible according to the available information. Adding p to s corre-
sponds to restricting to s to the p-worlds, obtaining the state s[p] = s N |p|. Checking whether
we accept ¢ in the resulting hypothetical state amounts to checking whether ¢ is true in all the
worlds in s[p]. Thus, the two steps of the Ramsey test procedure correspond exactly to the two
components of the semantics of conditionals as postulated by the Box View.

The Box View of conditionals also makes several welcome empirical predictions. For in-
stance, it explains why the discourse in (1) sounds contradictory:

(1) If Alice left, she went to London; #but it might be that she left and went to Paris.

In a discourse of the form p = ¢; < (p A —q), the conditional requires all p-possibilities to be
g-possibilities, while the might-continuation requires the existence of p A =g-possibilities. In
spite of these attractions, however, the Box View also faces some important problems.

Problem 1: Embedding. Consider a conditional in the scope of an epistemic ‘might’:
(2) It might be that if Alice left she went to London. O(p=q)

Intuitively, (2) is a conditional possibility claim: it says that, among the epistemic possibilities
where Alice left, there are some where she went to London. This is not what the Box View would
lead us to expect. According to this view, (2) should be a second-order epistemic statement: it
is possible that, relative to the worlds where Alice left, it is necessary that she went to London.
This does not seem right. Moreover, (2) seems to mean just the same as (3).

(3) If Alice left, it might be that she went to London. p=<q

This, too, is puzzling from the point of view of the Box View: if conditionals contribute a
universal quantification, then &(p = ¢) should correspond to a 3V statement, while p = g
should correspond to a V3 statement, so it is hard to see how the two could be equivalent.
Indeed, in all theories cited above, the equivalence & (p = ¢q) = p = <©q is not predicted.”

This phenomenon is not restricted to epistemic ‘might’, but concerns epistemic modals quite
generally. In particular, consider the case of ‘probably’.

(4) It is probable that if Alice left she went to London. Pr(p = q)

Again, what (4) expresses is not that it is probable that Alice going to London is epistemically
necessary on the supposition that she left; rather, what it expresses is that Alice going to
London is probable on the supposition that she left. This reading does not involve any epistemic
necessity. Moreover, in this case too, (4) sounds fully equivalent to (5):

(5) If Alice left, it is probable that she went to London. p= Prgq

It is hard to see how this commutation can hold if = introduces a universal quantifier. Again,
to my knowledge, no implementation of the Box View predicts this commutation.

Summing up, then, when embedded under epistemic modals, conditionals do not seem to
contribute a universal quantification over epistemic alternatives. Moreover, conditionals seem
to commute with epistemic modals. We would like an account that predicts these observations.
On the Box View, it is far from clear how this can be achieved.

4For recent discussion of this puzzle, see Gillies (2018). Building on data semantics (Veltman, 1981) Gillies
proposes a new analysis for ‘might’ and claims that ‘might’ is ambiguous between the standard and the revised
analyses. However, the fact that exactly the same problem arises with other operators, like ‘probably’; suggests
that it is not the semantics of ‘might’ which needs to be amended, but rather the semantics of conditionals.
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Problem 2: Probability. Suppose I make the following claim:
(6) If the coin was tossed, it landed heads.

If the coin is fair and no other hint is available, it is natural to assign a probability of 50% to
my claim. But this is not the probability that it is epistemically necessary that the coin landed
heads if it was tossed. That probability is zero, since we are sure that it is not epistemically
necessary that the coin landed heads if it was tossed. This is odd: if a conditional is a restricted
epistemic necessity claim, its probability should just be the probability that this claim obtains.’

In general, it seems that the way in which we attribute probabilities to conditionals conforms
to the thesis of Adams (1975), according to which the probability of a conditional p = ¢ equals
the conditional probability of ¢ given p.® That is, when we estimate the probability of p = ¢,
we do not estimate, as the Box View would have it, how likely it is that ¢ is necessary given p;
instead, we estimate how likely it is that ¢ is true given p.

We would like to have an account of conditionals that explains why we behave in this way.
That is, we would like an account that predicts that, given what a conditional means, and
given a natural way to construe the notion of probability which is the subject of our intuitive
judgments, the probability of p = ¢ just s the conditional probability of ¢ given p.

Aim and structure of the paper. In this paper, I propose an account of conditionals,
modals, and probabilities that achieves the following desiderata. First, it accounts for the data
that motivate the Box View. In particular, it predicts that a conditional p = ¢ is acceptable
if and only if ¢ is acceptable on the supposition of p, vindicating the Ramsey test idea. And
it explains the infelicity of (1). Second, it accounts for the peculiar way in which conditionals
embed under modal operators. This is achieved without ad-hoc syntactic stipulations, in par-
ticular, without denying that conditionals can take scope with respect to modals. Finally, it
predicts that the probability of p = ¢ is the conditional probability of ¢ given p. This result is
obtained without ad-hoc stipulations about probabilities of conditionals. Rather, it is derived
from the semantics of conditionals and a general definition of probability.

The paper is structured as follows: in Section 2 I present my theory, called Attitude Se-
mantics (AS, for short, in the following); in Section 3 I show that AS provides a solution to the
two problems discussed above; finally, in Section 4 I discuss similarities and differences with
the restrictor theory of Kratzer (1986).

2 Attitude Semantics

Language and models. To present the theory explicitly, I will work with a formal language.
The base layer of the language is a set Ly of factual sentences, whose semantics can be given
in terms of truth-conditions relative to possible worlds. For our purposes, we may take Ly to
be the language of propositional logic based on a finite set P = {p, ¢, ...} of atomic sentences.

Definition 1 (Factual language, £Lo). o i=p| a|aAa|aVa where p € P

The full language £ that I will work with is obtained by enriching £y with operators designed to
capture epistemic vocabulary: a binary operator = for indicative conditionals; unary operators
O and < for ‘it must/might be that’; and a unary operator Pr for ‘it is probable that’. To avoid

5See also Mandelkern (2018). On the more general point that our probabilistic assessment of conditionals
contrasts with the hypothesis that they are universal modal claims, see DeRose (1994); Edgington (1995); Schulz
(2014). For an analogous point about future discourse, see Belnap et al. (2001); Cariani and Santorio (2017).
6For an overview of the classical experimental literature, see Evans and Over (2004), §8.
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further complications which are not essential to our concerns, we restrict to factual antecedents,
and we do not consider Boolean compounds of epistemic sentences.”

Definition 2 (Epistemic language, £). ¢ i=a |a= ¢ | O¢p | Od | Pro where o € L

Semantically, I will work with a set W of possible worlds. We can model a possible world as a
valuation function w : P — {0,1}. Notice that, since P is finite, the set W of possible worlds
is also finite.® The truth-value of a factual formula o at a world w, denoted w(«), is defined as
usual. The proposition expressed by «, denoted by |a], is the set of worlds where « is true.

Information states and suppositions. In order to spell out our semantics, we will need a
formal notion of information states. Since we are concerned not just with qualitative notions,
but also with probabilistic ones, I will take an information state to be a probability distribution
on W. Since W is finite, we can represent such a distribution simply as a map which assigns a
probability to each possible world.

Definition 3 (Information states).
An information state is a function s : W — [0, 1] with the property that ) i s(w) = 1.

A world w is ruled out by an information state s if it is assigned probability 0. Worlds which
are not ruled out are referred to as the live possibilities in s.

Definition 4 (Live possibilities).
If s is an information state, its set of live possibilities is L(s) := {w € W | s(w) # 0}.

The probability of a proposition X C W is just the probability that X is true.
Definition 5 (Probability of a proposition). If X C W, s(X) 1=, .y s(w).

Next, we need a modeling of the process of making an indicative supposition. When we suppose
« in a state s, we enter a new state s[a] in which « is treated as certain. Thus, all worlds in
which « is false should be assigned probability 0. The relative probabilities of the a-worlds are
unaffected by the supposition, and should just be rescaled by a factor 1/s(|a|) so that they sum
up to 1 again. In other words, supposing can be modeled by the operation of conditionalization.
If « is ruled out in s, i.e., if s rules out all a-worlds, then « is not consistently supposable in s.°
Definition 6 (Supposing). If s is an information state and « a factual sentence with s(|a|) # 0,
then s[a] is the information state defined as follows:

s(w) .
slal(w) = { (D) Tiw ; :a:
1T w «

Notice that the set of live possibilities after the supposition is L(s[a]) = L(s) N |l

"The reason to restrict to factual antecedents is that it is just not clear how the process of supposing epistemic
sentences works (though see Kolodny and MacFarlane, 2010, for a proposal that we may take on board). The
reason not to look at compounds of epistemic sentences is that it is unclear, intuitively, how one should assign
probabilities to sentences like p A (¢ = r) (Egré and Cozic, 2011). In both cases, the complications do not stem
from the particular assumptions of our semantics.

8This assumption is not essential, although it simplifies the exposition.

9At least, not as an indicative assumption. One can suppose a as a subjunctive assumption, triggering a
different kind of change. This matters for the interpretation of subjunctive conditionals, which we set aside here.
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Semantics. Traditionally, semantics is about specifying truth-conditions for sentences in con-
texts. With much recent work (e.g. Dekker, 1993; Veltman, 1996; Yalcin, 2007; Willer, 2013;
Hawke and Steinert-Threlkeld, 2016), we will assume that epistemic sentences, including indica-
tive conditionals, differ essentially from factual sentences, which have truth-conditions relative
to states of affairs. Rather, we will take such sentences to be devices for negotiating the
epistemic attitude to be taken towards certain truth-conditional contents.'® Accordingly, our
semantics for the epistemic language L specifies what information it takes to bear a certain
attitude to a sentence ¢ € L. More specifically, the semantics will take the form of a ternary
relation between an information state s, an attitude A, and a sentence ¢:

skEa o

The possible values for the attitude parameter A include full acceptance (denoted V), compat-
ibility (denoted 3), and partial acceptance to degree = € [0,1] (denoted 7). When the word
‘acceptance’ is used without further qualification, what I mean is full acceptance.

Definition 7. The set of attitude parameters is At = {V, 3} U {m, | z € [0,1]}

We now have all ingredients to recursively specify the semantics. For factual sentences a € L
we have the following natural clauses:

e sEva <= s(la|)=1

e sE3a < s(|la]) #0

o skg, a <= s(la)) >
Notice that the clauses for full acceptance and compatibility can be rewritten in terms of the
set of live possibilities associated with s:

e sEyva < L(s) C|qf

e sEaa <= L(s)N|a| #0
The semantic role of an epistemic modal is that of indicating the attitude expressed towards

the prejacent: acceptance for ‘must’, compatibility for ‘might’, and partial acceptance to a high
degree for ‘probably’. Formally, these operators work by shifting the attitude parameter:

e sEA0¢ <= skv o

e 5 |:A Cp = s )=;| 0]

s sEAPIY = sk, ¢ where zg € [0,1] is a fixed threshold value
Finally, conditionals are interpreted by a Ramsey test clause: to bear an attitude to the con-
ditional is to bear the attitude to the consequent, on the supposition of the antecedent. What
if the antecedent is not supposable in the state? Then intuitively, the conditional cannot be
assessed—we have a presupposition failure.!! Due to space constraints, here I will not intro-

duce presuppositions; I will just assume that, in order to bear any attitude to a conditional,
the antecedent must be compatible with the evaluation state. Thus, the official clause is:

o SEFaa=¢ <= skaaands[a] =4 ¢
Provided the antecent is supposable, this reduces to the following simpler clause:

e sEaa=¢ <= s[a]Fa ¢

10And for describing the properties of different bodies of information, as in “Alice believes it might rain.
The present proposal can be extended to cover such occurrences, but I will set them aside here.

1171t is standard in the literature to treat indicative conditionals as presupposing the epistemic possibility of
their antecedent. See, a.o., Von Fintel (1998); Gillies (2009, 2010); Starr (2014); Willer (2014, 2018).
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Semantic equivalence. If the semantics treats two sentences ¢ and v in exactly the same
way, we will say that ¢ and v are semantically equivalent and write ¢ = 1.2

Definition 8 (Semantic equivalence). ¢ =19 <= VsVA: (s|Fa ¢ < s =4 ¥)

Assertion. In the truth-conditional setting an assertion of ¢ is normally construed, along the
lines of Stalnaker (1978), as a proposal to the conversational participants to accept the propo-
sition expressed by ¢. In our setting, many sentences do not express propositions. However,
the semantics gives us a notion of what it is to accept these formulas. Therefore, we do not
need the detour through the proposition expressed. We can simply say that an assertion of ¢
is a proposal to the conversational participants to coordinate on a state which accepts ¢.

3 Predictions

Recovering the predictions of the Box View. Let us first show that some of the key
predictions of the Box View are preserved on our account. First, consider the acceptance
conditions of a conditional in a state where the antecedent is supposable. We have:

sEvp=q < slplFEvq < L(s[p]) Clgl <= L(s)N|p| C|q|

Thus, AS yields the same results as the Box View about the acceptance of factual conditionals:
provided the antecedent is supposable, p = ¢ is accepted if and only if all live p-possibilities
are g-possibilities. Since an assertion is a proposal to adopt a state in which the sentence is
accepted, the effect of asserting p = ¢ is also in accordance with the Box View.

Notice also that the proposal fully vindicates the Ramsey test idea: accepting p = ¢ in a
state s amounts to accepting p in the hypothetical state s[p] resulting from the supposition of p.

We also predict the inconsistency of p = ¢ with &(pA—gq), since we have s |y O(pA—g) <~
sEapA-q <= L(s)N|pA—q| #0 < L(s)N|p| € |g|]- Thus, it is impossible for a state
to accept simultaneously p = ¢ and <(p A —q).

Solving the embedding problem. Both attitude semantics and the Box View predict p = ¢
to be acceptable just when all the epistemically possible p-worlds are g-worlds. But there is a
crucial difference: in AS, the semantics of the conditional operator does not involve a universal
quantification over epistemic possibilities. If we look back at the derivation of the acceptance
conditions for p = ¢, we can see that the source of the universal quantification is the acceptance
attitude, not the conditional operator. This makes a crucial difference: when interpreting a
conditional embedded under an epistemic modal, the relevant attitude may be shifted away
from acceptance; as a result, no universal quantifier will show up in the semantics. For instance,
consider the acceptance conditions for a conditional embedded under ‘might’. Again, let us focus
on the interesting case in which the antecedent is supposable.

sEvO(p=4q) <= skEap=q <= splEaq < FJweL(slp]):w(g) =1

Thus, we predict that G(p = ¢) is not a second-order epistemic claim, but a simple claim of
conditional possibility: ¢ is possible on the supposition that p. Moreover, & commutes with =.

Proposition 1. O(p=q) =p= g

12Weaker notions, such as acceptance equivalence (having the same acceptance conditions) can also be defined.
Although they are quite interesting, they are not relevant to the discussion below.
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To see that this is the case, take any state s and attitude A. We have:
sEACp=q) < skEap=gq

< sk3pandsp] Fagq

<= slk=3pandsp| Fa g

— skEap=9<g

The predictions about conditionals embedded under ‘probably’ are analogous: Pr shifts the
attitude parameter to 7, , and thus the acceptance conditions for Pr(p = ¢) involve no universal
quantification over epistemic possibilities. Instead, we get:

sEvPrp=q) = skn,p=>q = shlFrn, ¢ = sPlla) =0

Thus, Pr(p = ¢q) is acceptable in case, in the state resulting from the supposition of p, the
probability of ¢ is high. As we will see, this means that the conditional probability s(q|p) is
high. This is the intuitively correct prediction. Moreover, with a proof analogous to the one
we saw for &, we can show that Pr and = commute.

Proposition 2. Pr(p = ¢) =p = Prgq

Thus, we have a solution to the embedding problem: we can explain why conditionals embed-
ded under & and Pr do not contribute a universal quantification over epistemic possibilities,
although the acceptance conditions for unembedded conditionals involve such a quantification;
and we can predict the commutation of epistemic modals with conditionals.

Solving the probability problem. How to characterize the probability P,(¢) of a sentence
in our language relative to a state s? For factual sentences, this is clear: the probability of
a € Ly is the probability that « is true:

Ps(a) = s(laf)

Conditionals—we are assuming—don’t express propositions, so they cannot be assigned prob-
abilities in this way. Still, as we discussed, it seems that we can meaningfully attribute proba-
bilities to conditionals. Of course, we could simply follow Adams (1975) and stipulate that, for
a factual conditional o = 3, its probability is just the conditional probability of the consequent
given the antecedent. But this would not explain why we assign probabilities to conditionals
in this way. Is there a sense in which, when we are estimating the probability of p = ¢, we are
estimating the same thing as when we estimate the probability of ¢?

Attitude semantics allows us to define such a general notion: take the probability of a
sentence ¢ in a state s to be the highest degree to which ¢ is accepted in s (if ¢ is not accepted
in s to any degree, let the probability be zero). The idea is that the probability of a sentence
in a state is a measure of how acceptable the sentence is based on the available information.

Definition 9 (Probability of a sentence). Ps(¢) := supy {z | s Fr, ¢}

Let us look at the predictions that this proposal makes. First, we can prove that the probability
of a factual sentence is just the probability that the corresponding proposition is true.

Proposition 3 (Probabilities of factual sentences). If « € Ly, Ps(«) = s(|a])
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The proof is simple, since we have Py(«) = sup{z | s =, a} =sup{z | s(|a|) > z} = s(|«a|).

Next, let us look at a conditional p = ¢g. Based on the semantics of conditionals and the
definition of probability, we can now prove Adams thesis: in a state in which the antecedent is
supposable, the probability of p = ¢ is the conditional probability of ¢ given p.

Proposition 4 (Probabilities of conditionals). Let s be a state with s(|p|) # 0. Then:

s(lp A ql)
s(Ipl)

Proof. Ps(p = q) is defined as the maximum « for which s =, p = ¢. Since s =, p = ¢ <
slpl Fx, ¢ <= s[pl(lq]) > =z, the maximum value of x for which this holds is s[p|(|¢|). This
gives the first identity. As for the second identity, we have:

sl(la) = - Pgy(w) = Y §<w>): v o) slprd)

el welpltid o= s = sl

Ps(p = q) = s[pl(lq]) =

Thus, now we can explain why the probability of a conditional is the conditional probability of
the antecedent given the consequent in terms of our semantics of conditionals and our construal
of probability. The reason is that all a conditional does is to restrict the evaluation state—and
not introduce any quantification of its own: to accept p = ¢ to degree x in state s is just to
accept ¢ to degree x in the restricted state s[p]. Therefore, the probability of p = ¢ in s is equal
to the probability of ¢ in s[p], and this is just the conditional probability of ¢ given p in s.'3

4 Comparison with the restrictor theory

According to the restrictor theory of conditionals (Kratzer, 1986) the embedding problem dis-
cussed above stems from a fundamental mistake about the syntax of conditionals: there is no
operator = corresponding to the ‘if ... then’ construction in natural language. Rather, if-clauses
spell out the restrictor of a modal operator. On this view, sentences (2) and (3) have exactly
the same logical form, namely, <,q. The restricted modal <, works like the original operator
<O, except that its domain is restricted to the p-worlds. In this way, the right interpretation for
(2) is derived (unlike in AS, this is achieved by denying that (2) involves a modal embedding a
conditional). The problem of accounting for the commutation of modals and conditionals also
vanishes, since there is no conditional operator with respect to which the modal can take scope.
Thus, the embedding problem is dissolved, or rather, turned into a problem of syntax-semantics
interface. However, the probability problem still remains. Consider a plain conditional like (7):

(7)  If the coin was tossed, it landed heads. O,q

In this sentence, no modal occurs. In order to analyze it, the restrictor theory postulates that
it contains a silent epistemic ‘must’, so its logical form is O,¢. Thus, (7) makes a certain
epistemic claim: that the consequent is epistemically necessary given the antecedent. Then, its
probability should be the probability that this claim is true. In the case of (7), in a prototypical

130n the idea that Adams’ thesis can be explained in terms of the restricting role of if-clauses, see also Egré
and Cozic (2011). The present work improves on that proposal in two ways. First, we give a general definition
of probability of a sentence from which both the case of factual sentences and the case of conditionals follow
as particular cases. Second, Egré and Cozic’s approach deals with conditionals embedded under probabilistic
modals (e.g., “There’s a 50% chance that”) but not with the probabilities of simple, unmodalized conditionals.
Since Egré and Cozic build on Kratzer’s restrictor view, they face the problem described in the next section.
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scenario this will be zero: it is certainly not the case that the outcome heads is epistemically
necessary given the toss. That is not the right prediction.'? Another way to put the problem
is to observe that, on the restrictor theory, (7) has exactly the same logical form as (8).

(8)  If the coin was tossed, it must have landed heads. O,q

Thus, (7) and (8) should be judged identically in terms of probabilities. This seems wrong: intu-
itively, (8) can be rejected with certainty; if we have to assign a probability to it, it would be 0.

Comparing AS to the restrictor theory, we find one key similarity and one key difference.
The similarity is that, in both theories, conditional constructions do not contribute a quantifier.
The source of quantification lies elsewhere. This is what allows both theories to predict, e.g.,
that (2) involves only an existential quantifier over possible worlds, and no universal quantifier.

The key difference lies in where the two theories locate the source of quantification: in the
restrictor theory, the source of quantification is a modal operator; therefore, we need to assume
that a modal operator is always present in a sentence involving conditionals, whence the need
to postulate silent necessity modals in the logical form of bare conditionals. Besides lacking
independent motivation, this stipulation is empirically problematic, since probability judgments
show that bare conditionals are not assessed in the same way as conditionals containing an overt
‘must’. In AS, by contrast, the source of quantification is the attitude parameter; while modal
operators can shift this parameter, we need not assume that every sentence contains a modal
operator. Thus, AS obviates the need for covert modals. If a sentence does not contain an
epistemic modal that fixes the attitude parameter, the relevant quantification is not determined
once and for all from within the sentence, but it is determined from the outside, by the attitude
under consideration. If the sentence is asserted, the relevant attitude is full acceptance, which
is responsible for introducing a universal quantification, producing the same effect as if the
sentence had contained a ‘must’. But if the sentence is assessed for probability, the process will
not involve any universal quantification, and the result will differ from that of the corresponding
‘must’ sentence. This allows AS to provide a solution to the probability problem.

References

Adams, E. (1975). The logic of conditionals: An application of probability to deductive logic,
volume 86. Springer Science & Business Media.

Belnap, N., Perloff, M., and Xu, M. (2001). Facing the future: agents and choices in our
indeterminist world. Oxford University Press.

Bledin, J. (2014). Logic informed. Mind, 123(490), 277-316.

Cariani, F. and Santorio, P. (2017). Will done Better: Selection Semantics, Future Credence,
and Indeterminacy. Mind, 127(505), 129-165.

Dekker, P. (1993). Transsentential Meditations. Ups and Downs in Dynamic Semantics. Ph.D.
thesis, ILLC, University of Amsterdam.

DeRose, K. (1994). Lewis on ‘might’ and ‘would’ counterfactual conditionals. Canadian Journal
of Philosophy, 24(3), 413-418.

14One might respond that, when asked to judge how probable (7) is, what we do is to make claims of the form
(P¥)pg, where P is the modal “it is a-probable that”. But this essentially a restatement of the problem. Why
would we do that, if such claims bear no relation to the probability of the statement we are asked to judge? For
discussion of this point, see also Mandelkern (2018).

Proceedings of the 22"¢ Amsterdam Colloquium 89



Attitude Semantics Ciardelli

Edgington, D. (1995). On conditionals. Mind, 104, 235-329.

Egré, P. and Cozic, M. (2011). If-clauses and probability operators. Topoi, 30.

Evans, J. and Over, D. (2004). If. Oxford University Press.

Gillies, A. (2004). Epistemic conditionals and conditional epistemics. Nods, 38(4), 585-616.

Gillies, A. (2009). On truth-conditions for if (but not quite only if). Philosophical Review,
118(3), 325-349.

Gillies, A. S. (2010). Iffiness. Semantics and Pragmatics, 3, 4-1.
Gillies, A. S. (2018). Updating Data Semantics. Mind.

Hawke, P. and Steinert-Threlkeld, S. (2016). Informational dynamics of epistemic possibility
modals. Synthese, pages 1-34.

Kolodny, N. and MacFarlane, J. (2010). Ifs and oughts. The Journal of philosophy, 107(3),
115-143.

Kratzer, A. (1986). Conditionals. Chicago Linguistics Society, 22(2), 1-15.
Mandelkern, M. (2018). Talking about worlds. Philosophical Perspectives, 32(1), 298-325.

Ramsey, F. P. (1929). General propositions and causality. In H. Mellor, editor, F. Ramsey,
Philosophical Papers. Cambridge University Press.

Schulz, M. (2014). Counterfactuals and Arbitrariness. Mind, 123(492), 1021-1055.
Stalnaker, R. (1978). Assertion. Syntax and Semantics, 9, 315-332.

Starr, W. (2014). A uniform theory of conditionals. Journal of Philosophical Logic, 43(6),
1019-1064.

Veltman, F. (1981). Data semantics. In J. Groenendijk, T. Janssen, and M. Stokhof, editors,
Formal Methods in the Study of Language. Mathematical Centre.

Veltman, F. (1996). Defaults in update semantics. Journal of Philosophical Logic, 25(3),
221-261.

Von Fintel, K. (1998). The presupposition of subjunctive conditionals. The interpretive tract,
25, 29-44.

Willer, M. (2013). Dynamics of epistemic modality. Philosophical Review, 122(1), 45-92.
Willer, M. (2014). Dynamic thoughts on ifs and oughts. Philosophers’ Imprint, 14(28), 1-30.
Willer, M. (2018). Simplifying with free choice. Topoi, 37(3), 379-392.

Yalcin, S. (2007). Epistemic modals. Mind, 116(464), 983-1026.

2nd

Proceedings of the 2 Amsterdam Colloquium 90



Testing formal pragmatics of questions
through their ignorance inferences*

Zhuoye Zhao' and Alexandre Cremers

L' NYU Department of Linguistics

Abstract

Questions are well-studied in semantics, including from a psycholinguistics perspective.
They also play a key role in pragmatics through questions under discussions, which are
known to affect a wide range of phenomena (e.g., focus, implicatures). The pragmatics
of questions themselves however is largely understudied, with very few theoretical propos-
als and only a handful of experimental studies. Pragmatics studies how speakers choose
an utterance over possible competitors, and how listeners can draw complex inferences
by reconstructing the speaker’s reasoning leading to this choice. While we have a good
understanding of the factors at play when a speaker utters a declarative sentence, much
less is known about questions. The goal of this paper is to test two proposals extend-
ing Grice’s Maxims to questions: van Rooij’s entropy as a measure of question utility,
and Groenendijk and Roelofsen’s inquisitive pragmatics. The two theories make opposite
predictions regarding the choice between polar and wh-questions in ignorance and par-
tial knowledge situations, and therefore the implicatures they give rise to regarding the
questioner’s knowledge. The results of two experiments corroborate the predictions of van
Rooij’s proposal. In passing, we establish that the cornering effect of negative alternative
questions (Biezma 2009) is independent from their ignorance requirements.

1 Introduction

1.1 Questions in pragmatics, and pragmatics of questions

Since the work of Roberts (1996), questions have played a crucial role in pragmatics via questions
under discussion—a theoretical construct describing how any sentence should be understood
as addressing an (often implicit) question. This approach has been extremely fruitful and has
been applied to a wide variety of topics in formal pragmatics (see Benz and Jasinskaja, 2017
for a review). However, much less has been said on the pragmatics of questions themselves.
While we have a good understanding of the principles guiding speakers’ choice of a declarative
utterance (dating back at least to Grice, 1967), much less is known regarding questions: How
does a speaker’s intentions affect their choice of a question? How does the interpretation of a
given question vary with context?

Relevant work includes a few studies on contextual dependency of question interpretation
(Ginzburg, 1996; Aloni, 2005; Potts, 2012), a very rich literature on so-called biased questions,
i.e. specific forms of questions which tend to convey a speaker’s bias towards certain answers
(e.g., negative questions; Romero and Han, 2004, a.o., negative alternative questions; Biezma,
2009; Biezma and Rawlins, 2012; Beltrama et al., 2018, discourse particles in questions), and—
what will interest us here—a few proposals for a formal theory of how speakers choose particular
questions to achieve specific goals.

*We would like to thank Manuel Kriz, Edgar Onea, Floris Roelofsen and the inquisitive semantics group, as
well as audiences at the IngBnB3 workshop and Graz Department of Linguistics for feedback. We are grateful
to three anonymous reviewers for very helpful comments. This work was supported by the European Research
Council (ERC, grant number 680220) and the Netherlands Organisation for Scientific Research (NWO).
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1.2 Existing proposals and their predictions

One of the earliest proposals is van Rooy (2003), who defines a measure of utility for questions
given a speaker’s goal, formalizing ideas from previous work (in particular Ginzburg, 1995 and
Krifka, 1995). Under the assumption that the speaker is only trying to learn the truth, this
measure boils down to the expected informativity of answers to the question, i.e. the question’s
entropy (van Rooy, 2004), as defined in (1) for a question yielding the partition Q.

(1) U@ =_Pr(p)x (—log, (Pr(p))) = E(Q)

PER

The speaker then selects the question which maximizes entropy, and this turns out to be the
most general question available, formalizing an intuition of Krifka (1995).

An alternative proposal has been sketched in Groenendijk and Roelofsen (2009, henceforth:
G&R), building on inquisitive semantics. Without going too far into details, their idea is that
questioners should favor questions which have a higher chance of being answered, all else being
equal. This is essentially the opposite of van Rooy’s proposal, as it gives higher values to
questions with less informative answers (i.e. answers the addressee is more likely to know).

A direct way to tease apart these two accounts is to look at the competition between
polar and wh-questions. Taking the example of the 2018 soccer world cup final brackets, we
can consider two possible situation: a (partial) knowledge situation, where the speaker knows
which two countries made it to the final, but not which of them won, and a (full) ignorance
situation where the speaker has no idea which of the 8 countries that reached quarter finals
could have won (and considers them equally likely to win). Now let’s assume that the goal of
the speaker is to find out who won the world cup.

Let’s first look at van Rooy’s theory. In the knowledge situation, there are only two options
(France and Croatia). The two questions “Did France win?” and “Who won?” have the same
entropy, since the relevant probability measure is the questioner’s internal beliefs (the ques-
tionee is assumed to be knowledgeable), and for the speaker the two questions are semantically
equivalent. All else being equal, the two questions should therefore be equally good (at this
point, other factors such as utterance length or complexity should come into play). For the
ignorant speaker, the situation is different. The polar question has much lower entropy than
the who-question (about 0.5 versus 3), so the wh-question should be preferred. In short, van
Rooij predicts the wh-question to be acceptable in both ignorance and knowledge situations,
while the polar question should only be good in the knowledge situation (unless we assume
a different speaker goal). From the addressee’s point of view, hearing a polar question would
suggest that the questioner is already quite knowledgeable, whereas hearing a wh-question does
not indicate anything about the questioner’s knowledge.

Turning to G&R’s inquisitive pragmatics, we might need to fill in some gaps first. They
propose that the least inquisitive question should be preferred, but it’s unclear against what
information state this should be measured. Considering the whole logical space, the wh-question
asymetrically entails the polar question, so it should never be used. Considering the speaker’s
information, the two questions become equivalent in the knowledge situation, so the polar
question would only be preferred in the ignorance situation. However, none of these options
make much sense given the motivation for this constraint: the goal is to make sure the addressee
can answer the question. What should matter then, is what the speaker knows of her addressee’s
information state. If the participants in the conversation know nothing about each other besides
what has been said so far, this is just the common ground. If the common ground does not

11t is not essential for the analysis to assume that questions denote partitions (van Rooy, 2004 for details).
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contain the speaker’s knowledge, the speaker should contribute this knowledge before asking
a question. We can therefore assume that in the knowledge situation, the common ground
already entails that France or Croatia won, and so the two questions are equally inquisitive.
Conversely, the common ground cannot be more informative than the speaker’s knowledge, so
in the ignorance situation, the wh-question is strictly more inquisitive than the polar question.
In short, assuming that participants have been cooperative so far, measuring inquisitiveness
against the common ground amounts to measuring it against the questioner’s information state,
so it predicts that polar questions should be preferred in the ignorance situation only. Finally, if
the speaker knows that her addressee is fully informed, none of the questions will be inquisitive
in the addressee’s information state, therefore no preference is predicted (in this case, one
would need to complement the proposal with an independent maxim). In short, inquisitive
pragmatics predicts either no preference between the two questions, or a preference for polar
questions in ignorance situations. From the hearer’s perspective, wh-questions would suggest
that the speaker is quite knowledgeable already, while polar questions do not indicate anything
about the questioner’s knowledge as they are always optimal.

2 Experiment 1

2.1 Goal and Design

The goal of this first experiment was to test whether questions do indeed give rise to ignorance
inferences, and to compare the predictions of the different theories. We tested this straightfor-
wardly with an inference task where participants had to evaluate how much a speaker knows
about a given situation given the question they asked, as illustrated in Figure 1.

Dave wants to get an exotic pet. He went to an exotic pet store and there were
only snakes and iguanas. Afterwards he called his friend Barbara, and Barbara
asked him...

Barbara: “What animal did you get?”

Would you conclude that Barbara knows that
there were only snakes and iguanas in the exotic pet store?

Definitely not | 4 2 3 4 5  Definitely yes

Figure 1: Example of an item from Experiment 1 with a wh-question.

More specifically, each item introduced a context which established a disjunctive restriction
on some predicate (in this case, Dave either got a snake or an iguana), and a character asked a
question. Participants then had to judge whether the questioner was aware of the restriction on
a scale from “definitely not” to “definitely yes”. We tested the three constructions of interest
in (2a-c): wh-questions, plain polar questions, and negative alternative questions (NAQ). The
latter has been shown to have specific pragmatic effects (Bolinger, 1978), for which different
explanations have been put forward, predicting different patterns of interaction with ignorance
effects (we come back to this in the discussion).

There are three possible effects for a given question. It can either convey speaker knowledge,
convey speaker ignorance, or not convey anything regarding the speaker’s knowledge state. We
therefore used three baselines: the alternative question in (2d) presupposes knowledge of the
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disjunction so it offers a knowledge baseline, the polar question in (2e) is fully resolved by the
disjunction, so it can only be used if the questioner is ignorant, and the unrelated question
in (2f) does not say anything about the questioner’s knowledge so it allows us to probe the
prior knowledge participants would attribute in a given scenario.

(2) a. WH: “Who won the finals?”
b. PoLAR: “Did France win the finals?”
c¢. NAQ: “Did France win the finals or not?”
d. ALTERNATIVE: “Did France or Croatia win the finals?” (knowledge baseline)
e. RESOLVED polar: “Did Belgium win the finals?” (ignorance baseline)
f. UNRELATED: “Was any player wounded during the finals?” (prior baseline)

2.2 Methods and Materials

The survey was built using a latin square design with question type as a within-subject and
within-item factor. We used 3 repetitions per level, hence created 18 contexts.? We also
included two training items at the beginning of the survey and four fillers.

71 participants were recruited on Amazon Mechanical Turk (age range: 23-62). The survey
took about 10min and was paid $1.40. One non-native speaker was removed from the analysis,
as well as 7 participants whose error rate on fillers was more than one standard deviation above
the mean (threshold: 53%).

2.3 Results

The results for each construction are presented in Figure 2. The control items behave as
expected: the ALTERNATIVE question clearly conveys knowledge while the RESOLVED polar
question clearly conveys ignorance. The UNRELATED question indicates that participants tend
to assume that the speaker is ignorant by default.

The results were analysed with a proportional-odds mixed-effects model (using package
ordinal in R) with maximal by-item and by-subject random-effects structure (Barr et al.,
2013). Question type was treatment-coded with the UNRELATED question as baseline. We
calculated the 95% confidence interval for each parameter, as indicated in Table 1. The anal-
ysis confirms what can be seen on the graph: the WH questions are virtually indistinguishable
from the UNRELATED control, the polar questions and NAQ give rise to significantly stronger
knowledge inferences, albeit less than the alternative questions. Furthermore, the results con-
firm that there is no difference whatsoever between polar questions and NAQ with respects to
knowledge/ignorance inferences.?

2.4 Discussion

The results indicate that WH-questions do not in fact convey ignorance, while the polar questions
and NAQ do suggest some degree of knowledge, albeit not as much as the alternative questions
which presuppose such knowledge is common ground. At first glance, this is support for van

2All materials, including a list of all contexts, are available at https://semanticsarchive.net/Archive/
GM1NGI2Z/Zhao-Cremers-QuestPrag.html, together with anonymized data and analysis scripts.

30n a suggestion of Manuel Kriz, we tested possible differences between wh-questions with which-phrases and
with plain wh-word as a posthoc analysis. Nevertheless, a proportional-odds mixed model on WH-questions with
type of wh-phrase as a fixed and by-subject random effect revealed no significant difference (x2(1) = 1.6,p = .21).
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Figure 2: Results from Experiment 1. The ALTERNATIVE and RESOLVED polar questions provide
the baseline for knowledge and ignorance respectively. The UNRELATED question serves to probe
participants’ prior on knowledgeability of the speaker when the question offers no indication.

Parameter B 95% CI
RESOLVED -2.1 | [-3.1,-1.2]
Wi 0.1 | [~0.8,0.6]
POLAR 2.8 [2.0, 3.5]
NAQ 28 | [2.0,3.6]
ALTERNATIVE | 5.9 [4.5,7.3]

Table 1: Estimated parameters and their 95% confidence interval for Experiment 1.

Rooy contra G&R, but before going any further into our discussion of theoretical implications,
we want to rule out low-level explanations for the results.

An anonymous reviewer points out that implicit restriction on the domain of the wh-phrases
may have affected the results. After all, with explicit restrictors, wh-questions can either
convey ignorance (“Which of the 32 competing countries won the world cup?”) or knowledge
(“Which of France and Croatia won the finals?”), so leaving the restriction implicit could lead
to uncontrolled biases. Note however that in van Rooij’s theory, the probability measure used
for entropy is the speaker’s subjective probability, so it isn’t be affected by the explicit restrictor
as long as it contains all the answers that the speaker considers possible (answers known to be
false do not contribute any entropy). In particular, it is not possible to explain the absence
of ignorance inference from wh-questions as covert domain restriction to the two disjuncts: if
the speaker is knowledgeable, assuming a smaller domain does not increase the entropy of the
wh-question. If the question with an unrestricted domain was infelicitous, the overt “which of
A and B” would also be.*

4The opposite effects of the two restrictors are presumably independent from entropy, although one can be
captured by van Rooij’s account. Making overt a smaller domain would reduce entropy, on top of presumably
leading to a presupposition failure (assuming the question has an existential presupposition). The entropy
account therefore predicts that the questioner considers that the true answer must be in the restrictor (hence the
knowledge inference from “which of A and B”), but this is arguably a presupposition to being with. The account
does not explain why using a larger domain would lead to an ignorance inference however. The explication seems
to be an implicature that each member of the restrictor may be the true answer. Cremers et al. (2019b) discuss
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One could imagine that the WH-question fails to give rise to any implicatures simply be-
cause participants fail to take into account its polar alternative. Indeed, Cremers et al. (2019a)
observed that ignorance inferences from superlative modified numerals were missing in an infer-
ence task directly probing them, but were properly detected in an acceptability judgment task.
They attribute this effect to the difficulty of the inference task, which led participants to ignore
alternatives with a comparative modifier. One reason to suspect that such an effect could be at
play here is the asymmetry between the knowledge inference of the polar question and NAQ on
the one hand, and the lack of ignorance inference from the wh-questions. Indeed, assuming that
participants were fully rational, even if the wh-question does not convey ignorance on its own,
the fact that the speaker did not use a polar question should increase the posterior probability
for ignorance.® We therefore conclude that participants were not fully rational in their inference
patterns.

To address this potential limitation of Experiment 1, we ran a second experiment aiming to
replicate the results using an acceptability judgment task.

3 Experiment 2
3.1 Goal and Design

The goal of this experiment was to replicate the results of Experiment 1 using a different design,
namely an acceptability judgment task. The idea is to now explicitly include information about
the questioner’s knowledge and probe the acceptability of the various questions given this
information. The difference between situations in which the questioner is knowledgeable and
situations in which they are not indicates whether the question imposes any constraint on the
questioner’s internal state. More specifically, if a question requires speaker ignorance, it should
be less natural in a situation where the questioner has partial knowledge. Conversely, a question
which requires partial knowledge would be less natural when the speaker is fully ignorant.

3.2 Methods and Materials

We created two versions of each context in Experiment 1: one in which the questioner was
described as aware of the disjunctive state of affairs, and one in which the information cor-
responding to the disjunctions was omitted entirely and the questioner was described as fully
ignorant. The participants’ task was to evaluate whether the question was natural given what
they know of the situation and the questioner’s knowledge state. Figure 3 presents an example
of ignorance item.

We tested the same questions from Experiment 1 minus alternative questions. Indeed, in
an ignorance situation, an alternative question would lead to a presupposition failure. Since

the case of questions embedded under wonder, and show that this ignorance implicature is sensitive to the form
of the restrictor (it is stronger when the restrictor is an explicit conjunction, and possibly when it contains a
numeral).

5Specifically, assuming that participants apply Bayesian reasoning and that polar questions increase the
posterior probability for knowledge (i.e. P(knowledge|polar) > P(knowledge)), it follows that:

P(knowledge) — P(knowledge|polar) P(polar)
1 — P(polar)

P(knowledge|—polar) = < P(knowledge)

Note that to get close to equality, we would need to assume either that the knowledge inference from polar
questions is very small (P(knowledge) ~ P(knowledge|polar)), in clear contradiction with our results, or that
polar questions are unexpected (P(polar) < 1), which seems unreasonable, especially when these questions
appeared as frequently as wh-questions in our design.
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One day, Tony is visiting his friend Betty, who just got a fancy coffee machine.
Betty doesn't know what coffee Tony likes. Before making coffee, she asks...

Betty: “Would you like an espresso?”

How natural is Betty's question in this context?

Odd 1 2 3 4 5 Natural

Figure 3: Sample item from Experiment 2 with a wh-question and a fully ignorant questioner.

this infelicity is presumably stronger than infelicities due to violations of pragmatic constraints,
we considered that it risked pushing participants to accept all other questions even when they
should have been pragmatically odd (or at least reduce the resolution of our experimental
paradigm). We therefore decided to do without an upper bound on knowledge requirements,
but kept felicitous alternative questions as true fillers in the experiment (to ensure that they
remain salient as alternatives to other questions).

We now had two experimental factors: question type (5 levels) x questioner knowledge
(2 levels). We reduced the number of repetitions per item to two, and created two new contexts,
for a total of 20. The design was again a latin square with both factors within-item and within
subject. Each participant only saw a given context under one knowledge condition to avoid
potential confusion about what the questioner actually knows.

77 participants were recruited on Amazon Mechanical Turk (age range: 20-65). The survey
took about 10min and was paid $1.40. One non-native speaker was removed from the analysis,
as well as 7 participants whose error rate on fillers was more than one standard deviation above
the mean (threshold: 53%).

3.3 Results

The results for each construction are presented in Figure 4. Control items behave as expected:
the UNRELATED question is as acceptable under ignorance as it is under partial knowledge,
while the RESOLVED question is clearly degraded under partial knowledge.

The results were analysed with a proportional-odds mixed-effects model (using package
ordinal in R) with by-item and by-subject random intercepts and slopes for the two main
effects, but not for the interaction. Both factors were treatment-coded with UNRELATED and
IGNORANCE as baselines. We calculated the 95% confidence interval for each parameter, as
indicated in Table 2.

The results overall confirm the first conclusion from Experiment 1: the polar questions
and NAQ are much less natural when the questioner is fully ignorant (i.e. they require partial
knowledge). In contrast with Experiment 1, WH-questions now seem to be slightly better with
ignorance (the effect doesn’t reach significance though: p = .07).%

A posthoc analysis also revealed that NAQs are overall less natural than polar questions
(x%(1) = 21,p < .001)—possibly reflecting the cornering effect—, but that this effect is inde-
pendent of the questioner knowledge requirement imposed by both questions (no interaction
with KNOWLEDGE; x2(1) = .05,p = .82).

6This time again, there was no difference between which-phrases and plain wh-words (x2(1) = 1.1,p = .29).
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Questioner state:

5 -
| E Knowledge
E Ignorance

Question type:

Polar

E NAQ
E Wh
E Unrelated
E Resolved

Mean individual responses
(median and quartiles)
w £

- N

Polar NAQ Wh Unrelated Resolved

Figure 4: Results from Experiment 2. The UNRELATED question offers a baseline for a question
the acceptability of which does not depend on the questioner’s knowledge. The RESOLVED polar
questions indicates a maximal contrast, as it’s completely resolved by the disjunctive knowledge.

Parameter B 95% CI
RESOLVED -1.4 | [-2.2,-0.5]
W 2.2 | [1.4,3.1]
PoLARr 1.6 [0.7,2.5]
NAQ 05| [-0.3,1.3]
KNOWLEDGE -0.1 | [-0.7,0.4]
RESOLVEDX KNOWLEDGE | -3.5 | [—4.2,—2.7]
WHx KNOWLEDGE -0.7 | [-1.4,0.06]
POLARXKNOWLEDGE 2.1 [1.4,2.8]
NAQXxKNOWLEDGE 2.0 [1.3,2.6]

Table 2: Estimated parameters and their 95% confidence interval for Experiment 2.

3.4 Discussion

The second experiment closely replicates the results of Experiment 1. Unlike Cremers et al.
(2019a), we did not observe a significant task effect on ignorance inferences. We did however
observe that the task was easier for participants, as the mean error rate after exclusion was 7%,
down from 19%, and a trend for a small ignorance inference with wh-questions. This is still
compatible with van Rooij’s predictions that wh-questions are compatible with both ignorance
and knowledge, but compete with equivalent polar questions in knowledge situations, slightly
reducing their acceptability.

4 General discussion

Our results reveal that polar questions are more acceptable when the speaker has partial knowl-
edge, and participants infer knowledge from them, while wh-questions do not convey knowledge
and do not seem to convey ignorance either (although there is a small non-significant trend in
this direction). Overall these results conform with the predictions of van Rooy (2003).
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While some predictions of G&R seem clearly wrong (e.g., that wh-questions should convey
partial knowledge), some ideas make intuitive sense and could easily be implemented in van
Rooij’s framework. The main intuition is that questioners should take into account the possibil-
ity that their addressee doesn’t necessarily have enough information to answer their questions,
and that is why they should not always aim for the question with the most informative an-
swers. Concretely, we would replace the probability that an answer is true with the probability
that it is true and known to the addressee. However, as appealing as it may be, there may
be a good reason why we don’t see evidence for this idea in the data: Once we take partial
answers into consideration, stronger (more inquisitive) questions may in fact always provide
more information than less inquisitive ones.”

Finally, an independent contribution of our study is to further demonstrate that the cor-
nering effect of NAQs is orthogonal to their knowledge implicatures. This is new support for
Beltrama et al. (2018), who argue against Biezma and Rawlins’s (2017) bundling explanation.
Biezma and Rawlins assume that the NAQ bundles together alternatives that the plain polar
question leaves open. Framed in van Rooy’s (2003) terms, this would mean that it has a lower
entropy (since it does not distinguish between multiple alternatives) and should therefore be
more sensitive to ignorance than the polar question as it has even lower utility compared to
the wh-question. This would translate into stronger knowledge inferences in Experiment 1 and
a greater difference between ignorance and knowledge in Experiment 2, two predictions which
are not borne out.® By contrast, Beltrama et al.’s (2018) explanation in terms of a ban on
discourse-initial focus on polarity is perfectly compatible with our results.
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1 Introduction

Donkey anaphora is a type of pronominal anaphora involving a pronoun that is semantically
bound by a non-c-commanding indefinite in a quantificational context as in (1).

(1)  Every farmer who owns a donkey loves it.

We will call a pronoun involved in donkey anaphora a donkey pronoun.

Donkey pronouns are known to have two possible readings, the 3-reading and the V-reading
[Bra07, CBH18, Chi95, Fop08, Geu02, Kan94, Kri96, SP89, Y0094, Yoo96].! For instance,
without a context, (1) naturally receives a V-reading, (2-a), but as [Chi95] points out, in certain
contexts, a weaker J-reading, (2-b), becomes available.

(2) a. Every donkey-owning farmer loves all of their donkeys.
b. Every donkey-owning farmer loves at least one of their donkeys.

The 3-reading is observed with examples that make the V-reading implausible to be true due
to world knowledge, as in (3) [Chi95, Kan94, SP89].

(3) a. Every man who had a quarter put it in the parking meter.
b. Every man who had a credit card paid his bill with it.

In addition to context, the quantifier of a donkey sentence is known to affect the perceived
reading [Chi95, Kan94, Yoo094, Y0096, CBH18]. Generally, donkey pronouns in the scope of
universal quantifiers tend to receive V-readings, while those in the scope of no and existential
quantifiers like some preferentially receive 3-readings.

(4)  No farmer who owns a donkey hates it.
~ No donkey-owning farmer hates any of their donkeys.
(5)  Some farmers who own a donkey love it.

~ Some donkey-owning farmers love at least one of their donkeys.

Donkey anaphora involving monotonic quantifiers like the examples we’ve seen so far is
relatively well discussed. In particular, [Kan94] proposes the following generalization (see
[Yo094, Y0096, Geu02, Fop08] for experimental support).

*We wish to thank Emmanuel Chemla for many important discussions and suggestions. We also thank Keny
Chatain, Gennaro Chierchia, Benjamin Spector and the audiences of LINGUAE seminar at ENS and XPRAG
2019 in Edinburgh for useful feedback and discussion. The research leading to these results has received funding
from the European Research Council under the European Union’s Seventh Framework Programme (FP/2007-
2013) / ERC Grant Agreement n. 313610 and n. STG 716230 CoSaQ, and was supported by ANR-17-EURE-0017.

1For some speakers (1) is associated with a uniqueness presupposition that every farmer who owns a donkey
owns only one, and with this presupposition the two readings collapse to one reading. Our experimental results
indicate that this is not obligatory for our participants. See [Hei82, Roo87, Kad87, Hei90, Kad90, Kri96, Chi95,
CBH18] for related discussion.
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(6) a. Default readings for T MON 1 quantifiers (e.g. a, some) and | MON | quantifiers
(e.g. no) are F-readings.
b. Default readings for 1 MON quantifiers (e.g. all) and ] MON1 quantifiers (e.g. not
all) are V-readings.

Compared to donkey anaphora involving monotonic quantifiers, the behavior of donkey
pronouns in the scope of non-monotonic quantifiers is less well understood. For example, most
and other proportional quantifiers are non-monotonic with respect to the NP argument, and
[Kan94, 132] notes that donkey pronouns under their scope have no noticeable preferences
between the two readings (see also [[ei82, §2.1.2] for a similar remark). On the other hand,
[Kri96, 151] seems to think otherwise and remarks that proportional quantifiers do often give
rise to V-readings.

[Kan94] also points out that ‘existential non-monotonic quantifiers’ like exactly three, which
are non-monotonic with respect to both arguments, seem to preferentially receive 3-readings.

(7) Exactly three farmers who own a donkey love it.

~ Three donkey-owning farmers love at least one of the donkeys they own and no
other donkey-owning farmers love any of the donkeys they own.

More recently [CBH18] put forward an alternative theory to [Kan94] that (modulo contextual
factors) predicts a ‘conjunctive reading’ for sentences like (7), which is essentially the conjunc-
tion of the existential and V-readings. Thus, under this view, (7) is purported to be true if and
only if there are exactly three donkey-owning farmers who love their donkeys, and they all love
all of their donkeys.

To our knowledge, no controlled empirical study so far has investigated the readings of
donkey pronouns in non-monotonic environments, but as the above short review of the literature
reveals, they are of particular theoretical interest, given that conflicting judgments have been
reported and at the same time, different theories make different predictions.

The central aim of the present paper is to fill in this empirical gap by reporting on an
experimental study that compares donkey anaphora involving two non-monotonic quantifiers,
exactly three and all but one, using truth-value judgment tasks. The results of our experiments
suggest that donkey anaphora involving all but one receives V-readings more prominently than
donkey anaphora involving ezxactly three, for which we obtained no evidence that a V-reading
can be accessed. In addition, we observe that the 3-reading is easily accessible with both non-
monotonic quantifiers, but do not find conclusive evidence that the aforementioned ‘conjunctive’
reading described by [CBH18] is accessed for either of the two quantifiers.

2 Experiment 1: Exactly Three

2.1 Design and Items

The meaning of a non-monotonic quantifier can be decomposed into an upward monotonic and
a downward monotonic component. For instance, exactly three is semantically equivalent to the
conjunction of the upward entailing quantifier at least 3 and the downward entailing quantifier
at most 3. Given this, there are in principle four logically possible readings for a donkey pronoun
in the scope of exactly three: the pronoun could get (i) an 3-reading in both components, (ii) a
V-reading in both components, and (iii) a V-reading in the upward component combined with
an J-reading in the downward component, and (iv) an J-reading in the upward component
combined with the V-reading in the downward component. We will label these readings as
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(i) 3, (i) %, (i) £, (iv) %, respectively. The mnemonic is that what’s above the line is the
reading of the upward component of the meaning and what’s below the line is the reading of
the downward component of the meaning. For example, the four logically possible readings for

(8) are paraphrased below.

(8)  Exactly three squares that are above a heart are connected to it.

% At least three squares that are above a heart(s) are connected to some of those
hearts and at most three squares that are above a heart(s) are connected to some
of those hearts.

% At least three squares that are above a heart(s) are connected to all of those hearts
and at most three squares that are above a heart(s) are connected to all of those
hearts.

% At least three squares that are above a heart(s) are connected to all of those hearts
and at most three squares that are above a heart(s) are connected to some of those
hearts.

% At least three squares that are above a heart(s) are connected to some of those

hearts and at most three squares that are above a heart(s) are connected to all of
those hearts.

These four possible readings stand in the entailment relation depicted in Figure 1.

A
v

Figure 1: Entailments among the four logically possible readings

Test sentences in Experiment 1 were always of the following form:

(9)  Exactly three of the (squares, triangles) that are above a (star, heart) are connected to
it.

Given the entailment relation among the four readings, there are four kinds of situations where
at least one of the readings is true, which constitute the target conditions of Experiment 1.

e DEWEAK-UEWEAK: Only the weakest reading % is true, e.g. Figure 2a.

o DEWEAK-UESTRONG: Only ¢ and % are true, e.g. Figure 2b.

Wi <<t

e DESTRONG-UEWEAK: Only £ and % are true, e.g. Figure 2c.

e DESTRONG-UESTRONG: All four readings are true, e.g. Figure 2d.

In addition there were two control conditions in the experiment, where none of the four
readings was true. We refer to them as DEFALSE-UESTRONG and DESTRONG-UEFALSE:
DEFALSE-UESTRONG is a type of context that makes the upward entailing part of the test
sentence true under the V-reading, but falsifies the downward entailing part of the quantifier
under both readings (e.g. Figure 2e¢). DESTRONG-UEFALSE makes the downward-entailing
part of the test sentence true under the 3-reading, but falsifies the upward entailing part of the
quantifier under both readings (e.g. Figure 2f).
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Figure 2: Examples of experimental items.

This amounts to a total of six conditions (four target and two control conditions). Each of
the six conditions had six items, meaning there were 36 test items.

Each image consisted of six vignettes as in Figures 2. Each of the vignettes contained
a large shape of the same kind (either triangles or squares). In four out of six vignettes the
square/triangle was above one, two, or three instances of smaller shapes of the same kind (either
stars or a hearts). There were thus two vignettes in which the square/triangle was not above
any hearts/stars, which ensured the felicity of the relative clause (cf. test sentence in (9)). In
at least one of the vignettes the square or the triangle would appear above exactly one heart
or star: this was to ensure the felicity of the singular morphology on the indefinite noun. For
each item, a combination of shapes was chosen randomly (i.e. squares+stars, squares+hearts,
triangles+stars, triangles+hearts), and the positions of the two vignettes with squares/triangles
with no stars/hearts below them were chosen randomly as well. Likewise, the exact number of
stars/hearts (one, two, or three) that appeared below the four squares/triangles in an item was
chosen randomly for each of the four squares/triangles for each item, granting however that
at least one of the squares/triangles would be above exactly one star/heart for felicity reasons
mentioned above. We opted for having four squares/triangles that are above a star/heart in
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all of the test conditions because this permitted us to use the exact same visual stimuli for this
experiment as for Experiment 2 that tested all but one.

2.2 Procedure and Participants

Participants were directed to a web-based truth-value judgment task, hosted on Alex Drum-
mond’s Ibex platform for psycholinguistic experiments. They were told that they would see
sentences paired with images and that their task was to decide whether the sentence was true
with respect to the image with which it was paired. The responses were given on a bounded
continuous scale, whose ends were labeled as ‘Completely false’” and ‘Completely true’.

The Participants first saw two practice trials, one involving a true sentence and one involving
a false sentence, accompanied by suggested responses. The purpose of these examples was to
familiarize the participants with the task. They then began the test phase of the experiment,
the first two items of which were identical to the two practice trials. These were then followed
by the 36 test items, presented in a randomized order for each participant.

65 participants (21 females) were recruited on Amazon Mechanical Turk. One participant
was excluded for not being a native speaker of English. We furthermore excluded those partici-
pants whose average judgment in the four test conditions combined was lower than their average
judgment in the two control conditions combined. The logic behind this exclusion criterion is
the following. If they were able to access at least one of the four aforementioned logically pos-
sible readings, this should suffice for them to judge the test conditions on average better than
the control conditions. If they did not do so, they might have not understood the experimental
task, or they were possibly only able to access the uniqueness reading which was not verified in
any of the six conditions and hence was not relevant for our purposes (cf. footnote 1). This led
to the exclusion of two additional participants. The remaining 62 participants were thus kept
for the analyses.

2.3 Results and Analysis

The results obtained are summarized in Figure 3a and Table 2. Recall that the target conditions
render different logically possible readings true, as summarized in Table 1. Based on this, we
will now discuss which readings the results give evidence for.

<<

DESTRONG-UESTRONG
DESTRONG-UEWEAK
DEWEAK-UESTRONG
DEwWEAK-UEWEAK
DEFALSE-UESTRONG
DESTRONG-UEFALSE

el s lies e s R TR
o eSS |ww
5l les s e |

HE |

Table 1: Target conditions and the readings that they make true.

No evidence for % If the weakest reading, %, has been accessed, DEWEAK-UEWEAK, which
validates %, should receive higher rating than the control conditions, which validate none of

2nd

Proceedings of the 2 Amsterdam Colloquium 105



Donkey Anaphora in Non-Monotonic Environments

Denié & Sudo

false controls test cond. false controls test cond.
754
754
© 50 1 m =) 501 =
£ 8 £ g
) o 3
25- 25- .
0+ -
T T T T T T T T T T T T
) - N ) ) * Y *
& NS S 2 & & N & 2 & &
& & ¢ ¢ & & e & ¢
5 & < & Y @'g{: N & < & o sé#"
& & & & = « R & & & < *
Condition Condition

(a) Experiment 1

(b) Experiment 2

Figure 3: Results of the two experiments per CONDITION. Error bars represent standard errors.

Mean rating (SD)

Condition exactly 3 all but one
DEWEAK-UEWEAK 13.4 (3.1)  12.4 (2.6)
DEwWEAK-UESTRONG 13.2 (3.1)  25.3 (4.3)
DESTRONG-UEWEAK 85.2 (2.8) 67 (4.3)
DESTRONG-UESTRONG  86.7 (2.7)  82.3 (3.2)
DEFALSE-UESTRONG 13 (2.8) 9.6 (2.3)
DESTRONG-UEFALSE 6.5 (2) 8.1 (2.2)

Table 2: Experiments 1 and 2: Mean participants’ rating and standard deviation per condition.

the readings. The data was subsetted to the items in DEFALSE-UESTRONG and DEWEAK-
UEWEAK conditions?. A linear mixed model was fitted on this data set with CONDITION as a
fixed effect and random by-participant intercepts and slopes. A comparison of this model with a
reduced model without CONDITION as a fixed effect revealed no significant effect of CONDITION
(x(1) = 0.06,p = .8). There is thus no evidence for the existence of % reading with ezactly 3.

No evidence for % If % has been accessed, DEWEAK-UESTRONG, which validates both %
and %, should receive higher rating than DEWEAK-UEWEAK, which only validates %. The

data was subsetted to the items in DEWEAK-UESTRONG and DEWEAK-UEWEAK conditions.

2DEFALSE-UESTRONG was chosen rather than DESTRONG-UEFALSE because the mean rating of DEFALSE-
UESTRONG was higher than that of DESTRONG-UEFALSE, and thus provides a stricter requirement for the
detection of %
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A linear mixed model was fitted on this data set with CONDITION as a fixed effect and random
by-participant intercepts and slopes. A comparison of this model with a reduced model without
CONDITION as a fixed effect revealed no significant effect of CONDITION (x(1) = 0.02,p = .9).
There is thus no evidence for the existence of % reading with ezactly 3.

Evidence for % If % has been accessed, DESTRONG-UEWEAK, which validates both % and

%, should receive higher rating than DEWEAK-UEWEAK, which only validates %. The data
was subsetted to items in DESTRONG-UEWEAK and DEWEAK-UEWEAK conditions. A linear
mixed model was fitted on this data set with CONDITION as a fixed effect and random by-
participant intercepts and slopes. A comparison of this model with a reduced model without
CONDITION as a fixed effect revealed a significant effect of CONDITION (x(1) = 100,p < .001).

Our results thus provide evidence for the existence of % reading with ezactly 3.

No evidence for % In order to see whether the % reading is available or not, we cannot

simply compare DESTRONG-UESTRONG condition, which is the only condition validating %,
to some other condition. The reason is the following. Suppose the reading % is never accessed,
while the other three readings (i.e. %, %, and %) are accessed at least to some extent. This
would mean that DESTRONG-UESTRONG validates all of the three available readings, while all
the other conditions validate at most a proper subset thereof. This on its own might suffice
to make participants rate items in DESTRONG-UESTRONG condition higher than in any of the
remaining conditions. Therefore, a significant difference between DESTRONG-UESTRONG and
any of the other conditions in itself would not constitute strong evidence for the existence of %.

To circumvent this issue, we selected participants with the following property: their mean
rating in at least one of DESTRONG-UEWEAK and DEWEAK-UESTRONG is equal or lower
than in DEWEAK-UEWEAK. The idea is that these participants accessed at most one of % and
v vV V

v+ In other words, they (at most) accessed either (i) y, %, and % or (ii) %, %, and %. This
further means that, for the participants who did not access %, the only reading which is true in
DESTRONG-UESTRONG but not in DESTRONG-UEWEAK is %. Likewise, for participants who
did not access %, the only reading which is true in DESTRONG-UESTRONG but not in DEWEAK-
UESTRONG is %. Thus, if these participants would rate DESTRONG-UESTRONG even better
than the one they rated better between DESTRONG-UEWEAK and DEWEAK-UESTRONG, this
could be taken as evidence that these participants accessed %. 42 participants fell into this

category, and the following analysis was conducted on their responses.

The data was subsetted to items in DESTRONG-UESTRONG and the better rated condition
between DESTRONG-UEWEAK and DEWEAK-UESTRONG (as determined for each participant
separately). A linear mixed model was fitted on this data set with cONDITION (DESTRONG-
UESTRONG vs. OTHER) as a fixed effect and random by-participant intercepts and slopes. A
comparison of this model with a reduced model without CONDITION as a fixed effect revealed no
significant effect of CONDITION (x(1) = 0.01,p = .9). For reference, the mean rating of the bet-
ter rated conditions between DESTRONG-UEWEAK and DEWEAK-UESTRONG (as determined
for each participant separately) was 88.6 (SD = 2.8), while their mean rating in DESTRONG-
UESTRONG was 88.7 (SD = 3.4). There is thus no evidence for the existence of £ with ezactly
3.
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3 Experiment 2: All but One

3.1 Design and Items

Experiment 2 had the exact same design as Experiment 1 except that the test sentences used
all but one, in place of exactly three as in (10).

(10)  All but one of the (squares, triangles) that are above a (star, heart) are connected to
it.

As mentioned above, we constructed the pictures for Experiment 1 in such a way that they
can be used in Experiment 2 as well. Thus, any differences between the results of the two
experiments have to be due to the linguistic, rather than visual, stimuli.

3.2 Procedure and Participants

The procedure was identical to Experiment 1. A new set of 65 participants (25 females) were
recruited on Amazon Mechanical Turk, none of whom participated in Experiment 1. One
participant was excluded for failing to complete the experiment, two participants were excluded
for not being native speakers of English, and six participants were excluded for their average
judgment in target conditions not being higher than their average judgment in control conditions
(which is the same exclusion criterion as in Experiment 1). 56 participants were thus kept for
the analysis.

3.3 Results and Analysis

The results obtained are summarized in Figure 3b and Table 2. The logic of the data analysis
is identical to Experiment 1, and we’ve conducted statistical analyses parallel to Experiment 1
as follows.

No evidence for % Statistical analyses on data from DEWEAK-UEWEAK and DEFALSE-

UESTRONG revealed no significant effect of cONDITION (x(1) = 2.35,p = .12). There is thus
no evidence for the existence of % with all but one.

Evidence for % Statistical analyses on data from DEWEAK-UEWEAK and DEWEAK-UESTRONG
showed that unlike in Experiment 1, DEWEAK-UESTRONG was judged significantly better than
DEwWEAK-UEWEAK (x(1) = 10.5,p < .01). This result provides evidence for the existence of
v

v with all but one.

Evidence for % Statistical analyses on data from DEWEAK-UEWEAK and DESTRONG-
UEWEAK indicate that as in Experiment 1, DESTRONG-UEWEAK is judged significantly better
than DEWEAK-UEWEAK (x(1) = 64.8,p < .001). This result provides evidence for the exis-
tence of % with all but one.

Weak evidence for ¥ As in Experiment 1, in order to determine whether participants

3
have accessed %, we selected participants whose mean rating in at least one of DESTRONG-
UEWEAK and DEWEAK-UESTRONG is equal or lower than in DEWEAK-UEWEAK. 33 par-
ticipants fell into this category in Experiment 2. Analyses parallel to Experiment 1 were con-

ducted on their responses in DESTRONG-UESTRONG and the better rated condition between
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DESTRONG-UEWEAK and DEWEAK-UESTRONG (as determined for each participant sepa-
rately). They revealed a borderline effect of CONDITION (DESTRONG-UESTRONG vs. OTHER)
(x(1) = 3.62,p = .057). For reference, the mean rating of the better rated conditions be-
tween DESTRONG-UEWEAK and DEWEAK-UESTRONG (as determined for each participant
separately) was 73.2 (SD = 5.6), while the mean rating in DESTRONG-UESTRONG was 82.3
(SD = 4.6). This suggests that % might be available with all but one, but further research is
needed to establish this conclusively.

4 Concluding Remarks

To summarize the main empirical findings, the results of the two truth-value judgment experi-
ments showed that the % reading of donkey anaphora is available with both ezactly 8 and all

but one, and we obtained no evidence that % reading is available with either. Furthermore,

we find some suggestive evidence that the % reading might be available with all but one, but
further data should be assessed before a firm conclusion could be drawn. Most interestingly,
we find differences between all but one and exactly 3 with respect to the availability of the %
reading.

As the logical monotonicity profiles of the two quantifiers are the same, something else must
be behind the observed difference. A direction we explored in a follow-up experiment is that
subjective, rather than logical, monotonicity might be what matters for the interpretation of
donkey anaphora, as [CHR11] claim for NPT licensing. Focusing on quantifier all, we tested
whether participants’ perceived monotonicity of this quantifier explains the extent to which
different readings of donkey anaphora are available with it. Due to the limited space available
here, we have to omit details of this follow-up experiment, but we found no evidence that
subjective monotonicity plays a role in donkey anaphora interpretation with quantifier all.
It is thus unlikely that subjective perception of monotonicity properties of all but one and
ezactly 8 are to explain the differences between the two quantifiers in terms of donkey anaphora
interpretation.

In light of this, we see two other promising directions to be explored in future research. The
first is the possibility that the symmetry profile of the quantifier affects the default reading, as
suggested by [Kan94].> That is, ezactly 3 is symmetric, but all but one is not. The second
possibility connects to the well-known fact that context and question under discussion can
influence the preferred reading of donkey pronouns (cf. [Chi95, CBH18]). The idea is that all
but one and ezactly 3, despite having the same monotonicity properties, might be typically used
to answer different questions under discussion, which results in the differences in their default
readings.
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Abstract

This paper investigates when and how children figure out that possibility modals express
possibility, and necessity modals, necessity. Given that necessary p entails possible p,
what prevents children from hypothesizing possibility meanings for necessity modals? We
argue that this entailment problem is not a psychological one. On the basis of a corpus
study of the modal productions of 2-year-old English children and their mothers and two
Human Simulation Paradigm experiments (Gillette et al. 1999), we show that children
can use cues from the conversational context in which modals are used to learn force,
and do not need to rely on negative environments, nor on a bias for necessity meanings.

1 Introduction

This paper investigates how children figure out the force of the modals in their language:
that can or might in (la) express possibility, whereas must or have to in (1b) express
necessity. English modals lexically encode force: they express either possibility or necessity.
Standard semantic accounts analyze them as quantifiers over possible worlds: possibility
modals introduce existential quantification, whereas necessity modals introduce universal
quantification (Lyons 1977; Kratzer 1977). Note that the same modal can be used to express
different types, or flavors of modality: (1b) can be used to express an epistemic necessity (a
likelihood), or various types of ‘root’ (i.e. non epistemic) necessities: deontic (obligation),
bouletic (desire), or teleological (need).

(1) a. Jo can/may/might... draw. possibility
b. Jo must/should/have to/... draw. necessity

Experimental literature on modal comprehension suggests that children struggle with modal
force until at least age 4: they tend to accept possibility modals in necessity situations, and
necessity modals in possibility situations (Noveck 2001; Ozturk and Papafragou 2015).
Typically, these studies attribute errors to reasoning difficulties: children over-accept
possibility modals in necessity situations because of difficulties reasoning about when a
stronger modal would be more appropriate, and necessity modals in possibility situations
because of difficulties reasoning about open possibilities. However, they take for granted that
children already know modals’ underlying force. In this paper, we address when and how
children figure out force by investigating modal talk to and by young children:
quantitatively, through corpus analyses, and qualitatively, using two Human Simulation

" We thank our research assistants J. Lee, D. Whitcomb and M. Pizzo, the members of UMD/NYU
Modality group S-Lab and Acquisition Lab, especially A. Williams, J. Lidz and Y. Yang. Our project is
supported by NSF grant #BCS-1551628.
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Paradigm experiments testing how well adults can guess the force of child and adult modal
uses from the conversational context.

How do children distinguish necessity from possibility modals? Syntactic information might
help narrow candidate meanings to modal meanings (in the spirit of Landau and Gleitman’s
1985 syntactic bootstrapping hypothesis), but it cannot help distinguish force. Cues from the
physical context are also bound to be limited, since modals express non-actual concepts, with
few physical correlates. It thus seems that to figure out modal force, children must rely on
cues from the conversational context. But how informative is context about modal force?
How easily identifiable are possibility meanings when possibility modals are used, and
necessity meanings when necessity modals are used? A second issue might be that necessity
entails possibility (the entailment or set/subset problem).' If a possibility meaning is always
true when a necessity modal is used, what prevents children from hypothesizing a possibility
meaning for a necessity modal?

One solution to the entailment problem would be to use evidence from negative (or more
generally downward-entailing) environments (Gualmini and Schwarz 2009),” as they reverse the
direction of logical entailments. A potential issue with this solution is that some necessity
modals (e.g. must) scope over negation (latridou and Zeijlstra 2013). Such cases may be
particularly misleading, and reinforce a possibility meaning, as must not (necessary not) is
truth-conditionally equivalent to cannot (not possible). Another solution would be to equip
learners with a bias towards strong meanings, in the spirit of Berwick’s (1985) strongest
meaning hypothesis. ~We argue that neither are necessary to solve the problem, as the
conversational context in which modals are used provide enough evidence as to their force. Such
evidence involves situational cues (e.g. who the interlocutors are), pragmatic cues (what the
speaker is trying to achieve, in particular, giving orders or permissions), and cues from world
knowledge. We show that modal force can be inferred on the basis of these cues alone.

In section 2, we provide a quantitative and qualitative assessment of the modals
children hear in their maternal input. We use the Manchester Corpus of UK English
(Theakston et al., 2001) on CHILDES (MacWhinney 2000), and a Human Simulation
Paradigm (HSP) study (Gillette et al. 1999). This HSP allows us to give a general measure
of the informativity of natural conversational contexts about force. In section 3, we provide
an assessment of children’s modals productions, using the same methods: first a corpus
study, then an HSP study which assesses the extent to which children’s modal use is adult-
like, a novel way of approaching whether children have adult-like grammars. Section 4
discusses further implications of our findings.

2 Children’s modal input

2.1 Input corpus study

The Manchester Corpus (Theakston et al., 2001) consists of 12 child-mother pairs (6 females;
age range: 1;09-3;00) recorded in unstructured play sessions. We chose this corpus for its
relative density, uniformity of sampling, and early age range, and focused on the period
between 2;00 and 3;00 y.o. All utterances containing modals’® (26,598 of 564,625 total

'We borrow the term from related discussions involving nouns or quantifiers (see e.g. Xu and Tenenbaum 2007).

’Gualmini and Schwarz propose this not for modals, but for any entailment problem. See also Musolino et
al. (2019).

*Modal: possibility: can, could, might, may; able to; necessity: must, should, need, have to, got to, supposed to,
need to. We do not differentiate amongst subtypes of root flavors, and exclude future modals, whose force is a
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utterances; adult: 20,755; child: 5,842; excluding repetitions (6.6%): adult: 19,986; child:
4,844) were coded for force (possibility vs. necessity), presence of negative element, and
flavor (epistemic vs. root).

Overall, possibility modals are more frequent than necessity modals in adult speech
(72.5% of adults’” modal utterances) (Table 1). Epistemic uses of modals are overall very
rare (Table 2). Possibility modals co-occur with negation more frequently than necessity
modals (possibility: 20.9% vs. necessity: 10.1%). Most cases of necessity modals occurring
with negation involve a modal overscoping negation ({must, should, ought to}: 19.4% vs.
{have to, got to, need to, supposed to}: 7.4%). Negation is significantly more frequent on root
than on epistemic modals (epistemic: 4.6% negated, vs. root: 19.1%). Modals rarely occur in
other negative environments. Whether children can make use of the relatively infrequent
negated necessity cases depends on whatever expectations they have about how modals scope
relative to negation, and how clearly meanings of non-necessity or impossibility get conveyed
with a negated modal, which we test in the HSP.

ADULT (n=19,986) ADULT (n=18,853)
all no negation negation
possibility 14,491  72.5% 10,672  79.1% 2,828  20.9%
necessity 5,495 27.5% 4,814  89.9% 539 10.1%

Table 1: Counts and percentages of modal uses by force with and without negation, for adults
(repetitions excluded: 3.7% of the data)

all no negation negation
root 17,190 91.2% 13,896 80.9% 3,293 19.1%
possibility 12,175  64.6% 9,414 77.3% 2,761  22.6%
necessity 5,015 26.6% 4,482 89.4% 533  10.5%
epistemic 1,662 8.8% 1,590  95.4% 73 4.6%
possibility 1,324 7.0% 1,257 94.9% 67 5.0%
necessity 341 1.8% 332 97.3% 6 2.6%

Table 2: Counts and percentages of modal uses, by force, flavor and negation, for adults (n=18,853)

2.2 Human Simulation Paradigm Study

To assess the general informativity of natural conversational contexts about force, we use a
variant of the Human Simulation Paradigm (Gillette et al. 1999), using dialogue contexts
extracted from the Manchester corpus. We investigate whether participants can guess the
force of a modal based on excerpts of conversations in which it appears, and whether the
context is equally informative for necessity and possibility modals, for epistemic and root
modals, and for negative vs. positive contexts.

Procedure — The experiment was run online on Alex Drummond’s IBEX Farm.
Participants recruited via Amazon Mechanical Turk were asked to guess a redacted modal in
a dialogue between a child and her mother by choosing between two options, corresponding
either to a possibility or a necessity modal, as illustrated in Figure 1. All dialogue contexts
consisted of the modal sentence with a blank and the 7 preceding utterances. There was first
a short training where participants had to choose between the definite vs. indefinite article
(the vs. a) (3 examples with feedback), and then the test phase, without feedback. Overall,
each participant had to judge 40 different dialogues (20 trials: 10 possibility, 10 necessity; 20
controls using tense: 10 past, 10 future). The 20 trials were selected randomly from a list of
40 contexts originally extracted from the corpus; the 20 controls were always the same.

matter of debate.
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Conditions — We tested force (possibility vs. necessity) within participants, and flavor
(root vs. epistemic) and negation (present vs. absent) between participants. Negation was
tested only for root flavor, because negated epistemics were too rare in the corpus. Table 3
presents the experiment design.

Modal lemma (within participants)
Test condition (between participants) possibility necessity
EPI-AFF (epistemic affirmative) might must
ROOT-AFF (root affirmative)* ROOT-AFF-1 can must
ROOT-AFF-2 can/able have to
ROOT-NEG (root negative) can’t/not able not have to

Table 3: Summary of experimental conditions (Human Simulation Paradigm)

Material and participants — 160 contexts (2*20 per condition) were extracted from the
corpus for the different modals (can, able, might, must, have to). Exclusion criteria. We
excluded contexts where the target modal was used in preceding utterances. Contexts were
not excluded when the adult (or the child) used another non-target modal. Comntrols.
Participants had to choose between future and past (e.g. [saw] vs. [will see]). Importantly,
the correct answer was not always guessable based on the target sentence only: this required
participants to read the entire dialogue. Extraction procedure was the same as for targets.
289 participants were recruited on Amazon Mechanical Turk (4 groups (between
participants): ROOT-AFF-1: 73, ROOT-AFF-2: 72; ROOT-NEG: 73; EPI-AFF: 71; language: US
English; 156 females, mean age = 40.6 y.o.). We removed from analysis 8 participants (2.8%)
who were less than 75% accurate on controls. We thus present results for 281 participants
(ROOT-AFF-1: 71, ROOT-AFF-2: 69; ROOT-NEG: 70; EPI-AFF: 71).

CHILD: no.
CHILD: it doesn't go there.
MOTHER: it doesn't go there.

CHILD: oh.

MOTHER: does it go there?

CHILD: no.

MOTHER: no.

MOTHER: so 1t 20 here somewhere.
must might

Figure 1 Human Simulation Paradigm stimuli: example trial (EPI-AFF, must)

Results — Data analyses were conducted using R (R Core Team, 2013), using the package
lmed (Bates et al. 2014a, 2014b). Overall, participants were highly accurate at guessing
modal force (see Table 4: general mean accuracy 79.9%). We first ran binomial tests to see
whether they differ from chance for each condition. Participants’ accuracy significantly
differs from chance in each condition. Their lowest performance is found for ROOT-NEG

necessity modals (e.g. not have to) (61.3%).” Force (possibility vs. necessity). To test
whether there was an effect of Force, we used binomial linear mixed effects models, built

'We implemented two versions of the ROOT-AFF condition: ROOT-AFF-1 (can vs. must) allowed us to keep
syntactic category of both options identical, ROOT-AFF-2 (can/able to vs. have to) to avoid concerns related to the
formality of must for US English speakers. In cases where have to was tensed, we used able to as the alternative to
avoid losing tense information.

*Accuracy for controls was very high (94.6%). There was no difference in accuracy between groups.
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with a maximal random effect structure, testing Accuracy with Subject and Item as random
factors (following Barr et al., 2013),” first overall and then for each condition. We find a
general effect of Force, in the direction of a higher accuracy for possibility contexts
(X°(1)=20.49, p=5.9e-6***). Restricting to each comparison group, we find a significant
effect in ROOT-AFF-1 (x°(1)=61.1, p=5.5e-15%**) and ROOT-NEG (x°(1)=15.6, p="7.8e-
05*%%), again in the direction of a higher accuracy for possibility contexts, but not for ROOT-
AFF-2 (X°(1)=6e-04, p=0.98 (NS)) and EPI-AFF (x°(1)=3.73, p=.053 (NS)). Negation: we
compared ROOT-AFF-2 and ROOT-NEG (these conditions include the same lemmas). We find a
significant effect of negation on necessity modals, which leads to lower accuracy (have to vs.
not-have to: X°(1)=6.45, p=0.011*). On possibility modals, negation leads to higher
accuracy, but the effect is not significant (can vs. can’t: x°(1)=2.29, p=0.13 (NS)). We find a
strong interaction effect between Force and Negation (Interaction Force*Neg: )(2( 1)="1.9,
p=0.0047*%). Flavor (epistemic vs. root): no general effect of flavor (x’(1)=0.11, p=0.7/

(NS)).

Mean accuracy ' (se) Exact binomial tests (two-sided)
possibility necessity possibility necessity
ROOT-AFF- o o p <.001%** p <.001%**
1 OLTA(0.027)  TLT% (0.054) | 50/ 01 (0.90, 0.04]  95% CI [0.68, 0.75]
ROOT-AFF- p <.001%** p <.001***
2 S1.5% (0.053) - 82.0% (0.052) | goor’ o1 1079, 0.85]  95% CI [0.79, 0.84]
p <.001%%* p = 8.95¢-08
ROOT-NEG | 89.5% (0.031) 61.3% (0.065) 95% CI [0.88, 0.92] 95% CI [0.56, 0.64]
p <.001%%* p <.001%%*
EPI-AFF 87.2% (0.028) 74.3% (0.049) 95% CI [0.84, 0.90] 95% CI [0.71, 0.77]
all 87.5% (0.018)  72.3% (0.028)
ALL 79.9% (0.018)

Table 4: Accuracy by condition (adult, n = 281*10)

Analysis by contexts (post-hoc) — To get a sense of the kinds of contextual cues that
were particularly helpful, we explored the contexts that led to lowest and highest accuracy,
for possibility and necessity modals. This informal analysis pointed out two factors,
depending on flavor. For root modals, cases where the proposition expressed by the prejacent
was effortful or undesirable seem to lead to high accuracy for necessity modals. For epistemic
modals, we found high accuracy for necessity modals in contexts that made salient strong
evidence for the prejacent.

Discussion = Our results show that the conversational context is overall informative
about force: adult participants can guess the force of the modal accurately, for both flavors
(mean accuracy: 79.9%). This suggests that there are useful cues in the conversational
context: if children are sensitive to these cues, they may not need to rely on negation, nor a
bias towards necessity meanings. We find a general effect of force, with higher accuracy for
possibility modals (general accuracy: possibility: 87.5%; necessity: 72.3%). This could be
taken as showing that possibility contexts are more informative than necessity contexts, but
the effect is found in only 2 sub-conditions, ROOT-AFF-1 and ROOT-NEG (it is near-significant
in EP-AFF: x ° (1) = 8.78, p =.053), but not significant in ROOT-AFF-2). This higher
accuracy in possibility contexts might reflect a tendency to answer with possibility modals by

‘We sometimes had to step back to random-intercepts-only models when the model failed to converge with the
full random-effects specification.

7Accumcy corresponds to the mean accuracy across the 20 contexts initially extracted for each condition. On
average, each context was seen by 34.7 participants (ranging between 24 and 47).
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default, maybe because of the relative frequency of possibility and necessity modals,® which
itself might be due to alternative ways speakers can express necessity (e.g., imperatives for
deontic necessity). As for negation, we find an opposite effect of negation on possibility and
necessity modals: while negation leads to slightly higher accuracy for possibility modals
(can’t: 89.5% vs. can: 81.5%), it leads to significantly lower accuracy for necessity modals
(don’t have to: 61.3% wvs. have to: 82.0%) (interaction effect Force*Negation). This suggests
that negation may not be useful for necessity modals. Thus, contexts containing negated root
necessity modals are not only infrequent, they are also not very informative. That said,
negation may be useful for possibility modals: negation is frequent on root possibility modals
(20.9%), and impossibility contexts are particularly informative. This could help at least for
root possibility modals, if children assume that negation scopes over modals.

To summarize, possibility modals are more frequent than necessity modals in the input.
Negation is rare on necessity modals, and most cases involve modals that scope over
negation, which could be misleading if children assume that negation scopes over modals.
Results from our HSP study however show that the conversational context in which modals
are used is highly informative about both forces in affirmative contexts. Our posthoc
examination of the contexts that led to highest and lowest accuracy in the HSP suggests that
the cues adults use may vary with flavor: the desirability of the prejacent seems to matter
for root modals, and the salience of evidential support for the prejacent for epistemics.

3 Children’s productions study

3.1 Corpus study

Like adults, children produce more possibility modals than necessity modals, but the
difference is even greater (79.3% of children’s modal productions, vs. adults: 72.5%) (Table
5). Negated necessity modals are particularly rare in child productions (only 5.1% of
necessity modals are negated), but negated possibility modals are extremely frequent: 51.0%.
Epistemic modals are overall very rare in child productions (only 2.4% of their modal
utterances).

CHILD (n=4,844) CHILD (n=4,800)
all no negation negation
possibility 3841  79.3% 1861  49.0% 1937 51.0%
necessity 1003 20.7% 950 94.8% 52 5.2%

Table 5: Counts and percentages of modal uses by force, ordered by lemma frequency, with and
without negation, for children (repetitions excluded: 17.0% of the data)

We find that children use (root) possibility modals frequently, both with and without
negation, which we can take as initial evidence of productivity (Stromswold 1990). Children
produce fewer necessity modals, and rarely with negation. This difference might be explained
in part by their input, as children might grasp more frequent words first, and perhaps by
differences in what adults and children like to talk about. Quantitative data about children’s
productions can only provide a partial picture of whether children use and understand

To control for the effect of frequency, we compared accuracy for can and able-to (used in ROOT-POS-2 and
ROOT-NEG), which are both root possibility modals but strongly differ in frequency (3 able for 100 can in the
Manchester corpus). The general accuracy on able was slightly but not significantly lower than on can (overall: able:
80.8% vs. can: 89.8%; vs. have to: 71.7%)
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modals correctly. To assess these productions in a more qualitative way, we ran an HSP
study on children’s modals.

3.2 Human Simulation Paradigm Study on child modal usage

The goal of this second HSP study was to investigate children’s early modal productions, and
see whether they use modals in an adult-like way by comparing their usage to adult usage.
Can adults guess the force of a modal intended by children, given the conversational context
in which they use it?’

The experiment was identical to the HSP on adult productions, except that we used
children’s utterances and made small changes in the instructions. An example of the display
is given in Figure 3. We implemented the exact same conditions: ROOT-AFF-1; ROOT-AFF-2;
ROOT-NEG; EPI-AFF. Controls were also based on tense. Extraction procedure — Given the
low frequency of negated necessity modals and epistemic necessity modals in child
productions, we could test only 10 different contexts for ROOT-NEG necessity and 12 contexts
for EPI-AFF necessity. This did not make a difference for the participants, who always had 10
contexts to judge per condition. In all the other conditions, the 10 contexts were still selected
randomly out of a list of 20 contexts, randomly extracted from the Manchester corpus.
Exclusion criteria — We didn’'t remove cases where a modal already appeared in the
preceding dialogue. Participants — 289 participants were recruited on Amazon Mechanical
Turk (EPI-AFF: 74, ROOT-AFF-1: 72, ROOT-AFF-2: 73; ROOT-NEG: 72; language: US English;
173 females, mean age = 40.2 y.o.). We removed 18 participants (6.2%) who were less than
75% accurate on controls.'” We thus present results for 273 participants (EPI-AFF: 68; ROOT-
AFF-1: 70; ROOT-AFF-2: 70; ROOT-NEG: 65).

CHILD: train going round nunute.
MOTHER: in a minute?

MOTHER: what... where's the train?
CHILD: train... train must be there.
MOTHER: it must be there?
MOTHER: well.

MOTHER: I can't see it.

CHILD: be at home.

might must

Figure 2: Human Simulation Paradigm stimuli: example trial (must), child productions

Analysis — Table 6 reports mean accuracy in each condition. We first ran the same
binomial tests as for the adult version. Participants performed better than chance in all
conditions involving possibility, but not necessity modals: for ROOT-AFF-2 (have to) (mean
accuracy: 42.6%) and ROOT-NEG necessity (not have to) (mean accuracy: 32.3%), they
performed lower than chance. We again used binomial linear mixed effects models (built with

"We make the assumption that adults rely on their own competence to judge usage patterns.

"“Bor the adult version, errors on controls was very low (5.4%). For the child version, the initial proportion of

errors on controls was high (21.6%): post-hoc analysis revealed that this came from 5 control contexts for which
accuracy was very low. We removed these 5 controls from our exclusion criteria, as they were particularly difficult,
and probably did not indicate that subjects were not doing the task correctly. After restricting to the 15 remaining
controls, mean accuracy on controls was 90.0%.
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a maximal random effect structure testing Accuracy with Subject and Item as random
factors), and find an effect of Force in all conditions, with higher accuracy for possibility
modals (all: x2(1)=20.49, p=5.9e-6*** ROOT-AFF-1 (ftc with full spec): x°(1)=60.4 p="7.7e-
15%#% ROOT-AFF-2: X°(1)=7.87 p=0.0066**; ROOT-NEG: X°(1)=38.1, p=6.6e-10***; EPI-AFF:
X' (1)=7.93 p=0.0048**). We find an effect of Negation, significant for possibility
(X°(1)=3.65, p=0.056*) and necessity conditions (x°(1)=6.74, p=0.0095**) (Interaction
Force*Neg: x°(1)=9.2374, p=0.0024**). No effect of Flavor (x°(1)=0.14, p=0.71). Age
(adult vs. child productions): we find a general effect of Age, with lower accuracy for child
usage (X°(1)=260.52, p<.001***). Among possibility conditions, only ROOT-AFF-1 is
significant; among necessity conditions, all comparisons were significant, except EPI-AFF
(Figure 3). We find a strong interaction Force*Age: the difference in accuracy between
possibility and necessity modals for child productions is larger than for adult productions
(X(1)=32.1, p=1.45e-08**%).

accuracy

Mean accuracy (se) Exact binomial tests (two-sided)
possibility necessity possibility necessity

ROOT-AFF- p <.001%** p = 5.085e-05

1 85.1% (0.026)  42.6% (0.039) | 95071 (0.82, 0.88]  95% CI [0.39, 0.46]

ROOT-AFF- p <.001*** p = 2.05¢-07

2 79.6% (0.041)  60.2% (0.060) | 950/ 01 (0.7, 0.83]  95% CI [0.56, 0.63]
p <.001%** p <.001%**

ROOT-NEG | 88.2% (0.027)  32.3% (0.050) | {001 10 56, 0.01) 059% C1 [0.20, 0.36]
p <.001%** p = 0.000194

EPI-AFF 75.6% (0.050) 56.8% (0.047) 95% C1 [0.73, 0.80] 95% C1 [0.53, 0.61]

all 82.1% (0.019) _ 50.1% (0.028)
ALL 67.4% (0.021)

Table 6: Accuracy rates and significance tests by condition (child, n = 273*10 observations per cell)
possibility necessity

ROOT-AFF-1 y °(1) = 8.12, p = 0.078 (NS) X7 (1) =358 p = 2.1e-09 ***
ROOT-AFF-2 x° (1) = 5.80, p = 0.016 * X° (1) =518 p=6.8e13 ***
ROOT-NEG X° (1) =278 p=0.09 (NS) X’ (1) =211, p = 4.87-06 ***
EPI-AFF x> (1) =376, p =0.053 (NS) x> (1) =022 p=10.64(NS)

all X" (1) =159 p = 6.7e-05 *** X (1) = 175.7, p <.001***
ALL X7 (1) =231.4, p < 2.2e-16 ***
Table 7: Results of the model testing effect of Age (adult usage vs. child usage)

root-AFF-1 root-AFF-1 root-AFF-2 root-AFF-2 root-NEG root-NEG epi-AFF epi-AFF
(can vs. must) (can vs. must) (can vs. have to) (canvs. have to) antwvs. don't have tq fantvs. dont have ti (mightvs. must) (mightvs. must)
possibility necessity possibility necessity possibility necessity possibility necessity

1.004

0.754

- -
0.00 1

adult child adult child adult  child adult child adult child adult child adult child adult child

2
n
=

Figure 3: Accuracy by condition: comparison between adult usage and child usage
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We find that participants are good at identifying possibility modals used by children for both
flavors, even if they are less accurate than with adult modals. However, accuracy was much
lower for children’s necessity modals: while mean accuracy on child possibility modals is
82.1%, it is only 50.1% for necessity modals. The unclarity of children’s necessity modals
uses, illustrated in (1) and (2) below, suggests that children may lack adult competency.

(1) [..] CHILD: what shall I put first?
CHILD: that.
CHILD: what’s that?
MOTHER: pardon?
CHILD: I have to see a cat. (Becky, 2;08.16) (HSP mean accuracy: 2.9%)

(2) [...] MOTHER: I thought we had all of these eggs.
CHILD: they not.
CHILD: they go in the bag.
CHILD: they going in there.
CHILD: they go in there.
MOTHER: oh you’re putting them back in there now, are you?
CHILD: you don’t have to eat them. (Carl, 2;08.07) (HSP mean accuracy: 20.0%)

4 General discussion

When do children figure out the force of modals? Our results suggest that children master
possibility modals early: by age 2, they produce them frequently and productively, with and
without negation, in an apparently adult-like way given the high accuracy found in the child
HSP study. It is less clear, however, whether they master necessity modals at this early age:
the few necessity modals they produce do not seem adult-like: accuracy on necessity modals
in our child HSP study was below chance, suggesting that children use them in situations
where adults would rather use possibility modals. While production data may not fully
reflect comprehension, this early asymmetry in children’s mastery of modals might help
explain earlier results from comprehension studies with older children, if it persists into the
preschool years: if children are uncertain about the underlying force of necessity modals, they
will accept them in possibility contexts, but they will also over-accept possibility modals in
necessity contexts as they lack a reliable stronger alternative.

How do children eventually figure out modal force? Our results suggest that the
conversational context in which modals are used might provide sufficient cues to help them
figure out their force. Children don’t need to—and probably can’t—rely on negative
contexts, nor do they need a bias toward necessity meanings. Looking at the actual input to
children, our results show that negative contexts are not particularly helpful for necessity
modals, and in fact it might even be responsible for some of the difficulties children have
with these modals. First, negated necessity modals are rare in the input— perhaps for
functional reasons, as speakers can express non necessity meanings from the mere use of a
possibility modal, via scalar implicatures (Horn 1972). Second, negation doesn’t behave
uniformally with all modals: some necessity modals like must outscope negation (Iatridou
and Zeijlstra 2013). If children were to rely on negation to figure out force, they might be
misled into thinking that must expresses possibility, if they assume that negation scopes over
modals. The problem is further complicated by the fact that epistemic and root modals
interact differently with negation. Thus, whether children can use negation to figure the force
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a modal then depends on what they expect about its scope.' Finally, we find in our input
HSP that intended force is the least clear for negated necessity modals: adults sometimes use
them in situations corresponding to impossibility meanings (e.g. ‘you don’t have to break
those things’, used as a prohibition). Negation might be more helpful for possibility modals:
they cooccur frequently in the input, and negated possibility contexts are particularly
informative.

Our input HSP results show that a necessity bias is not necessary for children to solve the
entailment problem, as the conversational context provides ample cues to figure out force.
Our child HSP results further suggest that such a bias is just not at play: if it were, why
would children master possibility modals earlier, and struggle with necessity modals? Should
our results, in turn, be taken to show that children have a bias towards possibility meanings?
We do not believe that this has to be the case. Children’s difficulties with necessity modals
can be explained by various aspects of the input: first, learners will have fewer opportunities
to hear necessity than possibility modals, maybe for functional reasons: speakers have other
ways to give orders (using imperatives), or to express certainty (using bare assertion of the
prejacent). Second, possibility modals occur in a diverse set of environments (with and
without negation, in declarative and interrogative sentences), while necessity modals occur
mostly in declarative sentences. Given that the context is highly informative for both
possibility and necessity modals in our adult HSP study, we believe that children’s early
mastery of possibility compared to necessity modals may be more of a matter of quantity
rather than quality of the input.

We have shown that the conversational context is highly informative about force. But
what exactly gives away force? One aspect of the context that might be particularly helpful
for deontic modality is the kind of (indirect) speech acts that modals are used for: listeners
might easily discern orders from permissions, by relying, in part, on the perceived
undesirability or effortfulness of the prejacent (e.g. ‘you #can/have to eat your broccoli’ vs.
‘you can/#have to take a cookie’). For epistemic modals, our posthoc analysis suggests that
salient evidence in favor of the prejacent biases towards necessity. We plan to explore this
further in future work.
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String Iconicity and Granularity™
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Abstract

Given any finite set A of temporal predicates, expressions iconically representing strings
of subsets of A are defined that depend on whether the predicates in A are transitional
or stative (i.e., homogeneous and to varying degrees, inertial, following Dowty). Subsets
Y of A represent granularities at which form-meaning resemblance is assessed (through
transducers that approximate strings up to X). Complications to iconicity of order are
investigated in a first-order fragment of MSO over strings, where experiential factors that
trump time are expressible.

1 Introduction

A string s is an iconic regular expression inasmuch as the regular language {s} it denotes
consists of exactly one entity, an entity s that undeniably resembles the expression s. Not all
regular expressions represent their denotations quite so faithfully. But pattern matching regular
expressions is surely one reason regular expressions are far more popular than formulas of
Monadic Second Order logic over strings (MSO; e.g., [Lib04]) for specifying languages accepted
by finite automata. That said, conceptualising strings as models of predicate logic suggests
useful notions of granularity for form-meaning likeness, supported by a logical apparatus for
analysing such likeness. Our specific interest here is iconicity of order, linked in [New92] with
the principle that “the order of elements in language parallels that in physical experience or the
order of knowledge” [Gre63],! and understood more broadly below to cover pictorial narratives
(e.g., [Abuld, AR17, MB19]). Granularity enters two ways (following [GB92] where it takes the
form of signatures), syntactically as

(i) atag X on a string s (qua expression) for a pair (3, s)
and semantically as
(ii) a subscript A on the interpretation of (X, s), for 3 C A, as the set
[(Z,9)]a = {s' € La]| fo(s') = s}
of strings s’ from a certain set £4 whose X-approximation fx(s') equals s
with the special case 3 = A leading to the aforementioned instance of iconicity as identity
fa(s') =5, implying [(A,s)]a = {s} for s € La.

The precise definitions of £4 and fx (from [Fer19b]) are given below, after pausing to consider
if strings are fit for purpose.

*Thanks to three anonymous referees for constructive criticism and forbearance. I am grateful also for feed-
back from Robin Cooper, Simon Dobnik, Stergios Chatzikyriakidis and others at an initial airing in Gothenburg.

IThe term in [PV14] is “iconicity of sequence” according to which “the sequence of forms conforms to the
sequence of experience, as in the famous collocation veni, vidi, vici”
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a(btt +¢)
1E()T and 1E ()T

Figure 1: Two automata accepting abt™ + ac

Do strings have sufficient structure to encode the order-related notions of interest? What,
for example, are we to do about the continuum R (employed in [KR93] and elsewhere as a
model of the timeline)? Assuming granularity can be bounded to a finite subset A of R, we can
cast A as a string

ayag---a, where A={aj,as,...,a,} and a; < ag < - - <ap,

(and, if we wish, reconstruct R from a suitable inverse limit of such strings). But, of course,
it is not points in R that are of linguistic concern, but rather events (and states) spanning
intervals. These might — following Russell and Wiener (e.g., [KR93]) and [Ham71] — be
deemed primitive, complicating matters in at least two ways. First, the 3 relations <,=, >
between points multiply into 13 (or more) interval relations (e.g., [All83]). And second, a
predicate P that holds at an interval I immediately raises the question: must P also hold at a
subinterval of I?7 The answer commonly given by linguists appeals to a typology of predicates,
including stative predicates P, on which the aspectual calculus of [Dow79] is based, and for
which
P holds at an interval I iff P holds at every subinterval of I.

The present work builds on the Priorean perspective [Pri67], applied in [Ferl6, Ferl5b] to
[Dow79] and other linguistic works. Beyond any particular linear order, there is the additional
issue of branching or non-determinism, concerning which it has been argued a process is more
than the set of its runs (recorded as strings). An instructive example, adapted from process
algebra ([Fok07], pages 10,11), is the pair of automata in Figure 1 accepting the strings

abt™ +ac = a(bt™ +c). (1)

An instance of the distributive law (true of languages, and a semiring axiom), the equality

(1) fails to discriminate the left automaton from the right, even though a state incapable of a

c-transition is a-accessible from state 0 in the left but not the right. Suppose, however, we pick

out states ¢ that can make an [-transition with the formula (/) T from Dynamic Logic ([HKT00])
JENT <= (3)q L (i.e., q € domain(—l>))

and turn say, the string ac of arc labels in 0 % 17 % 2 into the string | (a)T | (c)T I of boxes
describing the states 0,1’,2’, respectively. Then equation (1) becomes the inequation

[(@T[oT[0T] +[@T[@T]] # [@T[eT@T(OT]+[) ©
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with distributivity making (2)’s lefthand side equal to

(@TI(@T[T] +[@T]).

The second box in (2)’s righthand side consists of two formulas, (b)T and (c)T, representing
state 1 of the right automaton in Figure 1, in accordance with the view that “disjunctions
are conjunctive lists of epistemic possibilities” ([Zim00], page 255), perhaps rewriting (I)T to
may(l). Evidently, reducing automata to sets of strings need not conflate the pair in Figure 1,
provided we are careful to encode the appropriate information into the strings. Exactly what
information is appropriate determines the choice ¥ of granularity such as

¥ = {{OT|le{a,bct}}

for Figure 1. The contrast between the loop label ¢ in Figure 1 and the other transition labels
a, b, c between distinct states is noteworthy. The label ¢ can be derived in Dynamic Logic from
a formula ¢ as a test that a state ¢ satisfies ¢, leaving ¢ fixed if it does and aborting otherwise.
More precisely, if the states satisfying ¢ are collected in the set [p], then the input/output
interpretation of the test ¢? is the binary relation

¢Bq¢ — qelg]andg=¢

testing ¢ on a state g without side-effects. Like all programs in Dynamic Logic, the test 7 is
interpreted as an input/output relation R, abstracting away all intermediate states, as in the
relational composition R; R of R with R’

R;R' = {(¢,¢') | (3G) qRG and GR'q'}

with intermediate states ¢ connecting R to R’ quantified out, and tests ¢? idempotent relative
to ;

? ? ?
ol.8 _ #].

The strings a; - - - a,, of boxes a; above keep not only the input «; and the output «,,, but also
the intermediate boxes a;, 1 < ¢ < n. Unlike strings abt, abtt, ... of transition labels, a string
s =aq - ay of sets o; can be intersected componentwise with any set ¥ to form its X-reduct

pe(ar-ay) = (NY)-- (a, NX)

approximating s up to granularity X. [Fer19b] extracts a notion of time dependent on %, linked
in [FWV19] to guarded strings (built with states given by subsets of a finite set B of Booleans)
for Kleene algebra with tests [IKS96]. Returning to the A-interpretation [(X,s)]a mentioned
above, the idea is that fx(s) is a compressed X-reduct of s

Fs(s) = be(ps(s))  for stative &
=8 = do(ps(s)) for transitional ¥

where block compression bc compresses substrings aa to «, as in

()T B)T] )T

:

) = ‘(a)TI(bﬂ'l(t}T‘ forn>1

while depadding dn eliminates all occurrences of | ], as in

ds(@T[@T]) = [(@T[@T]

and the line between stative and transitional X rests on whether or not 3 consists of tests. Full
definitions are given in the next section, which is followed by a delineation of star-free languages
for string iconicity and some applications to temporal interpretation.
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As the material below can be off-puttingly dry and technical, a few words about its linguistic
motivation are in order. The basic challenge is to determine how events and states described
by a sequence of sentences or pictures are temporally related. A starting point (suggested by
order iconicity) is the order in which expressions are described, refined so that events move the
time of a narrative forward, but states do not (e.g., [Dow86]). This refinement coincides with
the refinement of concatenation to coalesced product < in Kleene algebra with tests ([IXS906)),
provided statives are, as in [FWV19], understood as tests. The coalesced product s<s’ of strings
s and s" attaches the right end of s to the left end of s’, assuming these match (in which case
they are fused). A more flexible alternative associates sets 3 and ¥’ with s and ', respectively,
and interprets the combination {(3, s), (¥/,s")} at A as the intersection

[[{(Ea 8)7 (2/7 s/)}ﬂA = [[(E’ s)]]A n [[(Z,v S/)]]A

of the A-interpretations of (3, s) and (¥/,s"). The remainder of this paper investigates string
expressions built and interpreted along these lines, related to iconicity of order by granularities
3, Y’ based on contextual factors other than time that shape “physical experience or the or-
der of knowledge.” Space is an obvious factor, as are an agent’s cognitive limitations, leading
to distinct (if not disjoint) perspectives ¥ and ¥’. For a concrete illustration, take two foot-
ball matches kicking off at the same time in different cities, for distinct views ¥ and ¥/, and
narratives s and s’ (respectively) that may temporally overlap here and there.

2 Stative and transitional projections

Just as automata transitions ¢ — ¢’ are formed from states ¢, ¢’ and actions a,
(i) events are analysed in [GJW18] in terms of results and actions

(ii) non-stative verbs are classified in [LRH13] as result or manner, exemplified in [Fil70] by
break and hit

(iii) telic and iterable transitions are expressed in [Dow79] through operators BEC(ome) and
DO, leading in [Ferl5a] to strings [—¢[¢] and |ap(a) | ef(a) | respectively, with result
described by a stative ¢ and expressions ef(a) and ap(a) of the effect and application of

o result ¢/ break [result BEC
action a hit /manner DO ef(a)
Gérdenfors  Fillmore/LevinRH ~ Dowty

[LRH13] distinguishes between a result being specified lexically, ¢, and supplied contextually,
ef(a), which we can understand as a context of use supplying MSO-formulas that constrain ef(a)
and ap(a). An MSO-formula is built from a binary (successor) relation S, and unary relations
P, labeled by elements o of some finite set ¥ (including, for example, ¢, =@, ap(a) and ef(a)).
A string s = a1 - - - a, of subsets «; C ¥ is identified with the MSOyx-model

Modg(s) = <[n];Snv{U0}U€E>

with string positions forming its universe/domain

[n] = {1’2,...’71/},

2nd
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to which the +1 function is restricted to interpret S as
Sp o= {6,i+ 1) |ien—-1} = {(1,2),(2,3),...,(n—1,n)}

and each P, interpreted as the subset

U, = {ien]|oea} (celx)
of string positions where o occurs. Each box «a; of s can be recovered by the equation

a = {oceX|ielUs} (i € [n])
establishing an isomorphism between (2%)* and a family of MSOx-models. That family of
MSOyx-models is large enough to accommodate for any finite set A O 3, the X-reduct M [X of
an MSO4-model M = {([n], Sn, {Ua}aca) approximating M by restricting {Us }aeca to {Us }oes

MY = {[n],Sn, {Us}ses).

Proceeding from a string s of subsets of A, the X-reduct of s picks out the X-reduct of Mod 4(s)
MOdA(S) FZ = Modg(pz(s)).
For fs(s), we compress the 3¥-reduct of s, removing stutters aa through &

. be(a's if a=da
le(s) :=s iflength(s) <2 and  le(aa’s) ;:{ agc(a?s) otherwise

or occurrences of the empty box O through dg

da(s ifa=0
do(e) :=¢ and do(as) := { aDd(D 25) otherwise.

The functions & and dg are related by a certain border translation ([Fer19b]) that illuminates
the difference between stative and transitional ¥, determining whether fx = px;lc or fy =
px;do. More precisely, let [ and r be 1-1 functions with domain A, whose images form A,

Ae := {l(a) |a€ A} U{r(a) | a € A}

on the assumption that A, {i(a)la € A} and {r(a)la € A} are pairwise disjoint. The border
translation b : (24)* — (24+)* marks a’s left borders I(a) and a’s right borders r(a), mapping
ay -y € (24)* to By - -+ B, where

Bi={l(a) |a € ajt1 —a;} U {r(a)|a€a;,—a 41} fori<n
Brn = {r(a) | a € a,}.
For example,

b(la'[ala)) =[i(a). (@) [ [r(0)] and do(b(a[a]al) =b(te(a[ala))

and in general,

b(be(s)) = da(b(s)) for any s € (24)* not ending in O.

The border symbols I(a) and r(a) specify their effects lexically through the MSO{g;-formulas
Xi(a)(x) = Fy(xSy A Py(y)) N —~Pa(x) “a occurs at z’s successor but not at x”
Xr(a)(®) = Pu(x) AN—=3y(xSy A Pa(y))  “a occurs at x but not at any successor of x”

characterising b in that for any s € (24Y4¢)*,

b(pa(s)) = pa,(s) < forallbe A., s Vae(Py(z) = xp(2)).

2nd
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stative (result) transition (action)
compression ke : saas’ ~ sas’ do : sOs" ~» ss’
[A1I83] a starts o’ II interior ’ l(a),l(a”) Ir(a) Ir(a’) border
[VLHO5] fluent (HoldsAt) event type (Happens)
MSO4 | Va¥y(eSy 5 Aye o (Palz) = Pa(0)) VeV, Pulz)

Table 1: Statives vs transitions

More concretely, Table 1 represents an interval relation in [AlI83] two ways ([Fer19b]): statively
in terms of an interval’s interior, and transitionally in terms of an interval’s borders ([DS08],
page 3288). Following section 3, chapter 7 of [vLLHO05], Table 1 also aligns statives with fluents
(comparable to Dynamic logic formulas ¢ that induce tests ¢? which are idempotent relative
to relational composition ;), and transitions with event types (which may, like the program
x := x+ 1 incrementing x, change with iteration). Idempotence relative to ; is tied in [FWV19]
to the homogeneity of statives assumed in [Dow79].

Under the present approach, the bc/dg divide between statives and transitions translates to
a contrast between MSO 4-formulas ij and Xfif prescribing “no stepsg without change4”

& = VaVy(zSy D Aa(z,y)) where Aa(z,y) = - /\ (P,(z) = Pu(y))
a€A

and “no time without change”

X¥ = Va \/ P,(x) (each a € A specifying a transition)
a€A

(respectively) in that for any s € (24)*,
s=1c(s) <= Moda(s) Ex% and s=da(s) < Moda(s) = x¥

[Fer19b]. Coming back to the A-interpretation [(X,s)]a C L4 above, for stative X, we let L4
be the image of (24)* under I for the stutterless strings in (24)*

La = {be(s) [s€ @)} = {s€ @) |s=1l(s)} = {se(2)" | Mods(s) F X}
and similarly for transitional %, let £4 be the image of (2)* under dg for the S-words of [DS08]
La = {da(s) |s€ (2} = 2" —{0})" = {s€(2)" | Mods(s) F X% }-

In either case, f4 is the identity function on £ 4
fa(s)=s forany se€ Ly

and the family {fs}xca of functions indexed by subsets of A forms a projective system with
composition amounting to intersection

Isiifs = fonsr (3)

As we will see presently, (3) allows us to simplify sets r C 24 x L4 of pairs (X, s) interpreted
at A by intersection

[rla:= ﬂ [(3,8)]a  where [(,8)]a:={s"€La]| fu(s)=s}

(X,s)er
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3 First-order fragments for string iconicity

Throughout this section, a choice between stative and transitional ¥ is assumed that fixes fx
and L4 accordingly (using & for the stative case, and dp for the transitional). That choice
is made explicit only as needed, to simplify the notation (suppressing the relativization of the
notions of L-traits and A-profiles defined below to & or dg). Given a non-empty language
L C (2)*, an L-trait is a pair (X, s) of a subset ¥ of A and a string s € Ly, such that

fs(s') = s for every s’ € L.

The trait record of L, tra(L), is the set of L-traits. This subset of 24 x L4 is related to any
r C 24 x L4 by the (anti-tone) Galois connection

rCtra(l) < LC|r]a

recalling from the previous section that [r] is defined as (y ;) {s" € La | fo(s') = s}. As

the indexed family {fs}sca forms a projective system, we can reduce any r C 24 x L4 such
that [r]a # 0 as follows, without changing its interpretation [r]4. Let us call r an A-profile if

(i) r is functional (deterministic): for all (¥, s), (3,8') €r, s =5
(ii) domain(r) is an anti-chain:
(V3, Y € domain(r)) ¥ C ¥/ implies ¥ = %’
(iii) for all (3,s) €r, s € Lx.

For example, we can reduce the trait record tr4(L) to two A-profiles by restricting its domain
to subsets of A with exactly two elements

tr24(L) = {(3,s) € tra(L) | cardinality () = 2}
or to C-maximal subsets
mtra(L) := {(3,5) € tra(L) | (V(X',§") € tra(L)) ¥ C ¥ implies X' = 3}
without straying from the A-interpretation of tr4 (L)
[tr24(L)]a = [tra(L)]a = [mtra(L)]a.

Restricting tr4 (L) to singletons may alter its interpretation, as L = {} shows

[tra(L)]a # [{(2,s) € tra(L) | cardinality(X) = 1}]a4 > for stative a,a’.

For slightly more complicated languages L, we can delete a pair from tr2 4 (L) without changing
its interpretation, as is clear from the implication

beqaay(s) = [ald | Jand tepeuy(s) =[ [’ [a”[|  tmply beqaun(s) =|]a]]a"]]

behind the meets-meets entry for the transitivity table of [All83] (Figure 4, page 836) Redun-
dancies in tr24(L) are an argument for preferring the A-profile mtr4 (L), although there is no
denying the popularity of binary relations on intervals labeling interval networks.
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A simple notational variant of A-profiles is provided by formulas ¢ generated by
pu=s|(Deleny  (BCA) (4)
driving the semantic interpretations

[sla:={s}NLa [(C)ela:={s€ La] fu(s) € [¢]a} lp Ag'la=[elan(e]a

matching A-profiles

{le]a | ¢ from (4)} = {[r]a | ris an A-profile} U {0}.

A larger family of languages is expressed by first-order formulas ¢ generated by

¢ = Po(z) [z<ylz=y|-p|leAy |3zp  (acA) (5)

with < in place of S, to match star-free expressions (such as strings s), obtained from regular
expressions by substituting complementation for Kleene star -* (e.g., [Lib04], §7.5). The clause
for ()¢ in (4) is mirrored by relativizing a formula ¢ from (5) to ¢x by induction

5 = ¢ for atomic ¢ (m¢)s = ~(px) (P AY)s = s AYs
Vy(zSy D Ax(z,y)) for stative &

(e = 3(Ve(o) A ps) where Tia) = { (/500 for transitional &
a€ a

supporting the induction hypothesis (on ¢) that

MOd(5)7g ': Py MOd(fE(S)),f] ': ¥

for all s € (24)* and assignments g : Var — [length(s)] of variables = to g(z) € [Vx]s
Mod(s), g = Vs(z) for each z € Var

(where ¢ is the obvious fs-adjustment of g). Missing from (4) above is a clause for negation,
yielding disjunction (by conjunction and De Morgan). It is questionable whether negation or
disjunction preserves form-meaning resemblance, which negation denies and spurious disjuncts
spoil. (Hence, no — or V in (4).) While any non-empty subset of Allen interval relations
may label an arc in an interval network, a move away from arbitrary disjunctions towards
neighborhoods of similar configurations is advocated in [Fre92], §2.2. Forms (X, s) of strings with
Y-projection s represent such neighborhoods. Beyond (4), we can generalize fx to mereological
relations R (e.g., subsumption >; [Ferl5b]) to interpret accessibility in iconic forms < g,
producing non-determinism via underspecification (as opposed to overspecified disjunction).

4 Conclusion

The significance of iconicity, resemblance of form to meaning, is an issue open to dispute even
in pictorial representation, positions about which differ based on how the issue is framed (e.g.,
[Grel3]). Broadly construed, iconicity points to transparent representations that facilitate the
communication and inferential processing of information up to a limited but useful extent. The
present work applies that broad construal to the experience of change, proposing representa-
tions around string iconicity. For any non-empty set L of strings of sets, an iconic star-free
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approximation, mtr4 (L), of L is formed from maximal L-traits, eschewing arbitrary disjunc-
tions (inimical to iconicity and underspecification). I close by drawing attention to two tensions
running through the work above.

The first is between iconicity and abstraction. A-profiles are iconic expressions carving
out a small fragment of first-order formulas in MSO, as the grammars (4) and (5) bring out.
Exactly what the ¥-projections fx; (behind A-profiles) come to, for stative and transitional ¥,
are described above using first-order formulas Vx(z) that fall outside the fragment generated
by (4). That is, decidedly non-iconic MSO formulas are employed to explain iconic expressions.
Similarly, pictures (exemplifying iconicity) can be described, when paired with viewpoints, by
predicates that are (in some cases) stative (in accordance with [Abul4]’s argument that “all
pictures have stative informational content”) and (in other cases) non-stative, accounting for
temporal progression under an inertial constraint of change requiring force/action ([Fer19a]).
The basic claim of [Fer19a] is that for all its abstractness (non-iconicity), MSO is a helpful tool
in breaking down and piecing together the meaning of pictorial narratives.

The second tension is between the temporal ontology expressed by the successor predicate
S and the vocabulary ¥ for articulating a particular perspective. S and X are linked by
Vs(z), transparently in the stative case (“no stepg without changey,”) and less overtly in the
transitional case (“no time without changey,”), S being buried in what it means for an element of
3 to be transitional. With respect to iconicity of order, ¥ may represent contextual dimensions
other than time, constituting, for example, viewpoints in viewpoint-centered propositions for
pictorial narratives. It is not unreasonable to assume that “the order of elements in language”
(natural or formal) is significant, even if that is complicated by a wealth of factors behind
“physical experience or the order of knowledge.” These factors presumably shape discourse
structure, used in [ALO3] to explain push-fall temporal reversals and other challenges to order
iconicity, as well as types recording the interaction between speakers and listeners around
questions under discussion ([CG15]). [Ste05]’s proposal that there is more to temporality in
natural language than temporal order suggests an understanding of iconicity of order that
subordinates time given by S to notions of causality and contingency expressed through X.
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Abstract

This paper discusses double Negative Polarity Item (NPI) constructions, such as *I don’t
think at all John will leave until 10pm. These constructions have been claimed to provide a
strong argument for a syntactic approach to Neg-raising (NR) (Lakoff, 1969; Prince, 1976;
Crowley, 2019). We show that the empirical landscape is more intricate than what has
been reported in the literature. As a result, far from supporting the syntactic approach
to NR (Fillmore, 1963; Collins and Postal, 2014, a.o.), double NPI constructions provide
strong evidence against it and in favour of a semantic/pragmatic approach (Bartsch, 1973;
Gajewski, 2005; Romoli, 2012, a.0.). We propose an account for a subset of double NPI
constructions capitalizing on three ideas: (i) punctual until has a non-cancellable (modal)
inference that the action occurs after the time specified by until (Karttunen, 1974; Condo-
ravdi, 2008; Tatridou and Zeijlstra, to appear), (ii) epistemic accessibility relations include
a time index as well as a world one, and (iii) NPI-like predicate modifiers, such as at all,
can be re-conceptualized from a domain-widener to an inhibitor of a contextual domain
restriction.

1 Introduction

Several linguists have pointed out the paradigm in (1), e.g. Lakoff 1969; Prince 1976; Crowley
2019. In (1a), the strict/strong Negative Polarity Item (NPI) punctual until is licensed under
the negated predicate think.! In (1b), ever and at all, two other NPIs, are licensed in the same
configuration in the matrix clause. However, when both the low and the high NPI are present,
(1c), the sentence becomes ungrammatical. We dub the constructions, such as (1c), double NPI
constructions. They will be the focus of our investigation here.

(1) a. Ididn’t think [John would arrive until 10pm]|
b. I didn’t ever/at all think John would arrive
c. *Ididn’t ever/at all think [John would arrive until 10pm]

*We would like to thank Paul Egré, Jon Gajewski, Sabine Iatridou, Gillian Ramchand, the audiences at
OASIS 2 and NELS 50, as well as the anonymous reviewers for AC, for their stimulating questions, helpful
remarks and comments. All errors are our own.

L Until was traditionally described as being ambiguous between a durative and a punctual reading. Recently,
Tatridou and Zeijlstra (to appear) have provided arguments for a unified analysis of until. As only the punctual
until shows NPI properties, we will keep its specification as punctual, for clarity. As an NPI, punctual until has
the distribution of the so-called strict/strong NPIs, which is more restricted compared to weak NPIs like any or
ever, see Gajewski 2011; Chierchia 2013; Collins and Postal 2014 for recent accounts.

Proceedings of the 22! Amsterdam Colloquium 132



Time matters: double-NPI constructions Goncharov and Wolf

Double NPI constructions have been claimed to provide a strong argument in favour of a
syntactic approach to Neg-raising (NR). NR is a phenomenon in which with certain predicates,
like think, believe, expect, and others, matrix negation can be interpreted in the embedded
clause, (2). According to the syntactic approach to NR (Fillmore, 1963; Collins and Postal, 2014,
a.0.), NEGation originates in the embedded clause and then undergoes syntactic movement to
the matrix clause, (3). The NR-reading arises when the low copy of NEG is interpreted.

(2) John didn’t think/believe/expect it would snow
~> John thought/believed/expected it wouldn’t snow (NR-reading)

(3) [ John did NEG think [ it would NEG snow |]

Under the syntactic approach, the punctual until in (1a) is locally (clause-mate) licensed by
NEG in the embedded clause, whereas ever/at all in (1b) is licensed by the moved NEG in the
matrix clause. However, (1c) is unacceptable because, depending on a particular implementa-
tion, one of the NPIs remains unlicensed.?

An alternative to the syntactic approach to NR is a semantic/pragmatic approach, which
derives the embedded reading of negation from the Excluded Middle (EM) inference (Bartsch,
1973; Gajewski, 2005; Romoli, 2012, a.0.). For instance, the assertion in (4a) together with the
EM in (4b) entails the NR-reading in (4c).

(4) a. John didn’t think it would snow
b. EM: John thought it would snow or John thought it wouldn’t snow
c. ~ John thought it wouldn’t snow (NR-reading)

This approach has had little-to-nothing to say about the deviance of (1c) with the exception
of Gajewski 2005. Gajewski (2005, 71-2) suggests that double NPT constructions are unaccept-
able because with ever/at all in the matrix clause, the EM projects existentially rather than
universally, which does not guarantee the entailment in (4c) necessary for licensing until.

Both the syntactic and the semantic/pragmatic approach to NR explain the ungrammat-
icality of double NPI constructions by appealing to the way NR is derived. This reasoning
predicts that the acceptability of double NPI constructions does not depend on a particular
NPT in the embedded and/or matrix clause. For the syntactic approach, what is important is
that the low NPI is a strict/strong NPI, which requires a clause-mate negation. The punctual
until is one such NPI. Other strict/strong NPIs and minimizers, like in weeks, a single soul,
and sleep a wink, are predicted to be equally unacceptable in double NPI constructions. For the
semantic/pragmatic approach, in addition to the above prediction, the high NPI should be an
existential quantifier. In other words, the semantic/pragmatic approach predicts, for example,
that substituting not..ever in (1¢) by never should make (1c) fully acceptable for the EM under
never projects universally and nothing bars the entailment necessary for licensing a strong NPI
in the embedded clause.

In the next section, we see that the distribution of double NPI constructions is more complex
that what has been reported in the literature and the predictions of neither the syntactic nor the
semantic/pragmatic approach to NR are borne out. More specifically, we present the results of
a survey study showing that the acceptability of double NPI constructions does depend on the
choice of an NPI in the embedded as well as the matrix clause. No amendments can save the
syntactic approach to NR since there is no difference between the syntactic licensing of different
strict /strong NPIs, e.g. until vs. in weeks. Therefore, far from being a strong argument in favour

2 Arguably, this reasoning is supported by examples like John didn’t ever arrive until (after) 10pm, where
the two NPIs are licensed when occurring in the same clause.
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of the syntactic approach to NR, double NPI constructions, in fact, provide strong grounds for
eliminating this approach (for other arguments against the syntactic approach to NR see e.g.
Zeijlstra 2017). In section 3, we propose an account for a subset of double NPI constructions,
which is compatible with the semantic/pragmatic approach to NR. Section 4 concludes the

paper.

2 The intricate empirical landscape

2.1 Double NPI constructions in the literature

To the best of our knowledge, double NPI constructions have not been studied as a phenomenon
in itself. They have been mentioned as a side (or footnote) phenomenon in the literature on NR
and are mostly restricted to the paradigm in (1). Below, we briefly review known to us studies
which deal with double NPI constructions indicating the judgments provided by the authors.
The upshot of this review is that the empirical grounds are not settled. First, the data sample
is not representative as it usually involves the same low and high NPIs (until and ever/at all).
Second, the grammaticality judgments are often controversial or even contradictory.

Lakoff (1969, 142) mentions the contrast between (5a) and (5b-d) and suggests that it casts
doubt on the rule of Negative Transportation (Fillmore, 1963).

(5) I didn’t think John would leave until tomorrow
*1 didn’t ever think that John would leave until tomorrow

*T never thought that John would leave until tomorrow

o Tp

* At no time did I think that John would leave until tomorrow

However, Lakoff (1969) also provides the examples in (6), which have a similar structure, but
are grammatical, according to her judgements. She does not propose an explanation for the
contrast between (5a) and (5b-d), nor between (5b-d) and (6).

(6) a. No one thought that John would leave until tomorrow

b. It wasn’t thought by anyone that John would leave until tomorrow

Seuren (1974, reprinted as Seuren 2001) repeats Lakoff’s examples in (5b-d) and adds the
examples in (7):
(7) a. *Ididn’t think yet that Fred would get here until midnight
b.  *Often I don’t think he has got it yet
c¢. * He usually doesn’t think there is as much as a shred of evidence

Seuren (1974) attributes the ungrammaticality of (5b-d) and (7) to the presence of the adverb
in the matrix clause that blocks NR. He also points out that it is plausible that there is a deeper
semantic reason for the blocking effect, but leaves this reason unexplored.

Prince (1976, fn. 7) independently points out the examples in (8) attributing them to
Richard Smaby. For her, the ungrammaticality of (8c) is predictable in terms of the syntactic
(raising) analysis of NR, the requirement on until to be clause-mate licensed, and at all to be
under the scope of negation.

(8) a. Idon’tat all think that John will leave
b. I don’t think that John will leave until next week
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c. *Idon’t at all think that John will leave until next week

The subsequent literature (Gajewski, 2005; Crowley, 2019) uses Prince’s paradigm in (8)
for their main (although opposite) claims. Moreover, Gajewski (2005, fn.2) challenges Lakoff’s
judgements (as well as her conclusions) reporting that according to his informants, (5c) is
grammatical whereas (6b) is ungrammatical:

(9) Lakoff 1969

a. It wasn’t thought by anyone that John would leave until tomorrow

b. *1I never thought that John would leave until tomorrow
(10) Gajewski 2005

a. *It wasn’t thought by anyone that John would leave until tomorrow

b. I never thought that John would leave until tomorrow

Overall, the literature does not provide a clear empirical picture. Therefore, we conducted
a pilot study to investigate the distribution of double-NPI constructions.

2.2 Pilot study

Participants were recruited via Amazon Mechanical Turk (MTurk). Overall 28 participants
took part in the study. We excluded subjects who did not complete the survey, failed an
attention task or took less than 2 minutes to complete the survey. Nine participants in total
were excluded.

In each trial, a participant was presented with a sentence containing target items and then
asked to rank its level of acceptability on a 5 point Likert scale where 1 is the least acceptable
and 5 is the most acceptable. There were 3 practice trials, 32 experimental trials, out of which
11 were fillers not containing any target items, and one trial checking the participant’s attention.
Target items and fillers were pseudo-randomized.

Four items were designed to check baseline judgments. They contained the NPIs until and
in weeks/months embedded under think, in either a negative environment with a wide scope
negation or a non-negative environment.®> The baseline items are shown in (11) with the mean
judgements in square brackets, see also Figure 1. The standard prediction that strict/strong
NPIs are licensed under negated Neg-raising predicates was borne out.

(11) a. I don’t think that Mary will arrive until Thursday [4.63/5]
b. I don’t think that John has been here in weeks [4.31/5]
c. I think that Sue will leave until next week [1.89/5]
d. I think that Mary has visited us in months [1.73/5]

The other trials in the survey dealt with double NPI constructions and tested for the combi-
nation of high NPIs ever, any, never, yet with low NPIs until, in days/weeks/years. The items
with corresponding mean judgements are shown in (12) and Figure 2.

(12) a. Ididn’t ever think that Harry would arrive until Monday [3.42/5]

3The survey also originally contained sentences with sleep a wink. The data on this NPI manifested a
pattern which did not fit any of the theory-related predictions on NPIs, including high acceptance values in
environments that do not license NPIs and low acceptance values in environments that do license NPIs. Since
accounting for this puzzling behavior is beyond the scope of this paper, the sleep a wink items were not taken
into consideration.
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M until in weeks

5,0

45

4,0
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negative positive

Figure 1: Baseline

M until in weeks

1 [T

never yet

5,0

45

4,0

35

3,0

25

2,0
15

1,0

ever

Figure 2: Different combinations of low and high NPIs

b. I didn’t ever think that Kate had been here in years [2.26/5]
c. I don’t believe to any degree that Miriam will leave until tomorrow [3.57/5]
d. I don’t believe to any degree that Kyle has come in days [2.52/5]
e. I never believed that Dan arrived until Friday [2.73/5]
f. I never believed that Charlie had visited us in weeks [2.05/5]
g. I didn’t think yet that Jack would get here until midnight [2.1/5]
h. T didn’t think yet that Laura had been here in weeks [2/5]

The relatively high acceptability of until with ever/to any degree, compared to in weeks,
goes against the predictions of the syntactic approach to NR. In addition, the low acceptability
of sentence with never compromises the semantic/pragmatic approach.

An interesting picture emerges when at all is used in the matrix clause of double NPI con-
structions. This picture, as the findings above, cannot be explained by the syntactic approach
to NR. The configuration with at all shows three distinct patterns depending on whether wuntil
or in weeks is used in the embedded clause. We label these patterns ‘Down’ (until is (signif-
icantly) more acceptable than in weeks), ‘Flat’ (both until and in weeks are acceptable), and
‘Up’ (in weeks is more acceptable than until). The items with their means are given in (13)
and illustrated in Figure 3. In the next section, we will concern ourselves with this observation.

(13) a. I don’t believe at all that Eric will leave until Wednesday [4.25] [4.6] [2.6]
b. I don’t believe at all that Fred has talked to Mary in weeks  [2.5]  [4.6] [4]
‘Down’ ‘Flat’ ‘Up’
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M until in weeks

down flat

Figure 3: Three groups for not..at all...until/in weeks

2.3 Summary and outlook

After inspecting the data on double NPI constructions, the picture which arises is of a land-
scape more intricate than what the literature has had. Different NPIs do not behave alike in
double NPI constructions. This is contrary to the predictions of the syntactic approach to NR.
Moreover, the syntactic approach has no way of accounting for the diverse behaviour of until
and in week that we saw above. Therefore, double NPI constructions pose a serious problem
to the syntactic approach to NR. The semantic/pragmatic approach is also undermined as the
judgments it is based on do not prove to be robust.

3 Proposal for not...at all...until/in weeks

In this section, we propose an account for a subset of double NPI constructions. More precisely,
we look at the configuration where at all is used in the matrix clause and until or in weeks is
used in the embedded clause. This configuration shows three patterns as illustrated in Figure
3. We begin by explaining the pattern labelled ‘Up’. The ‘Up’ pattern is exemplified in (14).

(14) a. 7?1 don’t think at all that John arrived until Friday [2.6/5]
b.  Idon’t t hink at all that John has been here in weeks [4/5]

Our proposal capitalizes on three ideas: (i) punctual until has a non-cancellable (modal)
inference that the action occurs after the time specified by until (Karttunen, 1974; Condoravdi,
2008; Tatridou and Zeijlstra, to appear), (ii) epistemic accessibility relations include a time
index as well as a world one, and (iii) NPI-like predicate modifiers, such as at all, can be re-
conceptualized from a domain-widener to an inhibitor of a contextual domain restriction. We
elaborate on these ideas in the next three sections (sections 3.1-3.3). In section 3.4, we attend
to the remaining two patterns ‘Down’ and ‘Flat’ in Figure 3 and suggest a tentative explanation
for them.

3.1 Change of State Inference of until (CoSI)

The observation that punctual until has a Change of State Inference (CoSI) goes back at least
to Karttunen 1974. He points out that sentences like (15a) have the presupposition in (15b),
which explains the infelicity of (15¢). The status of the inference in (15b) (presupposition
vs. non-cancellable implicature) is controversial (see Iatridou and Zeijlstra to appear for the
discussion). simply as an inference.

2nd
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(15) a.  John didn’t arrive until Friday
b.  ~» John arrived after Friday (CoSI)
c. # John didn’t arrive until Friday and maybe he didn’t arrive at all

Following Tatridou and Zeijlstra (to appear), we assume that the non-cancellable CoSI of
until is modal, i.e. it can be satisfied by a non-actual world, when the proposition is embedded
under a modal. This assumption resolves the tension between the infelicitous (15¢) and the
felicitous (16), where John’s leaving after Friday can be true in some non-actual future world.

(16) John won'’t leave until Friday, if at all

3.2 Think and the satisfaction of CoSI

The key point of our proposal is that for the modal CoSI of until to be satisfiable, the set of
worlds over which an attitude predicate like think ranges must be restricted along the time index.
To model our account, we take the universal quantifier associated with epistemic attitudes like
think to range over (w, t)-pairs as shown in (18), where the time span of the doxastic accessibility
relation R, is contextually restricted by the selection function S[m}n].‘l This selection function
can be thought of as analogous to the ordering source in Kratzerian double-base semantics for
modals (Kratzer, 1991, 2012). We assume that the flow of time is held fixed in a rigid manner
due to the doxastic accessibility relation’s reliance on a stereotypical ordering source, whose
assumptions adhere to a stereotypical flow of time across the relevant worlds. The intuition is
that ‘x thinks ¢’ does not make a statement about all time intervals in z’s life, but is rather
defined over an implicitly contextual time interval. Furthermore, we propose that when ¢
contains punctual until, the domain of quantification of think is further contextually restricted
on the right temporal boundary to align with the time specified by wuntil, (19).

(17) Notations used in this paper:
Sim,n) = selection function restricting a set of (w,t)s to t € [m,n]
R, = doxastic accessibility relation
(we, te) = actual (w,t)
gl, g2 = contextual time points such that gq1]......cccocevveinnes
Clm,n) = time interval concept (i.e. g(Cpy1,42)) = AW. a time interval in w with gl and
g2 as its left and right boundaries)
7 = event time span

(18) think, ¢ = 1 iff V(w,t) € Sig1 421 (R ((we, te))) = (w,t) € ¢
(19) - think, ¢until 10pm] = 1 iff =¥(w,t) € Sig1,10pm](Rz({we, te))) : (w,t) € ¢

The intuition (19) captures is that until makes statements like ‘z doesn’t think ¢’ irrelevant
after the time specified by until when the epistemic state is updated and the matter (¢ or —¢)
is settled. More importantly, the additional domain restriction in (19) is necessary to ensure
that CoSI is satisfied. (20) shows the assertion for (1a). (20a) states that it is not the case that
in all speaker’s belief (w,t) pairs such that ¢ spans [g1,10pm]|, John arrives before 10pm. (20b)
spells out the CoSI of until, which says that from any speaker’s belief (w, t) with t € [g1,10pm],
there is an epistemically accessible (w’,¢') in which John arrives after 10pm. Crucially, if think
ranges over (w,t) with t € [gl,g2] (unrestricted by until), CoSI cannot be satisfied since from

4We retain the standard term accessibility relation although strictly speaking we represent this relation as
a function.
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(w,t) with t € [10pm,g2] where John arrived before 10pm, (w’,t') where John arrives after
10pm is not accessible, (20c).

(20) a. Assertion of (1a): =V(w,t) € Sig1,10pm](Rep({we,tc))) :
(w,t) € IT[T=Cly 10pm] (W) A Je[arrive(e,j) ANe CT Ae < w]]|
b. CoSI of until: ¥(w,t) € Sig1,10pm] (Rsp({we, te))) Fw', ') € Ry
(W', ") € IT[1=Cl10pm,g21 (W) A Je[arrive(e,j) ANe CTA e < w
c. #CoSI of until: ¥(w,t) € Sig1 g2)(Rep((we, te))) I (w',t') €Rgp((w, 1)) =
(w', ') € IT[1=Cl10pm, g2 (W) A Je[arrive(e,j) Ae CTA e < W ]

=~

((w,1))) :
]

Informally, when an addressee contemplates the assertion of (la), they contemplate the
possibility of John arriving after 10pm. In order to do that, it must be the case that the
contemplation is done while there is something to contemplate i.e. while the matter is not
yet established. This is the work done by until - marking the point in time after which new
information affects the ordering source in a way that makes further contemplating a matter
which has already been settled, infelicitous.

3.3 At all as predicate modifiers that inhibit domain restriction

At all, in John is *(not) tired at all., is standardly analyzed as a property modifier that triggers
domain widening (in the sense of Kadmon and Landman (1993)) by obligatorily introducing
non-exhaustive alternatives, which explains its NPI status (Krifka, 1995; Chierchia, 2013, a.0.).
In other words, at all requires to consider even minimal degrees of precision for tiredness,
which are normally disregarded as pragmatically irrelevant. We propose that classical domain
widening by at all can be re-conceptualized as a ban on (contextual) domain restriction. That
is to say, instead of requiring to consider even the minimal degrees of tiredness, at all inhibits
domain restriction to pragmatically relevant degrees of tiredness.

(21) a. John is *(not) tired at all.
b. Alternatives for at all: { P | PC tired A -min(P) } (simplified)
c. Non-exhaustivity: U{ P | PCtired A —min(P) } C tired

With this re-conceptualization, it is easy to see how the paradigm in (1) is explained: (1a)
has no at all and is shown in (20a,b). In (1b), at all requires that think ranges over all
world-time pairs with an unrestricted time interval. This is unproblematic as there is no until.
However, when both until and at all are present, (1c¢), the domain of quantification of think
cannot be restricted by until for at all requires the widest possible domain and CoSI cannot be
satisfied, (20c¢), which explains the infelicity of (1c). As in weeks does not have CoSI, we also
explain the contrast in (14).

3.4 A note on three groups

Above, we proposed an explanation why in double NPI constructions, until is less acceptable
than in weeks. We argued that the culprit is the non-cancellable Change of State inference of
until. However, in Figure 3, we saw that there are actually three patterns, which we labelled
‘Down’, ‘Flat’, and ‘Up’.

We tentatively suggest that these three patterns represent distinct groups of population
that differ with respect to their pragmatic strategies. Recently, Crnic et al. (2018) argue that
the high error rate (>80%) in experiments concerning logical reasoning may be due to not
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taking into account different reasoning strategies. They provide experimental evidence that at
least three groups of people can be distinguished with respect to whether they compute scalar
implicatures in premises, conclusions, or both in syllogistic arguments, see Table 1.

Logicians Validators Strengtheners
don’t compute Sls SIs for premises, SIs for premises
but not conclusions and conclusions
premise weak strong strong
conclusion weak weak strong

Table 1: Different reasoning strategies (Crnic et al., 2018)

Given these findings, the difference between ‘Up’-group, on the one hand, and ‘Flat’ and
‘Down’ groups, on the other hand, may be due to the fact that the former but not the latter
compute CoSI for until when judging the naturalness of a sentence. More research needs to
be done (including more experimental work) to confirm this suggestion as well as to get to the
bottom of the difference between the ‘Flat’ and the ‘Down’ patterns.

4 Conclusion

This paper’s contribution to the literature on negation, via an examination of double NPI
constructions, is both theoretical and empirical. Our glimpse into the empirical landscape
yielded a much intricate picture than previously reported, favoring the semantic/pragmatic
approach to Neg-raising over the syntactic one. Our theoretical account provided for a subset
of double NPI constructions, in which both time and world indices play a role in epistemic
accessibility relations, offers both a semantic-pragmatic way to account for these constructions
as well as a re-conceptualization of NPI-like predicate modifiers as contextual domain restriction
inhibitors rather than domain-wideners.
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Abstract

This paper addresses a recalcitrant problem for dynamic semantics: the inaccessibility
of discourse referents from under double negation or from a negated left disjunct into a
right disjunct. I propose that these discourse referents are made accessible by the discourse
being interpreted in the context of designated formulae, which validate double negation
elimination in a controlled way.

1 Puzzles of Accessibility

First-generation dynamic semantic theories were developed, in part, in order to capture the
anaphoric dependencies in discourses like (1).

(1)  John owns a car. It is parked in a weird place.

As Karttunen (1976, 366) put it:

Let us say that the appearance of an indefinite noun phrase establishes a discourse
referent just in case it justifies the occurrence of a corererential pronoun or a definite
noun phrase later in the text.

So in (a natural interpretation of) (1), a car establishes a discourse referent, which is picked
up by it. As Karttunen (1976) goes on to note, however, anaphoric dependencies created by
indefinites don’t always persist once introduced. To take just one example, negation closes off
anaphoric dependencies. For example, (2) can’t be interpreted with it dependent on a car if a
car is in the scope of negation.

(2) John doesn’t own a car. It is parked in a weird place.

Dynamic semantic theories generally have no problem accounting for these data. Concretely,
let us look at the natural translations of (1) and (2) into dynamic predicate logic (DPL, Groe-
nendijk and Stokhof (1991)), and their interpretations, in (3) and (4). DPL has the same syntax
as classical predicate logic (PL) and its semantics is given in Figure 1.1

(3)  Fz(Cx AOjx) A Pz

[3)]%; = o] flzlg & g(x) € Z(C) & (2()), g(x)) € Z(O) & g(x) € Z(P)}

*Thanks to Luisa Marti, Simon Charlow, Matt Mandelkern, the audience at the 2019 London Semantics
Symposium at Queen Mary University of London and three anonymous AC2019 reviewers for helpful comments.
This research is supported by an Early Career Fellowship from the Leverhulme Trust.

IThis presentation is slightly idiosyncratic but is entirely equivalent to that in Groenendijk and Stokhof
(1991).
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[Pty 14 ={g] f =g & ([tal% .. [tal%s) € Z(P)}
[t = t2fy = {9 | f = g & [t11%; = [t=]4,}
[~¢l4; = {9 | f = g & [, = 0}
[ 7914 = {h|there’s a g g € [0 & h € [91%, }
[o vyl = {9l f=g& [6]5, U¥1% # 0}
[0 = vl = {91 F =g & [0l € {nI v}, #0}}
[Fz¢]4, = {h|there’s a g : flz]g & h € [¢]%,}
Vel = {g1 f =g & {hglln} < {n|[6l}; #0}}

Figure 1: Semantics of DPL

(4)  —3x(Cz AOjz) A Px

[(D]7, =191 f =g & {h]glalh & h(z) € T(C) & (T(5), h(x)) € T(0)} = 0 & g(x) € T(P)}

By inspecting the semantic clauses in Figure 1 we can see that the closing off of anaphoric
dependencies is tied to negation. In DPL, the negation of any formula is a test: an identity
relation on some set of assignments. Pretty much all dynamic semantic theories treat negation
like this,? and hence they all have the property that ——¢ is not generally equivalent to ¢:

[T]he law of double negation will not hold unconditionally. Consider a formula ¢
that is not a test. Negating ¢ results in the test —¢, and a second negation, which
gives ——¢, does not reverse this effect [...] Hence, double negation is not in general
eliminable. (Groenendijk and Stokhof, 1991, 62)

As has repeatedly been noted,? this failure of double negation elimination is problematic in
that there are several examples where it seems that we would like a doubly-negated existential
statement to behave more like its un-negated counterpart than these theories predict.

1.1 Double Negation

One class of examples concerns straightforward double negations, such as (5).
(5)  Tt’s not true that John doesn’t own a car. It’s (just) parked in a weird place.

The natural translation of (5) into DPL is given in (6). As the interpretation given shows,
(6) does not captures the intended dependency, unlike (3).

(6) ——Jz(Cx AOjz) A Px

[©)]%, = {91 F = g & {h| glzlh & h(x) € T(C) & (Z(j), h(x)) € Z(O)} # 0 & g(x) € Z(P)}

2An exception will be noted in Section 2.2.
3E.g. by Groenendijk and Stokhof (1990, 1991); Kamp and Reyle (1993); Krahmer and Muskens (1995).

Proceedings of the 22"¢ Amsterdam Colloquium 143



Double Negation, Excluded Middle and Accessibility in Dynamic Semantics Gotham

1.2 Disjunction

Another class of examples concerns disjunctions like (7).
(7)  Either John doesn’t own a car, or it is parked in a weird place.

Given the most natural translation of (7) as shown in (8), the intended anaphoric dependency
is not captured. Once again, other dynamic semantic theories are essentially the same at this
point.

(8) —3Jx(Cx AOjzx)V Px
Note that in PL, (8) is equivalent to both (9) and (10).
(9)  —3z(Cz A Ojx)V 3x(Cxz A Ojz) A Px)
(10)  —3x(Cx A Ojz)V (-—Jx(Cx A Ojzx) A Px)
Meanwhile, in DPL (8) is equivalent to (10) but not (9); and (9) would capture the intended

dependency when interpreted in DPL. So, apparently, we again have a situation where the PL
equivalence based on double negation would be desirable.

1.3 Uniqueness

However, there are examples that seem to show that we don’t want ¢ to be exactly equivalent
to =@, such as (11)—(12).

(11) ?7It’s not true that John doesn’t own a shirt. It’s in the wardrobe.

(12) ??Either John doesn’t own a shirt, or it’s in the wardrobe.

Examples (11) and (12) sound strange in a way that their counterparts (5) and (7) respec-
tively don’t. The reason seems to be that these examples carry the implication? that, if John
owns a car/shirt, then he owns exactly one. While that is a plausible (though possibly false)
assumption in the case of cars, it is much less plausible in the case of shirts. No such implication
is present in (1), or (13).

(13)  John owns a shirt. It’s in the wardrobe.

1.4 Plan

After very briefly reviewing the literature on this issue in Section 2, I will make a proposal
for making discourse referents rendered inaccessible by (double) negation accessible again in
Section 3. In Section 4 I will discuss how this proposal can be finessed in order to take account
of the uniqueness effect. The proposal will be integrated into a compositional semantic system
in Section 5. Section 6 concludes.

2 Previous Accounts

There have been a few attempts to address this issue in the literature, all of which approach it
by doing something to the semantics of negation.

4] leave open the question of what exactly this ‘implication’ amounts to: whether entailment, presupposition,
implicature, etc.
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2.1 Separating Negation from Closure

Negation as defined in Figure 1 can be decomposed into three operators e, ~ and !, as defined in
(14). ! closes off anaphoric dependencies, ~ is (revised) negation and e checks that its operand

is a test. N.B. ~ is DPL equivalence, i.e. ¢ ~ 1 < for all M and f, [[(b]]{w = [[w]]{w An ancillary

notion is satisfaction equivalence: ¢ ~, 1 < for all M and f, [[qﬁ]]{/[ # () just in case [WJM/[ #0
(Groenendijk and Stokhof, 1991, 56).

(14 eolf,={slf=g&gelolf}
[~olf; = {919 ¢ 614, }
['6la = {91 f =g & [9]5, # 0}
Facts 1 and 2 then follow.
Fact 1. ~~¢ ~ ¢
Fact 2. e~ld ~ —¢

Given the equivalence noted in Fact 1, we could imagine that not as expressed in (5) is

translated as ~, but as expressed in (2) is translated as — (or, equivalently, ~ augmented
with e and !). Groenendijk and Stokhof (1990) and Rothschild (2017) both make suggestions
somewhat like this, and in systems that are sufficiently different from DPL for the decomposition
to be achieved with two operators rather than three.

Nevertheless, such an approach immediately raises the question of why there is no reading of,
say, (2) in which not is translated just with the revised negation. In the system of Groenendijk
and Stokhof (1990) the result would be an interpretation equivalent to ‘It’s not true that John
owns a car which is parked in a weird place’, and in that of Rothschild (2017) the result would be
an interpretation equivalent to ‘there is something which is not a car owned by John, and which
is parked in a weird place’ (which is also what we’d get using just ~ as defined above). Needless
to say, neither of these is a possible interpretation of (2). Both Groenendijk and Stokhof (1990)
and Rothschild (2017) make suggestions® about how to avoid such interpretations, but these
are incomplete. Furthermore, both theories require additional assumptions to account for the
disjunction cases outlined in Section 1.2—in neither theory does the decomposition of negation
achieve this alone. Nor do they have anything to say about the uniqueness effect.

2.2 Bilateralism

The approach adopted by Krahmer and Muskens (1995), when adapted from Discourse Rep-
resentation Theory (DRT, Kamp and Reyle (1993)) to DPL, is to give formulae both positive
(verifying) and negative (falsifying) extensions, with negation amounting to reversal of these.
Double negation elimination then follows immediately. Examples like (7) are taken care of by a
tweak to the semantics of V making ¢ V ¢ equivalent to ¢ — 1. This makes (8) equivalent to
(15) which, given that the system now has double negation elimination, is equivalent to (16).

(15)  —=—=3z(Cx A Ojz) — Px
(16)  Jz(Cz A Ojz) — Pz

5Rather more developed in the case of Groenendijk and Stokhof (1990) than Rothschild (2017).
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Formula (16) is not equivalent to (9) (or (10)): interpreted in DPL, (9) means ‘either John
does not own a car, or he owns a car that is parked in a weird place’, while (16) means ‘every car
John owns is parked in a weird place’. The difference is reminiscent of the difference between
strong and weak readings of donkey sentences. Given the uniqueness effect it seems to be
somewhat moot, however. Krahmer and Muskens (1995, 359) note the uniqueness effect but
do not account for it. In any case, their semantics for V could be tweaked in a different way to
get the ‘weak’ reading instead of the ‘strong’ one they do get (and defend).

In the following section I will present an account of pronoun accessibility in sentences like
(5) and (7) in a unilateral semantics (in fact, without changing the semantics of DPL at all),
which moreover accounts for the uniqueness effect.

3 Double Negation and Excluded Middle

The non-equivalence of ¢ and ——¢ in DPL is reminiscent of the situation in intuitionistic logic
(IL). Now, the parallel is by no means exact, since in IL this non-equivalence can be expressed
as ¢ AF ——¢, whereas in DPL it can’t really be brought out directly in terms of entailment or
derivability. Nevertheless, it’s worth looking at what one needs to add to IL in order to get the
equivalence back.® Famously, adding any of (17)—(19) to IL gets you classical logic:

(17) -~k o (double negation elimination)
Ik L

(18) | RO (reductio ad absurdum)

(19) FoVv-o (excluded middle)

This invites the following thought: could there be a way to achieve (something like) the
double negation property for dynamic semantics by adding (something like) excluded middle?
And could that help to resolve the issues we’ve identified with pronoun accessibility? The
answer is yes, but it doesn’t involve the standard DPL disjunction. Rather, it involves ‘program
disjunction’ (Groenendijk and Stokhof, 1991, 88), defined in (20).

(20) Extend the language of DPL with the following clauses:
a. If ¢ and 9 are formulae, then ¢ U is a formula.

b, [pUvll, = [614 U I¥lY,

Like V, U is internally static, but unlike V it is externally dynamic. External dynamicity is
crucial to the equivalence shown in Fact 3, which shows something of the extent to which (this
form of) excluded middle gets us (something like) the double negation property in DPL.”

Fact 3. If ¢ =~ p A\ ¢ then (9 U—d) A = =~ ¢

In DPL ¢ U—¢ is a tautology, but there are many semantically distinct tautologies in DPL.
Consequently, DPL does not have the property that ¢ is equivalent to T A ¢ for any DPL
tautology T and formula ¢. So much can be seen from Fact 3. The relevance of this for us
is that indefinites made inaccessible by double negation can be made accessible again on the
assumption that the discourse is interpreted in the context of a specific tautology, namely, an
appropriate instances of excluded middle with U.

6The connection is deeper than there is space to get into here. See (Ranta, 1994, 74-75) and Fernando
(2001).

7Groenendijk and Stokhof (1991, 63-64) discuss the conditions under which A is idempotent. In this paper
we’re concerned about the case where ¢ := Jz(Cz A Ojz), and in that case ¢ ~ ¢ A ¢.
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For example, if we assume that the discourse in (
Jx(Cx A Ojx)U—-3z(Cx A Ojz) and so augment (6) to (2
is equivalent to (3), as shown below.

5) is interpreted in the context of
1), the interpretation we end up with

(21)  (Fz(Cz AOjx)U—-3z(Cx A Ojz)) A (-=3z(Cx A Ojz) A Px)

]]M g€ [[Hac (Cz A O]J;)]]M U [~3x(Cz A ij)]]M & [Fx(Cax A Ojz)]5, #0 }

{ z) € Z(P)
{g|g € nax Ca A Ojo)l}; & g(x) € Z(P)}
[3)

In the same way, if we augment (8) to (22), the interpretation we end up with is satisfaction-
equivalent to (9), as shown below.

(22)  (Fz(Cz A Ojx)U—-3z(Cx A Ojz)) A (=3x(Cx A Ojz) V Px)

[ (22 ]] hl there’sa g: g€ [[EIx(Ca: /\O]gj)]]& U [[_‘333(0.13/\ ij)]]{v[
M & h e [-Fx(Cx A Ojz) VvV P‘T]]?\/I

= {91/ =9 & [Ba(Cr A Oj)l}; = 0) or (g € [3(Ca A Oj)lf, & g(x) € Z(P)) |

Note that in simple positive cases like (3) and single-negation cases like (4), adding the
instance of excluded middle does nothing bad, thanks to Facts 4 and 5.

Fact 4. If ¢ = p N ¢ then (pU—d) A (pAY) =~ pAY
Fact 5. If g ~ p A ¢ then (pU—d) A (md A) ~ = A

Before we move on, I want to note two things about this treatment of disjunction. Firstly,
binding is predicted to be symmetric, i.e. either it’s parked in a weird place, or John doesn’t
own a car is predicted to be just as good as (7).

Secondly, in either case the interpretation amounts to ‘either John doesn’t own a car, or
some car he owns is parked in a weird place’. As noted above, this take on the truth conditions
of (7) is disputed by Krahmer and Muskens (1995).

Both of these bugs/features follow from the (independently-given) semantics of V in DPL.
Both would be changed on the assumption that p or ¢ is translated into DPL not as p V ¢ but
as p — q. Nevertheless, as noted above, the strong vs. weak issue at least is somewhat moot
given the uniqueness effect, to be discussed next.

4 Uniqueness

So far, the uniqueness effect is not accounted for. Intuitively, what it seems that this effect
amounts to is a restriction on anaphoric licensing: while a simple indefinite a P licenses sub-
sequent pronouns, one under double negation only does so on the assumption that there is
exactly one P. With that in mind, let us reflect on what program disjunction does in cases of
an existential statement and its negation.

the set of z-variants of f mapping x to a P, if there are any

. f
[BxPxU—-3xPzx]y, = { {f} otherwise
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If we want the anaphoric dependency to be passed on only in the case of uniqueness, then
the input context for our unaugmented formulae should look like this instead:

the (singleton) set of a-variants of f mapping x to a P, if there’s exactly one
{f} otherwise

That effect can be achieved by the introduction of an operator 1, defined as follows.

(23) Extend the language of DPL with the following clauses:

a. If ¢ is a formula, then‘]qﬁ is T formula.
I f
gt - f Tl it el =1
ey { {f}  otherwise

Or, equivalently,

Lol = {o 19 € 01, & |10, | =1} udg 17 =g & 1111 # 1}

Note that 1¢ is also a DPL tautology (for any ¢). I will henceforth refer to formulae of
the form 1¢ as instances of ‘unique excluded middle’ (UEM).® If we now use UEM for our
augmentations of (6) and (8) instead of excluded middle with U, we get the uniqueness effect,
as seen below in (24) and (25) respectively.

(24)  13x(Cx A Ojz) A (——=Fz(Cx A Ojz) A Px)

ge{n|heBe(CrnO)lf & ‘[[ax(ca: NOja)l| =1}
9l ufnlr=ne ‘[[EIx(C’:c/\Oj:c)]]b’ #1}
& [32(Cz A Oja)]h, # 0 & g(z) € Z(P)
(BBa(Ca n Oj)], = {9} & g(x) € T(P))
or (f=g& ’[[El:z:(C:L’ A Oj:c)]]{w‘ > 1& g(w) € I(P))

(],

=<¢g]

‘Either John owns exactly one car, which is parked in a weird place, or John owns more
than one car and z is parked in a weird place’ (with z free).

(25)  13x(Cx A Ojx) A (—Fx(Cx A Ojz) V Px)

ge{nlhe [Ba(Can 0ol & |[Ba(CanOja)lf, | =1}
[@)]), =39l U {hir=n& \[[ax(cx Ao]'z)]]?w] #1}

& [-3z(Cx A Oja)]d, U P, # 0

(132(C2 A Oj2)l; = {9} & g(x) € T(P))

—3g] or (f = g & [Fa(Ca A Oj2)], = )

or (f=g& ’[[EIx(Cx A ij)]]{w‘ > 1& glw) € I(P))

‘Either John doesn’t own a car, or he owns exactly one car, which is parked in a weird place,
or he owns more than one car and z is parked in a weird place’ (with z free). As noted above,

81n a previous version of this material, UEM was defined as a formula of the form {(¢U—¢). That was before
I realised that this is equivalent to 1¢.
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this interpretation abolishes the distinction between weak and strong readings by making a car
inaccessible as an antecedent to it if John owns more than one car.

As before, adding UEM to a simple positive formula like (3) doesn’t change anything (Fact
6). Adding UEM to a single-negated sentence like (4) doesn’t change anything either (Fact 7).

Fact 6. If o~ A then oA (dAY) = dAY
Fact 7. If ¢ =~ p N then 1o A (mp Ap) =~ —p A

4.1 Uniqueness?

Matt Mandelkern (p.c.) has argued against building uniqueness into interpretations in this way,
on the basis of examples like (26).

(26) Either Sue didn’t have a drink last night, or she had a second drink right after it.

Clearly, (26) makes no sense if it is interpreted to mean the unique drink that Sue had last
night, which is what the UEM-based analysis implies. On the other hand, if we stick with the
analysis based on excluded middle with U, then (26) can mean ‘either Sue didn’t have a drink
last night, or she did have a drink last night and had a second drink right after it’, which is
coherent.” The question remains, though, whether or not (26) can mean this.

Personally, I find (26) strange precisely because (I think) of the uniqueness implication, and
so in what follows I will continue to use UEM. However, if this turns out not to be sustainable
then we can switch to excluded middle with U and look for another way to treat the uniqueness
effect in examples like (11)—(12).

5 Composition

The obvious question that this treatment of double negation etc. raises is where these instances
of UEM might come from. Answering that question requires moving from DPL to a dynamic
semantic system that permits compositionality below the level of the clause. To that end I
will move to compositional discourse representation theory (CDRT, Muskens (1996)). Here,
the boxes of DRT are taken to be abbreviations of type-logical expressions of type s — s — ¢t
(abbreviated T'), where s is the type of states and discourse referents w,, are of type s — e
(abbreviated E). The abbreviations are summarized in Figure 2.19

I will treat the instances of UEM as being introduced lexically by negation as a kind of
projective content. That is to say, in addition to introducing [| = D] in the standard dimension
of meaning, instances of negation introduce 1D in another dimension of meaning. The simplest
way to do this is to make the result type of lexical entries not T but T x T, with (some of)
these instances of UEM in the first dimension and other content in the second.! In contrast to
other kinds of projective content, however, I don’t assume that these instances of UEM project

very far, as can be seen from the lexical entries given to (and) and or in the lexicon shown in
(27).12

9As Matt also pointed out, on the assumptions made by Krahmer and Muskens (1995) it has to mean that
Sue had infinitely many drinks.

10 Axioms ensure that discourse referents and states really do behave like variables and variable assignments.

1 This can be done in a more principled way with a writer monad (Ciorgolo and Asudeh, 2012). Thanks to
Simon Charlow for pointing this out.

12(gnd) is a silent conjunction assumed to hold sentences together at the text level. Different projective
behaviour might be required of overt and.
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Conditions:

R(01,...,6,) = M.R(81(i), ..., 6n(i))

Om = O, = Xi.0p, (1) = 8,(0)

-D = Xi.=35.D(i)(j)

DVE = X.35.D%)(4) V E(i)(H)

DRSs:

[ug...un | C1,...,Cn] = Ai.Aj.(Vu.(u #ul/\ /\u;éun)—>u(i)=u(j))
ACL(F) A Cn(3)

D;FE = M.AEF5D() (5 ) ( )(k)

DUE =  M.A.DE)(j) VE®G) ()

1D = MAJ(D()(G) A3kD@) (k) v (i = j A =3k.D(5)(F))

Figure 2: Abbreviations for CDRT (Muskens, 1996, 157) augmented with U and 1

(27) John~j: E .not..., doesn’t ~ A\pT T (r1(p) 5 1(ma(p)), [ | ~(m2(p))])
own~ AyE Xz ([]],[| own(z,y)]) is parked. ..~ Xz ([|],[| parked(z)])
at > APEPTENQETEA([]], [un |15 71 (P(wn))  ma(P(u1)) 5 m1(Q(un)) ; m2(Q(ur)))
car~ M ([|],[[ car(2)])  (and) ~ Ag™ T AT ([ ], mi(p) s ma(p) s mi(a) 5 72(9))

or~ A¢" T X" T ([ ], ma(p) s mi(a) s [ ma(p) Vma(q)]) it~ wa

Assuming the structures for (5) and (7) shown in (28) and (29) respectively, their interpre-
tations are shown below.

(28)  [[...not...[John [i [doesn’t [[a! car] [j [t; [own t;]]]]]]] [(and) [it; is parked... ]]]

~ ([ [ car(u), own (G ua)] 5 11| =[un | car(us), own(j, ua)]);

[1 =[] =[u1 | car(u1), own(j, u1)]], parked (u1)])

= ([}, 1[ua | car(ua), own(j, ur)] 5 [| =[] =[ua | car(us), own(j, u1)]], parked (u1)])
(29)  [[John [i [doesn’t [[a! car] [j [t; [own t;]]]]]]] [or [it1 is parked... ]]]
~ ([1], 1w [car(ua),own (G, ua)] 5 [ [] =fua | car(ua), own(j, ua)]] V [ | parked (u1)]])

Expanding the second projections of (28) and (29) according to the key in Figure 2 shows
these interpretations to be equivalent to those given above for (24) and (25) respectively.

One thing to note about the lexicon in (27) is that the lexical entry for or predicts symmetric
binding, as discussed at the end of Section 3. An alternative lexical entry predicting left-to-right
binding only would be AgT*T \pT*T ([ |],71(p) ; [ | m2(p) V (71(q) ; m2(q))])-

6 Conclusion

In this paper I have suggested a way for discourse referents that are problematically inaccessible
in standard dynamic semantics to be rendered accessible again, without needing to change the
semantic clauses for the existing connectives of any dynamic semantic theory at all. I proposed
that these discourse referents are made accessible by the discourse being interpreted in the
context of designated formulae, either excluded middle with U or UEM, which are tautologies
in the sense of being always true according to the designated truth definition. The fact that
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they can nevertheless be leveraged to help with this (in)accessibility issue is simply another
example of meaning in dynamic semantics going beyond truth conditions.

I also proposed a compositional system for the introduction of these formulae, treating
them as a kind of projective content introduced by the lexical semantics of negative operators.
This part of the story is necessarily (even) less secure than the general idea. A reviewer notes
that this seems to predict that other languages could behave differently to English in terms of
pronoun accessibility from under double negation or from a negated left disjunct into a right
disjunct. It certainly would be welcome if UEM could be introduced more systematically, but
at the moment I don’t see a way to do this.
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Abstract

Given that someone is consistently untruthful, why should we ever trust them? The
question is not academic. Consider politicians and others who are known to consistently
lie, but who are still listened to and voted back into office. This talk addresses this puzzle
via three mechanisms: (i) a theory of source evaluation based on interactional histories and
heuristics for judgments of reliability (McCready, 2015), (ii) a game-theoretic view of how
speaker ideologies and political positions are communicated by linguistic acts (Burnett,
2018; Henderson and McCready, 2018), and (iii) a theory of how ideological considerations
are valued alongside truth-conditional content. In the process, an analysis of fake news
claims is provided.

1 Opening

In politics (and beyond), it is common to see people trusting others who are known to consis-
tently not care much about the truth.! Donald Trump is the most prominent case. Many have
devoted a great deal of time to exposing the false claims he routinely makes in his speeches
and comments, but his supporters seem to trust him nonetheless. On standard views of the
evaluation of information sources in epistemology, which usually involve the tracking of truth,
this is a surprise. Given that someone is consistently untruthful, why should we ever trust
them? This paper addresses this puzzle via three mechanisms. First is a theory of source eval-
uation based on interactional histories and heuristics for judgments of reliability (McCready,
2015), which is used to spell out the puzzle and as an exemplar of truth-based views on trust.
The second is a game-theoretic analysis of how speaker ideologies and political positions are
communicated by linguistic acts (Burnett, 2018), and an extension of that analysis to dogwhis-
tles in political speech (Henderson and McCready, 2018). This latter contains the seeds of the
third mechanism, one new to this paper: a theory of how ideological considerations are valued
alongside truth-conditional content. We claim that such considerations are what makes people
trust testimonial agents like Trump; in the process, an analysis of fake news claims is provided.
We close with several conclusions, first the descriptive claim that trust in Trump-like agents can
be rational depending on one’s preferences, and second a set of prescriptions for how political
discourse needs to proceed given the foundations of ideologically based trust.

2 Evaluating Information Sources

How can one determine whether content obtained from a particular agent, or other information
source, should be believed? This is a longstanding and controversial issue in epistemology,
and has been extensively addressed in thousands of works; our goal here is not to present a
solution to this question, but simply to make it more precise. In order to do so, we make
use of the work of McCready (2015), who proposes a two-factor theory of source reliability for
both agent testimony and other evidence sources (as applied to dynamic update with evidential

1 Acknowledgments: Audiences at Expressing Evidence and LENLS17, especially Regine Eckardt, Natasha,
Korotkova, Maribel Romero, Stephanie Solt.
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constructions in formal semantics/pragmatics). Here we consider only the case of testimony, as
the more general theory is not required to clarify the main question we are interested in: the
relationship between reliability /truthfulness and trust.

On the view of McCready (2015), an agent first uses a set of heuristics to determine whether
a particular testimonial source has properties associated with reliability. Sample properties
that might be taken into account by these heuristics include the source’s profession, personal
presentation, gender, race, etc. Of course, some of these properties are genuinely useful for
determination of reliability and some are not. For example, an agent’s profession is relevant to
deciding whether that agent is going to be reliably truth-tracking for assertions about content
domains relevant to that profession: we might believe a linguist on issues of linguistic practice,
for example. However, some choices of property lead to epistemic injustice (Fricker, 2007),
such as gender and race, which aren’t in general relevant to evaluation of reliability, but are
nonetheless taken into account by (some) agents in making judgements about whether to believe
a piece of testimony (see McCready and Winterstein 2017, 2019 for a detailed investigation of
the case of gender, which shows via experimental methods that at least for some cases men are
assigned higher baseline degrees of reliability than women). Still, application of these heuristics
lead to a probability that the source is reliable. This is an initial determinant of whether it is
a rational move to accept content proferred by the source.

The initial probability assigned using the heuristics is only a starting point which is subse-
quently modified by interaction with that source. Each observation of a discourse move by the
source, together with verification of whether its content is truth-tracking, alters, via condition-
alization, the probability the source is reliable. In particular, following McCready 2015, suppose
that each information-transmitting discourse move by a source of testimony contributes to a
history of discourse moves, understood as iterations of a repeated game of information transmis-
sion. Such moves are modeled, simplifying slightly from the original system, as tuples (¢, V),
where V' is a value in the set {T, F,?} indicating the truth value of the proffered content (‘?’
indicating that the move cannot be evaluated or that its value is otherwise indeterminate). The
basic probability of reliability across this discourse sequence is then interpreted as the frequency
of T-valued moves, so the result is a real number in [0,1] where each T-valued move induces an
uptick in value (unless the frequency is already 1). The result is that each truth-tracking move
raises (possibly very slightly) the perceived likelihood that the source is reliable, and each move
that fails to track truth lowers it.

But how should reliability relate to belief? That is, how should an agent incorporate infor-
mation from a variety of sources of varying reliability? Furthermore, when should an agent be
willing to say they believe a proposition based on information from these various sources. Once
we understand how reliability affects belief, we can model the fact that, on par, people discount
unreliable sources, and begin to address the puzzle that some unreliable sources continue to be
believed.

We link reliability and belief using a flavor of dynamic semantics (Groenendijk and Stokhof,
1991), following work on dynamic updates in Plausibility Models (e.g., Baltag and Smets 2008).
In this literature, slightly simplified, a frame o is a set of worlds ordered with a ‘plausibility
ranking’ reflecting epistemic preferences on states, which is enriched into models in the usual
way. In Reliability Dynamic Logic (McCready, 2015) the situation is slightly complicated.
While we have a global model o, we care more about indexed submodels (hereafter information
states), each of which represents a source whose reliability we mean to track.

(1)  j € Source U A, where Source is the set of evidence sources and A the set of agents.

These informations states are ordered by the total ordering =<, satisfying (2) for agent a who
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is tracking reliability.

(2) i<, jiff P(Rel(i)) < P(Rel(j)), where P(Rel(i)) is the probability that source i yields
reliable information according to a.

Updates on information states are of the following form, where the subscript ¢ marks the source
of the evidence of ¢. For cases of testimony, as we discuss here, ¢ ranges over A, the set of
agents.

U;-:aj[go] ifi=jy
0% =0, ifi #£j

Note that a sentence E;¢ always induces the standard update of state o;, namely o;[p] = {s €
oi|s € }. At this level, update with ¢ always takes place — but this is not the same as coming
to believe @ at a global level.

To determine global beliefs, we unify the information of all tracked substates ¢; via lexico-
graphic merge in (4).

(3) o [Eip] = o' where, for all ¢; € o, {

(4) Lexicographic merge.
Roap = R7U(RS NRy) =RIU(R,NRy) = Ry N (RFURy)

The core idea is that merging o; M o; will result in state where all non-contradictory content
survives, and in case of conflict, information from the higher-ranked source overrides the lower-
ranked source—i.e., i <, j will privilege content from j. Recursively applied, the global state
or on which belief is defined will almost never exhibit conflicts.

With the link finally established between reliability (encoded in <,) and belief (proposi-
tions that follow from o7), we are now in a position to state the puzzle. Each information-
transmitting discourse move affects the perceived reliability of a source in a way dependent on
the properties of the source and whether it is truth-tracking. Thus, an agent that is consis-
tently non-truth-tracking will rank lower on <, with each non-truth-tracking discourse move.
As these agents fall on <,-rank, the content this agent provides will be less likely to survive
lexicographic merge and appear in op. Thus, the content such an agent provides will not be
believed, as belief is defined on the global information state. This seems right in the general
case, but now the puzzle is clear: what about politicians who are known to consistently ignore
the truth, but are still trusted? For the specific and obvious case, what about Trump? The
remainder of this paper will address this puzzle, claiming in short that, in certain cases, ideology
trumps reliability.?

3 Dogwhistles and Ideologies

Henderson and McCready (2017, 2018, 2019) build a novel theory of so-called dogwhistle com-
munication, a communicative strategy familiar from the literature on political speech. This
work is relevant to the question at hand because, as we will see, dogwhistle communication
involves simultaneously sending truth-conditional information while at the same time sending
information about the speaker’s persona, which can include ideological orientation. The formal
tools used to model dogwhistle communication can be, essentially, immediately extended to
solve the puzzle developed in the previous section. The larger result is that we begin to see
the emergence of a general theory of social meaning and how it interacts with truth-conditional

2Painful pun very much intended.
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meaning, one that can handle prima facie disparate linguistic phenomena like dogwhistles and
trust.

Dogwhistles can be roughly defined as messages which communicate aspects of the speaker’s
ideology to an ingroup in a way which is not accessible to an outgroup. Consider this line from
George Bush’s 2003 State of the Union address; the term ‘wonder-working power’ is used in
an evangelical Christian hymn, and thus has associations that will be recognized only if the
interpreter has the requisite background.

(5) Yet there’s power—wonder-working power—in the goodness and idealism and faith of
the American people.

What is the covert message sent to listeners who recognize the phrase ‘wonder-working power’?
Henderson and McCready (2017, 2018, 2019) argue that it is only information about the
speaker’s conversational persona, and possible broader identity, as an evangelical Christian.
This is backed by experimental literature in political science (e.g., Albertson 2015), where it
is shown that evangelical listeners are morel likely (than non-religious listeners) to recognize
the phrase, more likely to approve of religious rhetoric in religious appeals, and more likely to
identify the speaker as a religious conservative politician.

These identifying dogwhistles can be contrasted with enriching dogwhistles. With the latter
sort, of expression, the hidden message sent to savvy listeners involves the enrichment of truth-
conditional content. We see a clear example in the following example from a 2014 radio program,
where Representative Paul Ryan said the following.

(6) We have got this tailspin of culture, in our inner cities in particular, of men not working
and just generations of men not even thinking about working or learning the value and
the culture of work.

He was criticized shortly after by fellow Representative Barbara Lee for making a “thinly veiled
racial attack”. This is because the phrase inner-city is code or euphemism for African American
neighborhoods (especially stereotypically racialized views of such neighborhoods). We see, then,
that this kind of dogwhistle does not only send information about the speaker’s persona, but
involves altering the truth-conditional content of the message. That is, one is committed to
radically different propositional content when saying there is “a tailspin of culture, in our inner-
cities”, versus the enriched message that there is “a tailspin of culture, in our inner-city, African
American neighborhoods.”

The fact that dogwhistles have these two components—(i) identifying a speaker persona,
and (ii) enriching truth-conditional meaning—motivates the account developed in (Henderson
and McCready, 2017, 2018, 2019). We argue that identifying dogwhistles, which only do (i),
are a kind of special case of enriching dogwhistle, which involve both (i) and (ii). In particular,
we propose that recovering the enriched meaning of the dogwhistle is recovered in virtue of
recognizing the persona of the speaker.

Given that the persona-signaling aspect of dogwhistles is core, we use the social meaning
games of Burnett (2017) as the foundation for our analysis of dogwhistles. Such games involve
utility assignment based on recovery of speaker persona/ideology and hearer evaluation of that
persona/ideology. In this previous work, we modified Burnett’s original definition of ‘social
utility’ for use with dogwhistles in (7).® Here Pp, gives the probability the speaker has persona
p given the observed message m, which is just the RSA-style sociolinguistic literal listener

3Slightly simplified. We, for instance, are not using log probabilities here because we don’t consider the
issue of bounded rationality, which can modeled with a temperature parameter.
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(e.g., Goodman and Frank 2016; Franke and Jager 2016; Franke and Degen 2016), while vg
and vy, (borrowed from Yoon et al. 2016), give the speaker and listener’s affective values of
various personas weighted by the likelihood the speaker will be assigned that persona given
their message.

(1)  U§*(m, L) = 3 e Prlplm) + vs(p) PL(plm) + vi(p) Pr(plm)

Utility as in (7) is enough to model identifying dogwhistles. Speakers pick messages in
the context of a listener (or group of listeners) weighing what persona they want to have and
how listeners will judge that persona weighted by how likely it is that message will signal that
persona. Dogwhistles arise when the speakers wants a persona p, listeners who don’t like p
don’t realize that the m signals p, and listeners that do like p realize that m signals p.

To extend the account to handle enriching dogwhistles, which involve truth-conditional
meaning, the account must allow for speakers and listeners to extract information from two
dimensions. The core idea is to assuming signals with two possible meanings, one an enriched
version of the other. Then, we let recovery of the enriched version be tied to recognition of the
relevant persona. Thus, messages now denote pairs of truth-conditional meanings and social
meanings: ([[m]], [m]). Given T, a set of states ¢ (worlds), speaker strategies S, are now func-
tions from pairs of states and personas to messages, and listener strategies L, are functions from
messages to such pairs. We then have the following utility function for information retrieval.

(8) US(m,L)=USgo.(m,L)+ EU(m, L), where
EU(m, L) =3%,.p Pr'(tlp) x U(t,m, L), where
U(t,m,L) > 0ift € L,(m) and else = 0 (cf. van Rooij (2008)).

There are three critical aspects. First, the top line gives the general formula for the utility
of a message given a listener—it is computer is a linear function of its social utility and its
truth-conditional utility. This is critical for the puzzle at hand about truth and reliability,
and we return to this in the following section. Second, note that in computing the utility of
a message for signaling a state, we consider the (posterior) probability of the state given the
speaker’s persona—Pr’(t|p). That is, we compute the speaker’s persona and then use that
information to determine the probability that some meaning was transmitted given that the
speaker has the persona they do. For most types of truth conditional meaning Pr’(t|p) = Pr/(t).
That is, we gain no information from knowing the speaker’s persona. When using enriching
dogwhistles, though, the speaker’s persona is critical for catching the enriched meaning. Once
we identify Paul Ryan’s persona, we are more likely to interpret inner-city as African American
neighborhoods, rather than merely neighborhoods in the city. Finally, the third line (8) asserts
that there is a payoff in the truth-conditional domain just in case the listener picks the correct
state of the world. The bigger picture is that the social meaning is always recovered, but if the
listener fails to recover the proper truth-conditional meaning, no value is extracted from this
aspect of the communication.

With (8) we have a unified account of both identifying and enriching dogwhistles. The next
section shows how a consequence of this analysis provides a solution to the puzzle we began
with. That is, how is it that certain speakers are able to consistently speak falsely, while not
being punished by certain listeners in terms of trust? The core insight that the account of
dogwhistles provides is that messages package both social /ideological messages alongside truth-
conditional content. This will allow a listener to track the utility of a speakers message along
either dimension, which we will refer to as reliability and trust respectively.
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4 Ideology and Trust

The analysis of dogwhistles and of social personas in the previous section (and also in Burnett
2018) assumes that we have a way to assign affective values to personas, as cast in the function
vs/r- But on what basis? Agents can have various reasons to assign positive (or negative) value
to a given persona. There are obviously many options, including relatively high-level criteria,
for instance the degree to which the persona instantiates some value independently held by
the agent such as originality, rebelliousness, safety, or conformity to some social norm. Here,
though, we will consider only a very simple metric, namely similarity: ‘I like people who are
like me,’ or, in this context, ‘I like people who have social personas which are like mine.” The
intuition behind this criterion is that there is intrinsic value in discovering other individuals who
share our core values, ideologies, and personal styles. Assuming this criterion means we can
assign affective values on the basis of similarity metrics between speaker and hearer personas.

With even this simple metric we can enrich the analysis of reliability in McCready 2015,
which was predicated on truth-tracking alone. The core idea is to let hearers determine trust
through a mix of truth-conditional and social meaning, with different mixes leading to different
kinds of listener utilities. Fleshed out, speaker payoffs rest on two fundamental aspects of
meaning: first, for truth-conditional meaning, the successful transmission of true information
about the world, and, second, for social meaning, successfully transmitting information about
speaker personas together with the hearer’s evaluation of that persona. We treat hearer payoffs
identically because (for truth-conditional meaning) clearly the hearer cares about learning the
truth, and (for social meaning) as social agents, we value finding individuals who share our
values and social groupings, as already indicated in the previous paragraph.*

We follow Henderson and McCready (2018) and weight the two components of the utilities
with values 4,7, giving (where U5°¢(m, L) is the utility of the social meaning and EU (L, Pr)
is the value of the truth-conditional meaning, following van Rooij 2008):

Us(m, L) = 6U§°°(m, L) + yEU (L, Pr)

This ¢ indexes the value placed on the social meaning, while v indexes the value of the
truth-conditional meaning. Setting 6 = 0 gives a style of communication where social meaning
is disregarded, for instance “science” as traditionally construed, i.e. as a completely objective
enterprise where social aspects of the agents (scientists) involved are irrelevant. At the other
extreme, setting v = 0 gives “post-truth”, a style of communication in which facts are irrelevant
and only social persona matters, on the assumption that relevance is dependent on utility
assignments.

This mechanism can be exploited for an analysis of reliability in the face of countervailing
evidence as in the case of Donald Trump. When § > 7,° we end up with Trump-voter-
style confidence and trust, because considerations of truth are vastly undervalued compared to
persona signaling. Indeed, enriching the system of McCready (2015) with social meanings means
that perceived reliability can increase in repeated game settings in virtue of social signaling
alone, given that social meaning is allowed to play a role in the ‘vetting’ process.® This kind of

4Stephanie Solt (p.c.) points out to us that this assumption is too simple: it can be useful for hearers to
learn speaker personas even when they do not share them, for instance when the persona in question is highly
objectionable or when it might otherwise impact judgements about the reliability of the speaker in a truth-
conditional sense. The interaction between social and truth-conditional aspects of utility is complex and this
paper is not the place to explore it; we will do this in future work.

5Where ‘>’ indicates a vast difference in value.

6Space considerations preclude spelling this additional mechanism out in the present paper; but the basic
idea is to allow, instead of simple truth-tracking as a vetting mechanism for discourse moves, either checking
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strategy, while prima facie aberrant, can be rational in terms of maximizing utility in a variety
of scenarios. One case would be in scenarios where social signals are more easily interpreted. In
a political campaign where voters may not know much about certain policy domains, sending a
true message about those policies may not actually help the listener pick the true state of the
world. If these message are additionally uninformative in terms of social meaning, then it would
be rational in terms of payoffs to pick an alternative message that is false, but which clearly
sends a message about the speaker’s persona / ideology. In the extreme case of this strategy,
which we’ve been taking Trump to exemplify, over a coversational history interlocutors become
ever more sure of each other’s sociolinguistic personas and attendent ideologies, but do so by
discounting truth-conditional considerations.

While § >, v discounts truth conditional information, note that this setting does not neces-
sarily lead to perverse truth-conditional outcomes. Remember that on first interaction with a
speaker, a listener must fix a prior for reliability based on, in part, the speaker’s persona (indi-
cated by non-linguistic social cues). We expect that one viable strategy to evaluate a speaker’s
reliability is to, early in the conversation, set 6 >, v so to better alight on their persona and
likely ideological commitments. Crucially, this can be truth-conditionally virtuous. Recall, for
instance, that certain dogwhistles only get their enriched meaning once a listener has identified
the persona of the speaker. This means that social meaning can affect the truth conditions of
messages, and so having an accurate picture of the speaker is crucial. Focusing social meaning
by setting & >, v early, and then switching to v > § in order to monitor the truth-tracking
of an agent whose persona/ideology has been sussed out is thus a viable strategy to maximize
payoffs in both communicative domains.

We have shown how focusing on the social meaning domain is a viable strategy for main-
taining high payoffs in repeated communication, and thus can be used to establish trust. We
now turn to two communicative moves that can be used by speakers who are employing this
strategy. The first, signals that, indeed they are pursuing this strategy. The second kneecaps
alternative strategies.

In discussing Trump’s communication style, multiple pundits and partisans have said that
we must "take Trump seriously, not literally”. What could this mean? In our account, the
meaning is clear. It is an exhortation to set § > 7, or even to set v = 0. The idea is that
we should not pay attention to the literal truth-conditional content of his utterances, but to
instead take him seriously. But take him seriously as what? We think it means to take his
social persona as a billionaire, as a businessman, as a fighter, as a nationalist, etc. seriously.
This rhetorical move immediately makes sense in the framework we have developed, and shows
that social meaning and truth conditional meaning is separable, and that we can prioritize one
or the other.

Moreover, with this setup, we are in a position to give an analysis of the fake news effect.
In some conservative/right-wing discourse, taking a statement and calling it fake news is a
signal to remove it from truth-relevant consideration. We see several different ways to model
this within the present setup. The first is to view it as a call to set v = 0 in its payoff
evaluation. The interpreter then considers only similarity of persona (ie. politics) in the utility
calculation. With this, if the fake news move is accepted, considerations of truth become
completely (though temporarily) irrelevant to political discourse. This is initially plausible, but
it has several shortcomings. First, since it eliminates any utility stemming from the recovery of
truth-conditional information, it leads to generally lower utilities for ‘fake news’ content; while

whether accurate information about social persona is transferred or whether the total utility of the discourse
move exceeds a certain level, i.e. the communication is sufficiently useful that it’s worth keeping on paying
attention to the communicating agent. These two views give subtly different results which we plan to explore
further in Henderson and McCready (2019).
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this may be part of the intended effect, it is not clear to us that this way of computing utility
properly tracks the way in which we value such content. Even if something is deemed to be
fake news, there is a sense in which the truth-conditional content still provides some value to
the interpreter, specifically that she comes to believe that the content is false, which is already
useful in a way that should be reflected in utility calculation.

We thus think that fake news is best viewed as a kind of hedge which functions as a denial
operator. Simultaneously, it has a pragmatic effect as an invitation to the hearer to ascribe a
persona in ideological opposition to whatever agent made the original claim. Given the way
in which we tie opposition and thus negative affect to lack of similarity, the ascription of low
similarity will result in a negatively viewed persona. We use the following definition.”

) FN(p) = (i) Deny(yp)
(i1) ~Sim(P;, Pp)

The utility of this operator can be motivated in various ways, but here is our preferred take.
Imagine you’re playing a Trump strategy in which the goal is to gain favor via the use of social
meaning rather than being a reliable communicator in a truth-conditional sense. You would
want to tell people that other news is fake so that they can’t play a strategy which maximizes
truth-conditional meaning: the explicit denial of a bit of content means that one won’t be
able to extract utility from it on the truth-conditional side of the utility calculation, so it will
only be sensible to try to extract value from the social meaning side. As a result, the hearer
(who accepts this discourse move) has to play the social meaning strategy-maximizing game
you're playing, which is your preferred outcome, whether because you are better at the social
meaning side in general, or because it is better for you to avoid strategies which pay attention
to truth-conditional content in the particular case in question.

5 Conclusions

Trust is distinct from reliability. We can trust the unreliable, and not trust the reliable. More-
over, contrary to first impressions, this is even a rational way to behave, if we value social
matching over truth—which we might in the case of political speech, if we care most about
what kind of policies a politician might want to implement. This insight leads to a major
takeaway. If we want to re-imbue politics with truth, pointing out the falsehoods of politicians
is not a productive method in general. Instead, our only way forward is to show that the ide-
ological presentation of those politicians is insincere, or that the ideology that they uphold is
itself flawed.
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Abstract

Biiring and Hartmann (2001) provide evidence that when the German exclusive particle
nur linearly precedes a sentence-initial fronted DP that reconstructs, it cannot reconstruct
along with the DP. They conclude with Jacobs (1983) that nur is always a propositional
operator on the clausal spine. However, Smeets and Wagner (2018) show that nur can
take reconstructed scope after all, and defend an analysis where nur+DP may be parsed
together as a single quantifier. Yet, a comparison with English reveals that only cannot
reconstruct, bearing out the pattern that Biiring and Hartmann (2001) had suggested for
German. We propose a new analysis that can account for both languages. We argue for
our analysis based on a correlation between the apparent reconstruction of the exclusive
with the DP and backwards association possibilities.

1 Introduction

As defined in (1), only composes with a proposition (‘prejacent’). Our aim is to assess whether
only can also compose with a quantificational DP. Rooth (1985) and Wagner (2006) in different
ways associate only with a meaning by which it can compose with a quantifier to output a
new quantifier. In Rooth’s 1985 perspective, only is systematically ambiguous between (1) and
further meanings of other semantic types. One is (2), taking a quantificational input.

(1) [only 4T = Apss - Aw : p(w) . ¥p’ € ALT [p’(w) — p C p]]
(2) [[OHIYQ]]ALT = )\Qest7st . )\fest . [[OHIYSt]]ALT(Q f))

Our investigation will home in on one test environment: data where only is sentence-initial,
and precedes a DP which has achieved its surface position by moving from a site lower in the
clause, and can reconstruct to the low position. If only can compose with the DP, it should
be able to reconstruct along with the DP to take low scope. We will insert an operator with
respect to which only is scopally non-commutative into the structure between the landing site
of movement and the origin, and test whether only can scope below the operator. Our primary
test operator will be the adverbial again.

Testing for reconstructed scope in both German and English will yield conflicting results.
In German, it appears that nur (‘only’) is able to scope below the additional operator, while
in English, only will fixedly take wide scope over the operator. We will be concerned with
reconciling the differential scope behavior in the two languages.

We will take the English data seriously as demonstrating that (2) is not an available meaning
in any language, and propose an analysis for how nur takes low scope in German that does not
rely on (2). When nur appears to reconstruct with a DP, the interpreted operator is a covert
instance of (1), which attaches on the clausal spine under again and “backwards associates”
with the fronted DP. Backwards association is independently blocked in English.

*For their comments and judgments, we thank Bernhard Schwarz, Meghan Clayards, members of prosodylab,
and three AC reviewers, among others. We, of course, bear sole responsibility for all errors.
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2 Nur can take low scope in German

In (3), nur appears at the left edge of the sentence, preceding an object DP which has fronted
to satisfy V2 requirements. The lower subject is a universal quantifier. Biiring and Hartmann
(2001, 260) report that nur is limited to take wide scope over the subject.

(3)  Nur das Abstract hat jeder gelesen.
only the abstract has everyone read
‘Only the abstract is such that everyone has read it.’ (B&H: only > V; *V > only)

The fronted DP itself, by contrast, can reconstruct, as shown in (4), where the DP is existential.
As a result, Biiring & Hartmann conclude that (3) must involve a verb-third structure, with nur
adjoined to the CP, interpreted as (1). More generally, this analysis, following Jacobs (1983),
is based on the idea that only can never form a constituent with an (argument) DP.

(4)  Ein Abstract hat jeder gelesen.
an abstract has everyone read
‘Everyone has read an abstract.’ F>V;V>3)

Smeets and Wagner (2018), however, find that inverse scope in (3) is detectable when the
fronted DP is accented, and the remainder of the sentence deaccented. Moreover, they note
that nur readily takes scope below wieder (‘again’) in (6). With low scope for nur, the prejacent
of wieder conveys that Jan and no one else has failed in the present instance. Accordingly, the
presupposition that wieder introduces is that there is a prior instance where Jan and no one
else failed. The brief discourse in (5) offers a set up supporting the presupposition.

(5)  A: Last time, Jan failed the quiz, and everyone else passed.
B: And this time?

(6)  Nur Jan ist wieder durchgefallen.
only Jan is again flunked
‘Only Jan has flunked again.’ (only > again; again > only)

In response, Smeets and Wagner (2018) claim that nur can compose with a quantifier, after
all. Asin (7), Jan Montague lifts to quantifier type to furnish a licit argument for nur with the
meaning in (2). In turn, V2 can reconstruct, as in (8), to assign nur+DP low scope.

(7)  [JanT] = Mg - Aw . f(Jan)(w)

(8) [cp iste [rp [wieder [,p [nur [pp Jan]] durchgefallen]] to]]

Importantly, note that narrow scope for nur is distinguishable from an alternative wide scope
reading. If nur scoped over wieder, as in (9), a presupposition would be triggered that Jan has
failed before. Moreover, each alternative would contain wieder, and thus carry a presupposition
that z had failed before, for the given individual z. Assuming these presuppositions project, the
global presupposition would require people other than Jan to have failed, as well (see McKillen,
2016). Surface scope is, of course, available, but crucially, inverse scope is, too.

(9) [cp [nur [pp Jan]] Al iste [rp t1 [wieder [,p t1 durchgefallen]] ts]]

Smeets and Wagner (2018)’s analysis makes a prediction: that the scope of nur should correlate
with the reconstruction possibilities of fronted quantifiers. The possibility of narrow scope of
nur under wieder does parallel (10), where a fronted existential can scope beneath wieder in
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kind. On the reconstructed reading, (10) presupposes not that there is someone who has failed
this time who also failed before, but rather just that someone or other failed before.

(10)  Jemand ist wieder durchgefallen.
someone is again flunked
‘Someone flunked again.’ (3 > again; again >3)

Moreover, there are cases where quantifier reconstruction is blocked, and low scope for nur is
unattested, too. For one, if we replace wieder with zum zweiten Mal (‘for the second time’), as
n (11), then the quantifier obligatorily scopes wide. The fact with nur in (12) correlates: (12)
seems infelicitous in the context in (5), indicating that nur cannot take narrow scope.

(11) Jemand ist zum  zweiten Mal durchgefallen.
someone is for the second time flunked
‘Someone flunked for the second time.’ (3 > second time; *second time >3)

(12) Nur Jan ist zum  zweiten Mal durchgefallen.
only Jan is for the second time flunked
‘Only Jan has again flunked.’ (only > second time; *second time > only)

While quantifiers often can reconstruct from first position in a V2 sentence, reconstruction is
blocked, including with wieder, when the quantifier remains in the ‘middle field’, as in (13).
As observed in Smeets and Wagner (2018), low scope of nur is likewise impossible in (14).
(See Frey (1993); Lechner (1998); Sternefeld (2001); Lechner (2018) for thorough discussions of
reconstruction in the German middle field.)

(13)  Gestern ist jemand wieder durchgefallen.
gestern is someone again flunked
“Yesterday, someone flunked again.’ (3 > again; *again > 3)

(14)  Gestern ist nur Jan wieder durchgefallen.
gestern is only Jan again flunked
‘Yesterday, only Jan flunked again.’ (only > again; *again > only)

Overall, an analysis of nur with (2) as an available meaning seems natural within German. That
way, nur can compose with a following DP to form a quantifier and reconstruct to take narrow
scope, except where reconstruction is independently blocked. In so far as logical vocabulary is
universal, if (2) is attested in German, (2) should be available across languages. In this respect,
a complication does, however, arise with English only.

3 English only cannot take low scope

McKillen (2016, 118) observed that when only is initial and again attaches at the vP, only takes
fixed wide scope over again. We illustrate with (15). As noted by Smeets and Wagner (2018),
this linear position of again is somewhat marked. Still, most speakers who accept the word
order report a contrast between the two scope readings.

(15) Only Sue has again failed. (only > again, *again > only)

The context in (16) supports low scope for only and, as shown in (17-a), (15) seems infelicitous.
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(17-b), where only takes transparent low scope, offers a point of comparison.!

(16) A: Last time, Sue failed the quiz, and everyone else passed. B: And this time?

(17) a. #0nly Sue has again failed (the quiz). The others passed, like last week.?
b. Again, only Sue has failed.

In (18), a baseline context is provided supporting surface scope, and (15) improves. The residual
“? in (19) reflects some speakers’ general hesitance about the word order.

(18) A: Last time, Mary, John, and Sue failed the quiz. B: And this time?
(19) ?Only Sue has again failed (the quiz). The others passed this time.

While English does not exhibit V2, the initial DP is still in a derived position, as the subject
A-moves from its thematic merger site in spec-vP to spec-TP, over adverbs such as again. In
general, a quantifier undergoing such movement can reconstruct:

(20)  Sue failed last week’s quiz. This week, someone has again failed (the quiz).

Like German (10), the second sentence in (20) does not necessarily presuppose that the person
who failed this time has failed before, but rather just that someone or other failed before. This
is clear, since the overall sequence in (20) need not convey that Sue failed twice. Hence, someone
must able to reconstruct under again. But then, if only+DP could be parsed as quantifier in
(15), that should be able to reconstruct, too, to assign only low scope.

The correlation between quantifier reconstruction and the scope of the exclusive which
seemed to hold within German breaks down across languages. English and German are alike in
that a sentence-initial DP can reconstruct beneath again. But, the two languages come apart
in the patterning of the exclusive: nur can take low scope; only cannot.

3.1 The paradox

To avoid over-generating unattested low scope in English, a parse where only reconstructs with
the DP must be ruled out. This is directly predicted if (2) is simply not an available meaning,
so that only cannot compose with a DP. Yet, how can German nur then take narrow scope? If
nur/only directly encode (1), (6) and (15) must both be parsed with nur/only adjoined at the
edge of the matrix clause, where they should take widest scope, as in Biiring & Hartmann’s
proposal. One possibility is that languages make use of different logical vocabulary, and that
(2) is available in German, but not in English. We show, however, that the data receive a
principled reconciliation in a system where just (1) is available in both languages.

4 Re-analyzing only and scope

Quek and Hirsch (2017) and Hirsch (2017) (hence QH) propose that the interpreted operator
is always (1), but deny that overt forms like nur and only directly encode that operator. By

LAs observed in McKillen (2016), the pattern of English again is unexpected in the account of ‘weakened
projection’ in Sauerland (2013), where certain presupposition can be ignored in focus alternatives sets and
therefore fail to project. This account could have offered an alternative interpretation of the German facts.

2A reviewer reports a conflicting judgment, and accepts (17-a), but notes adding a direct object might
matter. McKillen’s example involved an object, maybe sharpening the contrast: Only John has again forgotten
his homework. We have to leave this for future study. Note (6) allows inverse scope with or without an object.

2nd
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dissociating the meaning from the overt morphology, they allow the propositional operator itself
to attach at non-transparent sites in some cases. In this way, only can be perceived as taking
different scopes, but without ever scoping together with a DP.

4.1 Dissociating semantics and phonology

QH take only to be a front for two syntactic heads (for similar analyses, see Lee 2004; Barbiers
2014; Hole 2015; Bayer 2016). The higher head, ONLY, occurs on the clausal spine, and
is interpreted as the propositional operator in (1). The lower head, F, is a focus marker, and
attaches more local to the focus associate of ONLY. F is semantically inert. The basic sentences
in (21) share the common underlying syntax in (22).

(21) a. Mary only read oneg,. book. b. Mary read only oneg,. book.

(22)  [rp Mary [ONLYjonLy] [vp t1 1ead [rp [Fluonry] [DP Oneroe book]]]]]]

The two heads are specified for an operator-specific feature, and stand in an Agree relation.
In one conception, where probe-goal relationships are established through upwards Agree (e.g.
Zeijlstra, 2012; Zeijlstra and Bjorkman, 2019), F probes and Agrees with ONLY above it. While
the semantics interprets just the higher head, QH propose that the phonology can optionally
realize the [ONLY] feature on either head. In (21-a), overt only realizes ONLY, while F is left
covert. In (21-b), conversely, F is realized, and ONLY covert.

QH’s approach has an important consequence for DP-level only. Because ONLY is a propo-
sitional operator, when attached to a DP, only must realize F. In that case, then, the semantics
and phonology dissociate, and scope ambiguity may arise. To illustrate, consider (23). Taglicht
(1984) observed that only in (23) can take scope above or below require.

(23)  You are required to learn only Spanish. (require > only; only > require)

From QH’s perspective, pre-DP only in (23) realizes F. Because ONLY is covert, the string
is compatible with different attachment sites for ONLY. One possible structure is (24), where
ONLY attaches at the edge of the embedded vP. Another is (25), where ONLY attaches at the
edge of the matrix vP instead. Because just ONLY is interpreted, its site fixes scope, and (24)
and (25) yield the two observed readings for (23).

(24) [rp you Al are [ONLY [,p required [7p t1 to [,p t1 learn [pp F [pp Spanish]r..]]]]]]
(25) [rp you Al are [,p required [7p t1 to [ONLY [,p t1 learn [pp F [pp Spanish]r.c]]]]]]

Hence, the route to scope variability is ambiguity in the attachment site of the interpreted
ONLY head when it is covert. Only never semantically composes with a DP.

5 Back to initial only

Equipped with QH’s analysis, we return to sentence-initial only, and set about to reconcile
the conflicting German and English facts. QH’s scope mechanism readily predicts the contrast,
once we take into account independent generalizations about the placement of the propositional
operator relative to its focus associate, which differ between the two languages.
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5.1 Fixed scope in English

We first consider English (26), repeated from Section 3, where only takes obligatory wide scope
over only. The structure in (27) straightforwardly derives the attested reading. The subject
DP is focused, and F attaches local to the DP. The interpreted ONLY head attaches on the
clausal spine, above the FP in spec-TP. Overt only can realize either ONLY or F and, one way
or the other, the string in (26) results. Because ONLY is attached at the edge of the clause, it
takes widest scope, above again.

(26)  Only Sue has again failed (the quiz). (only > again; *again > only)
(27)  [ONLY [rp [rp F [pp Suelpoc] Al has [again [,p t1 failed]]]]

Indeed, from the surface syntax in (27), there is no path to narrow scope for ONLY. The
FP has undergone A-raising from spec-vP to spec-TP, and that movement could reconstruct to
assign the FP narrow scope, as in (28). However, because F is semantically inert, reconstruction
in (28) only diminishes the scope of the DP, as we noted was possible in Section 3. Being outside
the raised constituent, the scope of the interpreted ONLY remains wide.

(28) [ONLY [rp has [again [,p [pp F [pp Sue|po.] failed]]]]

To derive the unattested scope order, a different surface syntax would be required, one
which merges ONLY lower, as in (29). As before, the FP raises from spec-vP to spec-TP, but
now ONLY is beneath the landing site of movement, under again. Since initial only could be
DP-level and realize F, the structure in (28) is compatible with the surface string.

(29)  *[rp [Fp F [pP Sue]roc] Al has [again [ONLY [,p t; failed]]]]

However, (29) runs afoul of a well-known constraint in English: only cannot associate with a
focus outside its scope in the surface syntax. In other words, the propositional operator cannot
“backwards associate” with a focus to its left. Jackendofl (1972) first observed the prohibition
on backwards association. For the case at hand, the baseline is (30), where only is overtly
realized at the putative position of ONLY in (29). Crucially, (30) is impossible on a reading
where Sue is the associate of only.

(30) *Suep,. has again only failed.

From QH’s perspective, (30) is just another way of realizing the structure in (29). Whereas the
string in (26) results if F is overt, the string in (30) results if ONLY is overt. What we learn
from (30), then, is that the structure in (29) is ill-formed and, accordingly, it would also be
ruled out as a possible parse of (26) as well. Just as overt ONLY cannot associate with a focus
to its left in (30), covert ONLY could not associate with a focus to its left in (26).

It merits comment that the string in (30) is ungrammatical, while the string in (26) is
grammatical, but lacks a narrow scope reading for only. Because Sue is focused, F must attach
local to it and, in turn, overt only in (30) must be parsed as a realization of ONLY, as it is
remote from Sue. The illicit structure in (29) is, therefore, the only parse compatible with the
string in (30). On the other hand, as noted, the string in (26) is also compatible with high
attachment of ONLY in (27), which does not involve backwards association.

In sum, there is no licit path to inverse scope in (26). The FP surfaces in spec-TP. Given
that backwards association is prohibited, ONLY, whether overt or covert, must attach higher,
and accordingly, ONLY fixedly takes widest scope.
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5.2 Ambiguous scope in German

German differs from English in permitting backwards association. Consider again the example
in (31), repeated from (6), where nur can take scope below, as well as above, wieder.

(31)  Nur Jan ist wieder durchgefallen.
only Jan is again flunked
‘Only Jan has flunked again.’ (only > again; again > only)

Narrow scope for nur derives as in (32). The FP has undergone fronting to spec-CP for V2, and
ONLY attaches at a position within the middle field below wieder, and backwards associates
with the fronted DP to its left. The structure is analogous to (28) above, and compatible with
the string in (31), if F is overtly realized, and ONLY covert.

(32)  [ecp [rp F [pp Jan]pec] Al iste [rp t1 [wieder [ONLY [,p t1 durchgefallen]]] t2]]

The crucial difference from English emerges in the baseline in (30), where nur is pronounced
at the site of ONLY. Unlike its English analog in (30), (33) is acceptable if nur associates with
Jan, indicating that backwards association to a constituent in first position of a V2-clause is
possible in German (cf. Jacobs, 1983).

(33) Jango. ist wieder nur durchgefallen.
Jan  is again only failed
‘Only Jan has failed again.’

In QH’s system, (33) shows that (32) is licit, and (32) should thus be an available parse for
(31) too, leading to a low scope reading for nur.

Wide scope for nur could derive as in (34), where ONLY attaches to the matrix CP, above the
fronted FP, similar to English (27). However, (34) shares with Biiring & Hartmann’s analysis
that the derivation is verb-third, which would be exceptional for German.

(34) [ONLY [cp [Fp F [pp Jan|poc] Al iste [7p t1 [wieder [,p t1 durchgefallen]] to]]]

Given that backwards association is licit, wide scope for nur can, in fact, derive without V3.
The parse is (35). As in (32), ONLY attaches in the middle field and backwards associates with
the FP, but now ONLY is at a site above wieder. Wide scope for ONLY results, and the correct
surface string is again output if nur realizes F.

(35) [cp [rp F [pp Jan]poc] Al iste [rp t1 [ONLY [wieder [,p t1 durchgefallen]]] t2]]

Hence, with nur realizing F, scope ambiguity results from different options as to where covert
ONLY is placed in the middle field, which are available because German, unlike English, allows
for backwards association. ONLY can be placed at a site below, as well as above, wieder.

Of course, the question remains as to why English and German differ with respect to back-
wards association (see Erlewine 2014 for a proposal). Yet, what’s crucial for our purpose is
that the baseline examples in (30) and (33) show that there is such a difference. Given the
difference—regardless of its explanation—observed scope freezing in English and freedom in
German “follows for free” from QH’s analysis, generalized to both languages.
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5.3 Fixed scope in German

We noted in Section 2 that Smeets & Wagner predicted scope restrictions on exclusive operators
should correlate with restrictions on quantifier reconstruction. Our approach makes a different
prediction: that scope restrictions with exclusive operators should correlate with restrictions
on backwards association. We’ve seen that differences between English and German follow from
that prediction. Scope restrictions within German do, as well. In Section 2, we identified
environments where nur cannot take low scope. In addition to quantifier reconstruction being
blocked in those cases, backwards association is, t00.?

First, we observed in (12) that nur takes obligatory wide scope over zum zweiten Mal (‘for
the second time’), unlike wieder. To derive narrow scope, we would require ONLY to attach low
and backwards association with Jan across the adverbial. (36) shows that backwards association
with the DP in first position is independently impossible across zum zweiten Mal.

(36)  *Jangpo ist zum zweiten Mal nur durchgefallen.
Jan is for second time only flunked
‘For the second time only Jan flunked.’

Likewise, we observed in (14) that nur cannot scope beneath wieder when it precedes a DP that
is in the middle field. While backwards association across wieder to a DP in first position in
V2 is possible, backwards association to a DP in the middle field is not. (37) is unacceptable if
nur associated with Jan.

(37)  *Gestern ist Jang,. wieder nur durchgefallen.
gestern is Jan again only flunked
‘Yesterday, only Jan again flunked.’

In addition to having the new empirical benefit of accounting for differences in scope of the
exclusive relative to wieder/again between languages, our system thus maintains an account of
scope freedom and fixing within German. Based on (36) and (37), we predict the impossibility
of low scope for nurin (12) and (14) from Section 2.

6 A further prediction

In discussing English, we have focused entirely on data with again. Before concluding, we want
to flag one additional correct prediction of our account for English. The prediction involves
the perceived scope of sentence-initial only in subject raising configurations. The expectation
is that only should take obligatory wide scope over the raising predicate:

(38)  Only Sue is certain to get an A. (only > certain; *certain > only)

This is supported in (38). The sentence naturally allows a reading where only scopes over
certain, as paraphrased in (39-a). If only took narrow scope, the reading in (39-b) would result
instead. The former, but not the latter, leaves open the possibility that students other than
Sue might get an A, as well. The data in (40) demonstrate that only cannot take narrow scope:
if we already know the outcome for every student, we cannot use (38) to convey what we are
certain about. This stands in contrast to a baseline where only takes transparent low scope
under certain, which is licit in the same context.

3This correlation might suggest that the analysis of backwards association depends on reconstruction of the
associate into the scope of ONLY. We leave further consideration to a future occasion.

2nd

Proceedings of the 2 Amsterdam Colloquium 168



Only reconstruction and backwards association Hirsch & Wagner

(39) a. It’s certain Sue will get an A, and not certain anyone else will.  (only > certain)
b. It’s certain Sue and no one else will get an A. (certain > only )

(40) We already know exactly what will happen.

a. #O0nly Sue is certain to get an A.
b. It’s certain that only Sue will get an A.

Convergent with conclusions from the again data in Section 3, scope freezing in (38) would be
surprising if (2) were an available meaning for only. In general, A-raising can reconstruct (see
e.g. Barss 1986, Romero 1998, Fox 1999, Sportiche 2006, among other works). For example, the
following example shows a scope ambiguity, and there is a reading where no particular student
is certain to get an A:

(41)  Some student or other is certain to get an A. (3 >certain; certain > 3)

If only could compose with the DP in (38), it should be able to reconstruct with the DP and
take narrow scope in kind. On the other hand, our proposal predicts the pattern. Just the
propositional operator is available, encoded in ONLY, and ONLY must take wide scope, as in
(42), not narrow scope, as in (43), since backwards association is disallowed in English.

(42)  [ONLY [rp [Fp F [DP Sue|roc] Al [yp is certain [rp t1 to [,p t1 get an Al]]]]

(43) [TP [Fp F [Dp Sue}poc] Al [vp is certain [Tp tl to [ONLY [vP tl get an A]]]]]

A broader range of quantifiers and operators should be looked at to see how general the
pattern for only is. For example, our proposal is similar to an account for related missing
reconstruction effects with negative quantifiers. Iatridou and Sichel (2011) noted that negation
with a raised NegDP must scope over certain (No one is certain to get an A # It’s certain that
no one will get an A) (building on Lasnik 1999). To preclude negation reconstructing low, they
took semantic negation to be separate from the DP, in a head on the clausal spine, above the
subject (e.g. Penka, 2001; Zeijlstra, 2007; Penka, 2011). We extend this treatment to only.

7 Conclusion

We have presented evidence that exclusive operators are necessarily propositional operators.
Nur and only can attach directly to a DP, but they then realize not the exclusive operator
itself, but an inert focus head. The analysis avoids over-generation problems which would
arise if English only could compose with a quantifier, and predicts a new correlation between
backwards association and low scope for the exclusive within and across languages.
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Abstract

I present a new pragmatic theory of loose talk, focussing on the loose use of numbers and
measurement expressions. The account explains loose readings as arising from a pragmatic
mechanism aimed at restoring relevance to the question under discussion (QUD), appealing
to Krifka’s notion of a measurement scale [7]. The core motivating observation is that the
loose reading of a claim need not be weaker than its literal content, as almost all pragmatic
treatments of loose talk have assumed (e.g. Lasersohn [10]). The loosening mechanism
described here can be applied to a range of other linguistic phenomena as well.

1 Introduction

We often use precise measurements where only approximate quantities are intended. One can
say “Ellen arrived at a quarter past six” without being dishonest or mistaken, even if Ellen in
fact arrived just before 6.15. The reply “No you're wrong! She actually arrived at 6.14” is not
just needlessly pedantic — it betrays a positive misunderstanding of the speaker’s communicative
intent. The same thing happens with numbers and measurements of every kind: in a typical
context, “There were fifty thousand people at the rally”, “Billy’s parrot is twenty inches tall”,
and “The Earth is five billion years old” should be understood as loose talk, stating only the
rough size of the crowd, height of the parrot, and age of the planet.

On the received view, speakers are not committed full, literal truth of their loose assertions,
claiming only that the proposition they expressed is, in some sense, close to the truth. Below I
build on observations by Sam Carter [2] that, I think, render this view untenable. T articulate a
new, formal pragmatic account of loose talk, and show how it captures Carter’s observation as
well as a range of other tricky data points. While the loose use of numbers and measurements
will be my primary focus here, the basic pragmatic mechanism described potentially has much
wider application, and in §5 I briefly explore how it may be applied to other phenomena.

2 Loosening without Weakening

There is fairly wide agreement that loose talk is a pragmatic phenomenon [1][2][5][8][10][14][15]
(but cf. [11]). There are a number of good reasons for that consensus, but the most important
one is probably Lasersohn’s observation of the following contrast [10]:

(1) a. We popped the champagne around two o’clock, but after 2.02pm.
b. # We popped the champagne at two o’clock, but after 2.02pm.
If the phrase “at two o’clock” literally meant ‘in the time interval around 2pm,’ then (1b) would
have an unproblematic, consistent reading, just like (1a) does. But that is not what we find.

The entailment data also support a pragmatic approach. If Rob is 6'1.01”, it follows that
he is over 6’'1”. If Rob is 6’0.99”, it follows that he is under 6’1"”. So taken literally, the claim

*Thanks to Chris Barker, Sam Carter, Manuel Kriz, Philippe Schlenker and three anonymous reviewers at
the Amsterdam Colloquium for helpful feedback and discussions about this material.
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(2) Rob is six foot one.

apparently entails that Rob is in the tiny interval between 6/0.99” and 6'1.01”." But of course,
a typical use of statement (2) conveys a weaker message, to the effect that Rob’s height is in
the neighbourhood of the 6'1" mark.

Most of the pragmatic accounts of loose talk just cited follow Lasersohn’s classic treatment
in assuming that the loose reading of a statement is always weaker than its literal content.
While this assumption seems eminently plausible in light of simple examples like (1) and (2),
it breaks down when we consider complex sentences.

2.1 Loose Talk under Embeddings

To begin with, Carter [2] noticed that the negations of such statements convey stronger messages
than they literally express. The literal content of

(3) Rob is not six foot one

is very weak: (3) is true even if Rob’s height is just the tiniest bit taller or shorter than 6'1”.
But in asserting (3), one ordinarily commits to something stronger, to the effect that Rob is
not even close to 6'1”. The effective message of (3) is the negation of the weakened message
conveyed by (2). Likewise, “Ellen did not arrive at 6.15” would ordinarily commit a speaker to
something stronger than the literal content of that statement.

Carter’s point about negation shows the widely held view of loosening as a form of weakening
to be mistaken, and as such it is a counterexample to most extant approaches to loosening.
Lasersohn and others view loosening as weakening and accordingly predict, incorrectly, that (3)
weakens to triviality. The point extends to downward entailing environments generally:

(4) Everyone who arrives at 1 o’clock gets a free lunch

Again, any account on which loosening is a form of weakening predicts a loose reading for (4)

that is even weaker than (4)’s literal content. But in fact, the loose reading of (4) is Everyone

who arrives around 1 o’clock gets a free lunch, which is stronger than its literal content.
Relatedly, Lasersohn’s particular theory also has trouble with conjunctions:

(5) Emma and Jack both weigh five stone.

On Lasersohn’s account, the loose reading of (5) should be Emma and Jack both have the same
weight, which is close to five stone. That is false if Emma weighs 71 pounds and Jack 68. But
clearly (5) is loosely assertable in that situation. In fact, (5)’s loose meaning is the conjunction
of the loose meanings of the conjuncts: Emma weighs around five stone and so does Jack.

2.2 Strict Comparatives

Strict comparatives are another example of strengthening through loosening.
(6) London is more than 30 miles away from here.

Again, Lasersohn and others predict (6) should have a weak loose reading. Something to the
effect, say, that London is at least 28 miles away from here. But in fact it does not: (6) is true
in no context if the distance to London is under 30 miles.

As observed by Solt [13], (6) can sometimes take a completely strict, literal reading, ac-
cording to which it is true even if the distance to London is just slightly over 30 miles. But in
addition, (6) can also take a strong loose reading. To see this, observe the following contrast:

1(2) also has a reading that Rob is at least 6’ 1"". Ignore such readings for present purposes.
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(7) A: London is 30 miles away from here.
B;: No, it’s not. London is more than 30 miles away.
# Bs: No, it’s not. London is at least 30.1 miles away.

If A’s remark is interpreted loosely, Bo’s reply is infelecitous, presumably because it does not
contradict the loose content of A’s remark. But since B;’s reply is fine, it must have a loose
reading that does contradict A, to the effect that London is well over 30 miles away from here.

3 Relevance and Scale Presuppositions

On the theory I want to propose, loosening always aims to restore relevance. It is a natural
successor to the view that the loose reading of a statement is a relevant consequence of its
literal reading [5][14][15]. On Stephen Yablo’s articulation of that view [15], the loose reading
of an assertion is basically the strongest proposition that (A) is entailed by its literal content
and (B) is wholly relevant to the question under discussion (henceforth QUD).

As is common, I will model questions under discussion as partitions:

(8) A guestion ( is a partition of the space W of possible worlds. We may write w ~¢g v
to mean that @ groups the worlds w and v in the same partition cell.

(9) A proposition p C W is wholly relevant to a question @ if and only if no partition
cell of Q) contains worlds where p is false and also worlds where p is true.

In other words, a proposition is wholly about a question just in case the truth value of that
proposition is always settled by a complete answer to the question.

As we just saw, loosening need not be weakening, so we will revise condition (A). But I
want to preserve the core idea behind (B). That idea is that, in a typical context where (2)
or (3) is uttered, we are not interested in Rob’s height to arbitrary levels of precision, so that
the QUD is something like What is Rob’s height to the nearest inch?. Consequently, (2) isn’t
wholly relevant because it is too specific: it specifies Rob’s height to a greater level of precision
than the QUD requires. And (3) isn’t wholly relevant because it is not specific enough: it does
not rule out any answer to the QUD. Loosening, then, is a pragmatic fix for irrelevance.

The gist of the present proposal is to keep (B), while replacing (A) with (C):

(C) The loose reading of a claim involving measurements is conditionally equivalent to
its literal reading, given the presupposition induced by the measurement scale.

(This formally resembles to Kriz’s treatment of plural indefinites; see [9], §3.A.) To flesh out
this proposal, let me say a bit about scales and the presuppositions that attach to them.

3.1 Scale Presuppositions

The proposed new condition (C) builds on Mandy Simons’ idea that speakers sometimes make
contextual presuppositions specifically in order to tie their literally non-relevant utterances to
the QUD [12], and on Manfred Krifka’s observation that measurement expressions are always
used against the background of a scale [7][8]. A measurement scale is a ‘menu’ of conventionally
associated measurement expressions. For instance, in English-speaking countries, specifications
of personal height are typically selected from the feet-and-inches scale:

{...“5 foot 117, “6 feet”, “6 foot 17, “6 foot 2" ...}

How do measurement scales like this one induce presuppositions?
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Well, note there are in fact many possible heights intermediate between the ones on the
list: most likely, your height is missing, as is mine. After all, almost no-one is an exact number
of inches tall: one is always a little over or under. When we use the feet-and-inches-scale, we
nonetheless ignore the intermediate possibilities. So when we describe Rob’s height using this
scale, as (2) and (3) do, there is a good sense in which we (falsely) presuppose that

(10) Rob’s height is on the feet-and-inches scale. (Or: Rob is an exact number of inches tall.)

When we describe Rob’s height using the feet-and-inches scale, the QUD is naturally taken to
be What is Rob’s height to the nearest inch?, which corresponds to this partition:

H = {{w : at w, Rob’s height in inches is in the interval [n — 3, n+ 1) } : n € N}

As T'll explain in §3.2, there is a unique proposition that is wholly relevant to H (condition (B))
and also conditionally equivalent to (2) given the scale presupposition (10) (condition (C)).
And that is the following proposition:

11) Rob is six foot one to the nearest inch (that is, he’s between 6’1" and 6/11").
2 2

Thus the present account of loose talk predicts that (11) is the loose reading of (2).
The unique wholly relevant proposition conditionally equivalent to (3) is (11)’s negation:

(12) Rob is not six foot one to the nearest inch (that is, he’s closer to 6’ or to 6'2”).

And thus the loose reading of (3) is correctly predicted to be stronger than its literal reading.
The desired readings for (4) and (5) can be derived in closely analogous ways, using appropri-
ately modified QUDs and scale propositions. In §3.3 below, I show how the present account
captures the general pattern that emerges from these embedded instances of loose talk.

On strict comparatives, the predictions are more subtle. If the question whether the distance
to London is under or over the 30-miles mark is part of the QUD, (6) retains its strict, literal
reading (it is already wholly relevant in such a context). But in a context where this is not so,
like (7), (6) gets a strong loose reading to the effect that London is well over 30 miles away
(being closer to the next item on the scale).

3.2 Subject Matter Completion

So far we have stated the present account of loose talk as follows: the loose content of an
utterance is the unique wholly relevant proposition that satisfies condition (C) (if there is such
a proposition). This subsection offers a more elegant and suggestive reformulation of this view.

According to (C), the assertion a loose speaker makes is equivalent to the message they
intend to communicate, but only conditional on the scale presupposition they employ. One
way to understand this is that speakers (and hearers) attend only to the incremental content of
the assertion over that scale presupposition, where this is understood as a partial proposition
restricted to worlds where the scale presupposition is true:

(13) A partial proposition is represented by an ordered pair (¢, f) of disjoint sets of possible
worlds. (t, f) is true at the worlds w € t and false at the worlds w € f. It has no defined
truth-value at worlds outside of t U f. (In particular, the pair (p, —p) should be taken
to represent the full proposition p C W, where z—p = g W\p.)

(14) The incremental content of a full proposition p over the full proposition s, or the
restriction of p by s, written p | s, is the partial proposition (p N's, =p N s).
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Loose utterances fit the following pattern. Let p be the full literal content of the speaker’s
utterance, s the operative scale presupposition, and p | s the incremental content of p over s.
Then, while there are cells of the QUD that intersect both p and —p, no cells intersect both
pNsand —=pNs. So the incremental content p [ s of a loose assertion is wholly relevant to the
QUD, in the sense defined above, even if its full semantic content p is not.

This is illustrated with three examples in the diagram below. In particular, the leftmost
column shows that the literal content of (2), Rob is 6’1", is not wholly relevant to H: that is,
(2) “colours outside the lines” of H, so to speak. But if we restrict (2)’s content by the scale
presupposition (10), the resulting partial proposition (2)[(10) is wholly relevant to H — it no
longer colours outside the lines. In this way, the idea that listeners attend to the incremental
content of the speaker’s assertion, rather than the full literal content, is a first step towards
explaining how we are able to interpret the assertion as wholly relevant.

But the incremental content (2)[(10) is not itself the communicated content of (2). Like
most people, Rob is almost certainly not an exact number of inches tall: we're all a little over
or a little under. So (2)[(10) is probably not truth-evaluable at the actual world, whereas the
loose message of (2) is: (2) should still count as loosely true if Rob’s height is only close to 6'1”.
So to get at the communicated content, we need to “fill out” the incremental content somehow.

Here we use the QUD as our guide: to maintain relevance, the target message must take on
a uniform truth value within each H-cell, and it should match the incremental content (2)[(10)
wherever the latter is defined. The fact that (2)[(10) is wholly relevant to H guarantees that
these constraints can be jointly satisfied, since the incremental content is never both true and
false within the same H-cell. In fact, they pin down a unique full proposition, because every
H-cell contains some worlds where (2)[(10) has a truth-value.

In general, when the incremental content p | s is wholly relevant to the QUD @ (that is, no
Q-cell intersects both pN's and —p N s), we can consider its completion by that QUD.

(15) Suppose a partial proposition (¢, f) is wholly relevant to a question ). Then the com-
pletion of (t, ) by Q, written Q((t, f)), is defined as follows:

QUt, f)) =ar {{w:for some v €t, w~g v}, {w:for some v € f, w~g v}

And provided s intersects every @-cell, Q(p | s) is guaranteed to be a full proposition.

With this formalism in hand, we can restate the present account of loose talk in an attrac-
tively succinct way: when a speaker makes an utterance with semantic content p in a context
where s is the scale presupposition and @ is the QUD, a loose reading Q(p | s) of the speaker’s
utterance is available, provided Q(p | s) is well-defined.

3.3 Boolean Transparency

Fixing a particular QUD @ and scale presupposition s, we can define a loosening operator “O” as
follows: p — Q(p | s). This partial map takes suitable literal contents p to the corresponding
loose content O p. This notation lets us compactly express two formal resul<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>