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Abstract We present evidence that preschool children oftentimes understand disjunc-
tive sentences as if they were conjunctive. The result holds for matrix disjunctions
as well as disjunctions embedded under every. At the same time, there is evidence
in the literature that children understand or as inclusive disjunction in downward-
entailing contexts. We propose to explain this seemingly conflicting pattern of results
by assuming that the child knows the inclusive disjunction semantics of or, and that
the conjunctive inference is a scalar implicature. We make two assumptions about
implicature computation in the child: (i) that children access only a proper subset of
the adult alternatives (specifically, they do not access the lexicon when generating
alternatives), and (ii) that children possess the adult capacity to strengthen sentences
with implicatures. As a consequence, children are expected to sometimes not compute
any implicatures at all, but in other cases they are expected to compute an implica-
ture that is different from the adult implicature. We argue that the child’s conjunctive
strengthening of disjunctive sentences realizes the latter possibility: the adult infers
that the conjunction is false but the child infers that the conjunction is true. This
behaviour is predicted when our assumptions about child development are coupled
with the assumption that a covert exhaustive operator is responsible for strengthening
in both the child and the adult. Specifically, children’s conjunctive strengthening is
predicted to follow from the same mechanism used by adults to compute conjunctive
free choice implicatures in response to disjunctive permission sentences (recursive
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exhaustification). We furthermore argue that this parallel between the child and the
adult extends to disambiguation preferences. In particular, we present evidence that
children prefer to strengthen disjunctions to conjunctions, in matrix and embedded
positions (under every); this result mirrors previous findings that adults prefer to com-
pute free choice, at the root and under every. We propose a disambiguation strategy
that explains the preference for conjunctive strengthening — by both the child and the
adult —even though there is no general preference for exhaustification. Specifically, we
propose that the preference for a conjunctive strengthening follows from a pragmatic
preference for a complete answer to the Question Under Discussion.

Keywords Implicature - Exhaustivity - Alternatives - Free choice -
Child development - Interpretation strategies - Ambiguity - Experiment

1 Introduction

1.1 The empirical challenge: children’s conjunctive interpretation
of disjunctive sentences

It is commonly assumed that children pass through a stage of development at which
they know the meanings of logical operators but do not strengthen the basic meanings
of sentences by computing scalar implicatures (e.g., Noveck 2001 and much work
since). Consider the interpretation of sentences containing logical operators like some
and or. An adult who understands John ate some of the cookies based on its basic (i.e.,
unstrengthened) meaning will conclude that the sentence is true if John ate one or more
of the cookies. In a context in which John ate all of the cookies, the sentence is true
under its basic meaning, but if the adult computes the sentence’s scalar implicature
(SD), that John did not eat all of the cookies, the sentence will be judged false. Similarly,
the sentence John ate cake or ice-cream on its basic meaning is true as long as John
ate at least one of cake or ice-cream. In a context in which John ate both cake and
ice-cream, the sentence is true on its basic meaning, but if the adult computes the
sentence’s SI, that John did not eat both, the sentence is judged false.

Simplifying considerably for the moment, there are two steps in computing the
implicature of a sentence S (e.g., Horn 1972, Gazdar 1979):

(1)  Steps in implicature computation:
a. ALT (for ‘alternatives’), which generates a set of alternative sentences,
ALT(S).
b. STR (for ‘strengthen’), which strengthens the basic meaning of S by negat-
ing specific elements of ALT (S) and conjoining the result with S.!

! That is, STR is sensitive to both the sentence and its alternatives: STR(ALT(S),S) = S \{=S" : for
certain elements S’ € ALT(S)}. We clarify our assumptions about ALT and the criteria for selecting the
elements of ALT (S) that get negated by STR in Sect. 4 and in the Appendix. We also put aside for now
debates concerning whether STR is shorthand for domain-general principles of reasoning or is realized as
a grammatical operator. We return to this question in later sections of the paper.
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Children interpret disjunction as conjunction 307

For example, suppose the uttered sentence is John ate some of the cookies, 3. At step
(1a), suppose that ALT in this particular case returns the singleton set {John ate all of
the cookies) (= {V}).2 At step (1b), STR negates V, and this is the scalar implicature of
the sentence: that John did not eat all of the cookies. The overall strengthened meaning
of the sentence is the conjunction of its basic meaning and its SI: that John ate some
but not all of the cookies, 3 A V.

Now suppose the uttered sentence is John ate cake or ice-cream, A vV B. Suppose
for the moment that ALT returns {John ate cake and ice-cream}, {A A B} (we will
revisit this assumption later in the paper). At step (1b), STR negates A A B, and the
Sl is that John did not eat both cake and ice-cream. The strengthened meaning is thus
that John ate cake or ice-cream but not both, (A vV B) A =(A A B); this of course is
equivalent to an exclusive disjunction A ¥ B.

Evidence has been presented that preschool children do not compute SIs. For exam-
ple, when presented with a picture or story in which John ate all of the cookies, a child
— unlike the adult — will judge the sentence John ate some of the cookies to be true
(e.g., Noveck 2001), and when presented with a picture or story in which John ate
cake and ice-cream, a child — unlike the adult — will judge the sentence John ate cake
or ice-cream to be true (e.g., Chierchia et al. 2001; Gualmini et al. 2001).

(2)  Child vs. adult behavior:

State of affairs | Sentence | Adults | Children
v 3 F T
AANB AV B F T

What (2) has been taken to show is that children pass through a stage of development
at which they know the meanings of logical operators but do not compute scalar
implicatures — they behave as if they are ‘logicians’ (cf. Noveck 2001).

(3) Common assumptions about the relevant developmental stage:

a. Basic semantics: Children at this stage of development possess the adult
meanings of logical operators.>

b. Strengthening: Children at this stage of development do not compute scalar
implicatures.

Note that the characterization in (3) leaves open whether the child’s difficulties in (3b)
are with ALT or STR or both (cf. (1)).4

2 To reduce clutter, our notation will sometimes not distinguish between sentences and the propositions
they denote; we hope no confusion arises.

3 A further assumption that is often left implicit — but which is necessary to make sense of the child’s
‘logician’-type response patterns — is that children possess the adult principles of compositional semantics.
These principles are used to compute the meanings of sentences based on the meanings of their primitive
parts and their form. We will continue to share this presupposition, but we think it is worth noting explicitly
that children appear to understand not just the meanings of logical words, but also the meanings of sentences
in which logical words are contained, and this requires that children know how meanings compose.

4 Certain contextual manipulations arguably facilitate SI computation in children (e.g., Papafragou and
Musolino 2003; Barner et al. 2011, among others). We return to these in later sections of the paper and
provide a way to make sense of this context dependence.
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We present evidence that challenges this characterization of the relevant develop-
mental stage. Specifically, we present evidence that many preschool children — the
majority in our sample — understand disjunctive sentences like The boy is holding
an apple or a banana as if they were conjunctions (that the boy is holding an apple
and a banana). This finding is consistent with the earlier studies showing that a child
will accept A v B when both A and B are true; but our crucial finding, replicating a
different set of previous results (e.g., Paris 1973; Braine and Rumain 1981; Chierchia
etal. 2004), is that a child will reject A vV B when only one of the disjuncts is true. This
is consistent with neither logician nor adult behaviour, but is instead suggestive of a
conjunctive interpretation. In (4) below we provide a snapshot summary of children’s
and adults’ deviance from inclusive disjunction interpretations of A vV B, marking in
boldface the ‘extra’ false judgments that each population gives. (In Sect. 2 we give a
full report of our findings, as well as a more detailed description of Paris 1973; Braine
and Rumain 1981; Chierchia et al. 2004.)

(4)  Truth-value judgments for matrix disjunctions A Vv B that deviate from inclusive

disjunction:
State of affairs | Inclusive disjunction | Child | Adult
—A&—B F F F
A&—B T F T
—A&B T F T
A&B T T F

In fact, our data suggest that children generate conjunctive readings not only in matrix
disjunctions, but also for disjunctions that are embedded under every. For example,
we will see that many children understand Every boy is holding an apple or a banana
to be asserting that every boy is holding both an apple and a banana.

The apparent conjunctive interpretation of disjunctive sentences found in previ-
ous studies has not received much attention. We wish to highlight these previous
results, and to add our own findings to this set of studies. Taken together, these results
have some general consequences for characterizing the relevant developmental stage.
Specifically, they teach us that — whatever the explanation of the child’s developmental
stage — it cannot be one under which children are missing some capacity that in and
of itself leads to rejection. For example, the assumption in (3) that children do not
compute implicatures leads to the expectation that children will reject sentences in a
subset of the conditions that adults reject, and in particular with disjunctions A v B
they will differ from adults only by not rejecting when both disjuncts are true. Counter
to this expectation, children reject the disjunction when just one of the disjuncts is
true, but adults accept it.

For similar reasons, other proposals that characterize the child as lacking some
capacity that leads the adult to reject sentences will also be inadequate. For example,
consider the assumption that children are ‘pragmatically tolerant’ (Katsos and Bishop
2011), that is, that children are less likely than adults to reject a sentence in a binary
judgment task if the sentence is pragmatically inappropriate. This assumption does
not predict the pattern of rejections in (4), for note that A v B is an inappropriate
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description of both a scenario in which (the speaker knows that) one disjunct is true
and one in which (the speaker knows that) both disjuncts are true (see also footnote 14).
Nevertheless, the child rejects the disjunction in one of these conditions and the adult
rejects in the other. In fact, we present evidence in Sect. 2 that many children reject
sentences like Every boy is holding an apple or a banana even when, in the adult state,
the sentence provides a true and otherwise pragmatically appropriate description. For
example, consider a context in which two of three boys are holding just an apple and
the third boy is holding just a banana; an example of such a context can be found in
the picture in Fig. 1c in Sect. 2.2. In that context, the sentence Every boy is holding
an apple or a banana is true whether or not the adult implicature is taken into account
(that not every boy is holding an apple and not every boy is holding a banana; see (12)
and footnote 19). Furthermore, the description is appropriate, and it is not obvious that
there is any better way of describing Fig. 1c. Nevertheless, our results — described in
Sects. 2 and 3 — show that children largely reject the sentence as a description of this
picture. At the same time, they accept Every boy is holding an apple or a banana as a
description of a picture in which every boy is holding both an apple and a banana (see
Fig. 1d), even though this is clearly a bad description of the picture. Thus, for embedded
disjunctions pragmatic tolerance predicts the opposite of what is observed. We are not
here questioning the assumption that children are pragmatically tolerant (see also foot-
note 19); rather, we merely wish to point out that this assumption does not adequately
describe children’s behaviour for either matrix or embedded disjunctions, and in fact
leaves it somewhat mysterious why children appear to reject disjunctive sentences
precisely when a conjunctive interpretation of the sentence would make it false.

Paris (1973) and Braine and Rumain (1981) suggested that children at this stage
of development might interpret A vV B by applying an ad hoc strategy that involves
ignoring the operator and instead ‘matching’ disjuncts with parts of the picture. This
assumption needs to be worked out, but we would like to argue that it is not necessary
to account for the data, and most likely will turn out to be problematic given the obser-
vation that the child’s deviant behaviour with or disappears in downward-entailing
(DE) contexts;’ in such contexts, there is evidence suggesting that preschool children
understand or as inclusive disjunction, just like adults (e.g., Chierchia et al. 2001,
2004; Gualmini et al. 2001, 2003; Crain 2008; Crain and Khlentzos 2010; Crain et al.
2002; Goro et al. 2005; Gualmini and Crain 2002; Notley et al. 2012a).0

5 Very roughly, DE contexts are environments that reverse entailment relations. The antecedent of if, the
restrictor of every, and negation are examples of DE environments. For example, Mary was born in Paris
entails Mary was born in France, but Mary wasn’t born in France entails Mary wasn’t born in Paris.
Similarly, Every one of these ten students who was born in France is here entails Every one of these ten
students who was born in Paris is here. Upward entailing (UE) contexts are contexts that preserve entailment
relations. The nuclear scope of every is an example of an UE context: Every one of these ten students was
born in Paris entails Every one of these ten students was born in France. Non-monotonic contexts are
neither UE nor DE. For example, the nuclear scope of exactly one is such an environment: exactly one of
these ten students was born in Paris neither entails, nor is entailed by, exactly one of these ten students was
born in France.

6 This result not only holds for English disjunctions embedded under a variety of DE operators, but it also
holds across languages and language families (e.g., Chinese and Japanese). See Goro and Akiba (2004),
Jing et al. (2005), Notley et al. (2012b), Su (2014), Su and Crain (2013), Su et al. (2012). Thanks to an
anonymous reviewer for mentioning this point.
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(5) Established empirical observation: DE contexts obliterate the difference bet-
ween children and adults. In such contexts, children — like adults — understand
disjunctive sentences as inclusive disjunction.

1.2 Outline

The goal of our paper is to give a detailed presentation of the data that give rise to
the challenge described above, and to address the challenge by providing an explicit
characterization of the relevant stage of development. Our proposal exploits the fact
that implicature computation in the adult involves multiple steps (cf. ALT in (1a) and
STR in (1b)), which raises the possibility that children might be missing just one of
these steps. We will argue that the child generates a systematic subset of the adult
alternatives but otherwise possesses all relevant adult capacities, including STR.

In Sect. 2 we present our experimental design and results, and relate our results
to previous findings of a conjunctive interpretation in preschoolers. In Sect. 3, we
present the results from each individual in our sample. We will see that individuals
naturally clustered into various groupings based on their response profiles. However,
we will argue that only some of these clusters can be made sense of with common
assumptions. Specifically, we will see that the assumption in (3), together with the
assumption that some of our children might have matured into the adult state, leaves
most of our children unexplained. In Sect. 4 we give our own proposal, which we
argue provides a better account of the data from Sect. 2 as well as of the clustering of
individuals in Sect. 3. For readers not interested in the full details of our proposal but
wishing to get a sense of the approach (or even an introduction to it), we will give a
relatively non-technical summary of our account now, in Sect. 1.3. Readers who wish
to skip this overview may jump ahead to Sect. 2.

1.3 Our proposal
1.3.1 Children compute implicatures

We propose that children’s understanding of disjunctive sentences as conjunction in
upward-entailing contexts and as inclusive disjunction in downward-entailing contexts
is teaching us that this conjunctive interpretation is the result of a scalar implicature.’
That is, the entries marked in boldface in (4) are due to strengthening by STR:

(6)  Children and adults compute different scalar implicatures for A v B:

a. The adult’s SI denies A A B.
b. The child’s SI denies both that just A and that just B.

7 Implicatures are not computed for operators in DE contexts, at least not without marked accent (e.g.,
Geurts 2009; Fox and Spector 2015), because the logical strength of alternatives is reversed (see footnote 5).
For example, the sentence If the boy is holding an apple or a banana, the girl is holding a pear is logically
stronger than its alternative If the boy is holding an apple and a banana, the girl is holding a pear; thus,
the sentence with the disjunctive antecedent can only be interpreted with its literal meaning.
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If we are right, it is incorrect to characterize the child’s developmental trajectory as one
in which they transition from a ‘logician’ to the adult state, for here they are computing
an implicature, one which just happens to be different from the one computed by adults.
The divergence here is quite striking, for it leads children and adults to strengthen in
opposite ways: adults conclude that A A B is false, while children conclude that A A B
is true.

We will provide a precise characterization of the difference between the child and
the adult that leads to this difference in implicatures. Specifically, we will argue that
children at this stage of development share all the relevant adult capacities except for
one specific parametric difference in alternatives:

(7)  Our proposal about the relevant developmental stage [compare with (3)]:

a. Basic semantics: The child possesses the adult meanings of logical operators
(cf. footnote 3).

b. Strengthening: The child possesses the adult capacity to compute scalar
implicatures, STR.

c. Alternatives: The child does not possess the adult alternatives. Specifically,
the child does not access the lexicon in generating the alternatives of a
sentence, and hence the child’s alternatives are systematically a subset of
the adult’s alternatives.®

Our proposal in (7) explains why children in many instances appear not to compute any
implicatures at all, and why in the case of disjunctions they do compute an implicature,
but one that happens to be the opposite of what the adult computes. For example,
in the adult, 3 has the alternative V, generated by substituting all for some. Thus,
ALTagu1:(3) = {V}, and STR ends up negating V, —V, resulting in a strengthened
meaning 3 A —V. However, because of (7¢), children do not access the lexicon in
generating alternatives, which in this case means that they cannot replace some by
all. Thus, there is no alternative, and STR therefore has nothing to do. This explains
the quantificational part of (2) (the first line): children say ‘true’ to 3 when V is true
because there can be no implicature without an alternative to negate.

(8)  Child—adult difference in implicatures for a sentence like 3 (consequence of
(7N):
a. Adult:
(i) ALTagu = {V}
(i) STR(ALTaguz,3) =3 A=V
b. Child:
(i) ALTcpia =19
(i) STR(ALTcpi1g,3) =3

Note that for sentences like 3, the proposals in (3) and (7) both predict that children will
not strengthen 3. However, they make strikingly different predictions for disjunctive
sentences: (3) continues to predict no strengthening, so that only an inclusive disjunc-

8 This assumption builds on Chierchia et al. (2001), Gualmini et al. (2001), Papafragou and Musolino
(2003), Reinhart (2006), Crain (2008), and especially Barner and Bachrach (2010) and Barner et al. (2011).
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tion reading is expected, whereas (7), when coupled with some theories of STR (Fox
2007, as well as Chemla 2009a; Franke 2011), predicts the possibility of a conjunctive
strengthening.”

With disjunctions A V B, there are rwo mechanisms for generating alternatives in
the adult. In addition to lexical replacements, there is also the possibility of deleting
material to generate an alternative (Katzir 2007). These two mechanisms, when applied
to A V B, operate as follows: (i) lexical replacements, in which or is replaced by and,
yield the alternative A A B; whereas (ii) deletion, which picks up subconstituents
of the uttered sentence, yields the constituent disjuncts A, B as alternatives. Thus,
ALTpguir(AV B) ={A, BfU{A A B} ={A, B, A A B}. For reasons that we explain
in detail in Sect. 4, when given this set of alternatives STR can only negate A A B,
resulting in the —=(A A B) implicature found in the adult.

Under our proposal in (7), children cannot perform lexical replacements [cf. (7¢)],
so their alternatives are: ALTcpija(A vV B) = {A, B}. As already noted, it turns out
that under various characterizations of STR (Fox 2007; Chemla 2009a; Franke 2011),
the application of STR to A v B with these alternatives is predicted to result in a
conjunctive strengthened meaning (see Sect. 4.2).!9 The possibility of a conjunctive
strengthening of disjunction may seem somewhat exotic. However, we note that under
our proposal, the conjunctive strengthened meaning follows from one of the parses of
the sentence available to children, and parsing a sentence and computing its meaning
are operations that are widely assumed to be available to children (e.g., Snedeker 2009
and see also footnote 3). Furthermore, conjunctive strengthenings of disjunctive sen-
tences are familiar from the steady state attained by the adult. In particular, disjunctive
permissions sentences like You're allowed to eat cake or ice-cream are strengthened
in the adult to a conjunction, the so-called free choice inference ‘You're allowed to eat
cake and you’re allowed to eat ice-cream’ (e.g., Kamp 1973; Merin 1992). Free choice
inferences have been argued to be scalar implicatures (e.g., Kratzer and Shimoyama
2002; Schulz 2005; Alonso-Ovalle 2005). As we discuss in more detail in Sect. 4, free
choice inferences in the adult are possible because the alternatives of G(A Vv B) are
not closed under conjunction, and conjunctive strengthenings of A Vv B in the adult are
impossible because the alternatives of A v B are closed under conjunction (Fox 2007,
see also Chemla 2009a and Franke 2011). The generalization about the possibility of

9 Note that this approach is consistent with the assumption that children are ‘pragmatically tolerant’ (Katsos
and Bishop 2011; see Sect. 1.1). In an approach like Fox (2007), STR is identified with the application of a
grammatical exhaustivity operator exh, essentially a covert variant of only (see Sect. 4). Thus, the capacity
to strengthen is independent of quantity considerations; under this approach, the Maxim of Quantity (MQ)
is active but — because it is sensitive to everything that’s relevant, rather than a merely formally restricted
subset of what’s relevant as under the neo-Gricean variant — MQ only generates ignorance implicatures (see
especially Fox 2007, 2014). Thus, even though children can only generate the unstrengthened meaning of
3 (because exh (4, 3) = 3), itis conceivable that they can nevertheless detect that the utterance violates MQ
when V is true (MQ is insensitive to ALT, and therefore also to restrictions on ALT like the one in (7¢)).

10 To reduce clutter, we will sometimes talk as if STR is a one-place function that applies to a proposition
and returns a (possibly) strengthened proposition. However, it should be kept in mind that STR takes two
arguments (cf. footnote 1): a proposition p and a set of alternative propositions, ALT (p). (Technically,
ALT is a function from a sentence to a set of sentences, and propositions may be derived from these
sentences; but as noted earlier (footnote 2), we will sometimes be sloppy about the sentence/proposition
distinction when there is little chance of confusion.)
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a conjunctive strengthening of a disjunctive sentence is stated in rough form in (9)
(see (19) in Sect. 4.2 for a more careful statement):

(9)  The closure of ALT under conjunction:

A conjunctive strengthening of a disjunctive sentence might be available when
the alternatives of the sentence are not closed under conjunction (Fox 2007;
see also Chemla 2009a and Franke 2011).

It follows from (9) that a population with {A, B} as the alternatives to A vV B should
be able to strengthen the disjunction to a conjunction in the same way that the adult
derives free choice. We could test this prediction if we could find or create a population
which has {A, B} as the set of alternatives for A Vv B; our claim is that the child at this
stage of development provides us with such a population.

(10)  Child—adult difference in implicatures for a sentence like A VvV B (consequence
of (7) when STR is identified with the mechanism proposed in Fox 2007,
Chemla 2009a, or Franke 2011):

a. Adult:

(i) ALTaqu: ={A, B, AN B}

(ii) STR(ALTagus, AV B) entails =(A A B)
b. Child:

(i) ALTcpiia =1{A, B}

(i) STR(ALTchita, AV B) entails A A B

If the characterization in (10) is correct, English-speaking children at this stage
of development are merely one among several populations that realize the underlying
cognitive state of having an ALT which returns {A, B} when given A Vv B as input; for
such populations AV B is ambiguous between an inclusive disjunction (basic meaning)
and a conjunction (strengthened meaning). As we discuss in later sections of the paper,
there is recent evidence that children across languages and language families inter-
pret disjunctions as conjunctions: relevant data have come from Mandarin-speaking
children (Tieu et al. 2016), as well as Japanese-speaking and French-speaking chil-
dren (Tieu et al. 2015). Furthermore, adult interpretations of disjunctive sentences in
Warlpiri and American Sign Language seem to be quite similar in crucial respects:
these languages have been characterized as having a single binary connective which
denotes inclusive disjunction, but sentences containing this connective allow for a
conjunctive interpretation (Bowler 2014; Davidson 2013; see Sect. 5 below). The pos-
sibility of a conjunctive interpretation is expected under (9) because in such languages
ALT(A Vv B) = {A, B}: there is no conjunctive connective in the language and thus
no sentence A A B that could serve as an alternative to A vV B.!! Our proposal unifies
all these populations under the prediction that any population that lacks a conjunctive

' See also Meyer (2015) for adult data from other disjunctive constructions in English that support (9).
The sentences of interest to Meyer (2015) are interpreted conjunctively; this is so, she argues, because the
conjunctive alternative is ill-formed and thus not a real alternative. In the domain of quantification, there
are arguments quite similar to the one we propose here that some apparently universal readings follow from
strengthening of an existential (Spector 2007; Levin and Margulis 2013; Magri 2014).
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alternative but is otherwise like the English adult will allow a conjunctive interpretation
of disjunctive sentences.

We note that, under our proposal, no new cognitive machinery is needed to account
for the child other than what is already needed to account for the adult: the child — like
the adult — has an inclusive lexical entry for or; the child — like the adult — has STR;
and the child has a specific subset of the adult alternatives, namely those that do not
involve lexical access. Other than this difference in alternatives, we assume that the
child’s competence is the same as the adult’s in all relevant respects (e.g., prohibition
of STR in DE environments). In particular, children and adults are both expected
under (9) to derive conjunctive readings for disjunctive sentences when the disjuncts
are alternatives but their conjunction isn’t. Crucially, the prediction in (9) follows
only for some theories of STR (Fox 2007; Chemla 2009a; Franke 2011). Various
competing proposals about STR would not derive a conjunctive reading for A v B
with the alternatives {A, B}. For example, Sauerland’s (2004) neo-Gricean proposal
would only generate inferences that the speaker is ignorant about the truth value of
each disjunct (see footnote 14), and ‘minimal-worlds’ approaches to exhaustivity (e.g.,
Spector 2005; van Rooij and Schulz 2004; Schulz and van Rooij 2006) would predict
an exclusive-disjunction reading instead of a conjunctive one (see Spector 2015 for
illuminating discussion). Furthermore, only Fox (2007) predicts the possibility of
embedded conjunctive strengthenings in children and embedded free choice in the
adult; our results lend support to this prediction (see also Chemla 2009b for results in
the adult, as well as footnotes 39 and 40).

1.3.2 Preferences in interpretation: Exhaustivity and Questions Under Discussion

We assume with Crain and Wexler (1999) that the child’s performance systems are
similar to the adult’s in relevant respects. This assumption will help us make sense
of evidence we present that there is a tendency for children to disambiguate in favor
of the conjunctive reading. That is, they prefer to understand disjunctions A VvV B as
strengthened, STR(A Vv B). However, there does not seem to be any evidence that there
is a general preference in the adult or the child to understand an arbitrary sentence as
strengthened.!? Clearly, something needs to be said about why a preference for STR
is only sometimes attested.

It turns out that there are clear parallels in the adult state that might allow us
to resolve this tension. Specifically, adults have been found to prefer free choice
inferences (Chemla and Bott 2014), even when the relevant sentences are embedded
under every (Chemla 2009b). For example, adults prefer to understand Every boy is
allowed to eat cake or ice-cream as asserting that every boy has free choice. Recall
that under our proposal, the child’s conjunctive strengthening and the adult’s free
choice inference are both the result of applying STR to a disjunctive sentence. Thus, it

12 we putaside for now arguments that sentences are always exhaustified (Magri 2009, 2011). Magri’s view
shifts optionality in parsing to optionality in the pruning of alternatives. Thus, questions about structural
preferences would be reformulated in his system as questions about preferences in domain restriction. See
Crnic et al. (2015) for relevant discussion.
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seems that STR is preferred when it can turn a disjunctive statement into a conjunctive
one. The challenge, then, is to account for why these conjunctive strengthenings of
disjunctive sentences are preferred in a way that standard ‘some but not all” or ‘A or
B but not both’ type strengthenings are not (see also Chemla and Singh 2014a,b).

We tentatively follow Gualmini et al. (2008) and suggest (Sect. 4.3) that this pref-
erence for conjunctive SIs — active in the child and the adult — might follow from a
general preference to provide a complete answer to the Question Under Discussion
(QUD) (Groenendijk and Stokhof 1984; Lewis 1988; Roberts 1996). For example,
consider the (possibly implicit) question “Which of John and Mary, if any, came to
the party’? In the adult state, the strengthened meaning of the answer John or Mary
came to the party would convey that exactly one of them came to the party, but would
leave open whether it was just John or just Mary that came. Thus, the question remains
unresolved even when STR is applied. In the child, however, the strengthened reading
of the answer is that John and Mary both came to the party — a complete answer to
the question. For expository purposes, in Sect. 4.3 we implement our proposal about
parsing preferences in an Optimality-Theoretic constraint system; the resulting system
correctly demarcates those Sls that end up dispreferred and costly (partial answers)
from those that end up preferred and computed fast (complete answers).

2 Experiment

2.1 Motivation: previous findings of conjunctive interpretations of disjunction
in children

There is a fair amount of evidence that children understand or as inclusive disjunction
in downward-entailing (DE) contexts (e.g., Chierchia et al. 2001; Gualmini et al. 2001;
Chierchia et al. 2004; Crain 2008; Crain and Khlentzos 2010). There also seems to
be evidence that children understand or as conjunction in matrix disjunctions. Here
we briefly summarize the experimental results that show this latter tendency. Our own
experiment, discussed in Sect. 2.2, was designed to examine whether these results are
replicable and whether they would be affected by embedding in upward-monotone
environments.

The first report of a conjunctive interpretation that we know of is in Paris (1973).
Second-graders were shown a slide presentation and given a verbal description (e.g.,
“The bird is in the nest or the shoe is on the foot”), and they were asked to decide
whether the verbal description was true or false. Paris (1973) found that when A and
B were both true, participants responded ‘true’ to A vV B almost 98 % of the time, and
when A, B were both false, participants responded ‘false’ to A v B roughly 98 % of the
time. This is consistent with an inclusive disjunction. However, when only one of A,
B was true, participants responded ‘true’ to A vV B only around 30 % of the time (see
Table 3 in Paris 1973, p. 285). While one could imagine a variety of explanations for
this latter result, we would like to note that it is expected if roughly 70 % of responses
were based on a conjunctive interpretation and the rest were based on an inclusive
disjunction interpretation.
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Another study showing an apparent conjunctive interpretation is Braine and Rumain
(1981). Here the methodology was slightly different: children (5-6 year-olds) were
shown boxes with toys in them, and a puppet made a statement about the scene (e.g.,
“FEither there’s a horse or there’s a duck in the box”). The child was asked to say
whether the puppet was right. Again, as with the Paris (1973) study, participants
mostly responded ‘right’ to A vV B when both A, B were true, and ‘false’ to A V B
when both disjuncts were false: around 95 % of participants displayed this behaviour.
However, when only one disjunct was true, only 18 % of participants responded ‘true’
(see Table 3 in Braine and Rumain 1981, p. 58). This result is expected if most of
the participants interpret A v B as something other than inclusive disjunction. Of this
majority, 32 % clearly gave a pattern of responses consistent with conjunction, and
the others had a complex mix of ‘true’, ‘false’, and ‘partly right’ responses to these
so-called ‘mixed truth forms.” Although itis not clear how to interpret the ‘partly right’
response, we can take this pattern of behavior to argue that a considerable number of
the children in Braine and Rumain (1981) understood A V B as conjunction.13

More recently, Chierchia et al. (2004) presented children with a story together with
adisjunctive statement A V B describing the story. When A, B were both true, children
accepted A V B 95 % of the time, but when only one of A, B was true, they accepted
A Vv B only 78 % of the time. This result would be expected if roughly 17 % of
responses were based on a conjunctive understanding of A Vv B.

What we have, then, is three different studies — using different methodologies and
different sets of children — that found more rejections of a disjunction when just one
disjunct is true than when both disjuncts are true. This makes sense if a conjunctive
interpretation of disjunction is available to many of these children, but is somewhat
mysterious otherwise.'

Conjunctive interpretations have also been found in imperative contexts. Children
have sometimes been found to understand sentences like Give me A or B! as ‘Give me

13 Wwe will propose that children derive a conjunctive reading with a scalar implicature that ‘not just A’
and ‘not just B;’ the ‘partly-right’ response might thus be reporting the view that the sentence is true on its
basic meaning but false if its SI is taken into account. See also footnote 9.

14 1t is well known that, for the adult, disjunctions A Vv B typically lead to the inference that the speaker
is ignorant about the truth value of each disjunct (e.g., Gazdar 1979; Sauerland 2004; Fox 2007; Chemla
2009a). As emphasized to us by Jesse Snedeker (p.c.), the adults in Paris’s (1973) study rejected A VvV B
when just one disjunct was true and when both were true at roughly the same relatively high rate, around
25 %. Older children (grades 5 and 8) also had relatively high rejection rates when just one disjunct was
true and when both were true. Many of these rejections might be due to misleading ignorance inferences.
One might thus try to explain the second-grade children’s rejection of A vV B when just one disjunct is
true as the result of an implausible ignorance inference. This seems unlikely to us, because it would not
explain why children accept the disjunction when both disjuncts are true. Furthermore, as we will see, this
line of explanation would not account for the conjunctive readings of disjunction under every that children
produced in our experiment; in such embeddings ignorance implicatures are not computed (e.g., Sauerland
2004; Fox 2007). Embedding under ‘every’ also controls for other possible strategies, such as rejection
when there is an object in the picture which does not get acted on (thanks to a reviewer for stressing this
point). For example, suppose that there are three boys, and that two of them are holding one banana each
and the third boy is holding an apple. Then Every boy is holding an apple or a banana is felicitous, and
there is no object that is not participating in the ‘hold’ relation (see our ‘Every-One’ condition in Sect. 2.2).
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A and B’ (Neimark and Slotnick 1970; Suppes and Feldman 1971)."> However, this
result is not as robust as for matrix disjunctions (Johansson and Sjolin 1975; Hatano
and Suga 1977). This is not very surprising if the conjunctive interpretation is the
result of a scalar implicature. Note that in the adult state, Give me some of the cookies!
is a demand to give the speaker some of the cookies, with a global implicature that
the hearer is not required to give the speaker all of the cookies. However, the sentence
is not readily interpreted as a demand to give the speaker some but not all of the
cookies. Thus, embedded implicatures seem to be dispreferred in imperatives. Most
importantly, embedded free choice inferences seem to be dispreferred as well under
imperatives. For example, Make sure that they’re allowed to eat cake or ice-cream!
is not to our ears preferably interpreted as a command that the referent of ‘they’ have
free choice (likewise for the imperative Allow them to have cake or ice-cream!). The
observation that children who otherwise have a conjunctive reading of disjunctions
get it less robustly in imperatives might thus follow from whatever it is that disprefers
embedded implicatures under imperatives. In fact, this dispreference follows from our
QUD-based approach to parsing preferences (see Sects. 1.3.2 and 4.3), for note that a
non-conjunctive disjunction can be a reasonable, complete answer to a question like
‘What are we required to do?’ For example, matrix exhaustification of “We’re required
to read Syntactic Structures or Aspects” — which entails that we’re not required to read
Syntactic Structures and we’re not required to read Aspects — is no worse as an answer
than the proposition that we’re required to read both Syntactic Structures and Aspects.
For this reason, we think imperatives are not the ideal environment in which to look
for a conjunctive strengthening.'®

Taken together, the results suggest the following picture. Assuming that interpre-
tations in DE contexts reveal literal meanings that are guarded from implicatures, the
child can be assumed to know that or denotes inclusive disjunction. In matrix disjunc-
tions many children seem to be strengthening the basic inclusive disjunction meaning
to a conjunction. This strengthening might also be available, though not very robust,
in imperative contexts.

This background guided the design of our own study. We were specifically inter-
ested in children’s truth value judgments for matrix disjunctions when at least one
of the disjuncts is true, for this is precisely where children and adults seem to differ.
Furthermore, we embedded disjunctions under every to examine the robustness of
children’s apparent conjunctive interpretations. First, embedding under every would

15 Other studies from that period also identified particular problems with disjunction, but it is hard to
discern whether the difficulty was due to a conjunctive inference (e.g., Furth et al. 1970; Sternberg 1979).
As far as we know, the possibility of a conjunctive inference was not taken very seriously in the literature.
For example, Sternberg (1979) cites and discusses the Paris (1973) study, but nevertheless assumes that
children’s developmental trajectory takes them from a stage at which they understand or as inclusive
disjunction to one in which they understand it as exclusive disjunction.

16 Jesse Snedeker (p.c.) suggests that the experimental rask might be relevant to how robust the conjunctive
reading is: truth value judgment tasks seem to facilitate the conjunctive interpretation, whereas action tasks
do not. As noted, the QUD-based approach explains the contrast, and it is unclear whether anything else
about the task is relevant. Christine Bartels (p.c.) notes that speaker and hearer interests might also be
relevant to how imperatives/permission sentences get interpreted; this might provide another incentive to
use other quantificational environments to investigate the possibility of conjunctive readings of disjunctive
sentences. We thank both Jesse Snedeker and Christine Bartels for very helpful discussion.
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overcome the problem with imperatives: in this environment, the basic unstrength-
ened meaning of a sentence like Every boy is holding an apple or a banana would not
provide a complete answer to a question like ‘What is each boy holding?’, but a con-
junctive strengthening — if available — would settle the question. Second, and relatedly
(as we discuss in Sect. 4.3), if the parallel between adult free choice and children’s
conjunctive interpretations is correct, we would expect the embedded disjunction to be
strengthened to conjunction in children, given that adults readily compute free choice
meanings under every (Chemla 2009b). Finally, embedding under every might help
control for various artificial strategies that might conceivably be applied to matrix
disjunctions (see footnote 14).

2.2 Materials and methods

Participants for the present study were 63 preschool-aged children from the Ottawa
area. Four children were excluded from the sample: one child refused to finish the task
and three did not speak English at home. The remaining sample consisted of 59 native-
English speaking children (36 girls, 23 boys) ranging in age from 3 years 9 months to 6
years 4 months (M = 4;10). Of these, another three failed to complete the task, leaving
a sample of 56 children (M =4;11, range = 3;9 to 6;4). All participants were recruited
by contacting child care centres in the Ottawa area and we obtained informed consent
from the centre coordinator, the parents of the children who participated, and the
children themselves (verbal consent). The participants were tested either in a separate
room or in a quiet area in their centre. Regardless of whether they completed the task,
children were thanked and given stickers as a token of appreciation.

Participants were tested individually in one session approximately 15 minutes in
length. Prior to beginning the task, children talked briefly with an experimenter to
allow them to get acquainted. The session involved looking at a picture book together
while the child interacted with the experimenter and a koala bear hand puppet.

The task used in the present study was created based on variations of the truth
value judgment task (Crain and McKee 1985; Crain and Thornton 1998); similar tasks
have been used in studies of children’s understanding of disjunction (e.g., Paris 1973;
Braine and Rumain 1981) and implicature development (e.g., Chierchia et al. 2001;
Gualmini et al. 2001; Noveck 2001; Guasti et al. 2005; Barner et al. 2011). In our task,
children were introduced to a puppet named Fuzzy and were told that their job was
to help Fuzzy practice saying the right thing about pictures presented in a book. We
used pictures instead of stories to reduce the amount of time spent on each trial, so
that more data points could be collected. We also assumed that a picture would impose
fewer demands on a child’s memory than a story.!”

Prior to beginning test trials, children were first asked to identify each of the items
used in the task to ensure they understood the labels being used. Furthermore, children

17 A reviewer points out that the decision to use pictures rather than stories has potentially negative
consequences, such as loss of control over relevant contextual features like what participants take the
Question Under Discussion to be. We agree that it would be best if our results could be replicated under
various methodologies. But note that Tieu et al. (2015) performed a study that more closely followed the
story-based truth value judgment task (in prediction mode), and found results similar to ours.
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also completed straightforward practice trials where the questions were similar to those
in test trials but had obviously correct or incorrect responses. For example, the first
practice trial depicted a picture of a boy holding a banana and Fuzzy stated “The boy
is holding a banana”. Children were asked: “Was Fuzzy right or wrong about this
picture?” In the second practice trial the picture showed a monkey holding a flower
and Fuzzy said “The monkey is holding an apple”. Again, children were asked if Fuzzy
had said the right thing or the wrong thing. They completed two more practice trials,
involving one more correct and one more incorrect statement, before proceeding to test
trials. Children who made errors during the practice trials were provided with feedback
by the experimenter, and those questions were repeated up to two more times before
moving on to the test trials. All children, including those who did not ultimately finish
the task, were able to respond correctly to the practice trials by the third attempt, with
most (47 out of 59) passing on their first attempt (11 passed on their second attempt,
and 1 passed on his third attempt).

For each test trial, participants were shown a picture, heard a statement by Fuzzy,
and were asked: “Was Fuzzy right or wrong about this picture?” The order in which
the experimenter asked if Fuzzy was ‘right’ or ‘wrong’ was counterbalanced between
children. There were 40 test trials which consisted of eight conditions, with five trials
per condition. In half of the conditions, Fuzzy made a disjunctive statement. In Con-
dition 1 = ‘One’, the character holds one item (e.g., there is a boy who is holding one
item, such as a banana; see Fig. 1a), while in Condition 2 = ‘Both’ the character holds
two items (e.g., the boy is holding two items, both an apple and a banana; see Fig.
1b). In both conditions Fuzzy asserts a disjunctive sentence stating that the character
is holding one or the other item (e.g., “The boy is holding an apple or a banana”).
In Condition 3 = ‘Every-One,’ three characters (e.g., three boys) each hold one item,
though they do not all hold the same item (e.g., two of the boys hold an apple while
one of the boys holds a banana; see Fig. 1c), while in Condition 4 = ‘Every-Both’ the
three characters each hold two items (e.g., each of the three boys holds both an apple
and a banana; see Fig. 1d). In both Conditions 3 and 4, Fuzzy asserts a disjunctive
sentence embedded under a universal quantifier stating that every character is holding
one or the other item (e.g., “Every boy is holding an apple or a banana”).

In the remaining conditions (Conditions 5-8), participants were presented with the
same pictures as in Conditions 1-4, but now Fuzzy made an and-statement instead
of an or-statement. In Condition 5 subjects saw the picture from ‘One,’ in Condi-
tion 6 subjects saw the picture from ‘Both,” in Condition 7 subjects saw the picture
from ‘Every-One,’ and in Condition 8 subjects saw the picture from ‘Every-Both.’
Conditions 5 through 8 were intended to be used as controls to ensure children under-

(a) One (b) ]éOth (¢) Every-One (d)Every-Both

Fig. 1 Sample of pictures for critical items
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stood the task and were paying attention to the questions being asked. Prior to running
the experiment, we had decided to exclude participants from analysis who did not per-
form significantly above chance on these conjunctive controls. This stringent criterion
required getting at least 16/20 correct responses on the items in Conditions 5 through 8
(p =.044). After we excluded participants who failed this criterion, 31 of the 56 child
participants remained (23 girls, 8 boys). However, our main findings do not change if
we include the whole sample (see footnote 21 in Sect. 2.4 below).'® The children in the
remaining sample ranged in age from 3 years 9 months to 6 years 4 months, M =4;11.

The task had five trials for each of the eight conditions. In addition to the boys with
apples and/or bananas, we also showed children pictures of monkeys with flowers
and/or books, trucks with pigs and/or tigers, horses with birds and/or crabs, and men
with forks and/or spoons. There were three fixed orders of the task, and each fixed
order was determined by randomizing the presentation of the trials. In all versions, a
response that Fuzzy was right was coded as ‘one’ whereas a response that Fuzzy was
wrong was coded as ‘zero’. Total scores per condition were calculated.

Finally, we also recruited 26 adults from the Ottawa area. All were native English
speakers, and all passed the conjunctive controls in Conditions 5—8 (25 of the 26 adults
performed perfectly, and one adult made a single error on the conjunctive control).

2.3 Basic predictions of commonly assumed developmental trajectory

Recall from (3) that under the commonly assumed developmental trajectory, children
at this stage (i) possess the meanings of logical operators in the steady state, and
(i1) unlike adults, do not compute implicatures. Thus, children at the relevant stage
of development are expected to only access reading (11a), whereas anyone who has
matured into the steady state might access either of (11a) or (11b).

18 We noticed several patterns among the group of participants who failed to pass the conjunctive screener.
Most prominent among them was a bias to say that Fuzzy was right. The conjunctive sentences are true in
Conditions 6 and 8, and false in Conditions 5 and 7. Nevertheless, eight of the 25 excluded subjects said
‘true’ to Conditions 5 and 7 on at least eight out of ten trials (the mean number of ‘true’ answers this sample
gave, out of 40 critical and control items, was 37.4). Another group of six subjects displayed a slightly
weaker bias pointing in the same direction, saying ‘true’ to Conditions 5 and 7 five times out of ten trials
(the mean number of ‘true’ answers this sample gave out of 40 critical and control items was 31.5). There
was also a group of three subjects who displayed the opposite bias, saying ‘false’ to most conditions, and
in particular to Conditions 6 and 8 at least nine times out of ten (the mean number of ‘true’ responses this
sample gave, out of 40 critical and control items, was 4). Finally, there was a group of three subjects who
seemed to have particular difficulties with Condition 7 only, incorrectly responding ‘true’ on each of the
five trials. Condition 7 also gave particular trouble to two other subjects: one of them incorrectly responded
‘true’ four out of five times, and another one incorrectly responded ‘true’ three out of five times. Children
have been shown to sometimes have difficulties with indefinites embedded under universal quantifiers (e.g.,
Inhelder and Piaget 1964; for more recent discussion, see e.g. Philip 1995; Crain et al. 1996; Drozd and
van Loosbroek 1998; Geurts 2003; Gualmini et al. 2003), but the problem there has been that they say
‘false’ even when the sentence is true. It is not clear to us whether these issues are related, and we hope
that the biases reflected in the samples discussed here do not affect our conclusions about the sample of 31
subjects who passed the conjunctive filter.
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(11)  Readings of A or B:
a. Logician reading: A Vv B (inclusive disjunction)
b. Strengthened reading: Logician reading + SI = (A vV B) A =(A A B)
(exclusive disjunction)

Now consider a disjunction embedded under every, as in (12). Under the devel-
opmental assumption in (3), children will be expected to access only the reading in
(12a), whereas adults will be expected to access either (12a) or (12b), with the choice
between the two dependent on whether they choose to compute an SI.'°

(12)  Readings of Every X is A or B:
a. Logician reading: [Vy : Xy][Ay V By]
b. Strengthened reading: Logician reading + SI
=[Vy : Xyl[Ay v By] A =[Vy : Xy][Ay] A —=[Vy : Xy]l[By] (‘Every X
is A or B and not every X is A and not every X is B”)

Children will thus be expected to accept the disjunctive sentences in all four of
our critical conditions, because the sentence on its logician reading is true in all of
these conditions. The adult — because of the possibility for computing SIs — might
sometimes reject ‘Both’ and ‘Every-Both’ but will have no reading which would
warrant rejection of ‘One’ or ‘Every-One.’ Thus, assuming that our sample included
both children at the relevant stage of development as well as some who had matured into
the adult state, the following prediction is made, under the assumption that participants’
acceptances/rejections of test sentences track their truth value judgments:

(13)  Basic prediction of commonly assumed child and adult strategies:

Participants are expected to have at least as many acceptances on ‘One’ as on
‘Both,” and participants are expected to have at least as many acceptances on
‘Every-One’ as on ‘Every-Both.”%’

19 we ignore embedded implicatures for the moment; the reading ‘Every X is an ((A or B) and not both)’
would give the same truth values as (12b) in both the ‘Every-One’ and the ‘Every-Both’ condition. Another
issue we put aside for the moment is whether the SI in (12b) is even available in the adult state. There is
experimental evidence that the reading is not available, and that the distributive inference that some X is an
A and some X is a B is derived through a different parse of the sentence (Crni¢ et al. 2015). See footnote
41 in Sect. 4.2 below. So far as we can tell, nothing crucial in our work hinges on the specific nature of
strengthening associated with (12).

20 Rejecting a sentence if it is pragmatically odd might provide an additional route to ‘false’ judgments,
but the availability of this strategy does not change the basic prediction in (13), for note that the disjunctive
test sentences are odd on ‘One’, on ‘Both’, and on ‘Every-Both’. We discuss this in greater detail when we
turn to individual behaviour in Sect. 3.
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2.4 Results

Our results suggest that children behave neither like logicians nor like adults: Table 1
shows that children accepted ‘One’ and ‘Every-One’ /less than they accepted ‘Both’
and ‘Every-Both.”?!

Indeed, a repeated-measures ANOVA showed that the within-subjects factor Con-
dition was significant, F'(1.58, 47.39) = 10.92, p < .001.22 Of particular note are the
following significant pairwise differences (all ps < .01, with Bonferroni corrections
for multiple comparisons): (i) ‘One’ was accepted less than ‘Both’: M (One)— M (Both)
=—2.032 (95 % CI of difference = [—3.51, —.55]); (ii) ‘One’ was accepted less than
‘Every-Both’: M (One)— M (Every-Both) = —2 (95 % CI of difference = [—3.5, —.5]);
(iii) ‘Every-One’ was accepted less than ‘Every-Both’: M (Every-One)—M (Every-
Both) = —1.45 (95 % Cl of difference = [—2.84, —.06]); (iv) ‘Every-One’ was accepted
less than ‘Both’: M (Every-One)— M (Both) = —.148 (95 % CI of difference = [—2.88,
—.09)).

The participants who rejected ‘One’ and ‘Every-One’ did so systematically: chil-
dren who said the puppet was wrong in ‘One’ also had the tendency to say the puppet
was wrong in ‘Every-One’ (r = .47, p < .01), and children who said the puppet was
right in ‘Both’ also had the tendency to say the puppet was right in ‘Every-Both’ (r =
.96, p < .01). We were somewhat surprised to find no correlations between age and
behaviour in any of the four main conditions.

Furthermore, rejections of ‘One’ and ‘Every-One’ are not the result of a handful
of outliers. For each condition, recall that each of the 31 participants received a score
out of 5 based on the number of items they accepted per condition. We ranked the 31
scores on each condition from highest to lowest and identified (i) the median score,
MED, which splits the measurements in half (this is the score at rank 16); (ii) the first
quartile, Q1, which is the data point above which three-quarters of the measurements
are ranked and below which one-quarter of the results are ranked (this is the score at

Table 1 Children’s mean number of ‘Fuzzy was right’ responses (out of 5 items) for the test conditions
(95 % confidence interval, n = 31)

Condition M(SD) 95 % CI

One 1.77(1.89) [1.08, 2.46]
Both 3.81(1.92) [3.51,4.51]
Every-One 2.32(1.80) [1.66, 2.98]
Every-Both 3.77(1.84) [3.10, 4.44]

21 The results are similar when the whole sample of 56 children is included. The scores (reported as M (S D))
for the entire sample on each condition are: (i) ‘One’: 2.45(1.94), (ii) ‘Both’: 3.80(1.91), (iii) ‘Every-One’:
2.93(1.82), (iv) ‘Every-Both’: 3.91(1.67).

22 We violated the assumption of sphericity (p < .001), but we corrected for this using the Huynh-Feldt
correction. Roughly speaking, sphericity assumes that there is no subject-by-factor interaction — that is, that
participants’ relative standing does not change much across the conditions. As we will see in Sect. 4, there
were individual differences in interpretive strategies; this might in part be responsible for the deviation from
sphericity, since different individuals react differently to the different conditions.
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rank 24); and (iii) the third quartile, O3, which is the data point above which one-
quarter of the measurements are ranked and below which three-quarters of the results
are ranked (this is the score at rank 8). The measurements bounded by Q; and Q3
contain the ‘middle-fifty’ percent of responses, and are thus less likely to contain
extreme values. MED locates the central value in each condition, and the difference
01 — Q3, the Interquartile Range (IQR), gives a measure of the spread of data on
each condition (see e.g. Mosteller et al. 1983).

The boxplot in Fig. 2 displays the values Q1, MED, Q3 on each condition. The
median score on each condition is marked with boldface (only two values are visible
on ‘Both’ and ‘Every-Both’ because in these cases MED = Q3 = 5).23

There are a few things the boxplot reveals. First, the bulk of participants in Con-
dition ‘One’ had lower scores than those in ‘Both’. In particular, the median score
for ‘One’ was 1 and the median score for ‘Both’ was 5. Similar contrasts are evident
between ‘Every-One’ and ‘Every-Both’ (the median score for ‘Every-One’ was 2 and
the median score for ‘Every-Both’ was 5). Note also that there is more spread in the
responses in ‘One’, ‘Every-One’ than in ‘Both’, ‘Every-Both’: O3 — Q1 =3 on ‘One’
and ‘Every-One,” but O3 — Q1 =1 on ‘Both’ and Q3 — Q1 =2 on ‘Every-Both.” We
will return to individual response patterns in greater detail in Sect. 3, where we suggest
ways of making sense of this pattern. For now, the important point is that these results
are totally unexpected if the child differs from the adult only by not computing the
strengthened meanings that adults compute in (11b) and (12b).

Turning to our adults, we see in Table 2 that their behaviour was consistent with
expectations (recall that adults are characterized as having either a ‘logician’ reading
or a strengthened reading; see (11) and (12)).

The scores on ‘One’ were numerically greater than the scores on ‘Both,” and the
scores on ‘Every-One’ were numerically greater than the scores on ‘Every-Both,” but
these differences were not significant (note that there is overlap in the CIs). The most
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Fig. 2 Boxplot of interquartile range of children’s scores on each condition (the median score on each
condition is marked with boldface)

23 The min score on each condition was 0, and the max score on each condition was 5, so we leave that
information out of the plot, and show only Q1, MED, and Q3.
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Table 2 Adults’ mean number of ‘Fuzzy was right’ responses (out of 5 items) for the test conditions (95 %
confidence interval, n = 26)

Condition M(SD) 95 % CI

One 3.73(1.80) [3.00, 4.46]
Both 3.35(2.04) [2.53,4.17]
Every-One 4.23(1.42) [3.66, 4.80]
Every-Both 3.69(1.95) [2.90, 4.48]

likely explanation is that the subjects in our sample largely resisted computing SIs.>*
Fifteen of our participants accepted each condition most of the time. Of these fifteen
participants, eight participants always responded ‘true’ on each of the five items of the
four conditions (20 out of 20 trials), two participants responded ‘true’ all but once (19
out of 20 trials), three participants responded ‘true’ all but twice (18 out of 20 trials),
one participant responded ‘true’ on 17 out of 20 trials, and one participant responded
‘true’ on 16 out of 20 trials. There were only seven participants who behaved as if
they often computed SIs (i.e., who rejected ‘Both’ and ‘Every-Both’ at least five out
of ten times while accepting ‘One’ and ‘Every-One’ most of the time).>

When we compare the 31 children to the 26 adults in our sample, we find that their
scores differ significantly on ‘One’ and on ‘Every-One’, but do not differ on ‘Both’
or on ‘Every-Both’; see Fig. 3 below.

Mean score

O L S g S | S S g S
One Both  Every-One Every-Both

00 Children [0 Adults

Fig. 3 Comparing children’s (n = 31) and adult (n = 26) mean scores on critical conditions (error bars
indicate 95 % confidence intervals)

24 Some of the adults in our sample might have resisted computing implicatures because they were told
that their responses would be compared with those of children. We suspect that this may have led them
to overthink the question and become more risk-averse than they otherwise might have been (many of
our adults hesitated before responding; unfortunately, we did not record these systematically). Thanks to a
reviewer for raising the question of our adults’ performance.

25 The remaining four participants had no obviously discernible pattern to their responses. These par-
ticipants may have used a combination of strategies; note that the quantified sentences are potentially
many-ways ambiguous (cf. footnotes 39 and 41).
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The lack of any significant difference between children and adults on ‘Both’ and
‘Every-Both’ can be explained if we assume that children generally do not compute
SIs and that the adults in our sample largely did not compute Sls either. However,
the significant difference between children and adults on ‘One’ and on ‘Every-One’
cannot be explained by these assumptions; for there is no obvious rationale for why
children should respond ‘false’ on these conditions as much as they do.

3 Interpretive strategies and individual behaviour

Itis clear that the children in our study, presumably like the children in previous studies
(e.g., Paris 1973; Braine and Rumain 1981; Chierchia et al. 2004), are employing some
interpretative strategies to disjunctions in upward-entailing contexts that deviate from
the ‘logician’ strategy. The goal of this section is to try to illuminate these strategies by
examining participants’ individual behavior and relating this behavior to interpretation
strategies that have prior motivation.

As we discussed in Sect. 1.1, two other plausible strategies with independent moti-
vation include rejecting a sentence when it is pragmatically odd — say, because it
generates misleading ignorance inferences — and rejecting a sentence whenits strength-
ened meaning is false.?® There are interesting differences between these strategies that
we will soon discuss, but for current purposes we would like to recall from (13) in
Sect. 2.3 a prediction they share in common with the ‘logician’ strategy: participants
are expected to have at least as many acceptances on ‘One’ as on ‘Both,” and par-
ticipants are expected to have at least as many acceptances on ‘Every-One’ as on
‘Every-Both.”?’ Call a subject that satisfies this prediction an ‘expected’ participant,
and call a subject that does not satisfy this prediction an ‘unexpected’ participant. In
our sample, only 10 of 31 participants (roughly 32 %) are ‘expected.” A 95 % confi-
dence interval extends this from 17 to 51 % (Clopper-Pearson Exact CI for binomial
proportions). Under this model, then, even in the best-case scenario a large proportion
of preschoolers would not be accounted for. Something is amiss.

3.1 Predicting clusters from commonly assumed strategies

Our main goal is to argue that the bulk of the participants in our sample came up with
conjunctive readings of the critical disjunctive sentences. We also hope to argue that
the conjunctive reading is expected when our proposal in (7) is assumed along with
some current theories of strengthening (Fox 2007; Chemla 2009a; Franke 2011). In this
section, we cluster individuals together based on their response profiles, and we relate
these profiles to idealized profiles motivated by independent considerations. For the
moment, we will assume that the correct characterization of children’s developmental
stage is not the one we propose in (7), but rather the commonly assumed one that

26 See Katsos and Bishop (2011) and Chemla and Singh (2014a, b) for discussion of some of the challenges
of dissociating these strategies in experimental settings. See also footnotes 9, 14, and 28.

27 Note that the basic meaning of the sentence is true in all four conditions and that, in the adult state, the
critical test sentences are odd on ‘One’, ‘Both’, and ‘Every-Both’; the adult strengthened meanings (11b)
and (12b) are false on ‘Both’ and ‘Every-Both’.
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posits that children do not strengthen (see (3)). In addition, we assume that some of
the participants in our sample had already matured into the adult state, and thus might
have been pragmatically intolerant (rejecting when the sentence is odd) or rejected the
sentence when its strengthened meaning was false. We have already noted that these
strategies explain the individual behaviour of only a small number of our subjects —
at best the ten participants we just mentioned above. We will identify the response
profiles of these ten participants, and we will then (Sect. 3.2) try to make sense of the
remaining twenty-one participants.

Participants had five chances to say ‘true’ or ‘false’ on each of four conditions
(‘One’, ‘Both’, ‘Every-One’, ‘Every-Both’). Suppose — as an idealization motivated
by previous results (e.g., Noveck and Posada 2003; Guasti et al. 2005; Katsos and
Bishop 2011) — that subjects are consistent in the interpretation strategy they pursue
(e.g., whether or not they strengthen the meaning by STR, and similarly for other
relevant choices). Then a ‘logician’ is expected to always say ‘true’ on each condition,
(5,5,5,5). In our sample of 31 children, we found four participants who behaved like
‘logicians’; their profiles are displayed in Table 3.

An ‘adult strengthener’ is expected to always say ‘true’ to ‘One’ and ‘Every-One’
and to always say ‘false’ to ‘Both’ and ‘Every-Both,” (5,0,5,0). We found four partic-
ipants who might be ‘adult strengtheners’. Their profiles are displayed in Table 4.

Finally, an ‘oddness-based’ strategy would accept a sentence if it is both true and
felicitous and reject it otherwise (e.g., Katsos and Bishop 2011; Clark and Amaral
2010). Thus, taking adult judgments as representative, The boy is holding an apple
or a banana is odd in both ‘One’ and ‘Both,” and Every boy is holding an apple
or a banana is odd in ‘Every-Both’ but not in ‘Every-One’. Perhaps this pattern of
oddness is rooted in the fact that the disjunctive sentence leads to misleading inferences

Table 3 ‘Logicians’ [predicted: (5,5,5,5)]

ID Number One Both Every-One Every-Both
18 5 4 5 4

27 5 5 5 4

56 5 5 5 5

58 5 4 4 4

Mean 5 4.5 4.75 4.25

Table 4 ‘Adult strengtheners’ [predicted: (5,0,5,0)]

ID Number One Both Every-One Every-Both
7 4 0 2 0

15 3 2 3 2

57 3 0 3 0

60 5 0 5 0

Mean 3.75 0.5 3.25 0.5
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in ‘One’, ‘Both’, and ‘Every-Both’, but not in ‘Every-One’.?® Under a strategy that
penalizes oddness, then, the expected profile is (0,0,5,0). We found two participants
that could perhaps be viewed as approximating this strategy; their profiles are shown
in Table 5.2

The strategies outlined here account for at most 10 of 31 participants: 4 ‘logicians’, 4
‘adult strengtheners’, and 2 who penalize oddness. Even if we assume the classification
in Tables 3, 4, and 5 to be reasonable, we are still left with 21 out of 31 subjects who
resist classification under common assumptions.

3.2 Conjunctive readings through strengthening

Suppose we admit the possibility that some children have a strategy at hand that allows
them to interpret disjunctive sentences conjunctively. Indeed, participants’ justifica-
tions for their rejection of AV B when just one disjunct was true (A, say) systematically
indicated a conjunctive interpretation. We collected 45 such justifications from partic-
ipants at the end of the experiment, and after excluding uninformative responses (e.g.,
“because Fuzzy [the puppet] was wrong”), 23 responses were of the form “because
only/just A”, 10 were of the form “because not B”, and 5 were of the form “because
A” (where A seemed to mean ‘A and not B’). These justifications make sense if these
children are interpreting the disjunctive test sentences conjunctively.

For reasons that will become clear in the next section, call the group of participants
generating a conjunctive reading ‘Child Free Choice’ (CFC). The predicted profile of
CFC subjects is (0,5,0,5). The CFC strategy allows 16 of the remaining 21 participants
to be classified as ‘signal’ rather than ‘noise’; the response profiles of these CFC
participants are displayed in Table 6.

We expect that an analysis of individual behavior would reveal CFC groups in Paris
(1973), Braine and Rumain (1981), and Chierchia et al. (2004). Indeed, a recent study
of French and Japanese preschool children found CFC profiles for both simple and

Table 5 ‘Oddness-based’ [predicted: (0,0,5,0)]

ID Number One Both Every-One Every-Both
12 0 0 1 0
51 0 0 3 0
Mean 0 0 2 0

28 The sentence with matrix disjunction suggests that the speaker does not know whether the boy is holding
an apple and does not know whether the boy is holding a banana, while the sentence with embedded
disjunction suggests that the speaker does not believe that every boy is holding an apple and does not
believe that every boy is holding a banana. See also footnote 14.

29 Participant 12’s score on "Every-One’ seems far from the idealized score of 5, but note that the overall
profile is quite accurate, and in fact, out of all theoretically motivated clusters Participant 12 fits best
into the one displayed in Table 5 (see footnote 31). Whether the classification is appropriate or not is not
entirely germane to our main point. We could just as well posit another category, ‘unclassifiable,” into which
Participant 12 would fall; this would merely increase the difficulty for the classical analysis, for it would
add yet another unexplained participant.
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Table 6 ‘Child Free Choice’ [predicted: (0,5,0,5)]

ID Number One Both Every-One Every-Both
4 2 5 2 4

8 0 5 2 5

9 1 5 0 5

21 0 5 2 5

22 2 4 1 3

23 0 5 1 5

28 2 4 2 5

36 0 5 0 5

42 0 5 2 5

45 0 5 0 5

52 2 5 2 5

53 4 5 0 5

54 1 5 0 5

74 0 5 0 5

75 3 5 1 4

86 0 1 0 3
Mean 1.06 4.63 0.94 4.63

complex disjunctions (Tieu et al. 2015).° What is needed is a way to make sense
of the CFC strategy. Ideally, what we should like is a general strategy which outputs
conjunction when applied to disjunctive sentences in upward monotone environments,
and returns the basic meaning when a disjunction is in the scope of a DE operator or
when the strategy applies to other logical operators like some.

We will argue in the following section that this pattern can be explained without
positing ad hoc strategies for the case at hand. Instead, we propose a conservative
explanation of the child’s behaviour that merely reuses existing assumptions about
strengthening in the adult steady state and clarifies assumptions about child develop-
ment. The assumption about the steady state, roughly stated in (9), is that STR derives
conjunctive inferences for disjunctive sentences whenever the disjuncts are alterna-
tives but their conjunction isn’t (Fox 2007; see also Chemla 2009a; Franke 2011, and
(19) for a more precise statement). The assumption we make about development is the
one from (7): children at the relevant stage of development access a specific subset of
the adult alternatives (which we clarify in (16) below), but otherwise they are like the
adult in that they already possess the adult lexical entries for logical operators as well
as the adult strengthening mechanism, STR. We will see that with these assumptions,
together with some auxiliary assumptions about parsing, the above strategy profiles
follow from different choices of parsing preferences. In addition to those profiles, we

30 7. apanese, simple disjunctions have the form ‘A ka B’ and complex disjunctions have the form ‘ka A
ka B’. In French, simple disjunctions are ‘A ou B’ and complex disjunctions are ‘soit A soit B’. In the adult
state complex disjunctions are exclusive (see Spector 2014 for a proposal), but Tieu et al. (2015) found
that children treated both simple and complex disjunctions as ambiguous between inclusive disjunction and
conjunction.
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will see that an additional strategy profile is predicted. Call it ‘CFCII’. Five CFCII
participants were attested; these are displayed in Table 7 below.?!

The 21 out of 31 participants that could not be explained under common assumptions
all fall into either CFC (16/21) or CFCII (5/21). The goal of the rest of this paper is
to explain how these groups arise, and to account for the obvious preference for CFC
behavior.

4 An explanation of CFC and CFCII: ambiguity and free choice
4.1 Alternatives

We assume that alternatives in the steady state are generated by a sequence of the
following operations (a simplified version of Katzir 2007):

(14)  Generating alternatives in the adult state:

a. Replace nodes with their sub-constituents or other salient constituents.
b. Replace terminals with other lexical items.

Under this assumption, the alternatives for A v B in the steady state are:

(15)  Adult alternatives for disjunction (consequence of (14)):
ALTpdqui:(AV B) ={A, B, AN B}

It has been argued that children are limited in their ability to generate alternatives, and
in particular that they do not perform scalar replacements (Barner and Bachrach 2010;
Barner et al. 2011; see also Chierchia et al. 2001; Gualmini et al. 2001; Reinhart 2006;
Stiller et al. 2011). For example, with the focus-sensitive operator only, children will
accept Only some of the animals are sleeping as a description of a picture in which all
of the animals are sleeping (Barner et al. 2011). This can be explained if children are
unable to perform lexical replacements; with this assumption, All of the animals are
sleeping cannot be generated, and thus only is vacuous. However, Barner et al. (2011)

Table 7 ‘Child Free Choice II" [predicted: (0,5,5,5)]

ID Number One Both Every-One Every-Both
5 0 5 4 5

19 1 5 4 5

26 0 5 4 5

31 1 4 4 4

55 1 5 5 5

Mean 0.6 4.8 4.2 4.8

31 we subjected our data, the individual child vectors, to the ‘k-means clustering’ algorithm to examine
which clusters would be found. The algorithm optimizes an objective function: it clusters points so as to
minimize distance within each cluster, with an initialization of k clusters together with their centroids. We
initialized with the five theoretically motivated ideal clusters highlighted above (‘oddness-based’, ‘logician’,
‘CFC’, ‘CFCII’, ‘adult strengthener’). The algorithm produced exactly our clusters identified above, with
cluster centres corresponding to the means of each cluster.
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provide evidence that when the alternatives are explicitly provided, children reject Only
the dog and the cat are sleeping when the dog, the cat, and the pig are all sleeping.

What this suggests is that the child cannot yet perform lexical replacements but can
access explicitly mentioned material. We propose that this is the only relevant differ-
ence between the child and the adult; once the child starts making lexical replacements,
his or her strengthening system will have matured into the adult target.>>

(16)  Generating alternatives in the child:

a. Replace nodes with their sub-constituents or other salient constituents.

b. Replaceterminals-with-otherdexiealitems-
Under this assumption, the child’s alternatives for A v B are:

(17)  Children’s alternatives for disjunction (consequence of (16)):
ALTchila(A v B) = {A, B}

The child thus lacks the conjunctive alternative A A B that is available in the adult
state, but nevertheless has a nontrivial set of alternatives.

This points to an important difference between disjunctions and 3 that might be
worth highlighting again (cf. (8) and (10) in Sect. 1.3). Suppose that ALT 44,;;(3) =
{V}. Under our proposal, the child could not produce this alternative because it can only
be generated with lexical replacement. Thus, no strengthening is possible with 3, even
if the child possesses STR.33 However, because the set of alternatives for A v B in the
child is non-empty, there is in principle the possibility of some kind of strengthening.
Our claim is that the child exploits this possibility: it uses the constituents A and B
and concludes (by a method we introduce below) that both must be true.

4.2 The connection to free choice in the adult

We propose that the child’s conjunctive inference can be derived by the same mecha-
nism responsible for so-called free choice inferences in the adult. Consider the sentence
in (18), together with its standard LF in (18a) and the free choice inference it receives
in (18b).

32 A reviewer asks whether the child’s difficulty with lexical replacements is due to performance limitations
(e.g., memory limitations), rather than lack of knowledge that lexical substitution is a step in alternative-
generation. This is a difficult question to answer — here as in other cases where a child’s deviance might
be due to either limited knowledge or limited processing capacities. Nevertheless, we think this is a case
of limited knowledge. A processing-based view would predict that under memory load or fatigue or time
pressure, adults might access a conjunctive reading for disjunctive sentences. So far as we can tell, this
does not happen, and it would in fact violate constraints on pruning of alternatives that have been proposed
in the literature (see the Appendix, and Fox and Katzir 2011; Katzir 2013; Crnic¢ et al. 2015; Trinh and
Haida 2015). Adults do sometimes access a conjunctive interpretation of disjunctive sentences, but this
only seems to happen when the competence system itself creates an environment in which the alternatives
to the sentence are not closed under conjunction. This is what we take to be the relevant precondition for
allowing conjunctive strengthenings of disjunctive sentences; see Sects. 1.3, 4.2, and 5.

33 The point remains even if ALT (3) has other alternatives, so long as they are generated by lexical
replacement (e.g., most).
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(18)  You’re allowed to eat the cake or ice-cream.

a. LF:OG(AVB) (= CAVOB)
b. FCinference: You're allowed to eat the cake and you’re allowed to eat the
ice-cream (CA A OB)

The free choice inference does not follow from the semantics of (18a) under standard
assumptions about the meanings of allowed and or (that allow is an existential quan-
tifier over possible worlds and or denotes an inclusive disjunction, though cf. Geurts
2000; Zimmerman 2000; Simons 2005; Aloni 2007; Barker 2010). Furthermore, a
free choice meaning is unavailable in downward-entailing contexts. For example, No
one is allowed to eat the cake or ice-cream does not mean (merely) that no one has
free choice; instead, it means that the cake and the ice-cream are both off limits for
everyone, which is what is expected from the basic lexical semantics of no, allow, and
or. For these and other reasons, it has been argued that free choice inferences are the
result of SI computation (Kratzer and Shimoyama 2002; Schulz 2005; Alonso-Ovalle
2005; see also footnotes 6 and 7).

4.2.1 Free choice computation in the adult

Fox (2007) proposes a strengthening mechanism in the adult state that outputs the free
choice inference in (18b) as a strengthened meaning of (18) while maintaining a classi-
cal semantics for allowed and or. At the same time, the mechanism produces the exclu-
sive disjunction strengthened meaning for matrix disjunctions. Thus, under Fox’s pro-
posal it is possible for a disjunctive sentence to be strengthened to a conjunction, and it
is also possible for a disjunctive sentence to be strengthened so as to deny a conjunction.
We already noted in (9) that the possibility of a conjunctive strengthening of a disjunc-
tive sentence depends in part on whether the set of alternatives to the sentence is closed
under conjunction; in (19) below we give a somewhat more complete characterization.

(19)  Closure and conjunctive strengthenings:

Suppose p is a sentence that entails ¢ Vv r, and that p does not entail g A r
and g,r € ALT (p). Then:

a. Ifg Ar € ALT(p), then p can never be strengthened to entail g A 7,
but under certain circumstances p could be strengthened to deny g A r:
STR(p) could sometimes entail —(g A r).

b. IfgAr ¢ ALT(p),then under certain circumstances p could be strength-
ened to g A r: STR(p) could sometimes entail g A r.3*

34 The statement ‘could sometimes entail’ in (19) becomes a more definitive ‘entails’ if the sets of alter-
natives used by STR are restricted to the ‘canonical’ ones we consider in this paper. Let ¢ be a sentence
containing disjunction A vV B, ¢ (A v B), and consider the alternatives of the sentence, ALT (¢ (A V B)).
By targeting the disjunction for the substitution operations in (14), we get three new sentences: g = ¢ (A),
r=¢(B),s = (A A B), and thus ALT (¢(A Vv B)) = {q, r, s} (the result is the set in (15) when the
disjunction is matrix). For sets of this kind, STR(p) entails —s if s = g A r, and STR(p) entails g A r if s
asymmetrically entails ¢ A r (i.e.,if s F ¢ Arand g A r ¥ 5). We momentarily discuss the reasoning that
supports this statement. For a more general characterization, see Fox (2007), and see also Chemla (2009a)
and Franke (2011), who derive this result with different architectural assumptions.
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Here we try to illustrate the reasoning that supports (19); see the Appendix and Fox
(2007) for more detailed and careful discussion.

Fox (2007) proposes the existence of a covert exhaustive operator exh, essentially
an unrealized variant of only, and suggests that the strengthening mechanism STR
should be identified with grammatical exhaustivity — that is, with (possibly recur-
sive) application of exh (see also Chierchia 2006; Chierchia et al. 2012, and much
other work). Under this approach, the strengthening of sentence p, STR(ALT (p), p),
is computed by parsing the sentence as exh(ALT (p), p) (cf. footnote 1). The pos-
sibility of such an analysis follows from the assumption that, like only, exh is an
alternative-sensitive operator, and that sentences p can be given a syntactic represen-
tation exh(ALT (p), p). This representation — call it p* — could itself be exhaustified,
yielding a new representation p™" = exh(ALT (p™), p*), which in turn could be
further exhaustified to yield p™++, and so on.

The semantic effect of adding exh to the parse of sentence p — like that of adding
only — is to ‘strengthen’ p by conjoining it with the negation of various elements of
ALT (p).> Specifically, exh negates those elements of ALT (p) that are ‘innocently
excludable’. The core intuition behind innocent exclusion is that exh aims to negate
as many alternatives in ALT (p) as it can while maintaining consistency with p, but it
will not negate alternatives arbitrarily. One way in which the negation of an alternative
q € ALT (p) would be arbitrary is if ¢ were ‘symmetric’ with another alternative r.
Roughly speaking, g and r are symmetric alternatives of p if — given that p is true —
the negation of one of ¢ and r entails the truth of the other ((20) adapts the notion of
symmetry from Fox and Katzir 2011):

(20)  Symmetric alternatives:

q € ALT (p)andr € ALT (p) are symmetric alternativesof pif pA—g Er
and p A—r Fgq.

For example, g and r are symmetric alternatives of p = g V r. When ¢ and r
are symmetric alternatives of p, we will sometimes say that g and r are symmetric
with each other. Terminology aside, what is relevant is that symmetric alternatives
cannot be negated by exh: negating both ¢ and » would result in a contradiction
(p A =g N —r is a contradiction if ¢ and r are symmetric), and selecting one of g
and r for negation instead of the other would seem to be arbitrary. For our purposes,
an alternative of sentence p will be considered to be innocently excludable if it is not
symmetric with any of p’s other alternatives; the conjunction of p with the negation
of each of its innocently excludable alternative is the strengthened meaning of p.>¢ In

35 The motivating idea is that the strengthened meaning of a sentence S can often be paraphrased by
adding only to S and focusing the scalar item. For example, the strengthened meaning of John ate some of
the cookies can be paraphrased by the sentence John ate only SOME of the cookies, and the strengthened
meaning of John ate cake or ice-cream can be paraphrased by the sentence John ate only cake OR ice-cream.
See the ‘Only Implicature Generalization’ in Fox (2007).

36 Not being symmetric with any other alternative is not sufficient for satisfying the more general notion of
innocent exclusion we assume is needed (see (37) in the Appendix for a more adequate statement of innocent
exclusion). As motivation for the more general notion, consider the question “Which of John, Bill, Tom, Sue,
and Mary came to the party?’, and consider the response Some boy. Suppose that (John/Bill/Tom) came to
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(21) we briefly summarize relevant properties of the syntax and semantics of exh; we
turn to issues in pragmatics and processing in Sect. 4.3.

(21)  Syntax and semantics of exh:

a. Syntax: It is possible to parse sentence p as exh(ALT (p), p). We will
sometimes use pT to refer to this parse of sentence p.

b. Semantics: The meaning of exh(ALT (p), p), which we will also some-
times refer to as p™ (cf. footnotes 2 and 10), is the conjunction of p with
the elements of ALT (p) that are innocently excludable (if there are any).

c. Innocent exclusion (roughly): g € ALT (p) is innocently excludable if it
is not symmetric with any alternative r € ALT (p) (see (20)).

With this as background, let us return to (19) and the relevance of closure of the
alternatives under conjunction. Consider the sentence p = ¢ V r and consider one
of its possible representations exh(ALT (p), p). Recall from (15) that in the adult
state, ALT(p) = {q,r,q A r}. Note that this set is closed under conjunction: ¢
and r are in ALT (p), and so is their conjunction g A r. Thus, (19) predicts that no
conjunctive strengthening is available, and in fact, the prediction is that the adult should
compute the opposite inference, that the conjunction is false (cf. (19)). Under Fox’s
(2007) proposal, this follows because neither g nor r is innocently excludable (each is
symmetric with the other). However, g A r is innocently excludable: (g V) A—=(g A1)
does not entail that ¢ must be true and it does not entail that » must be true. Thus, g A ¥
is the only innocently excludable alternative in ALT (p), and exh(ALT (p), p) in this
case therefore returns the exclusive disjunction (g V r) A =(g A r) as the strengthened
meaning of p: p* = exh(ALT (p),p) =q VY r.

In contrast, consider p = <(A Vv B), which is equivalent to CA v & B and has
g = CAandr = OB asalternatives. The conjunctive alternative to piss = C(AAB),
which is derived from p by substituting and for or. Thus, ALT (p) = {q,r,s} =
{CA, OB, O(AAB)}. Note that ALT (p) in this case is not closed under conjunction:
q € ALT(p) andr € ALT(p),butg Ar ¢ ALT (p) (importantly: s = G(A A B)
asymmetrically entails g Ar = CA A CB;s E g Arbutg Ar F s). Because of this,
(19) predicts that a conjunctive strengthening of p = (A V B) to CA A OB should
be possible [cf. (19)]. Under Fox’s (2007) proposal, what differentiates this case from
matrix disjunctions is that here the negation of s — the alternative derived by replacing
or with and - is consistent with the conjunction of g and r. As the reader can verify,
s = O(A A B) is the only innocently excludable element in ALT (p), and hence
pt =exh(ALT(p), p) = O(AV B) A—=<(A A B). This does not entail free choice,
but it is consistent with it: p* (= p A —s) is consistent with g A r (free choice), it is

Footnote 36 continued

the party are all alternatives. Note that no alternative is symmetric with any of the others. Nevertheless, the
response is not understood as denying any of the alternatives. Note in particular that (21) as it stands predicts
that all of these alternatives are innocently excludable, and hence the sentence should be contradictory. This
is clearly a bad prediction. What is needed is a notion of innocent exclusion that would not negate any of
these alternatives. The formulation in (37) meets this requirement while handling all the data discussed in
this paper. For the examples that we consider here, however, not having a symmetric alternative happens to
satisfy the more general notion of innocent exclusion in (37); we employ the symmetry-based notion here
merely for expository simplicity. See Fox (2007) for detailed discussion.
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consistent with g A —r, and it is consistent with » A —¢ (recall that p entails g V r, and
hence pT does, t00). As we now briefly highlight, another layer of exhaustification
ends up negating the latter two possibilities, so that p* entails g A r.

To see this, note that p* = exh(ALT (p™), p™) strengthens p* by negating the
innocently excludable elements in ALT (p™). What is ALT (p™)? This is the set
derived by exhaustifying the elements of ALT (p):

(22)  Alternatives of pt = exh(ALT (p), p):

ALT (p™)

= ALT (exh(ALT (p), p))

= {exh(ALT (p), p'): p' € ALT (p)}*’

={exh(ALT (p), q), exh(ALT (p),r),exh(ALT (p), s)}
={g N—-r,r A—gq,s}.

There are no symmetric alternatives of pT in this set, so all of the alternatives are
innocently excludable: p™ already entails —s, and pT A—=(gA—=r) A =(r A —=q) is
consistent and in fact entails g A r (recall that p* & (p A —s) & (g V1) A —s).

Thus, results from the adult — characterized in (19) — teach us that disjunctive sen-
tences can get strengthened in strikingly different ways depending on whether the set
of alternatives is closed under conjunction. If it isn’t, recursive exhaustification could
strengthen the sentence to a conjunction, and if it is, a single application of exh will
deny the conjunctive alternative. The statement in (19) thus has the added benefit of
providing a computational shortcut for checking whether a disjunctive sentence can be
strengthened to a conjunction: knowing whether its alternatives are closed under con-
junction will in many cases be enough to tell you whether a conjunctive strengthening
is possible (cf. footnote 34). In (23) below we summarize and highlight the relevant
distinctions in the adult state between matrix disjunctions and those embedded under
an existential modal:

(23)  Strengthening of disjunctive sentence in the adult:33

a. p=qVvr
) ALT(p) ={q.r.s}={q.r.q nr}
(i) ALT (p) is closed under conjunction (s = g A 1)
(i) p* entails =(g A7)

b. p=<"(AV B)
1) ALT(p)={q,r, s}(={CA, OB, OA A B})
(i) ALT (p) is not closed under conjunction (s # g A r)
(iii) p™ entails g A r

37 This is computed by targeting the prejacent p in exh(ALT (p), p) for the operations in (14). Note that
exh is a focus-sensitive operator, and we assume that the operations in (14) target focused constituents. See
(36) in the Appendix.

38 Here and in what follows we assume that s = plor/and], by which we mean s is the sentence created
by substituting or in p by and. The alternatives ¢ and r are derived by substituting each disjunct for the
disjunction in which it is contained.
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4.2.2 Strengthening of disjunctive sentences in the child

The analysis of strengthening of disjunctive sentences in adults has consequences for
the characterization of children. In Sect. 4.1, we proposed that the alternatives produced
by children at the relevant developmental stage are a specific subset of the alternatives
generated by the adult. Specifically, children do not perform lexical replacements (cf.
(16)). Thus, their alternatives to the disjunctive sentences in (23a) and (23b) will be
like adults’, except that they will lack the alternative derived by replacing or with and:

(24)  Child—adult differences in alternatives for disjunctive sentences (consequence
of (14) and (16)):
a. p=qVr
(D) ALTpquii(p) ={q.r.q A1}
() ALTcpita(p) =1{q,r}
b. p=<(AVB)
() ALTaquii(p) ={q.r,s} = {CA, OB, C(A A B)}
(1) ALTchita(p) ={q,r} ={CA, OB}

Importantly, neither (24a.ii) nor (24b.ii) is closed under conjunction. If children
are assumed to possess exh, then it follows from (19) that children should be capa-
ble of strengthening both (24a) and (24b) to ¢ A r. The prediction of a conjunctive
understanding of (24a) has been confirmed here by our CFC group, as well as in other
studies (e.g., Paris 1973; Braine and Rumain 1981; Chierchia et al. 2004; Tieu et al.
2015). The prediction of a conjunctive understanding of (24b) has been confirmed
in Tieu et al. (2016). Children’s conjunctive strengthening of disjunctive sentences,
like adults’, follows from two applications of exh: p™ entails g A r. We work this
out in the Appendix for (24a), but the logic straightforwardly extends to (24b) as
well. Briefly, the basic idea is similar to the adult computation of free choice. The
first application of exh to p = g V r is vacuous, because g and r are the only
alternatives and they are symmetric with each other. Symmetry gets broken in the
next application of exh. The sentence exh(ALT (p™), p™) denotes the conjunction
of pT, which is equivalent to ¢ Vv r, with the innocently excludable members of
ALT (p™) = {exh(ALT (p), q), exh(ALT (p),r)} = {g A —=r, r A —q}. The reader
can verify that these are not symmetric alternatives: the negation of one does not entail
the truth of the other (given ¢ V r), and in fact the conjunction of ¢ V r with the nega-
tion of both alternatives is consistent and is equivalent to the conjunctive inference
produced by the child (g Ar < (g VF)A=(GA—T)A—(r A—gq) < exh(ALT (p), p) A
—exh(ALT (p), q) A —exh(ALT (p),r) = exh(ALT (pT), p) = p*H).

Here we summarize the strengthened meanings of (23a) and (23b) available to
children and adults;

(25)  Child-adult similarities and differences in strengthening of disjunctive sen-
tences (consequence of (24) + the assumption that children and adults both
possess exh):

a. p=qVr
(i) Adult: pT entails —(q A r)
(ii) Child: p** entailsg A r
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b. p=O(AV B)
(i) Adult: p* entails g A r
(ii) Child: p™ entails g A r

4.2.3 Back to our CFC and CFCII clusters

We now have all the theoretical background needed to make sense of the existence of
the CFC and CFCII clusters (Tables 6, 7). We assume that the child is like the adult in
that they have the inclusive disjunction entry for or and that they have exh. They differ
from the adult only in their alternatives: AL Tcpijq is a specific subset of AL T4gy; (cf.
(16)). The statement in (25) clarifies that in both children and adults, the conjunctive
strengthening of a disjunctive sentence p follows from the representation p*+ when
ALT(p) is not closed under conjunction.

The CFC group in our sample realized the prediction in (25a.ii). Crucially, the CFC
group assigned conjunctive meanings not only to matrix disjunctions, but also to dis-
junctions embedded under every. This embedded strengthening is possible because
— under our proposal — STR is realized in the grammar as an unpronounced operator
exh, and thus should apply in embedded positions as well. Recursive application of
exh below every but above disjunction captures the embedded conjunctive strength-
ening: the logical form ‘Every boy x, exh(exh(x is holding an apple or a banana))’
is equivalent to ‘Every boy is holding an apple and a banana’ when the alternatives
for the embedded disjunction are the child’s alternatives (we have left the alternatives
implicit here to reduce clutter).>® Again, the parallel to the adult is clear: Every boy is
allowed to hold a banana or an apple is readily interpreted as asserting that every boy
has free choice (Chemla 2009b), and this embedded free choice strengthening follows
from recursive application of exh below every: ‘Every boy x, exh(exh(x is allowed
to hold a banana or an apple))”.*

What about the CFCII group? This differs from CFC only in the ‘Every-One’
condition: children in CFC reject ‘Every-One’ and children in CFCII accept it. At the

39 For Chemla (2009a) and Franke (2011), STR is not grammatical but is shorthand for a sequence of
inferences computed globally. The conjunctive reading thus cannot be explained if the disjunction is truly
embedded under every. The conjunctive reading can be explained, however, if children are assumed to
prefer a ‘wide-scope’ construal of disjunction, such that Every X is A or B is parsed as ‘Every X is A or
every X is B’. Under this construal, the child’s alternatives are {Every X is A, Every X is B} if the child
cannot perform lexical replacements. With this parse and these alternatives, (19) becomes relevant, and in
particular (19b) with the restriction in footnote 34 predicts that the conjunctive inference ‘Every X is A and
every X is B’ (¢ ‘Every X is A and B’) is produced (thanks to Emmanuel Chemla and Jacopo Romoli for
suggesting this possibility). Note that the assumed LF goes against the common assumption that children
have a preference for surface scope. Wide-scope readings for disjunction have been found in children of
some languages (e.g., Japanese), but these seem to be connected to the PPI status of disjunction in these
languages (e.g., Goro and Akiba 2004). See also footnote 40.

40 Embedded free choice readings in the adult argue against a globalist approach to free choice (see footnote
39). For example, Most of the boys are allowed to eat cake or ice-cream suggests that most of the boys
have free choice, and Every boy is allowed to eat either cake or ice-cream suggests that every boy has free
choice (either is used here to fix the scope of disjunction (e.g., Larson 1985; Schwarz 1999) and hence to
make the intended embedded free choice reading salient). The possibility of embedded free choice is why
we suspect we need exh to make sense of the child’s embedded conjunctive readings, though see van Rooij
(2010) for suggestive remarks from a globalist perspective.

@ Springer


Item.53

Children interpret disjunction as conjunction 337

same time, given CFCII’s rejection of ‘One,’ they must be strengtheners. As pointed out
by Crnic et al. (2015) and explored there in detail both empirically and conceptually,
it is possible in Fox’s (2007) system for someone with the child’s alternatives to be
a strengthener and to accept the sentence in ‘Every-One’ and in ‘Every-Both’ by
parsing it with a single embedded exh and a single exh at the root. The meaning of
this sentence is the conjunction of the literal meaning with ‘Not every X is just an A’
and with ‘Not every X is just a B’.#*! This interpretation is true in both ‘Every-One’
and ‘Every-Both.’

Thus, we see that prior theoretical proposals give rise to five natural interpreta-
tion strategies. ‘Logicians’ are those individuals — child or adult — who choose not
to exhaustify. ‘Adult strengtheners’ are those individuals who have matured into the
adult state and who exhaustify and reject the sentence when its strengthened meaning
is false. ‘Oddness-based’ individuals are those children or adults who reject a sentence
if it is pragmatically odd. The CFC group corresponds to those children who choose
to recursively exhaustify matrix and embedded disjunctions. The CFCII group cor-
responds to those children who exhaustify once at each scope site. All five of these
predicted strategies were attested in our sample (Tables 3, 4, 5, 6, 7), and no other strat-
egy profiles are predicted to be available.** Recall that 21/31 individuals in our sample

41 As identified by Crnic et al. (2015), if the sentence is something like Every boy is holding an apple or a
banana, the required logical form (LF) is the one in (i), and the sets of alternatives for each occurrence of exh
in the LF are in (ia.1) and (ib.1). Here we follow the syntax assumed in Crni€ et al. (2015): exhaustification
of p creates the representation exh(ALT (p))(p) (we’ve been assuming a representation exh(ALT (p), p)
to highlight the way exh realizes STR (cf. note 1); the difference between the two LFs is immaterial to our
current purposes).

i) LF of sentence: exh(C’)(every boy x, exh(C)(x is holding an apple or a banana)).

a.  Analysis of exhaustification at nuclear scope of every:

1) C = ALT(x is holding an apple or a banana) ={x is holding an apple, x is holding a
banana}

2)  [[exh(C)(x is holding an apple or a banana)]] = [[x is holding an apple or a banana]]
(exh is vacuous because neither element in C is innocently excludable)

3)  Thus, [[T]] = [[every boy x, exh(C)(x is holding an apple or a banana)]] = [[every boy
X, x is holding an apple or a banana]]. Although the embedded ex# is vacuous here, we
will see below that its presence has consequences for the alternatives of the higher exh.

b.  Analysis of matrix exhaustification:

1) C’'=ALT(T)=ALT(Every boy x, exh(C)(x is holding an apple or a banana))
= {[every boy x, exh(C)(x is holding an apple)], [every boy x, exh(C)(x is holding a
banana)]}
= {that every boy is holding an apple and not a banana, that every boy is holding a banana
and not an apple}

2)  [[exh(C")(T)]] = that every boy is holding an apple or a banana and not every boy is
holding just an apple and not every boy is holding just a banana. (We leave it to the reader
to verify this.)

See Crnic€ et al. (2015) for parsing assumptions that make it natural to expect groups like CFC II (cf. Table
7), as well as for experimental evidence that such groups are attested among adult populations.

42 Note that although we’ve exhausted the space of motivated strategy profiles, there remains uncertainty
within certain profiles about which of the predicted form—meaning pairs were selected by the participants in
the group. For example, the ‘adult strengthener’ group in Table 4 is consistent with a parse with matrix exh
under both child and adult alternatives, as well as a parse with local ex/ with adult alternatives. And the
CFCII group in Table 7 is consistent with child and adult alternatives for the form—meaning pair discussed in
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belonged to one of the CFC and the CFCII groups, and that it was precisely these groups
that prior proposals could not account for. The assumption that the child possesses exh
makes these groups readily accessible. However, when we examine the clusters, we
find that the CFC cluster is dominant; 16/31 participants ended up in that cluster. Why?

4.3 A note on preferences

Language comprehension is a complex task, and a variety of considerations might be at
play when clear preferences are attested among competing interpretations of a linguis-
tic stimulus. Such considerations might include linguistic complexity (e.g., Miller and
Chomsky 1963; Frazier and Fodor 1978; Ford et al. 1982; Gibson 1998, 2000, among
others), plausibility judgments (e.g., Crain and Steedman 1985; Trueswell et al. 1994,
Stolcke 1995; Jurafsky 1996; Goodman and Stuhlmiiller 2013; Bergen and Grodner
2012, among others), preferences for parses that best answer a Question Under Discus-
sion (e.g., Gualmini et al. 2008), preferences for stronger meanings (possibly related to
other interpretive strategies, e.g., Dalrymple et al. 1998), computation-storage trade-
offs (e.g., Johnson et al. 2007; O’Donnell et al. 2011), and many other factors that have
been proposed in the psycholinguistic literature. Our present concern is that, of the
five theoretically motivated strategies discussed above, one — the Child Free Choice
(CFC) strategy — was clearly dominant.

(26)  Observed distribution of subjects classified into predicted profiles:

(0,0,5,0) #

(59035’0) e

(57575a5) —*

(075’5’5) I

0,5,0,5)

Number of participants

Footnote 42 continued

footnote 41 (see especially the discussion in Crnic et al. 2015, as well as our footnote 19). We hope nothing
crucial hinges on our uncertainty about the precise form—meaning pairs selected by members of these
groups. Note that no other readings are generated within our framework of assumptions; our uncertainty is
only about which of the theoretically predicted readings were actualized in some cases.

@ Springer



Children interpret disjunction as conjunction 339

The plotin (26) shows that the (0,5,0,5) group (the CFC group) attracted the greatest
number of participants. This looks different from what would be expected of a model
in which subjects fall into one or another group by chance. Under such a model,
with 31 participants and 5 idealized profiles, we would expect something around
6.2 participants in each profile. The difference between the observed frequencies of
profiles and those expected from chance is summarized in (27) below.

(27)  Expected (under chance) and observed frequencies of profiles:

Frequencies | (0,5,0,5) | (0,5,5,5) | (5,5,5,5) | (5,0,5,0) | (0,0,5,0)
Expected 6.2 6.2 6.2 6.2 6.2
Observed 16 5 4 4 2

A chi square was computed comparing the frequencies of actual and expected
occurrences of the different profiles, and an extremely significant difference was found
between the observed and expected values ( X2(4, n = 31) = 20.13, p = .0005).
Recall that the CFC group computes matrix and embedded conjunctive strengthened
meanings. It might thus be unsurprising that a preference for matrix (Chemla and Bott
2014) and embedded (Chemla 2009b) free choice — a kind of conjunctive strengthened
meaning — has been found in adults as well. We can thus state a generalization for both
children and adults: for disjunctive sentences that can be strengthened to a conjunction
(cf. (19)), there is a preference to strengthen these disjunctive sentences to conjunctions
in matrix position and when they occur embedded under every.

The question we would like to ask is why there should be this preference for con-
junctive strengthened meaning. As pointed out by Chemla (2009b), this preference is
puzzling since there is no general preference for exhaustification (see Geurts and Pous-
coulous 2009; Chemla and Spector 2011; Potts et al. 2015; Chemla et al. 2016; Franke
etal. 2016 for quantitative information about the distribution of strengthened meanings
in the scope of various operators). Furthermore, there is evidence that exhaustification
is costly in certain matrix positions (for reviews, see e.g., Noveck and Reboul 2008;
Katsos and Cummins 2010; Chemla and Singh 2014a,b), as well as in certain embed-
ded positions (Chemla et al. 2016). It is thus surprising that adults and children should
sometimes prefer to exhaustify twice, both in matrix and in embedded positions, and
that they do so without the cost normally associated with exhaustification (see Chemla
and Bott 2014 for complexity measures of adult free choice inferences). One of the
goals of this section is to provide a way of thinking about the relevant preference that
would make sense of this otherwise puzzling state of affairs.

We would like to tentatively suggest, following Gualmini et al. (2008), that a given
reading of an ambiguous sentence is preferred if it provides a complete answer to the
QUD (cf. Sect. 1.3.2 above). Building on this approach, we propose that exhaustifi-
cation will be costly/dispreferred only if it does not lead to a complete answer to the
QUD.

Following Groenendijk and Stokhof (1984), Lewis (1988), Roberts (1996), and
others, the QUD can be thought of as a partition of logical space (or of the common
ground) where the cells are the complete answers to the question and unions of cells
are partial answers. To this we could add a general conversational preference for com-
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plete answers. We propose that this conversational preference for complete answers
is reflected in parsing preferences. If a sentence generates a reading that provides a
complete answer to the QUD, that reading will be preferred, and the sentence will be
correspondingly easy to process. On the other hand, suppose that there is no parse of
the sentence that leads to a complete answer. This might itself cause some difficulty
for the hearer, for they would then have to compute a (presumably costly) pragmatic
inference that, for each of the remaining cells, the speaker is ignorant about whether
the cell is true (Fox 2007; see footnote 9). This ignorance inference in turn means
that the speaker will be of no further help in answering the question. Furthermore,
when the sentence has no reading that yields a complete answer, the hearer has to
select from dispreferred options, and it is natural to assume that other factors become
relevant in governing the choice. In particular, it is natural to assume that in such a case
exh(S) will be costlier to process than S: exh(S) requires more syntactic and semantic
computation per terminal item. Thus, we expect difficulties with exhaustification to
be detected only when exhaustification does not lead to a complete answer.*>
Returning to disjunctive sentences, it seems reasonable in the context of the picture-
matching task in our experiment to construe a sentence like The boy is holding an apple
or a banana as an answer to the question, ‘What is the boy holding?’ Similarly, in
many contexts it is reasonable to construe a sentence like The boy is allowed to eat
an apple or a banana as an answer to the question, ‘What is the boy allowed to eat?’
Finally, it is reasonable to construe a sentence like Every boy {ate/is allowed to eat}
an apple or a banana as an answer to the pair-list meaning of the question, ‘What did
every boy eat/what is every boy allowed to eat?’ Focusing on children at the relevant
developmental stage, these questions are best answered by the doubly-exhaustified
parse selected by the CFC group, for this parse provides the complete answer that the
boy ate an apple and a banana in the case of matrix disjunctions, and that every boy
ate an apple and a banana in the case of disjunctions embedded under every.** In the

43 Some evidence in favour of a binary preference for complete over incomplete answers, rather than
a finer-grained preference for better over worse answers, comes from the overt realizations of complete
vs. incomplete answers. Specifically, complete or exhaustive answers are expressed with falling pitch
movement, whereas partial answers are not (e.g., Zimmerman 2000). Importantly for us, intonation does
not mark how close to a complete answer a partial answer is; it simply marks complete vs partial. This
suggests that the competence system is insensitive to distinctions among partial answers.

44 Tt is not obvious that anything changes if there are other possible answers to the question (e.g., that
the boy ate/is allowed to eat a strawberry). Much will depend on what is assumed about how QUDs affect
the construction of formal alternatives. Suppose the (possibly implicit) question is “Which of C is the boy
holding?’, where C is a free variable whose value — a set of individuals — is determined by a contextually
given assignment function. There are two questions that remain to be answered. First, it is unclear whether
C includes elements other than what is in the picture. Second, it is unclear how whatever the value of C is
affects the output of ALT . To see this, suppose that C = {a, b, c}, and suppose the speaker’s answer is The
boy is holding a. Clearly, in such a context we would want the answer to be understood exhaustively, which
means The boy is holding b and The boy is holding ¢ should also be in the set output by ALT. If these
alternatives are generated by lexical replacement of a by b and by c, then — based on our assumed ban on
lexical replacement (following Barner and Bachrach 2010 and Barner et al. 2011) — these alternatives would
not be available to the child and the sentence would not be strengthened. However, if these alternatives are
already salient — because of the question — then they might already be available to the child (because we
assume the child can access salient material for replacement operations). In cases of disjunctions like The
boy is holding a or b, where a and b are both in the picture and ‘extra’ elements like ¢, d, etc. are not, it
is not clear whether any of this matters: if the extra elements are in the set of alternatives ALT and in C,

@ Springer



Children interpret disjunction as conjunction 341

case of matrix disjunctions a parse without exs would leave open whether the boy ate
an apple and whether the boy ate a banana, and in the case of disjunctions embedded
under every, a parse without exh would leave open what each boy ended up eating.
Note that strengthening in the adult does not lead to a complete answer to either of
these questions. An exclusive disjunction reading of matrix disjunctions still leaves
open which of the two disjuncts is true, and the adult’s strengthened meaning of Every
boy is holding an apple or a banana — whether global or embedded — still leaves open
what each boy is in fact holding.*?

One concrete way to implement our proposal is to assume that the parser ranks
candidate form—meaning pairs according to an Optimality-Theoretic constraint sys-
tem. Under such a system, ranking is governed by Strict Domination: any number
of violations of lower-ranked constraints are tolerated if they allow you to satisfy a
higher-ranked constraint. For example, suppose that X and Y are two constraints such
that X outranks Y, X > Y, and suppose that A and B are candidates such that A does
not violate X but incurs five violations of Y, and B incurs a single violation of X and
a single violation of Y. Then A will be preferred to B. In fact, any candidate would be
preferred to B no matter its number of violations of Y, so long as it did not incur any
violations of X. (See e.g., Blutner and Zeevat 2003 and van Rooij and Franke 2015
for introductions to Optimality Theory and its application to studies of language use,
as well as references to further literature.)

Thus, suppose that the parsing mechanism selects from the form—meaning pairs
< f, m> generated by the grammar. We propose that, among the many constraints that
guide this selection, the following two are active: (i) *INC, which penalizes any form-
meaning pair that fails to provide a complete answer to the QUD; and (ii) *EXH,
which penalizes each occurrence of ex/ in the parse.*® We furthermore assume that
*INC > *EXH. Finally, we assume that the parser carries along a set of candidate
form—meaning pairs, and that the highest ranked pair is the most easily accessible at
any given stage of processing.*’

With these assumptions in place, the tableaux in (28) and (29) illustrate the child’s
and adult’s processing of disjunctions A or B. The input in each case is a sentence of
the form A or B, and the candidates are all the form—meaning pairs < f, m> generated
by the grammar consistent with the sentence A or B. We assume throughout that the
QUDs posited by the listener are the ones discussed earlier.

Footnote 44 continued

they’ll get negated by exh; if they’re just in one of ALT and C and not in the other, it is not clear whether
any inference is expected (see Fox and Katzir 2011 for relevant discussion); and if they’re not in either C
or ALT, they play no role in the computation. We hope to return to this in future work.

43 This provides the adult with a further incentive not to strengthen (cf. footnote 24).

46 *EXH is just a placeholder for what we expect is a more general principle that penalizes non-minimality
— that is, any computations that are not strictly required in the analysis of the sentence. This should not be
confused with hard constraints that have been proposed on the placement of ex/ in incremental processing
(e.g., Singh 2008b, a; Gajewski and Sharvit 2012; Fox and Spector 2015); we assume that the candidates that
enter into the parser’s selection have already survived these and other hard constraints on well-formedness.
47 We put aside for now questions about whether a Strict Domination approach to OT processing should be
replaced by a weighted numerical measure (e.g., Gibson and Broihier 1998; for defence of Strict Domination,
see Singh 2001 and Stevenson and Smolensky 2006).
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(28)  Adult processing of disjunctions:

AorB *INC | *EXH
a. = <AorB,AvV B> *
b. <exh(AorB), AY B> * *

(29)  Child processing of disjunctions:

AorB *INC | *EXH
a. <AorB,AvV B> *
b. = <exh(exh(A orB)), AA B> w3k

For the adult, exhaustification does not lead to a complete answer and thus incurs a
cost. For the child, exhaustification results in a complete answer, and thus the resulting
reading is expected to be preferred to its unexhaustified competitor even though it
incurs *EXH violations that the unexhaustified competitor does not.

For this reason, free choice readings of disjunctive permission sentences are also
predicted to be preferred by both the child and the adult. As with matrix disjunctions,
the readings available to the child are not the same as the readings available to the
adult, but unlike the situation with matrix disjunctions, both the child and adult have
a conjunctive reading available.*

(30)  Adult processing of free choice:

(A or B) *INC | *EXH
a. <{O(AorB), O(AV B) > *
b. <exh(C(A orB)), O(AV By A—=O(A A B)> * *
c. = <exh(exh(OG(AorB)), CAACB> w3k

(31)  Child processing of free choice:

O(A or B) *INC | *EXH
a. <O(AorB), O(AV B)> *
b. = <exh(exh(O(AorB))), CAAOB> *%

Our suggestion, then, is that parsing preferences might follow in part from a pref-
erence for complete answers to the QUD; this general preference leads, in the cases
under consideration here, to a preference for conjunctive interpretations of disjunctive
sentences when the alternatives are not closed under conjunction. This leads to con-
junctive inferences in the child, and to free choice inferences in both the child and the

48 The child and adult share the basic meaning and the free choice reading, but the adult also has a third
reading available: exh(O(A v B)) entails O(A v B) A = (A A B) when O (A A B) is not pruned from
the set of alternatives. The child does not have < (A A B) as an alternative, and thus does not generate the
reading O(AV B) A= (A A B) (which, notably, is the lowest-ranked reading of the ones available to the
adult). In the adult, =<>(A A B) is also an entailment of the free choice reading if (A A B) is not pruned
from the set of alternatives, but to reduce clutter we have left this entailment out of the free choice line in
(30). See the Appendix for more discussion of pruning.
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adult. We leave for future work the question of how our proposed constraints interact
with other constraints that guide parsing decisions, as well as the question of how to
identify and constrain what the QUD at a stage of conversation really is.

5 Concluding remarks

We replicated findings from Paris (1973), Braine and Rumain (1981), and Chierchia
et al. (2004) showing that children sometimes interpret disjunctions as conjunctions,
and we extended this result to embedding under every. We used these experimental
findings to advance the view that (i) children at the relevant stage of development have
acquired the inclusive disjunction semantics of or, as shown in previous studies (e.g.,
Chierchia et al. 2001; Gualmini et al. 2001; Crain 2008; Crain and Khlentzos 2010),
and (ii) children have acquired the basic mechanism for computing implicatures, STR.
Under our proposal, children differ from adults only in the alternatives they generate
(e.g., Chierchia et al. 2001; Gualmini et al. 2001; Reinhart 2006; Barner and Bachrach
2010; Barner et al. 2011), and hence also in the implicatures they compute. We local-
ized the difference to lexical access in the generation of alternatives, and showed
that this difference allows the child to generate a conjunctive scalar implicature using
the same mechanism adults use to derive free choice inferences (Fox 2007; Chemla
2009a; Franke 2011). The possibility of conjunctive strengthenings in embedded posi-
tions in both the child and the adult suggests the need for a grammatical exhaustivity
approach to strengthening (Fox 2007; see footnote 40). We characterized the parallel
between the developmental and adult state with the general prediction that a disjunc-
tive sentence might be understood as a conjunction when the disjuncts are alternatives
but their conjunction is not (cf. (19)). It seems that whenever this possibility is real-
ized, the child and the adult prefer to take the option to strengthen the sentence to a
conjunction, a preference that we tentatively suggested might follow from a general
preference to resolve the Question Under Discussion. This is to be understood as a
strictly conversational preference that is not specific to exh.

An immediate consequence of this parallel is that we should expect children (and
adults) to have the possibility of generating conjunctive inferences of disjunctive sen-
tences when the alternatives are not closed under conjunction. One notable prediction
along these lines is that children should compute free choice scalar implicatures, since
their set of alternatives for G(A Vv B) is not closed under conjunction: under (16),
ALTchita(C(AV B)) = {OG(AV B), CA, OB} As we noted in Sect. 4.2, this expec-
tation has been confirmed (see Tieu et al. 2016). Negated conjunctions —=(A A B) are
another case of this kind. Note that = (A A B) < (—AV—B), and that under our proposal
the child’s alternatives for this sentence are AL Tcpijq(—(AA B)) = {—A, —=B}. Thus,
because of (19), we again expect this sentence to receive the conjunctive interpretation
—A A—=B.Jacopo Romoli, who pointed out this prediction (personal communication),
reports a study by Anna Notley showing that children do indeed generate such ‘wide-
scope conjunction’ interpretations. We would also expect children to assign free choice
interpretations under every in the same way that adults do (Chemla 2009b); indeed,
our explanation for the children’s behavior on our ‘Every-One’ and ‘Every-Both’
conditions relies on this assumption.
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The connection between the child and the adult through (19) — the possibility of a
conjunctive strengthening when the disjuncts are alternatives but the conjunction isn’t
— seems to be transparently realized in other languages. Specifically, American Sign
Language (Davidson 2013) and Warlpiri (Bowler 2014) have been analyzed as encod-
ing a single binary connective that is ambiguous between inclusive disjunction and
conjunction. Bowler (2014) moreover shows that under negation only the inclusive
disjunction meaning is available. This description sounds a lot like what we and others
have observed about preschool children, and is exactly what is expected if the con-
nective in these languages is indeed lexicalized as an inclusive disjunction which gets
strengthened to a conjunction.*” The strengthening here is expected because, without
and in the language, no conjunctive alternative can be formed, and from (19) it follows
that in such a language a single connective should do double duty between inclusive
disjunction and conjunction, much like the way English or seems to do double duty
between inclusive and exclusive disjunction in the steady state attained by the adult.

Aside from conjunctive strengthenings, we predict that children should be able to
strengthen like adults when access to the lexicon is not involved. For example, Katzir
(2007) points out that sentences like Every one of these ten students who is wearing a
hat was born in Paris implicates that not every one of these ten students was born in
Paris. The inference follows from the assumption that Every one of these ten students
was born in Paris is an alternative of the sentence, derived by deletion of the relative
clause who is wearing a hat. Because this alternative is stronger than the utterance
itself (cf. footnotes 5 and 7), it can be negated and conjoined with the uttered sentence.
No lexical substitutions are involved, and thus children should be able to strengthen
like adults in such environments.

If we are right that children’s purported difficulties with implicature computa-
tion reduce to the single operation of lexical replacement, then children’s observed
resistance to computing implicatures is a historical accident stemming from use of
sentences whose implicatures require access to the lexicon (e.g., 3 ~» —V). Exploiting
the current understanding of alternatives and implicatures in complex sentences, we
conclude that children are better described as being both willing and able to compute
implicatures, sometimes resulting in inferences that are unavailable in the steady state.
Although children and adults sometimes compute different implicatures, the underly-
ing strengthening mechanism is the same (adding exh to the parse of a sentence), as are
the pragmatic pressures that lead to the preference for conjunctive Sls. It might seem
counter-intuitive that children and adults prefer to recursively exhaustify without there
being a general preference for exhaustification. We proposed to resolve this puzzle
by suggesting that there is no preference for exhaustification, but rather a pragmatic
preference for a complete answer to the Question Under Discussion, which is some-
times but not always satisfied by exhaustification. When it is, exhaustification will be

49 Bowler (2014) provides evidence of this interpretation of the Walpiri facts (following our account of
the English child data). Davidson (2013) provides a different interpretation of the ASL facts. Whether
our interpretation can be extended to ASL is something that we will have to leave to future research (see
Podlesny 2015). See also Meyer (2015) for an argument that conjunctive entailments in certain English
or-else constructions follow for similar reasons (the conjunctive alternative is missing; see also footnote
11).
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preferred, and when it isn’t, exhaustification will be dispreferred (by an underlying,
but lower-ranked, dispreference for complicated structures).

Appendix
Appendix 1: Sample computation

Here we highlight important steps in the computation of a conjunctive meaning for
A Vv B with the child alternatives C = {A, B}. Formal definitions that support these
computations are given in (36) and (37) below. Here we follow the syntax and semantics
assumed in Fox (2007).

The conjunctive reading in children is derived with two applications of exh:

(32)  Parse of sentence: exh,(Cr)(exhi(C1)(A V B))

The set of alternatives Cp for exh; is {A, B}. When exh is appended to a sentence
it tries to negate as many of the sentence’s alternatives as it can while maintaining
consistency with the sentence. In (32), it tries to negate as many elements of Ci
as it can while maintaining consistency with A v B. However, the elements of C;
can’t both be negated, because the result would be inconsistent and negation of one
would force you to accept the other. Hence, neither A nor B is ‘innocently excludable’
(see (37) below), and hence nothing can be negated at this stage: the meaning of
exh1(C1)(A V B) is just the inclusive disjunction.

(33) Summary of computation for first layer of exhaustification:
a. Parse: exh(C1)(AV B)

b. C; ={A, B}
¢. Meaning of (33a): A v B (because no member of C is innocently exclud-
able)

At the second level of exhaustification, exh,, the alternatives are: C, =
{exh1(C1)A, exh1(C1)B}. This set is derived by replacing A Vv B with its alterna-
tives A, B in the sentence exh(C()(A VvV B). Thus, Cy = {exh;(Cy)A, exh{(Cy)B}
={A A =B, B A —A}. exh tries to negate as many alternatives in C, as it can while
maintaining consistency with ex/1(C1)(A VvV B) & A Vv B), and it turns out it can
negate both alternatives at once: (A V B) A —=(A A—B) A—=(B A—A) is equivalent to
A A B. (What the sentence asserts, therefore, is ‘A v B and not just A and not just B’;
recall that the most prominent justification children gave for rejection was ‘just A’).

(34)  Summary of computation for second layer of exhaustification:

a. Parse: exh(Cy)(exh(C1)AV B)

b. Cy ={exh(C1)(p) : p € C1} ={exh(C1)A,exh(C1)B} ={A N =B,
B A—A}

c. Meaning of (34a): A A B (both members of C; are innocently excludable:
(AV B)=(AA—B) A—=(—A A B) is consistent and is equivalent to A A B)
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Thus, when the set of alternatives for A Vv B is {A, B}, two applications of exh
strengthen the disjunction to a conjunction.

Things are different when C = ALTpq41:;(A vV B) = {A, B, A A B}. With these
alternatives, the parse exh(C)(A Vv B) is equivalent to (A vV B) A =(A A B). This is
because ex/(C)(S) always entails S, and in this case there are two ‘maximal consistent
exclusions’ (see (37) below for formal definitions): (i) {A, A A B}, and (ii) { B, A A B}.
The intersection of these sets is {A A B}; thus A A B is the only ‘innocently excludable’
alternative (see (37) below), and this is the SI. Further exhaustification is vacuous (Fox
2007).50

(35)  Summary of computation of exhaustification in the adult:

a. Parse: exh(C)(A V B)

b. C={A,B,AA B}

c. Meaning of (35a): (A V B) A —=(A A B) (A A B is the only member of C
that is innocently excludable)

Appendix 2: Formal definitions

Let S be an arbitrary sentence uttered in an arbitrary context ¢, and let [[S]] be the
semantic interpretation of S.

(36)  Alternatives in the adult grammar (Katzir 2007; Fox and Katzir 2011):

a. Formal alternatives: The formal alternatives of S are derived by a function,
ALT, such that ALT (S, c) is the set containing sentences derived from
S by successive substitution of focus-marked constituents of S from the
substitution source of S in ¢, SS(S, ¢).

b. Substitution source: ¥ € SS(X, c) iff either
(i) Y is a constituent of a focus-marked constituent of X;
(i) Y has been explicitly mentioned in c; or
(>iii) Y is a lexical item.

c. Actual alternatives: Where R, is the set of relevant sentences in ¢, the
actual alternatives of S in ¢, A(S, ¢), are R, N ALT (S, ¢).

(37)  Thesemantics of ‘exh’ (Fox 2007): Where c is the context of assertion, A(S, ¢)
is the set of actual alternatives of S in ¢, and exh(A(S, ¢))(S) is the LF that is

being interpreted in context c:

a. [[exh(A(S, )= [[SA N(=Si = Si € TE(A(S, o)}H]

b. Innocent exclusion: The set of innocently excludable alternatives of
A(S,c), IE(A(S, ¢)), is the intersection of the set of maximal consis-
tent exclusions of A(S, ¢).

¢c. Maximal consistent exclusion: A maximal consistent exclusion of A(S, ¢)
is a set B such that:

50" At the second application of exh, the alternatives are {exh(C)A, exh(C)B, exh(C)A A B} = {A A
—B, B A—A, A A B}. The prejacent — an exclusive disjunction — already entails —(A A B), and the other
two alternatives are symmetric with each other.
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(i) BCA(S,o0);
(i) S A (A{=S; : S; € B}) is consistent; and
(iii) SA(A{=S; : Si € B})A—S;isinconsistent, forany S; € A(S, ¢)\B.

Appendix 3: A possible concern about pruning

It is known that context can sometimes restrict the set of formal alternatives by exclud-
ing certain members from consideration (Horn 1972; Rooth 1992; Fox and Katzir
2011; cf. (36¢) above). If context could arbitrarily prune alternatives, we might expect
conjunctive SIs A A B to arise in the adult state by pruning A A B. We assume that
this pruning is impossible. Specifically, we assume, following Fox and Katzir (2011),
that pruning involves the choice of a subset of relevant alternatives (see (36)) and that
relevance is closed under conjunction (if A is relevant and B is relevant, then A A B is
relevant). This assumption about relevance follows from the idea that the set of relevant
propositions is determined by a ‘partition’ of logical space (or of the common ground),
and more specifically from the idea that a sentence is relevant if its denotation, a set
of possible worlds, is a union of cells in the partition (Groenendijk and Stokhof 1984;
Lewis 1988). The reader can verify that this closure condition prevents adults from
pruning A A B from ALT (A Vv B), but does not prevent them from pruning (A A B)
from the set ALT (O(A Vv B)). The latter pruning does not prevent free choice; the set
of alternatives isn’t closed under conjunction either way. For alternative constraints
on pruning that would have the same effect, see Katzir (2013) and Crnic et al. (2015).
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