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in a discourse context



Abstract

Resarchers have long sought to determine the strength of the relation between prosthéy and
interpretation of scopallgmbiguous sentences in English (eddl the men didn 't go). While
Jackendof{1972)proposed a onto-one mappindetween sentendaal contour and the spe

of negation (falling contour: narrow scope, fiafle contourwide scope)subsequent researchers
(e.g., Kadmon & Roberts, 1986; Ward & Hirschberg, 1988¢ntangled the link between
prosody and scoper@uing that prosody is informative about information structure, which is in
turn informative about scop8uch an account predsotariability in production despite the
existence of a correlatiofio date, we lack systematic eviderto bear on this discussidtiere,

we present a production study and two perception stadiesd at investigating whether
speakers and hearers recautitory cuesificluding, but not limited t@entencedinal contour)

to disambiguatsuchsentencediVe show that while there is considerable variability in
production, there angrosodic andicoustic correlates sentenceénterpretationMoreover

hearers successfulhgcruit theseues to arrive ahecorrect interpretatiarin light of these

resuls, we argue thaisycholinguistic studie@ncluding language acquisition studies)
investigatingparticipantsO ability to access multiple interpretatiossayallyambiguous

sentences should carefully control for prosody.



1. Introduction

Sentences such as the following1) are notoriously ambigousnd have been widely discussed
in the linguistics literature

(1)  All the men didOgo.

(2 a. Vx. man(x)! Ago
b. AVx. man(x)! go

Under ondanterpretatiorbthe one cptured by the formal logic in & Bnone of the men went.

(Roughly translatedior all x, if x is a man, then x didn’t go.) In this representation the universal

quantifierall (represented by') takes scope over VIevel negatio. The second interpretatidh

the one in2Zb) Bindicatesthat it isnot the case that all of the men wedhder this

interpretation, the possibility is left open that either only some (but not all) of the men went, or
none went, as irRq) Dalthough th&domeinterperpretation is the more salient of the timo.

this case, negatiomakes wide scope over the univarguantifier.

Jackendoff (1972), building on earlier work by Bolinger (1965), proposed that speakers
consistently use prospdo disambiguate sentences such as these (his (§8.38p) collapsed).
Specifically, Jackendoff argued that the interpretatio2d@) (where negation has narrow scope
under the quantifier) is indicated with a sentefigal falling contour, as in3). By contrast, the
interpretation inZb) (where negation takes wide scope) is indicated with a rising arsll
contour as in (4 which Jackendoff referred to as BolingerOs OB AccentO, although this is not

entirely accurate, given BolingerOs intomaticystem).

3 V >A  (none)
ALL the men didnOt go.

ac ) )
I (OA accent0)




(4 A>V (not all)
ALL the men didnOt go.
. — (OB accentO)

For Jackendoff, this difference wascoded in the representation of these sentences, and should

therefore be minimally variable (if at all).

Prosody has been claimed to be intimately tied to scope and therefore to sentence
interpretation in languages such as German (cf. BYring, 1997, 2aifhys, 1984; Krifka, 1998;
Mart’, 2001 Sauerland & Bott, 2002For example, the sentence ) (ittered with the faltise
prosody is claimed to only express the scopal relatioBh)) &nd not the one i6d).

) Alle Politiker sindnicht korrupt.

OAll politicians are not corrupt.O

/ALLE Politiker sind NICHT korrupt
(6) a. *all > negation

b. negation > all
A somewhat similar pattern also appears to hold in Greek (cf. Baltazani 2002,18003jlish,
there is bynow considerable evidence indicating that speakers and hearers can use prosody for
sentence disambiguatiofhe findings cover a range of lexical items and types of interpretation:
structural ambiguity (Pricer al., 1991; Speer, Crowder, & Thomas, 1998)nominal reference
(Akmajian & Jackendoff, 197@irschberg & Avesani, 1998, 2000; McMahon, Pierrehumbert,
& Lidz, 20049); parenthetical v. integratentent(Priceer al., 1991); the scope of focus
sensitive operatorsly andeven (Hirschberg & Avesain1997, 2000); and the interactionaf
because clausewith negation Cooper & Pacciooper, 1986Hirschberg & Avesani, 1998,

2000; Koizumi, 2009)Thus, while we know that prosodyr play a role in helping speakers
favor and hearers arrive at a giveaantence interpretation,rgmains an open question how tight

this relationship between prosody and sentence meaning is in EMpistover, a gap still



exists when it comes to addressing JackendoffOs seminal claims for quantificational sentences
with negation in Englisifrom the perspective dioth production and perception

Although smallscale studies have courted an answer this question (cf. Jackson, 2006;
McMahon, Pierrehumbert, & Lid2004), they have largely come up empty handgds may be
duein large part not only to their small sample size, but also to two other factors, which are at
the heart of the current researEirst, JackendoffOs emphasis (and BolingerOs) was on
differences between the two sentences with respect to their sefitehcentour (i.e., a
difference in rising v. falling contourBut as Jackson (2006)Os datggestand we demonstrate
here, prosodic and acoustic different@seside in other locations in the sentences, such as
guantifier duration, butb) are alsdighly variable within and across speakdilsey therefore
exist, but are not localized at the sentence end, and can be hard to pisdoand, since
Jackendoff, a number of researchers placed the phenomenon squarely in the purview of
pragmatics, arguinthat prosody highlights information in the discourse context, which in turn is
informative about scopal relations (cf. Baltazani, 2002, 2003; Kadmon & Roberts, 1986; Ladd,
1980; Wad & Hirschberg, 1985, a.o.$tudies that do not systematically manipukpects of
the discourse such as the presence and type of scalar alternatives (Hirschberg, 1986; Ward &
Hirschberg, 1985), the role of negation in the presupposition or assertion, and the Question under
Discussion (Roberts, 1996) may not be in a postbaimcover the relevant data to demonstrate
a connection between prosody and sentence disambiguation for sentences involving
guantification and negation.

In this paper, we present a production study and two perception studies aimed at
investigating whethelboth speakers and hearers recruit prosodic patterns to disambiguate

guantificational sentences with negati®o. our knowledge, this is the first systematic



investigation of this phenomenon in EnglBhand therefore the first to present both a

quantificaional analysis of correlates to sentence interpretation in speakersO production of the
sentences, and robust connections between prosodic form and sentence interpretation in hearersO
perception of these sentenckse2, we begin with JackendoffOs origpraposal about the role

of intonation in the disambiguation of sentences with negation and quantification, then develop
further predictions about the target sententagng into account pragmatic accounts developed

by researchers in subsequent yelarsi3, we review a range of experimental studies that bear on
this question, and identify the remaining gap in the literature as precisely the one that we are
addressingln o4, we present an extensive production study aimed at identifying auditory cues to
sentence interpretatiom ©5-6, we present two complementary perception studies using stimuli
from the production study, demonstrating that hearers can use such cues to retrieve the intended
discoursesupported interpretatiofinally, in @7, we summargzour overall findings and situate

our conclusions in the bigger picture.

2. Theoretical Background

Concerning thesentencén (7), Jackendof®g1972)saidthatit has Oa contrast in
meaningEproduced by a difference in the choice of pitch aceead]intonation]O (pg. 352).
(7)  All the men didOgo.

When the reading ir8] is intended, the choice of Oacces€dciates negation with the
presupposition, giving rise to the presupposition and assertiOh ifh@t is, it was expected tha

some quantity of men didnOt go, and what is asserted is that that quafitif tise men.

(8) V >A  (none)
ALL the men didnOt go.

A ) )
I (OA accent0)
9 A accent (fall): negation is part of theresuppositionnotthe focus




Presupposition: ! 0 [Q of the men didOt gbis well-formed/under discussion

Assertion: all € ' Q [Q of the men didnOt go]

When the reading inL(Q) is intended, the choice of accent associates negation with the focused
quantifier @/l), giving rise to the presupposition and assertiod ). That is, there is some
expectation that some men went, and what is asserted is that that number iSirateait.is

only possible to have a number less than allfakeredrealing is thatzot all (or upperbounded

some) of the men went.

(100 A>V (not all)
ALL the men didnOt go.
i — (OB accentO)

(1) B accent (rise): negationis associated with tHecus(i.e., theassertiolp not

presupposition
Presupposition: ! Q [Q of the merwent] is well-formed/under discussion

Assertion: all € ' QO [Q of the men went]

Jackendoff did not restrict this account to sentences with sufdjestd negationndeed,
he offered a similar approach for other negation sentencegMhmany in object position (cf.
(12), because (cf. the unfortunate example ih3)), and focused constituents elsewhere.

(12) 1didnOt see ALL of the men. (his 8.181-8.182)
(13) Max doesnOt beat his wife because he LOVES her. (his 8.1858.156)
For example, Jackendoff claimed that in both versions of the ambiguous sentdr@y€his (
(6.137)(6.139) collapsed),
(Fred, the focus syllable, has a higfich. After the focus syllable there is
an abrupt drop to low pitch, which is maintained until almost the Emal.

ends, however, are differerthe (a) reading has the falling coda of an A



accent and the (b) reading has the rising coda of a B accentieA®eus
is shifted, the same patterns appear in the intonation / contour to the right
of the focus.In case the focus is in the final word, the pitch contour is
compressed, but still recognizableO (pp-259).
14 a. FRED doesnOt wripmetry in the garden.
— " —

Olt is Fred who doesnOt write poetry in the garden.O

b. FRED doesnOt write poetry in the garden.

L _/

Olt isnOt Fred who writes poetry in the garden.O

Crucially, Jackendofinade the clear point that Othe difference between them always appears at
the end of the sentenceO (pg. 260).

Liberman & Sag (19%) were, perhaps not surprisingly, among the first to attempt a
revision ofJackendoffCeccount, arguing that encoding thstitiction in the logic is dead end.
They proposed instead that with sentences such as the ones discussed above, where negation
takes wide scope, the speaker is questioning the addresseeOs assiimgtiesslt is that there
is a Ocontradiction contoua@d a distinct Oterminal ris€Reir key example, presented ikb|
with the intonation in (16)tékenfrom Ladd (1980)Os summary of their accoungly be thought
of as a rejection to an addressee who has claimed that elephantiasis is incurable.

(15 Elephantiasis isnOt incurable

! At this point, the reader may have noticed that the pitch accent patt&radim this example
(or onall in the examples above, for that matter) is not (necessarily) the same under both

interpretations. We will return to this poibbne that we find rather cruci@shortly.



(16)

1€
E* phan, .
tla

%is isn't mc.,rablc

While Ladd (1980) agreed with the general direction of Liberman & SagOs account, he pointed
out that their Ocontration contour® and the GfaeO contaware not the same phenomano

and that while both result in a rising sentence contouhdfianing of the sentence is

noticeabily different.

To illustrate this point, Ladd highlighted the contrast between the two rising contours by

embedding the same sentence in two differemiodise contexts (his (&9)).

arn A | just found out IOm going to die of elephantiasis.
B: Elephantiasis isnOt incurabl¥ou wonOt die from it.]
‘I‘Z-Leplumri
’ "‘ﬁib e ( contradiction contour)
isn't illcurabl
18 A: IOm doomeBthe doctor just told me | either have elephantiasigbies.
B: Elephantiasis isnOt incurablEbut rabies is.]

, ti ( fall-rise tone)
Llephan

. 1e
asis isn't lncul'ab

Ladd also pointed out that while the contradiction contour cannot be embedded (as Liberman and
Sag had observed), a faite contour can b@®irectly relevant to sentences with subjeftand

negation is LaddOs observation that sentences with a monosyllabic subject (E9)¢ihiag(15))
obscure this difference, since there is only one syllable to host the accenting pattern.

~

(190 JohrOshot in Boston.
When produced with gitch accent on OJohnO and a rising seffteakeontour, this sentence
could have two interpretations, highlighted by LaddOs paraphrabesssible continuations in

(20).
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(200 a. JohnOs not in BOST@ivhat are you talking about; he@strin the next room
watching the tube.

b. JOHNOs not in Bostd@it was HenryOs turn to go this time.

The implication, then, is that sentences suchiasgie men didn’t go could result in a rising

pattern for different reasonghese reasons witlecome more varied, and the possible discourse
contexts more complex, as we procdedving teased apart the two rising patterns, Ladd
focused on the fallise pattern in connection with JackendoffOs claims.

Ladd (1980%hared JackendoffOs observationttiexe are intonational differences
correlated with interpretation, but saw the effect as pragmatic, rather than seAwdrding to
LaddOs accourthe primary message of faike isfocus within a given set, and the relation
between negation and feg arises onlpecauséal/ canOt be a subset so it must reanl//O
(pg. 161).Specifically, the use of a faltise contour by a speaker indicates that the Ovariable of
the focus presuppositionO is a memberaufraextuallyrelevant set.addOs examptialogue in
(16), presented here d&lj illustrates this point: there is the presupposition that B fed
something, and BOs assertion combined with the use of thisdabntour (indicated with
LaddOtnotation) indicates that s/he fed the cat, ansl @ members of the set evokes by A.
) A Did you feed the animals?

B: | fed the'cat.
That the sets are contextually relevant and can f®auds illustrated by other examples, such as
(22) (LaddOs (24)).
22 A Whatwould you think of getting P] a do@

B: A "stove,maybe

As Ladd points out, dogs and stoves may share membership in a set of things like Othings we can
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affordO or Omaterial possessions we can allow ourg@begshe speaker and hearer could
perhasagree uponLaddOs reasoning behind #leexample is reminiscent of JackendoffOs, but
in a different veinbecause faltise focus o/ cannot place it as a member of a superset
(because there is no greater quantity ténthen the interpretatiomust bezot all. Thus, the
conclusion Ladd arrives at is that the there are multiple types of rising contours, which result
from different presuppositions, and that in the case of theigallcontour in particular, its
purpose is to signal contextualiglevant set membership information between the speaker and
hearer.

Ward & Hirschberg (1985) present what is easily the most extensive pragmatic account
of fall-rise contour to datd&efore presenting their own account, they proceed step by step
throughdetailed reasons why the previous accounts were insuffielent, we present a subset
of their key examples (using th&if notation to indicate the syllable hosting the-fede accent
pattern).LaddOs conception db€us within a given sét cannot be correct, they argued, because
of examples illustrating that B does not have to evoke membership the set mention by A.
For example, inZ3) (their (19)), A is asking about the route that B took, traveling in
PhiladelphiaThe dialogue ifelicitous, they argue, if B does not know that Walnut ends &t 34
What is not at issue is membership in the set of streets.
23 A Did you go straight up Walnut?

B: To Thirty-\fourth/.
Fall-rise camalso accompany a superset, as in (82eir (18)).
29 A Are you sending me mail?

B: IOm sendingeo/ple mail.

And fall-rise can be inappropriate even given membership in a set,25 {their (17)).



25 A Did they have a boy or a girl?

B: #They had aboy/.

Moreover, faltrise intonation need not accompany meimbershipthe dialogue in (2labove is
still interpretable with falling intonation on OcatO.

Having abandoned LaddOs Ofocus within a setO, among other possibilities, Ward &
Hirschbergntroduce their proposakut briefly, the purpose of the false contour is to convey
Ospeaker uncertaintyO about the appropriateness of an utterance in a given context, and
specifically about a salient relationship between discourse enfilissmayinvolve set
membership, but not necessarllyhat matters is that the speaker who employs theisall
contour perceives there to be some possible scale, and uses this contour, because s/he is
uncertain about (a) whether it is appropriate to evoke a atalg (b) if some scale is
appropriate, which scale should be chosen, or (c) given a scale, which value (or scalar
alternative) should be chosérhis account is closely connected with Hirschberg (1986)Os
dissertation work.

Ward & Hirschberg note théttecause theirs is a pragmatic account in which the contour
is indicative of speaker knowledge of contextuaéiievant scales and scalar alternatives, a fall
rise contour should not be tied to any meaning (or scopal relation between quantification and
negation) in particular, and should not force negation to take wide scope over the qudntibier.
predictions thus follow, which arelevant to the target sentences in queskast, we should be
able to observe a fatlse contoumithout negation takingvide scope over the quantifier (that is,
with a// taking wide scope over negatio®econd, we should be able to observe negation taking
wide scope over the quantifietzhout a falkrise contour (i.e., with flling contour).Indeed,

Ward & Hirschberg pvide examples for both such cadest the first case, they present the



contextin (26)in which B responds to AOs utterance using -giallcontour.
(26) A: The foreman wants to know which meeting some of the men missed.

B: \All/ the men didnfigoto the last one.

Ward & Hirschberg argue that in this case, BOs use -oistalls an indication of speaker
uncertainty; B does not know whether A wants to know which meeting at least some of the men
missed, or whether a quantifier scaleldldoe evoked.For the second case, they point out that

the embedded clause &7 can be uttered with a falling contour while favoring the negation >

all reading.

(27) George said that everyone had left for the game by five, but | kredvalttthe men

didnOt go that early.

This rejection of a onto-one correspondence between prosody and interpreation and an
appeal to a pragmatic account is echoed in Kadmon & Roberts (1986), whose key ambiguous
sentence is presented(8B), with the preodyinterpretation correlations in (29)

(28) He doeaOhatemostof the songs.
29 a. falling contour, response to OnegativeO question
most > negation
b. fall-rise contour, response to OpositiveO question
negation >most
We notein passing thais possible to fingimilar attested examples in a curreearchonline
(30) Although they did't win manyawards during their performing years, Led Zeppelin's

lasting influence has garnered them several Grammy Hall of Fame Awards, as well as an



induction into the Rock & Roll Hall ofame.?
(31) AMC's superb "Mad Men" dit win manyawards onkte night, but the two they did

countedE 3

Kadmon and Roberts acknowledge that the prosody of a given sentence does indeed
appear to favor one interpretation over another, but these different prosodic patterns also differ
with respect to the contexts in whithey occur, and the question under diston that they
address (cf. (9 (11). In a nutshell, their claim is the following, OProsody does not directly
determine the relative scope of operatbronation and stress convey partial information about
the structure of the discourse, and it is this structure which determines the relativeSicope.
prosody does not give complete information about the structure of the discourse, it does not
disambiguate the scope relationsO (pg.TI8)t is, prosody mafavor an interpretation out of
the blue, but because it is only partially informative about the discourse structure, the hearer is
left to reconstruct the best fitting, and simplest interpretalibe.hearer does this in large part
by retrieving the releant (implicit) question, which is part of the information structure, from the
preceding utterance conteXhis question is connected to a presupposition skeleton along the
lines of Jackendoff (1972) in that the question is either OnegativeO or CpusitheO
presupposition either encodes negation or not (in which case negation is focused).

What follows from this discussion is that whilagtcertainlypossible that a falirise (or

more generallynonfalling) contourmay favor a reading where negatiakes wide scope over

?OLed Zeppelin and the Retiag Connection Audio School®
(http://www.recordingconection.com/artists/ledeppelin)
*OSepinwall on TV: Recapping the EmmysO

(http://www.nj.com/entertainment/tv/index.ssf/2008/09/sepinwall_on_tv_recapping_the.html)
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the subject quantifier, such a contour is neither necessary nor sufficient for this interpr&tation.
certain degree of variability should be expected, if the account of this phenomenon is pragmatic
in nature such that prosody isdil to speaker uncertainty in a discourse context and implicit
guestions that are part of the information structOrge wonders, then, how strong this
correlation ibthat is, how likely both speakefsd hearers are tassociate a falling contour
with aninterpretation where negation takes narrow scope &altt@se contour with an
interpretationvhere negation takes wide scopbese are the precisely the questions that
motivated the current research.
3. Experimental Background

3.1. The disambiguating potentid of prosody
A number of studies over the years have shed light on prosaig@ssentence disambiguation.
These studies have covered a range of lexical and syntactic patterns, and have used a variety of
paradigmsThe general picture that emerges &t thoh speakers and hearers assidgeyrole to
prosody in determining the interpretation of a potentially ambiguous string, but this effect is
variable among speakers, hearers, and contexts, and a conspicuous gap exists when it comes to
systematically probing the sentences that originallyésted Jackendoff and subsequent
researchers.

Based on the experimental results from a set of three studies, Speer, Crowder, & Thomas
(1993) arguehat Oprosody is maintained not only when it determines the syntactic form of an
otherwise ambiguous sentenbet also when it contributes more subtly to sentence meaning, by
determining the focus or the presuppositional structure for a sentenceO (pg. 354). In one study,
participants heard a prerecorded potentially ambiguous sentence, then selected froncgo choi

the appropriate paraphrase ofAitnong the stimuli were sentences with ambiguous pronominal
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reference, phrase boundaries (€l§je dog may attack (#) Gwen.), conjunction patterns among
NPs (e.g.FEither Sam # or Susan and Lara #V. Either Sam or Susan # and Lara # ...) and stress
altering syntactic structure (e.@hey are cooking APPLES v. They are COOKING apples).
Participants were indeed sensitive to the prosodic pattern when choosing their paBpiosse
so for syntactic ambiguities than for péament of focus.

Priceet al. (1991) recorded professional radio announcers reading a range of ambiguous
Osegmentally identical but syntactically differentO sentences that were embedded in contexts.
Among these were integrated phrases v. parentheticajspositional phrases (e.@¢es lan
know (,) I wonder (,) when he will leave; The neighbors who usually read [the dailies /, the
Daleys,] were amused), attachment ambiguities (e.@goul murdered the man with a gun), and
verb particles v. prepositionhkads. They then presented the excised sentences in isolation to
nasve participants, who were given a choice between two contexts in which the sentence could
have appeared and asked to select the best nraiicher al., found considerable variation
amory the speakers, as well as variability in participantsO success based on the speaker and the
sentence typesiowever, overall, participants were successful at using prosodic cues for
disambiguation.

3.2. Ambiguous sentences with negation anbecause

Otherstudies have focused more specifically on scopal ambigititynegationFor
example, Coope& PacciaCooper (1986) presented participants with ambigs target
sentences such as |3fllowed by a disambiguating followp sentence or embeddiaca
disanbiguating paragraph.

(32)  Dick didnOfly the kitebecausét was a beautiful day.

Participants were made aware of the ambiguitynie experimentut notin anotherOnly when



they wee made aware of the ambiguity amden producing théecause > negation
interpretationdid participants significantly lengthetine vowel of the word preceding thecause
clause and increaske prosodic break (i.e., the pause) befereuse.

Hirschberg & Avesani (1997, 200pjesented English and Italian speakers (n=6 in English)
with a range of ambiguous sentences, includinguse-negation (e.q.William isn’t drinking
because he’s unhappy), attachment ambiguities, focgsnsitive operatore4ly, even), and the scope
of none (e.9.,The election of none of these candidates would be a disaster). Speakers were shown
two paragraphs, each favoring a different interpretation, side by side, and asked to read them both
aloud.Afterwards, they answerexcomprehension questioBpekers produced no consistent
results fomone or for attachment ambiguitieshey did, however, seem to produce differences for
because-negation, as captured Trable 1.

Tablel: Pattern of results fdrecause-negation sentences in Hirschberg & Avesani (1997, 2000)

scopal relation Ointernal phrase boundar falling contour
because > negation 12/18 15/18
negation >because 2/18 8/18

The data concerning the presence of a prosodic lileakirst column of datagre consistent with
Cooper & Pacciooper (1986)The contour data can also begast by saying that of the 13
sentences in which there was no falling contour, 10 were observed with negation took wide scope
overbecause Das would be predicte&or only/even sentences, participants also placed the nuclear
stress in the focused phrased in the vast majority of cesles34/36 sentencesyen: 30/36
sentences).

Further evidence fdhe role of prosody in disambiguatihgcause-negation sentences in
English comes frorioizumi (2009Ps selpaced silent reading studids.one experiment,

participants were shown sentences that favored one of two possible interpretatiori33)as in (



then answered question about the sentan
(33 a. Jane didnOt purchase the white blouse because it had @staime(> negation)

b. Jane didnOt purchase the white blouse because it suit@tehation >because)
Koizumi found that sentences favoringarause > negation sgpal relation were read more
quickly than negation because sentences (a pattern consistent with Frazier & Clifton, 1996).
However, this difference in reading time went away when the sentences were embeddgd in an
clause, which carries with it its own continuation riBleus, because both types of sentences
were accompanied by a rising contour in this syntactic context, the intonational difference
between the two sentences was neutrali@éten in a subsequent expeent, Koizumi inserted
a line break before theecause clause (which had the effect of inserting a prosodic break), the
preference for théecause > negation reading again surfac&étiese combined findings are
consistent with those of Hirschberg & AvesétP97, 2000)the sentenceontour and the
presence/absense of a prosodic break bétatewse play a significant role in the disambiguation
of sentences withecause and negation.

3.3. Ambiguous sentences with negation and quantification
More recently, resschers have been concerned with speakersO production and hearersO
perception of ambiguous sentences involving quantification and nedaslbazani (2002,
2003)Osomplementaryproduction and perception studies in Greek offer the first strong
suggestiorthat speakers can use prosody to disambiguate quantificational sentences such as the
target sentences of interest in this resedalttazani focused on three types of items, captured in
English in(34).
(34 a. HeOsot watching TVbecauséeOs bored (because-negation)

b. They didnot eatmanyapples. (negation and object quantifier)



C. Threenurses helpedverydoctor.  (subject and object quantifiers)
Each item type was instantiated by a number of tokens, including a small rapngmntfiers
and varied SVO/SOV word order (since Greek allows for variable word ohdeéhe production
study, participants (n=B for each sentence type) viewed a question that either did or did not
contain negation, thereby allowing the positive/negasitatus of the QUD to be manipulated
They then saw the target sente offered as an answer to the question, and were asked to read
the questioranswer pair aloud.

These productions were then presented to participants in three different perception
studes.The number of participants per study ranged from approximately 30 Ra@ttipants
heard the excised target sentence in isolation, and were asked to choose a suitable answer, given
a forced choice.

(35 A How many problems [did/ditDt] the students solve?

B: The problems they solved are not many.

Baltazani found that her Greek speakers reliably produced ambiguous sentences with negation
with two distinct contourselated to the two interpretatigrend that hearers were able to

correctly identify their corresponding interpretationfile sentences involving subjeabject
guantifier interaction (like34c) above) were produced in a manner similar to those 3ute) (

hearers were not able to unambiguously select the corresgantérpretation based on

production aloneThe combined productieperception experimental findings indicate that Greek
speakerslo reliably disambiguate sentences by using prosody, and that hearersO ability to
retrieve the correct interpretation basedoosody alone depends on lexical items interacting

and giving rise to the ambiguity.

Note that although these findings are extremely promising, they were found inBareek



! 20

language that may require such prosodic manipulation, or at least be moreshitgitive to it
than EnglishThus, it still remains an open question whether such a pattern could be observed in
English for the quantificational sentences in question IR&eent studies aimed at addressing
precisely this question have come up relayivahpty handeddowever, it may be that because
these studies were done on a small scale and had a more narrow focus, and did not systematically
manipulate the discourse context in which these sentences appeared, they were not in a position
to uncover such patternWe turn now to these studies.

McMahon, Pierrehumbert, & Lid2004 designed a set of four short childrenOs storie
each of which included a sentence ambiguous pronominal reference and and ambiguous sentence
with the universal quantifietvery interacting with negatiorhe story context and a follewp
continuation either favored negation taking narrow scope (n=2) or wide scope with respect to the
guantifier (n=2), as in3p).
(36) a. CEvery bunny didnOt jump over the fenust, a single one jumped over,O said

Henry.Ol guess youOQre still too small to play with my car.O
b. CEvery bunny didnOt jump over the ferady some did,O said Henfyl guess
youOre still too small to play with my car.O

Eleven parents read these stottheir children while being recorde8lentences were later
coded for rise/falcontour Contrary to predictions based on a strict relation between prosody and
scopal relation, there was no discernible pattern with respect to sefitet@®ntour: thee was
a consistent 58% falling contour across all sentences.

The excised target sentences were then included in a perceptiorPsuaypants were
explicitly told during a training session that prosody could be used to disambiguate sentences.

During the test sesssion, they were given two pages from theBtorg that introduced the plot
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and characters, and one with a forced choice of images representing what had immediately
happened before the target sentence was utfEnegl.were given an unlimiteamount of time

to inspect these stimuli before listening to the target sentence and making their sé\éuton.
participants were successful with the pronominal reference items, they were largely at chance
with the quantificational sentences, selectimg negationzvery interpretation 59% of the time,
regardless of the interpretation intended by the spelskegeover, when the results were recast

in terms of prosodic patterns, it became apparent that participants were not recruiting prosodic
patterns, bt instead displayed a preference for the negatéwe® interpretation(as can be seen
from the skew towards the top rowTable2).

Table2: Distribution of percentage of perceived interpretati@msed on sentendimal contour

for every-negation sentences MicMahonet al. (2004

perceived interpretation rising contour falling contour
negation >every 61 58
every > negation 39 42

These results, then, could be taken as demonstrating that there issindanhection
between prosody and sentence interpretagoich a conclusion would, however, fly in the face
of the intuitions a number of researchers have voiced over the years,wehreviewed above,
and stand in contradiction with the previous experimental findings in English and other
languageslt is possible, however, that certain elements of McMahath (20040Os
experimental design minimized the role of prosdely. exampe, the pictures clearly
disambiguated the sentences, leaving little room for prosody to play a central role in production.
The continuations following the target sentence (provided@@ngbove) may also have played a
significant role First, the followup phrasing may have been able to host the informative pitch

accenting, minimizing the need for such prosodic information in the target sentence itself.
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Moreover, the construction of the dialogue may have favored a continuation rise in both cases.
Rather han concluding from this study, then, that spea#ers: offer the hearer such prosodic
cues (and that when such cues are minimal or absent, hearers cannot retrieve them), we can
conclude that speakers do mévays do so, and when they do, such cues matybe localized in

the sentencéinal contour.

Jackson (2006conducted groduction studyin which hepresented four speakers with
nearly 200 sentences involving the scopal interaction of a small set of lexical items in different
syntactic positionsThese lexical items included negation, the universal quantiféep, and the
indefinitesa, a few). Each sentence was accompanied by two still images, illustrating the two
interpretations (e.g., a group of circles, each hitting a square v. a grouged,ail hitting the
same square for the senteiisery circle hit a square). Participants were asked to favor one of
the two interpretations over the other in their productiacksorn€X¥indings hinted at durational
differences in the lexical items begigorrelated with the interpretation favored by the speaker.
However, the conditional ranking among these durations was quite complex and the number of
speakers extremely small, making generalizabeyond his results rathdifficult. Moreover,
there wasvery little room for manipulation of information structure with such stifii point
think is important

Given the previous experimental studies,axe left with the following picturerirst,
speakers and hearefs recruit prosodic information when die@iguation a range of sentence
types in English, as well as in other languadée ability to do so, however, is dependent upon
the speaker and the type of ambiguBgcond, for the sparse evidence we have for English
sentences with quantification andgagionP precisely those sentences that have driven the

debate over the yealst is not at all clear whether and when speakers use prosody to
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disambiguate, and if so, whether the sentdima contour is the locus of this informative
prosody.If speakes can be found to use prosody to disambiguate sentences in favor of one
possible interpretation, there is still an open question regarding whether or not hearers can recruit
this information in the service of arriving at the correct interpretafiorally, because the few
studies that have investigated this phenomenon in English have not incorporated into their
experiments certain key elements (e.g., clear negative/positive question under discussion, role of
negation in presupposition/assertion relati@alar alternatives), it remains unclear how much
information structure in the discourse context plays a role in the use of prosody and in the
observed variability in production§he current research was designed to fill this gap.
4. Experiment 1: Production Study
Theaim of this study was telicit productions of ambiguous sentences in a discourse context
with the purpose of identifyinguditory (i.e., prosodic and acoustic) correlatesentence
interpretation.
4.1. Experimental Method

4.1.1. Participants
26 undergraduatgsarticipatedin all studies reportenh this paperthe participants were
undergraduates wheceivedcoursecreditin an introductory psychology or linguistics counse
exchange for their participatioBata from six participants were ebuded for reasons of nen
native statusin addition, one speakerOs sound files were danaageitierefore excluded from
andysis.In the end, dta from 19 participants (14 F, 5 M) were analyzed.

4.1.2. Stimulus Design
Test items were scopally ambiguous sentences involving either universal quantification

subject positionor many or most in object positionand negationThere werenultiple examples



of eachtestsentence type, presented in more than one discoursgxtontwhich the
information structure was variedhere were four contexts for the universal quantifier and three
for many andmost, for a total of 16 universal quantifier items andvikiiy andmost items.
These 28 test items welleenpseudorandomizedithh 28 control itemsfor a total of 56
experimental itemsA full list of experimental items is included AppendixA. In constructing
the sentences, we controlled for sonorance, particularly at the end of the sentence aedtin the
items, in order to elicit as smooth a pitch track as possible.

Control items were also ambiguous sentences, which have been shown in previous
research to be able to be disambiguated through prgsedy3 aboveThese items included
five pairs serdgnces with @ecause clause interaction with negation, five pairs of sentences
containing a focusensitive operator (three withk/y and two witheven), and four pairs
containing ambiguous pronominal referer€achindividual controlsentence was presedtin
two different contexts, each favoring one of the two competing interpretations. An example of

eachtest and contratem type is included here.

(37)  All the magnolias waObloom. (universal quantifier, negation)
(38) Liam doesOknowmanyalumni. (many, negation)
(39  Neil doesOtnjoymostmusicals. (most, negation)

(400 Georgia inOsingingbecausesheOs preparing for an auditiofbecause clause, negation)

(4) Warrenonly likes the Orioles. (focus sensitive operator)
(420 Sheevenpainted the garage. (focus sensitive operator)
(43) Alan punched Owen and thée kickedhim. (pronominal reference)

Each sentence appeared at the eralsifort paragraplvhich embedded the sentence in

abrief discourse contextVe manipulated the information structure of each context to highlight
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one of the competing interpretatiolased on previous research, we predicted that each
interpretation shodl(or more weakly, coulddlso be accompanied byparticularprosodic
pattern.For all itemgwith the exception of those with pronominal refergntiee target sentence
was followed by an additional sentengée reason for this was that those sententesh
seemed most naturally produced with a rising intonation seemed to end abruptly suttiaut
continuationFor consistency across items, we included such a following sentence across all
minimal pair members.

For the test items, twof the contexts aried the scopal relation between the quantifier
and negation (quantifier > negation, negation > quantifier) in contexts that were designed to test
whether each was accompanied by the predicted serfieateontour (falling v. falrise,
respectively)In one context, negation was associated with the presupposition and the QUD was
thereforenegative, while in a second contetke QUD was positive, antegation was
associagd with the assertioor focus The second context also corresponds to Ward &
Hirschberg (1985)0Os type 1 uncertaimipdther to treat the quantifier as scalar).

We note here a key contrast with the two types of quantificational test items. With the
sentences containing the universal quantifitand negation, wheai/ takes wide scopever
negation, negation is at the VP level, and none of the discourse entities mentioned in the sentence
have the property (i.e., none of the men wai)en negation takes wide scope over the
guantifier, negation is propositional, and the quantity afalisse entities mentioned in the
sentence that have the property is not all, and possibly Wittethe many/most and negation
sentenceghe situation is different. ddmatter what the scopal relation is (whether negation takes
wide or narrow sqoe), thequantity does not varyvhat varies is thécus on the quantityt-or

example, in(38) abovethe number of alumni that Liam knows is always snvelienmany
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takes wide scope over negation, emphasis is placed is on the number of alumni that Liam does
not know (many) However, when negation takes wide scope exety, emphasis is placed on
how many alumni he knows, which is feee Baltazani (2002, 2003) for discussion.

In additionto the first two contextsve presented thesest items irone or twoaddiional
contexts whichallowed us to further evaluate how prosody can vary across discourse contexts,
even when a scopal relation remains constamtmany andmost, we created a third context in
which we favored an interpretation where negation wouldva#le scope overnany or most,
but in which we predicted we might elicit a falling contour, since the target serigneared as
an embedded clausé/e modeled this item typdirectly afterthe examplediscussedby Kadmon
& Roberts (1986).

For theuniversal quantifier items, we created two additional contexts that allowed us to
achieve a fully crossed design for these it¢negation in presupposition or assertion x prosodic
contour).In the third context, we created a salient scalar alternativetbP (e.g.magnolias),
thereby inducing a fallise on this lexical item (Hirschberg, 1986; Ward & Hirschberg, 1985).
the fourth context, wenanipulated the information structure to favor negation taking wide scope
over the universal quantifier, asthe second contextlowever instead of creating a scenario
that gave rise to type 1 uncertainty and ariak contour oml/, we attempted to create
scenario that favored a falling contour.(#4), we presentour contexts manipulating
informationstructure for the test sentend® the magnolias won’t bloom
(44 Four contexts for theargetsentencel// the magnolias won'’t bloom.

Context 1

The township decided to plant magnolia sapliaggimber of years ago to

line a mththrough the parkrhey have experieed lovely blossoms every year.
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However, this year the area is experiencing-teasstandard rainfall, which
means that they expect the magnolias to struggle this year, with only a few
surviving.In fact, | think the guation is much more dire than thall the

magnolias wonOt blooffheyOll just have to wait till next year.

PresuppositionSome of the magnolias may not bloomQUD: contains negation
Assertion None of them will.

Scopal relation favored!// > negation  Contour predicted to be favoredlling

Context 2

A few years ago, the township decided to plant magnolia saplings to line a
path through the parRhe saplings on the north side were planted mainly in sand,
and havenOt been getting nearigugh nutrientddowever, the soil near the south

side is rich, and the magnolias are thriving thaiethe magnolias wonOt bloom

But | bet the ones on the south side will.
PresuppositionAll of the magnolias will bloom.QUD: does not contain negation

Assertion Somewill .

Scopal relation favorecdhegation> a/l Contour predicted to be favoredll-rise
Context 3

An aggressive beetle that targets magnolia trees is spreading through our
area, and the magnolias are doomidte township has begitanning to take
pictures for their website next monifhe official photographer is concerned that
there wonOt be beautiful rows of trees in the background for his pitthiek.

heOs worrying too muchll the magnolias wonOt blooiowever, there wilstill

be other trees that will look just as lovely.



PresuppositionSome of the trees will not bloom. QUD: contains negation
Assertion All of the magnolias willnot bloom other trees will

Scopal relation favored!// > negation Contour predicted tbe favoredfall-rise

Context 4

The weather recently has been conducive to plant growth, and all the trees
are looking healthySome optimistic members of the township are predicting that
each of the magnolia trees will give us lovely, fragrant blosgorasjoy all
seasonBut | think theyOre being rather unrealistic, and | keep telling them this.

All the magnolias wonOt blooifhe odds of each of them blooming are pretty

slim.
PresuppositionAll the magnolias will bloom. QUD: does not containegation
Assertion Not all ofthe magnoliasvill bloom

Scopal relation favoredhegation>al/l  Contour predicted to be favoredlling

4.1.3. Procedure

Participants were recorded one at a time uam@T4040 Cardioid Capacitor
microphone with a pop filten a souneattenuated recording boothnd amplified throughn
ART Digital MPA Gold microphone pramplifier. Stimuli werepresented to participants using
SuperLalstimulus presentatiosoftware(Cedrus Corporation, 2012n a MacbookFor each
trial, the participant first read thentire paragraptvith the discourse context and target sentence
silently. They then answered a comprehension quedtian tested for their understanding of the
target sentence in the contekinally, theyread the entire pareaph out loud, this time recorded.
The comprehension questions allowed us to filter out items for which participants did not answer

the questiorcorrectly.Stimuli were divided into two blockso that members of a minimal pair



! 29

were separated between blecknd each block contained a token from @ashor controltem
type. Test and contralems were then pseudorandomized within each block.

Participants were run in two conditions. In the first condition, participantgpleted all
56 items within one ssion, which lasted approximately 45 minutes to an Ridwey were told
to read the items as naturally as possible. The second condition was constraltéethte some
of the burden of the taslwhich we noted the first time arourfarticipants were psented with
only one of the two blocks, and were again encouraged to read the items as naturally as possible,
as though they were recording them for an audiobook or reading to chiltieynwere also
provided with an example of a written discourse bédfangel (a section from a soap opera
transcript) to model expressive reading. Later analysis revealed that the additional training did
not elicit any difference in delivery, so no conditbanalysis is presented.

4.1.4. Analysis
Target sentences were excised fitia surrounding context using Praat speech analysis software
(Boersma &Weenink, 2011in order to conduct a series of analySd®y were then annotated
with segments delineated from the onset and offset of each lexicaFibenihe controls items
contahing abecause clause and negation or a focus sensitive operator, we collected the value of
the maximum FO on the relevant lexical itefgr the focus sensitive operators, this was the
head of the VP and DP that could host the focus {eitited andgarage in the sentenc&he
only painted the garage). For thebecause sentences, this was the verb following negation and
the final word in the sentence (e.guging andaudition in the sentenc€eorgia isn’t singing
because she’s preparing for an audition).

For sentencesontaininga because clause and negation, we predicted based on previous

research that in the case whtrebecause clause takes wide scope and negation is targeted at
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the VP, there might be a prosodic break beforé¢heuse clause(cf. Cooper & PacciCooper,
1986; Koizumi, 2009)Therefore, in addition to the annotations based on lexical items, we also
annotated OpausesO for these iomgever, because of the variability in the manifestation of
the prosodic break within and amosgeakers, we could not systematically analyze this
segmentAlthough some sentences had a clear pause inserted befaiee, others displayed a
continuation rise on the previous lexical itdfor those items where this lexical item did not end
in an obstent (e.g.singing V. late), this analysis became especially challenging to perfaren.
therefore did not analyze this aspect of dbenuse sentenes.We referthe readeto the above
mentionedresearch foreportedevidence of the regularity of such egodic feature for sentence
interpretation.

Forthe test items, we conducted two main analyBSiest, each file was coded for the
type of sentencéinal contour that was observelb do thistwo experimenters with musical
trainingindependentlyistened to each file (with all identifiers of context removed) and blindly
coded it as either a falling aon-falling (fall-rise) contour.Rate of agreement was 80%. Any
and all discrepancies were reconcitdishdly afterwards with the assistance of mdfblind
coder, using as a comparison other clear exemplars from the participant whose items were in
guestionSecondwe also conducted an acoustic analysis of the test items in order to look for
any acoustic signatures in the speech signal that accedpadifference in interpretatiom
order to do this, Praat scripts were written and run on the annotated files to extract the relevant
acoustic informationln the following section, we present each analysis in turn.

We excluded from analysis the lfmling: tokens that had a comprehension score of 0
and tokens that had mstarts, errors in pronunciation, use of the partitive in the quantificational

phrase, glottalization in key lexical items, and2aiors in subjeetverbagreementParticipants
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for whom there were not enough data points to perform an acoustic aaalyss itemafter
this filtering process were excluded from analysis (nkdaddition, @ the original context
sentence pairings, one set from universal quantifieand negationtéms and one set from the
many/most and negation items (the fourth item in each sépgpendixA) were excluded from
analysis, since the comprehension scores for one or all of the items in each set were consistently
at or below chnce level across speakers, and speakers either reported difficulty in accessing the
correct interpretations for these items, or experienced difficulty producing the items while being
recordedThis conservative filtering process still left us with a rathege sample to work with
across and test and control items and speakers, given our design.
4.1.5. Results

Here, we present the results of the analysis for each item type in turn, beginning with our control
items and finishing with owestitems involving quantification and negation.

4.1.5.1. Pronominal Reference
Perhaps surprisingly, participants did not mark pronominal reference with pitch atcémes.
scenarios favoring a default, unstressed pronoun, participants produced the target priimeun in
manner 96.3% of the timelowever, in the context supporting a stressed pronoun, with reversed
reference, participants also produced the target pronoun as unstressed 95.6% of Tihéstime.
may be in part due to the fact that participants had mweérloomprehension scores for the
OreversedO cases than for the OdefaultO cases (an average of 56.3% v. 90.6%), however, even fo
the most successful Oreversed pronominal referenceO item in which comprehension scores were
quite high (87.5%), participants veemore likely than not to produce the pronoun as unstressed.

4.1.5.2. FocusSensitive OperatorsOnly and Even

As an initial analysis of these items, we coded each item for the observed accenting pattern,
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recording whether the main accent was on the head velnke ™R or on the DP for theen and
only cases separateM/e predicted that this pattern would be correlated with the focus pattern
supported by the discourse cont&tie resultsare presented ihable3.

Table3: Pitch accenting patterns for the focus sensitive it@msandeven

observed accenting

focus verb DO
even VP 6 24
DO 6 24
only VP 25 22
DO 5 37

Participantsaappeared to pladée nuclear pitch accent on a syllableha direct object
for both sets of control items containing the focus sensitive operBtwtaen, there was
absolutely no difference in accenting patterndtierindividual items (p=1), regardless of the
preceding context and the favoreaterpretationFor exampleshe even painted the garage was
delivered similarly, regardless of the preceding confiéxs pattern helddespite the fact that
participants® comprehension scores were the same for both context: 90.6% in each.

Foronly, the pattern was fierent. ParticipantsO accenting pattern varied with the
interpretation favored by the preceding cont@stillustrated inTable3, a syllable in the direct
object was more likely to be accented when the previous context favecatha contrast of the
direct object (e.gWarren only likes the ORIOLES [and not any other baseb#&lm]).Given the
results fromeven, however, this pattern could be taken as the detaulience for the preceding
context playing a role in the pit@ccenting pattern comes especially from the pattern exhibited
when the preceding context favored a scalar contrast of the verHe:.gen only LIKES the
Orioles). With these items, participants were pulled away from this default pattern of placing the
pitch accent on the direct object (Pearsd(l}= 16.92p<.0001,¢4 = -.44), but were no more

likely to place the accent on the verb than on the direct object (binomial probebiiii). As
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before, participantsO comprehension scores were quité&hig® for contexts favoring a verb
contrast, and 100% for contexts favoring a contrast of the direct object.

Becausedhe direct object was at the end of the declarative senticoeparison of the
maximum FO between the verb and the direct object prdificult, as the FO value continued
to decline towards the sentence enek therefore focused our attention on analysis of the
location of the maximum FO peak within the target itehasobtain this value, we calculated the
maximum FO within the tagg lexical item in the sentence, then calculated its location within the
duration of that lexical itenThis gave us a ratio that allowed us to measure the placement of FO
within the lexical itemThese results afgesented ifrigurel. We present this analysis of these
control items, because the results demonstrate that participants producedaredydiztectable
acoustic differences correlated with contrasts in meaning during the experiment.

We performed a 2 x 2 ANOVA wittvord (V, DO) and contex{focus on VP ofocus on
DO), comparinghe maximum FO location for the énis sensitive operator iteme excluded
from analysis values that were more than 1.5 standard deviations away from th&@é&amd
a significant main effect aord (F(1, 181) = 12.2MSE = .78 »=.0006, no main effect of
context(F(1, 181) = .16MSE = .01 p=.70), and a significant interaction (F(1, 181) = 4.BBE
= .06,p=.038).Posthoc TukeyOs HSD tests revealed ttatatio of thelocation of Max FO was
larger (at the .01 level of significance) in the direct object in the context in which this focus
pattern was predictetiVhile the difference was not significant for the verb, it approached

significance in the right direction.
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These results indicated that in the context in which the focus was predicted to be on the
DO rather than the verb, there was a delayed placemére afaximum FO in the direct object.
One possible interpretation of these results is that the context set up a contrast between the
salient scalar alternatives (i.e., the garage, as opposed tdlotigsrone could have painteahe
mile, as opposed to m® and so on), thereby eliciting a fale contour on these items.

4.1.5.3. Becauseclause and negation

For ambiguous sentences that containgerause clause interacting with negation, we also
calculated the maximum FO and the maximum FO placement on two lexical tienn&gated
verb or predicate precedirtige wordbecause (e.9.,not late because, isn 't singing because), and
the final word in the seahce We then compared these two values in lwathitexts As with the
focus sensitive operators, any possible difference isgbhendwvord between the two contexts
was most likely washed out by its sentefioal position.Howeverthe key value is the

difference between the two words within a conté¥e present these resultshigure?2.
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Figure2: Maximum FO location in two words (word precedingause and sentencénal word)

in sentences with ecause clause and negatiqe.g.,They re not late because of his driving)
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As in previous analyses, any values that were greater than 1.5 standard deviations away
from the mean were excluded from analy8i2 x 2 (word x context) independent samples
ANOVA revealed a main effect of word (F(1, 170) = 8.98 , MSE = 19408+.003), no effect
of context (F(1, 170) = 0, MSE = 2.32;1), and a significant interaction (F(1, 170) = 4.03, MSE
= 8709.38p=.046). Poshoc TukeyOs HSD tests revealed that there was a significantly higher
maximum FO on the first word than on the second word ihdh@ise > negation contexts at the
.05 level of significance, and that the first word in this context was signtfichigher than the
first word in the negation because context at the .05 significanc8uch a pattern makes sense
when we consider thaterpretation of the Obecause > negationO cases: the subject is NOT
performing the action, and the reasontfus state of affairs is being asserted (i.e., Georgia isnOt
SINGing,[and itOshecause sheOs preparing for an audition.)

As with the focus sensitive operators, we asoght to comparthe location of the
maximum FO in the key words in both conte@eeFigure3. Since the variance between the
samples was unequal, we conducted-taited independent t tests assumimgqual variance,
comparing the location of the maximum FO in each of the key words between the two contexts.

There vas a significant difference in the Max FO placement between the two contexts on the
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second word (t(73)2.51,p=.01)Dwith the ratio large(i.e., placement more delayad)the
negation >because contextbbut no significant difference in the first wdiat the two contexts
(t(82)=.13,p=.90).

Figure3: Maximum FO location in items withecause clause and negatiqe.g.,7hey re not

late because of his driving)
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Once more, intuitively, this difference in the second word makaseln the context in
which negation takes wide scope, the subject IS performing the action, and what is asserted is
that it is not for the reason made explicit that this is so (i.e., Gaergisinging because sheOs
preparing for amu-DI-tionEShe just likes to SING.)t has been claimed that these contexts
should be more likely to exhibit a ing) contour (cf. Koizumi, 2009)n addition, the two
reasons are being contrasted, thereby eliciting ai$alcontour in which the high pitch accent is
expected to fall later in the word.

4.1.5.4. Quantification and negation
We not turn to our test items involving quantification and negation.

Analysis 1: Codingof Sentence~inal Contour
In our first analysis of theeitems,the excised sentences were coded bfifall falling versus
nonfalling contour.The percentage of observed falling contour for the sentences in each context

is presented ifable4.
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Table4: Predicted contour anabserved falling contour for target sentences in each of the

corresponding discourse contexts

guantifier context scopal relatioriavored % falling contour observed

all 1 all > negation 934
2 negation >ull 89.1
3 all > negation 71.1
4 negation >ul// 95.5
many/most 1 M > negation 91.3
2 negation >\/ 65.1
3 negation >\/ 63.0

A binomial probability analysifor thea// sentences reveals that the frequency of observed
falling contour is greater than chance for all contexts (contexts 1p2,0001; context 3:
p<.01).For themany/most sentences, the frequency of observed falling contour is greater than
chancefor context 1 £<.0001), marginally significant for context 2y&t.07, and not significant
for context 3 $=.10).A # analysis reveals a significant difference among the categof{g$ £#
19.59,p<.0001).Thus, the sentendeal contour categorized as either falling or not falling is
not at all a good indicator of scope for tiEnegation sentencesofitra any clains in the
literature that it is a reliable indicatoHowever, in spite of the overall trend for a falling contour
in themany-negation sentences, the difference in the sentimalecontour is correlated with
scopal relationwhenmany or most scopes ovenegation, a falling contour is much more likely
than when negation takes wide scopleus, here we observe an item difference between the
types of quantificational sentences.

Analysis 2: Acoustic Analysis
In our second analysis, we extgtacoustic inbrmation fromeach of thesentencegargeting
two key lexical items: the quantifie«/{, many, ormost) and the sentendeal word. For the two

types of test items, vconducted awo-way ANOVA on the quantifier and on tHaal word
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comparing thdactors of context and acoustic meagfiireated separately(a) maximum pitch
(FO) in the word (b) the location of the maximal FO in tinord (measured as a ratio over the
entireword length as described abojédc) the FO standard deviation within thrd, and(d)
the duration of thevord. We take each of these analyses in turn.

All and negationsentences

We beginwith the results for the sentences containifigand negationyhose results are

presented iableb.



! 39

Table5: Values of four key acoustic measures obsemvedch of the four discourse contefds
the quantifier// and the sentend@al wordfor sentences containing/ and negatioiie.g.,All
the magnolias won 't bloom.) Significant differencesrehighlighted with dark border; marginally

significant differenes indicated with a dashed line.

quantifier. all sentencdinal word

Acoustic measure Context Mean Std. |Acoustic measure Context Mean  Std.

Error Error
maximum FO 1V>— 230.90 15.13 maximum FO 1 192.56 85.67
(H2) o>y 24523 15.13(H2) 2 162.84 51.40
3V>- 247.30 15.13 3 181.73 39.85
4->v 230.78 16.11 4 190.17 47.39
maximum FO 1V>— r__.7t‘;| .05| maximum FO 1 .38 .29
location(ratio) 5 > L__ng 05 location(ratio) 5 44 34
3V>- .79 .05 3 41 .25
4->v | 89 .05 4 48 29
FO 1V>—  26.06 3.94/F0 1 20.45 17.07
doviaton(z) 27>V 2878 3043 TRC0. 2 [ZA00] 1436
3V>— 25.83 3.94 3 28.43 13.13
4>y 2840 4.19 4 I 30.431 17.25
word 1V>- 170 10|word 1 [ 391| 65
duration(ms) 2 >y 160 10| duration(ms) 2 391 65
3V>- 170 10 3 448 59
4 ->VY 168 11 4 349 75

Turning first to the analysi@l, we found nanain effectsvhendirecting our attention tthe
guantifier itself, which, recall, was in sentenngial position: maximum FO: F(3, 66) = .34,
p=.80; maximum FO location: F(3, 66) = 1.08,.36; FO standard deviation: F(3,66) = .15,
p=.93; word duration: F(3, 66) = .18+.90. Planned pairwise comparisons between each of the

contexts within each of the four acoustic measures supported this lack of significance, although
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there was a marginally significant difference between contexts 1 and 4 for the maximum FO
location p=.09):the peak FO for context 4 (whamegation >ull) appearedlightly later than the
peak FO for context Whereall > negatiol. Note that this trend is consistent with the results for
the because-negation sentences, when negation took wide scope.

Turning to the final word for sentences containiigand negation, we found a similar
pattern ofnull results for the first three acoustic measures: maximum FO: F(3, 66)7=.88;
maximum FO location: F(3, 66) = .315.82; FO standard deviation: F8) = 1.27 p=.29.
However, there was a significant main effect of word duration: F(3, 66) =/6-21. Planned
pairwise comparisons between each of the contexts within each of the acoustic measures
confirmed the lack of significance among the contéxtshe first three acoustic measures,
although the difference between contexts 2 and 4 for the FO standard deviation was marginally
significant p=.09). The significant main effect of final word duration was driven by a highly
significant difference beteen contexts 3 and 4£<.0001), and a significant difference between
contexts 1 and 3 and 2 and 3 (bpth01). There was a marginally significant difference in the
final word duration between context 1 and 4 and between context 2 and 4<%}y ancho
significant difference in the final word duration between contexts 1 ape12(). Thus, duration
of the final word was longest in context 3, where the scopal relation favored/wasegation,
but there was a contrast in scalar alternatives (eagnaotias v. other trees), predicting a-fadle
contour would be exhibitednd the duration was shortest in context 4, where the scopal relation
favored was negation &/, and the predicted contour was falling.

Many/Mostand negationsentences

We turn rext to theresults for the sentences containimg:y/most and negation, whose



results are presented Trable6.*

Table6: Values of four key acoustic measures obseimvedch of thehreediscourse contexts
for the quantifiersnany andmost and thesentencdinal word for sentences containing
many/most and negatiorfe.q.,Liam doesn’t know many alumni.) Sgnificant differencesre

highlighted with dark border

quantifier many or most sentencdinal word

Acoustic measuri Context Mean  Std. |Acoustic measure Context Mean Std.

Error Error
maximum FO 1M>— 186.54 38.64| maximum FO 1 189.9 72.32
(Hz) o-s>m 19540 42.32(H2) 2 189.15 39.36
3->M 187.19 44.78 3 167.32 40.57
maximum FO 1 M>A .35 .30 |maximum FO 1 27 17
location (ratio) 2 —>M 43 .26 |location (ratio) 2 .26 21
3 ->M 43 .23 3 .34 .30
FO 1M>A 10.68 6.21|F0 1 24.79 14.70
standard 2 —>M 10.59 7.25|standard 2 2533 10.88
deviation (Hz) 3 _.\ 1369 11.59|deviation(Hz) 3 2172 14.68
word 1M >A 277 24 |word 1 520 51
duration(ms) 2 =>M 308 38 |duration(ms) 2 462 51
3 ->M 300 34 3 478 69

The ANOVA run on thequantifiermany/most uncoverecho main effectdor three of the
measures: aximum FO: F2, 44) = .20 p=.82; maximum FO location: 2( 44) = .48 p=.62 FO
standard deviation: B{44) = .61 p=.55.However, there was a significant main effectvoird
duration: FR, 44) = 3.68 p=.03. Planned pairwise comparisons between each of the contexts
within each of the four acoustic measucesnplemented these findings to reveal no significant

difference amonghe three contexts for the first three acoustic measures, but significant

* We collapse overany andmost in our analysis, but note that we are never compating to

most.
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differences among the contexts for word duratiéhile contexts 2 and 3 were not significantly
different from each othep$.52), there was a significant difference between cosittdnd 2
(p=.01) and a marginally significant difference between contexts 1 gl (B).

Finally, we turn to the ANOVA on the final word of sentences witly/most and
negation.Therewas no main effect for the first three acoustic measmasimum F: F@, 44)
= .86 p=.43, maximum FO location: &( 44) = .46, p=.64, FO standard deviation: £44) = .30
p=.74. However,as beforethere was a significant main effectwbrd duration: FZ, 44) = 4.03
p=.03. Planned pairwise comparisons between edthe contexts within each of the four
acoustic measurasvealed no significant differences between any of the contexts for the first
three acoustic measures, but significant differences between the three contexts for final word
duration: context 1 v. 2=.009, 1 v. 3=.05, but contexts 2 v.3=.45.Combining these two
analyses fomany/most, we find that the length of the quantifier was shortest in context 1, with
the duration in contexts 2 and 3 not differing from each ofktehe same time, the dafion of
the final word was longest in context 1, with the duration in contexts 2 and 3 not differing from
each other.

Focusing only on the final word, we observe an interesting comparison betweéhn the
and themany/most casesthe longest final word dation for each set of target sentences was
observed in a context in which the quantifier > negation scopal relation was favored (context 3
for all and context 1 fomany/most). The duration was shortest for tak sentences in a context
favoring a negation > quantifier relation (context®)ese durations do not, however, entirely
correlate with the predicted or observed contour, since all four contextsqif seatences
exhibited a robust falling contour, hihie first context for theiany/most sentences was the

contour that had the highest percentage of falling contdws, one could try to argue that a
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falling contour is correlated with a longer wefdal duration, but we are left trying to account
for why context 1 for the:// sentences displayed no such difference from contexts 2 and 4.

Likewise, one could try to argue that a quantifier > negation scopal relation consistently
displays an acoustic correlatéhile a negation > quantifier scopal relatiamsistently displays
a diverging patternThere may, in fact, be reason to make a case for this distinction with the
many/most sentences, but there appears to be no such evidence for this distinctiow/in the
sentences, which were all invariably magtetsa falling contour.

4.1.6. Results
Thefindings presented in the preceding sectead usto the followingconclusionsFirst, we
replicate and extend previous conclusions for sentences with thestersiive operators:/y
andeven and sentences witlecause and negation by demonstrating that speakers reliably vary
their production of such sentences according to scopal relation and intended interpretation
favored by the discourse conte®ur analysis of sentences containing the fesmrssitive
operatos only andeven revealed a general trend to place a pitch accent on the direct object,
rather than the verlblowever, with sentences containiovg/y, we observed a tug away from this
pattern towards accenting the verb when the focus was placed at teeel/hladdition, we
observed a strong overall trend for participants to delay the placement of the maximum FO in the
direct objecin precisely thatontext in which the focus was predicted to be on the DO rather
than the verb

When we analyzed the sentes containinfecause and negation, we found a
significantly highermaximum pitchon the first wordhan in the second word whéacause took
scope over negation, and this maximum pitch on the first word in these contexts was also higher

than the maximun pitch in the first word of theegation >because contexs. No such difference



in the maximum pitch was found between the two words imégation >because contexs.

We also observed that in the contexts in which negation takes wide scope dvetihe

clause, denying the reason for the subject of the sentence performing the action in question, the
pitch accent on the second word comes later than ibetlasse > negation context.

Our seconanainconclusion is that whilepeakers do produce ambiggs@aentences in a
way that could disambiguatkemfor the hearewith many control itemghe results are less
clearcut for sentences with quantification and negati@montrary to previous statements in the
theoretical literature that speakers reliabbnsil their interpretation witthe sentencdinal
contour, we found no sugatternfor sentencewith the universal quantifier// and negation
And while we found a differencalong those linewith themany/most sentences, in that a falling
contour was far more likely with sentences in which negation took narrow scope, speakers more
often than not exhibited a falling contour, and did not robustly signal negation taking wide scope
with a falkrise contourlnstead the differences appear to occur at a lower [évelthe form of
the placement of the maximum pitch within a word, but most often with a difference in word
duration.However, even here, such acoustic correlates are hard to pin down as a definite signal
to interpretationFor example, as described above, duration of the final word is longest when
negation takes narrow scope, but this is neither a necessasyfficient cue to this scopal
relation.

One possibility, however, is that this omnibus analysth® data may mask intrand
interspeaker variability in the production of these sentefites.is, speakers may be recruiting a
variety of cues (e.g., word duration, maximum pitch, maximum pitch placement, and so on)
differentially from utterance to t#rance, and/or each speaker may have his/her own strategy for

disambiguationlt is not possible to tease apart this possibility from the set of findings at this
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point, without an extensive item by item and individual by individual anaWéisleave that
research project open as an avenue for future reseatcHeli®w. For now, we leave it as open
possibility that individual speakers are actually better at consistently identifying strategies for
signaling interpretation with prosodic and acoustic ¢has the current worfaveraging over
speakersyuggestsWe present our contribution as showing that senténaécontour does not
appear to bée indicator of interpretation, and that there are other cues, such as duration, which
may be informative.

The findings fromour production study raise an important question, howeaxem if
speakers do reliably use surfdegel cues to signal their intended interpretation, can hearers
then recruit these cues to arrive at the interpretatianwasntendedby the speakerPo date,
such evidence for quantificational sentences in English has remained elusive iscataall
studies aimed at addressing this quesfidoreover, we are not aware of any extensive work on
sentence perception that has systematicadipipulated the requisithscourserelevant and
experimentalariables to tackle this questidn.the next two sections, we present two
complementary perception studies, which demonstrate that in the best case &xtbeario
scenario in whictspeakers t&bly produce two distinct versions of the same exact sentence to
signal two scopally different relations (in a manner consistent with previous claims concerning
this productionPhearers can arrive at the correct interpretation.
5. Experiment 2: PerceptionStudy 1
Thejoint purposeof the two perception studies was to determine whether hearers can use surface
level prosodic and acoustic cues provided by speakers to arrive at the intended interpretation of
scopally ambiguous sentencés. this end, each dhe perception studies served a specific

purposeln Perception Study 1, we sought to determine whether hearers could peastigic
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delivery of a target sentence to propesityiate it in a discourse contartlicated by two possible
continuation sentares In Perception Study 2, we sought to determine whether hearers could use
the thread of a discourse context to choosthsodicversion of a target sentence that was
mostcompatible with the interpretation favored by that context.

Tokens for both peeptionstudies were contributed by a combination of nasve speakers
from the production study reportatdove(three in Perception Experiment 1 and two in
Perception Experiment 2) and an experimenter (one of the awhfersalevho has had
extensivevocalmusical trainingand iswell acquainted with the theoretical and experimental
literatureband was therefore well acquainted with the prosodic patterns claimedatated
with the various interpretatigh The two expaments were run completely sepaha. Each
perception experiment begwith a brief training session in which participants were introduced
to the task structure, and the possibility of disambigua@mences with prosodysing items
with ambiguous pronominal referené&ach experimentas completed in under 30 minutes,
with Perception Experiment 2 being the shoadtethe twa

5.1. Experimental Method

5.1.1. Participants
49 undergraduates participatedPerception Experiment Pata from four participants were
excluded from the analysisecaus¢he participantsndicatedthatEnglish was not their native
language. In addition, data froone participant were excluddde to consistently low response
times(manybelow 150 ms

5.1.2. Stimuli
Itemsfor Perception Experimentwere contributed by four défent speakers: three sets from

nasve speakers taken from the production study (one male and two females) and one set



produced byhe experimenterThe nasve speakers were selected based on their high
comprehension scores in the puotion experiment (ab@/75%) andheir consistent and clear
production of disnct versions of the two interpretations of each sentence (based on contexts 1
and 2) which largely reflected the manner of production discussed in the literature.

There were 48 experimental iteniiese included 24 minimal pairs of sentences in
which the same sentence was produced in two distinct manners, each favoring an interpretation
supported by a previous discourse conteath speaker contributed six minimal pairs: two with
all and negatiompne withmany/most and negationtwo with because and negation, and one with
one of the focusensitive operatora4ly or even). These items angotedin the AppendixThe
minimal pairs for each speaker were blocked by speaker, anfuttieer divided within the
block to separate the minimal pair members. During the experiment, the presentation of the items
within the blocks was randomized by the stirprigsentation software. The order of the blocks
was predetermined: the female experimenter, a nas\& mabheve female, and a second nasve
femalebonewho had a very high comprehension sdarthe production stud§©2.9% total
comprehension correct)

5.1.3. Procedure
Items forboth ofthe perception experiments were presented using the Suptnaitus
presetation software Cedrus Corporation, 201 %ith headphones at iMac computers in a quiet
laboratory settingeach itemn Perception ExperimentHad the following structuréirst,
participants viewethetarget sentence in the middle of the scr@eg.,4!l the moms didn’t
allow eyeliner). This visual stimulus was accompaniedaspeaker@soductionof the sentence
which wasintended to beittered as part of a cohesive discourse context that favored one

possible interpretatiofRitch trackdor two rerditions of one target by the experimenter (speaker
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1) arepresented ifrigure4. Additional examples for both perception experiments are presented
in AppendixB.
Figure4: Ritch tracks for two renditions of the target sentestehe moms didn't allow eyeliner

by speaker 1 (the experimentém context 1all > negation(left) and context 2negation >ul/

(right)
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The auditory stimulus was repeated three tinis. participant then saw a second screen, on
which were twgossible continuations to the target sentence, one above theeothgx:(7hey
were all in agreement.; B: Only the moms of the older girls let their daughters wear it.).
Participants were asked to choose the most natural continuatibis way, we placed
the target sentences into a mini discouf$e correct choice was counterbalanced between A
and B.We mded a orrect responsas one that corresponded to the interpretatitamdedby
the speakebased orthe production studyarticipants had a maximum of 15 ms to make their
decision.If no response was made during that time, the trial would end, ameéxhenewould
begin.There were eighnistances where a pairpant made no response during the time allotted.
Responses registered in less than 200mé)(were not included in the analysis.
5.1.4. Results

The dependent measure was the percentage of correct responses for each iterargtpand
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by scopal relatioinegation taking wide or narrow scope relative to the target lexical ifdra).
overall resultdor those items involving negati@representd in Table7.

Table7: Average percentage correct overall per item type and per speaker

% correct (SE) speaker 1 speaker 2 speaker 3 speake#d

tem Type (expQrF) (382 M) (3699 (362 P
total 67.8(.02) 73.1 62.3 66.7 69.1
all 652 (.02) 72.2 62.5 68.8 56.3
all > negation 63.9(.03) 61.4 671 65.9 60.2
negation >ull 664 (.03) 83.0 58.0 71.6 52.3
many/most 69.3(.02) 77.3 64.8 55.7 79.6
M > negation 62.5(.04) 77.3 54.6 29.6° 88.6
negation >\/ 76.1(.03) 77.3 75.0 81.8 70.5
because 69.3(.02) 69.9 59.7 75.6 71.6
because > negation 624 (.03) 61.4 52.3 71.6 63.6
negation >because  76.0(.03) 784 671 79.6 79.3

We conductedwo mainanalyses of the datkirst, wesought to determine the response

pattern was significantly different from chaniée firstran a binomial probability tesin the

overall averagé€far left column)to determine whether the average scores for each item type and
each corresponding scopal relation was alohvance £=.5, 99% C). Indeed, all averages were

significantly above chance level!/ > negation2.7,p<.01;negatior> a/l: 3.1,p=.002;

> Thisegregiougdeparture from all other averages appears to have been the result of hearers
overwhelmingly interpreting speaker 3 (369)Os production of this item as having the reverse
scope. Upon further inspection of this file, we discovéhedifor some reasonhis speaker
appeared to place contrastive focus on the waiel in the sentenceil doesn’t enjoy most
musicals. This prosodic pattern may have led hearers to interprebtiteur as favoring the
reverse scope. For context 2@ation >\), this speaker uttered the sentence as expected, with
a clear fallirise contour omiost and at the end of the sentence. Hearers exhibited correct

responses to that item over 80% of the time.
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many/most > negation2.5,p=.01; negation >many/most. 5.1,p<.0001;because > negation2.3,
p=.02;negation >because: 5.1,p<.0001.Thisis the first indication that hearers were able to
successfully use the speakersO prosodic delivery of the target sentences to arrive at the correct
interpretation.

This analysis was complemented b# analysis on the distributioof responsedased
on the number of participants responding at each percentageAswebuld be expected, the
findings were significantly above chaneé > negation#(7) = 20, p<.01, negation> all: »*(7)
= 32,p<.01; many/most > negation#(4) = 21.45,p<.01; negation many/most: #(4) =31.45, p
< .0% because > negation#(7) =19.27 p<.01; negation »ecause: #(7) =33.09 p<.01 The
histograms for each item type are presentdegnre5, comparinghe distribution for each
scopal relation against a normal distribution
Figure5: Distribution of responses for three item typ@sl two scopal relations within each for
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Second we sought to determine whether the response pattern varied across the factors we
manipulated in the experimeni/e thereforgan a 4 x 2 x ANOVA comparingspeakeleach
of the four speakers3cope of negatiofwide, narrow)andlexical item interactig with
negation(all, many/most, because). This analysis revealed a mairfeft of speaker (F(3, 1056) =
3.94,p=.008), a highly significant main effect of teeope of negation (F(1, 1056) = 19.42,

p<.0001), and significant interactions betwapeaker*scope of negatigh(3, 1056) = 5.35,



p=.001),speakertexical item(F(6, 1056 = 510, p<.0001) andspeaker*scope of
negation*lexical item(F(6, 105 = 6.44, p<.0001. There was a marginally significant effect of
scope of negation*lexical itelfr(2, 1056) =2.7Q, p=.07). There waso main effect of lexical
item (F(2, 1056) = 1.6p=.20).Planned pairwise comparisons confirmed no significant
differences among lexical items, and a highly gigant overall differencebetween the two
scopes of negmn (p<.0001) with better performance when negation took wide scbipere
were alsasignificant differences between the speakers: speaker 2 (382), who had the lowest
average overall, was significantly different from speaker 1 (the experimertedD{)and
speaker 4 (362p€.04) (the speakers with the two highest averaggaker 1 (experimenter)
and speakeB (369) were also significantly different from each othper.@5).

Following the experimental session, participants were asked to comnibeirostragégy
for responding to the items, and whether any aspect of the items themselves made making a
decision either easier or hardéslowing an approach used successfully by Syreit., 2011).
We took thes®penrendedresponses and categorizbdrn based on key words in each
participantOs respon&esponses were codedrasntioningOwordevel stressO if they included
any of the following wordsinflection (with regards to specific wordsyne(s) (on words),
emphasis, stress, loud, or soft. Regponses were coded as mentioning OpheaseintonationO if
they included words such ag, down, end, rais(ed), low(er), drone, monotone, pitch, and
inflection (with regards to entire sentencBesponsesere coded as mentioning Oprosodic
breal® if theycontained words such ageath(e), pause(s), or break(s). Only three of the
participantsO responses could not be coded in this manner, because their responses were too
vague.Two participants failed to complete a surviipte that the nature of the®ding method

meant that articipantsO responses could be caddutlonging to one or more categoride.



present the distributioof responsem Table8.
Table8: Participants@ategorized responsestt@ postexperiment survein Perception

Experiment Iregardingtheirresponse strategies

Category N participants % Participants
Word-level stress 33/42 78.5
Phrasdevel intonation 12/42 28.6

Prosodic break 3/42 7.1

5.1.5. Discussion
The results from this perception experiméamonstrate that when speakers use prosody to favor
an interpretation of a scopally ambiguous sentence that was supported by a discourse context,
hearers can successfully recruit this information to assign thectanterpretationThe
variability in the averages among speakers and items further illustrates the importance of
examinng a range of lexical items, contexts, and speak®tsed, it would not be surprising to
find furthereffects of age, dialect, other factos relezant to this phenomenoRurther, ot only
were hearers able to use the auditory information encoded in the production to make their
selection, they seemed to be sensitive to precisely those aspects that speakers were manipulating
to fava an interpretation, as evidenced by their responses to thexjpsiment survey,
presented iMable8. This may not seem so surprising, since the only wayptraicipantscould
have systematically made their decision in theeexnent was to read and listen to the target
sentence But on a more fingrained level, participantsO responses indicate that they were
attending to specific aspects of the prosodic delivery to make their choice, and did so
successfullyWe also note tht most hearers did not indicate that they attended to whether the
sentence was rising or falling, suggesting that there were other cues beyond derdkence

contour that enabled them to make their decision.



6. Experiment 3: Perception Study 2
Our aimin Perception Experiment\#as to determine whether participants could use the
information structure provided by the context to identify the version of the sentence that was a
best fit, given the interpretation that had been favored.
6.1. Experimental Method

6.1.1. Participants
37 undergraduates participated in Perception Experimel@t additional nomativestudents
participated, but their data were not analyzed

6.1.2. Stimuli
The auditory stimulivere provided by three of the speakers from theipuevPercefion
Expaiment theexperimenter and the twaevefemale$. The male was excluded, because
participants fronthe previousexperiment occasionally reported difficulty with his files in the
postexperiment surveyndeed, his pitch range was not as wide, and hesatresponse scores
were the lowest of the fouEach speaker provided six minimal pairs of sentences: twaaith
and negation, one withany and negation, two withecause and negation, and one with a focus
sensitive operatowfly or even). This resited in 18 minimal pairs, for a total of 3@ntenceper
participant Each sentence was part of an item that consisted of a brief discourse context shown
on screen, followed by a forced choice of two versions of the target sentence in the context.

6.1.3. Procedure
As in the previous experiment, the experimental session began with a brief training session in
which participants became acquainted with the experimental Sétaptems in the training
session involved disambiguation with pronominal refereReaeticipants then proceeded on to

the test sessiocachitem had the following structur€irst, participants were shown a discourse
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context, which they progressed through line by line in apsded amulative window fashion.
An example is provided i@. The target sentence was indicated with>>.

(45 Context favoring thell > negation interpretation dffl/ the moms didn’t allow eyeliner.

Several young girls wanted bave a makep party together.
Some of them thought their motheveuldn't let them use eyeliner.
In fact, the nams were all on the same page.

<<All the moms didnOt allow eyeliner.>>

The girls were limited to mascara and blush.

Next, participants were presented with two auditory vessarthe target sentence sequentially
andeachaccompanied by OAG0BON the screerA was always a falling contour, and B a non
falling contour.A third screen then appeared with A and B on it, and participants made their
selection of the best matchygn the preceding discourse context.

6.1.4. Results
As in the previous experiment, tdependent measure was the percentage of correct responses
for each item typegverall andby scopal relation (negation taking wide or narrow scope relative
to the target lexial item).Responses registered af8eb seconds were not included in the
analysisWe used this metric, because the unlike the previous experiment, where participants
were asked to choose between two sentences, in this experiment, they were askedto make
decision between two sequential sourflprolonged delay might have had the effect of
minimizing whatever features of each sound file and contrast between the two items participants
were holding in their working memorWe also piloted and verified thd.5 seconds was an
ample amount of time to make the choice.

The results arpresented i able9. Immediately apparent is the fact that hearers were



quite successful at identifying the prosodic match, given the preceding disccamtext.
Responses were well over 50% in all cases, with the exception of the Onegéfoitermns
which we return to momentarily

Table9: Average percentage correct overall per item type and per spedk@ception

Experiment 2

% correct (SE) speaker 1 speaker 3 speaker 4

ltem Type (expOr, F) (369,F) (362, F)
total 78.1 (.02) 76.1 81.0 76.8
all 65.0 (.02) 71.2 67.0 56.8
all > negation 76.9 (.03) 82.9 75.7 72.2
negation >u/l 53.1 (.03) 59.5 58.3 41.4
many/most 86.5 (.02) 77.8 90.1 91.8
M > negation 88.8 (.03) 88.9 85.7 91.7
negation >\/ 84.3 (.03) 88.9 94.4 91.9
because 82.4 (.02) 79.5 85.8 81.8
because > negation  79.3 (.03) 77.0 85.1 75.7
negation >because  85.4 (.03) 81.9 86.5 87.8

As inthe previous experiment, we ran three analyses, the first two evaluating difference from
chance, and the third an ANOVA investigating effects of the factors we manipulated in the
experiment.

A binomial probability testy=.5, 99% CI) on the overall aage for each item type and
each corresponding scopal relation revealedrtbatlyall averages were significantly above
chance levelall > negation5.0, p<.0000L; many/most > negation: 27.4p<.0000L; negation >
many/most. 6.5, p<.00M1; because > negation7.2, p<.00001 negation >ecause: 8.8,
p<.001. The onechanceevel patterrwasfrom negation >//: -1.0,p=.31.Thus,in the
majority of caseshearersvere overwhelmingly successfall pairingthe information from the
discourse context witthe prosodic version of the target sentehe¢ best matched the favored

interpretation and scopal relai. A # analysis on the distribution of responsgsparticipant
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revealed that it was significantly different from changé> negation#(6) = 44.5 p<.0001,
negation >ull: 5°(6) = 23.33 p=.0007: many/most > negation#(3) = 56.51, p<.0001; negation >
many/most. #(3) = 43.54 p < .MOL; because > negation#?(6) = 46.39 p<.0001; negation >
because: #(6) = 52.44 p<.0001.

Finally, we rama 3 x 2 x 3 ANOVA comparing speaker (each of the three speakers),
scope of negation (wide, narrow), and lexical item interacting with negatiomgny/most,
because). This analysis revealeal highlysignificant main effecof lexical item (F(2, 650) =
25.7,p<.0001) and a significant main effecttbk scope of negation (F@50)= 19.42,
p<.0001).These were accompanied &gignificant scope of negation*lexical item interaction
(F(2,650)=11.52 p<.000)). This time, withoti speaker 2 (382) from the previous production
experiment, there was no main effect of speaker (F(2, 650) =pE34), and no effect of
speaker*scope of negation (F(2, 650) = 1/5921). There was, however, a significant
speaker*lexical item interactn (F(4, 650) = 3.33%=.01), and a marginally significant
interaction of speaker*scope of negation*lexical item (F(4, 650) = 2:921.Planned pairwise
comparisonsevealedsignificant differences betwee# and each of the other two lexical items
(p<.0001), but no difference betwegerause andmany/most (p=.19). There was no difference
among any of the speakei$iere was a significant difference between negation taking narrow v.
wide scopey=.005), driven by higher scores when negation took nasompe overall.
(However, this did not hold for all items, as evidenc&able9.)

6.1.5. Discussion
The findings of Perception Experiment@mbined withthose fromPerception Experiment 1
demonstratevithout a doubthat hearers can indeed use prosodic informati@nderto

disambiguate scopally ambiguous sentemcekarrive at the interpretation intended by the



! 57

speaker. In this experiment, participants recruited the information structure from a discourse
thread © assign an interpretation to a sentence, then selected thdipmasalition of this
sentence that besbrresponded to that interpretatibfearers in this experiment were very
successful in this task, with the notable exception ofithgentences, pacularly where
negation took wide scopk.is interesting to note that in these casesrers were largely at
chanceThus, they were not displaying a bias towards one reading or another.

It cannot be that all sentences with negation taking wide stansed them difficulty, as
they were quite successful with thany/most cases and thieecause caseslndeed, in these
cases, hearers were highly successful with both scopal relatitvas theselatter two sentence
types have in commdband where thecontrast with thei// sentenceB®is thatin these two
sentence types, negation precedes the quantiéier/most or because. AS a consequenceje
speculate thad fewthings may be at playirst,when negation precedes the lexical item in
guestion (either the quantifier because), this surface structure may make it easier for hearers to
access an interpretation where negation takes wide stloigenay be because it allows them to
more easily aaess sentential negation (as opposed tdevel negation), and/or because it
makest easier to focus negation (in response to a positive QUD and a presupposition without
negation).Second, when negation precedes a quantifier in object position, thefiguamay be
able to host more informative prosodic information tirda@n it is in subject positioiinally,
when a hearer is processing the sentence incrementally, they may have accumulated enough
relevant information in parsing the sentence before thdiidquantifier obecause later in the
sentence that they are in a better position to integrate the information and access the correct
interpretationFuture researchimed at identifying the source of the difference betweenithe

andmany/most senteres would add to our understanding of how prosody is recruited and
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implemented incrementally, and what the implications are for a quantifier appearing in different
syntactic positions.
7. Conclusions and Discussion
Thiswork is, to our knowledge, the first gystematically test seminal claims by Jackendoff
(1972) that differences in scopal relations in sentences with quantification and negation
Englishare tied to differences in prosodic contours for both speakers and hearers, to probe for
acoustic correlas elsewhere in the sentence beyond intonational contour, and to control for
elements of the discourse context that would highlight a connection between information
structure, prosody, and scofgeking stock across our production and perception expetémen
we found the followingConsistent with previous experimental studies, we found that speakers
did use prosody (loosely construed) to disambiguate control sentences involving the focus
sensitive operators:/y andeven, and sentences witlecause clauss interacting with negation.
These differences manifested themselves the maximum FO and the placement of this peak within
the focused itemThus, we know that our speakers were providing cues to disambiguation for
sentences other than our test sentendgsguantification and negatioRor these test sentences,
we found differences amomgantificational itemsWhile sentences with// in subject position
were consistently produced with a falling contour, sentencesnwiih or most were less likely
to beproduced with a falling contour when negation took wide s€gpeattern predicted by
previous theoretical research (e.g., Kadmon & Roberts, 1986).

In spite of considerable variability within and among speakers in their production of these
sentencedeading to a lack of significance along a number of acoustic measures, we did observe
significant differences correlated with scopal relatidtere, too, however, we also observed

item differences in acoustic informatidfor theal! sentences, the rataf the maximum FO
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placement was greatest on the quantifier in a context where negation took widd-scdipe.
many/most sentences, duration aifzny or most was shortest whenany or most took wide scope
over negationkor both types of sentences, thoutiie longest final word duration was observed
in a context in which the quantifier > negation scopal relation was favored (context/Bdod
context 1 formany/most). Thus, we found thagentencdinal contour does not appear to#he
indicator of inerpretation, and that there are otheousticcues, such asord duration, which

may be informativeHowever, these lovevel acoustic correlatemayhard to pin down as a
definite signal to interpretatiogiven the observed variability among contexid speakers.

We then took a subset of the production files, supplemented by an experimenter
produced set, in which speakers regularly disambiguated among minimal pairs of sentences by
manipulating prosody, and asked whetbgiven these clear prosodic @ifences correlated
with sentencdevel meaning hearers could use such information in the speech signal to arrive
upon correct, intended interpretatidm.two sets of perception experiments, we provided an
affirmative answer to this questiote note thain the perception studies, too, we found
variability inthe response rates for thpeakers anfbr theitems complementing the production
study and illustratinghe importance of examining a range of lexical items, contexts, and
speakers.

In PerceptiorStudy 1, wanvestigatedvhether hearers could usesodyto situatea
target sentences a discourse conteitat wasndicated by two possible continuation sentences.
We found thatvhen speakers use prosody to favor an interpretation of a scapadlguous
sentence that was supported by a discourse context, hearers can successfully recruit this
information to assign the correct interpretatidrpostexperiment survey also indicated that

hearers were attending to prosodic aspects when makinghioge.In Perception Study 2, we
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investigatedvhether hearers could use the thread lmfief discourse context to choose the

prosodic version of a target sentence that was most compatible with the interpretation favored by
that contextHere, we found tht participants recruited the information structure to assign an
interpretation to a senten@nd were able to selettte prosodicersion of thesentence that best
corresponded to that interpretatidine only notable exception to participantsO overwhglyn
successful performance in this task was with universal quantifieaéigation sentences where
negation took wide scop&his outlier underscores the importance of testing a range of

guantifiers and syntactic positions, as generalizations canncadbe jost from the universal
guantifierall in subject position alone.

Thus, we conclude thapeakers can (although not uniformly) and hearers do recruit
prosodic and acoustic cussdisambiguate scopally ambiguous sentences precisely in those
cases wher theseauditory cues armformative about the information structure in the discourse
context, which is in turn informative about scopal relati@isen these findings, we must also
conclude that psycholinguistic studies focused on participantsO tabilisambiguate scopally
ambiguous sentences (perhaps even more specifically, with negation, or perhaps more generally
involving the interaction between two logical operatsts)uld take auditory cues in the speech
signal into accounOne area in whichthis conclusion is directly relevant is in acquisition
research aimed at identifying whetli@nguage learnerme able to access the full range of
interpretations ofjuantifiernegationsentencessuch as our test sentences and the prototypical
sentence tim this line of research in (46)

(46)  Every horse didnOt jump over the fence
Musolino (1998)Os initial observation from his dissertation work was that children for

whatever reason seem to be locked into the reading where negationaakesscope (i.e., the
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Osurface scopeO reading) and have great difficulty agaessOinverse scopeO readhmge
negation takes wide scofiais Oobservation of isomorphignidis observation has been
replicated across a variety of languages by abmurof different researchers, using lexical items
beyond the universal quantifier in subject position (cf. Musolino, 2011 for a reViewgever,
subsequent researafanipulating a variety of contextual facttras revealed that children are in
fact able 6 access the inverse scope readibgve chance level, and that it is indeed within their
grammatical capacitfcf. Gualminiet al., 2008; Musolino & Lidz, 2006; Viau, Lidz, &

Musolino, 2010)One might ask, given the current results, what role prosodiohaay in
childrenOs performanddusolino & Lidz (2006) remark in their footnote no. 13 that@re not
aware of a single study on the acquisition of universal quantification in which prosodic cues are
manipulateddTo our knowledge, at the time of wirig this paper, this appears to still be the
case.

Previous authors indicate in passing that they were sensitive to the possible role of
prosody, but never systematically controlled for this factor as an independent véidable.
example, Lidz & Musoling2002) say that\@hen making these statements, the experimenter
holding the puppet was instructed to say the sentences in a way that is the most naturally
compatible with the appropriate reading on which the sentence was a true description of what
had hapened in the story. This step was taken to ensure that if there are any prosodic cues
associated with the different scope readings, they would be provided to the child subjects by the
experimenter holding the puppetO (pg. 18%&imilar statement is echdén Lidz & Musolino
(2005) (pg. 8788). It is far from clear, however, what the Omost naturally compatibleO prosody
was in those studig3or, given the results of our production study, what this would be, even

from puppeteer to puppete€@n a related e, Gualminiet al. (2008) say in footnote 14 of a
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previous study of GualminiOs that the childrenOs lower acceptance rate in one coglition O
be due to the particular intonation used by the speaker who re¢bedstiimuli for that
experimentO but saypthing about what this intonational difference might have been, or how it
could have produced a difference.

Gualminiet al. (2008) do state explicitly that their test sentences, such as (47), in a
context supporting the negatioapery reading were uitered with the intonation that is required
by the inverse scope interpretation in adult English: stresseoyn destressedvasn 't, and
rising intonation orleliveredO (pg. 219).

(47)  Every letter wasnOt delivered

Why they describe th@requiredO intonation this way is unclear, gisgthe claims in the
theoretical literature reviewead @2, which do not describe the required or favored prosody in
this way, andb) the lack of experimental evidence to this effect at the timetibatpaper was
written. This point aside, children in this conditidid accesshe negationevery reading 80% of
the time. Howeverthe authorglo not attribute the increase in accessing this reading to the
prosody, and it is navenpossible to identiffghe contributionof prosody in these experiments
given that this factor was not controlled for by introducing a similar condition in which this
prosody was not used, or by ensuring that a consistently falling contour was used for the
every>negation reading.

Lidz & Musolino (2005) and Musolino & Lidz (2006) refer to the McMaleon!. (2004)
study in a footnote, ag@dence that adult speakers do not normally use prosody or intonation to
indicate the scope of a quantificational subject with respect to neQatigdz & Musolino,
2005).However, in a3, we reviewed reasons why we think it is not possible to make this

generalization based on that stuByen if it were, though, note that this finding says nothing
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about whether the participants in their study rnaye been sensitive to any prosodic cues that
may have been present in the delivery of the senteli¢ksrefore remains a wide open question
whether children are sensitive to the prosodic and acoustic cues associated with quantifier
negation sentenceas the adult participants in our perception studies were.

Building upon a discussion in Musolino & Lidz (2006) (pg. 832), we would like to
suggest that the contextual manipulations in the previous studies may have been successful not
only in and of themgdees, but because they also carried with them prosodic cues that may have
made the Qinverse scopeO reading more salient (or easier to access in précessiagple,
the contrast sentences in that paper (cf. (48)) may have provided children withdbsang
contrast in scalar alternatives, coupled with-fsé prosody needed to access the negatienp
reading.

(48)  Every horse jumped over the Ifandbut] every horse didnOt jump over the fence

Given that OlogO and Ofencelrfembers of a scale (Othings that the horses could have jumped
ovelQ, both should be instantiated with fai$e prosodypespecially given the continuation rise
onlog (cf. Ward & Hirschberg, 1985Moreover, given the contrast between the conjoined
posiive and negative statements, negation is surely focused in the second statement, meaning
that negation is not part of the presupposition and the QUD is positive (cf. Jackendoff, 1972;
Kadmon & Roberts, 198&)precisely the scenario that favorsiadle and negation taking wide
scope Of course, the findings of Viau, Lidz, & Musolino (2010) reveal that children can access
the inverse scope reading at a comparable rate without the explicit contrast, given other salient
contextual manipulations and experirhstructuring, so it cannot be the case that the prosodic
correlate isiecessary BDan observation consistent with claims by Ward & Hirschberg (1985)

reviewed much earlier.
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A fruitful area for future research, then, would be to try to paint a clearergiuftuhat
the precise role of prosody is when children are able to access the Qinverse scope@iregation>
readings that can be stusive for themSuch research would allow us to see at what stage in
development this sensitivity to the auditory conesaof sentence interpretation first manifests
itself, and determine how grammatical principles and processing capacity interact in language
developmentThe current research clearly demonstrates that part of becoming an adult language
user involves acquing the ability to recruit prosodic and acoustic cues to access the

interpretations of scopally ambiguous sentences in a discourse context.
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Appendix A
Items used in Perceptionusly 1and 2are marked by ‘and indicated as training or test items.
Where production and perception comprehension questions differed, both settudes.
Discourse sentences for Perception Study 2 were minimally altered to fit on one line on the
computer screen, while maintaining the integrity of the discourse context.
Control Items: Pronominal reference
(1)  Alan punched Owen and then he kickeohHi(training, 1 and 2
a. Context 1 kicker = Alan
Alan is our schoolQOs local bully, and picks a new victim every day of the week. Today is
Tuesday, which means Owen is in trouble. When the teachers werenOt looking, Alan seized the
opportunity.Alan puncked Owen, and then he kicked him.
b. Context 2 kicker = Owen
Alan is our schoolQOs local bully, and he thought heOd pick on the new kid, Owen. Little did Alan
know, Owen is a trained kiekoxer. The fight didnOt go as Alan expected. When Alan made the
first move, Owen struck backlan punched Owen, and then he kicked him.

(o} Comprehension Question

Production

Who did the kicking?
a. Alan

b. Owen

Perception training

Which sentence should follow?

a. Poor Owen! ThatOs really going to hurt tomorrow.
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Both boys left bruises on the other.

Ryan passed Nolan and then he drove off the rigadining, 2)

Context 1 Ryan drives off the road.

Two boys were stregicing down a narrow road. Ryan was trying to catch up to Nolan,
but was paying morattention to the race than to the road. At a bend in the road, Ryan
decided to make his move, but he was carelgan passed Nolan and then he drove off
the road.

Context 2 Nolan drives off the road.

Two boys were streeicing down a narrow road. Ry was a very aggressive and skilled
driver who knew how to take advantage of the situation, but Nolan was new to the game,
and couldnOt handle sudden moves by other drivers. That explains what happened next.
Ryan passed Nolan and then he drove off thd.roa

Comprehension Question

Who drove off the road?

a.

b.

3

a.

Ryan

Nolan

Aaron introduced William and then he thanked him.

Context 1 thanker = Aaron

At a recent comic book convention, William was the scheduled keynote speaker. Aaron was the

masterof ceremonies, in charge of speaker introductions, and was also very appreciative of

William coming to give this important talldaron introduced William, and then he thanked him.



b. Context 2 thanker = William

At a recent convention, Aaron had to stefeist minute as the master of ceremonies, after the
person who was scheduled to fill this role called in sick. William, who was being introduced to
give the keynote address, was very appreciative that Namomellkknown member of the

societyN had agreed ttake on this role. Aaron introduced William and then he thanked him

C. Comprehension Question

Who did the thanking?
a. Aaron

b. William

4 Mary admires Arianna but she doesnOt like*(eaining, 1)

a. Context 1 Mary doesnOt like Arianna
Arianna is gprofessional singer on Broadway who is known for her attitude as a diva.
Mary is an aspiring actress who is an avid fan of Broadway, especially AriannaOs work,
but she has personal experience with AriannaOs nasty attitude batkatggeimires
Arianna ut she doesnOt like her.

b. Context 2 Arianna doesnOt like Mary
Arianna, a professional singer on Broadway who is known the world over for her ability,
takes on even the most challenging of roles with impressive grace and talent. Mary is an
up-and-comingactress, who is a big fan of AriannaOs work, but at one point she rubbed
Arianna the wrong way by mistaking her for another person. Arianna has never forgotten
this error, and holds it against Mary to this very day.

Mary admires Arianna but she doesn(t ti&r.



C. Comprehension Question

Which is true?
a Mary doesn't like Arianna

b. Arianna doesn't like Mary

Control Items: FocusSensitive ItemOnly

(1) Larry only elbowed Riley*(test, 1 and 2

a. Context 1 focus on VP

Larry and Riley were playing ia soccer match. They both went for the ball, and there appeared
to be some contact. Riley went down holding his head in his hands. The crowd was outraged,
thinking the injury was more serious than it actually was. But Riley is a good actor, and the
camerdootage revealed that the injunyasnOt that baldarry only elbowed RileyHe was glad

it wasn't worse.

b. Context 2 focus on DP

In the final seconds of a regulation soccer game, Larry andf\Riéger rivals from the two

opposing teani$ were among a grguof players crowded around the ball. A header came in

their direction, and in the process of getting it, LarryOs hand made contact with someoneQOs head.
Larry was instantly worried that he had hurt one of his teammates. However, when he looked up

and sw who it was, he smiled slyly.arry only elbowed Riley.He was glad it wasn't someone

else
(o} Comprehension Question
Production

What sentence would most logically come next?



a. He was glad it wasn't worse.

b. He was glad it wasn't someone else.
Perception

Which sentence should follow?

a. Luckily for Riley, it wasn't worse

b. He didn't make contact with anyone else

(2) Mary only ran one mile#(test, 1 and 2

a. Context 1 focus on VP

Mary and her friends recently participated in a fundraiser race thavéd running a mile,

biking a mile, and swimming a mile. MaryOs friends had participated last year and were regulars
at the gym. However, this was MaryOs first year, and to be honest, she is not very athletic. After
the first course, she couldnOt go famher. Everyone else ran one mile, biked one mile, and

swam one mileMary only ran one mile. She should have also swam and biked.

b. Context 2 focus on DP (numeral)

This morning, Mary (who used to run every day, but had not done so in years) decittethju

a 5mile run. However, a mile into it, she got a serious leg cramp, and had to call her friend to
come pick her up. Mary thought she could accomplish the bigger goal of running 5 miles that
morning, but her acconiphment was much more mode¢tary only ran one mileShe should

have run for longer.

(o} Comprehension Question

What sentence would most logically come next?

a. She should have also swam and biked.



b. She should have run for longer.

(3)  Warren only likes the Orioles.

a. Context 1 focus on VP

Ben is absolutely crazy about the Orioles baseball team, and has been considering purchasing
season tickets. However, he didnOt want to go to the games alone, so he asked his friend, Warren,
if he is interested in purchasing season tickets, taoréM declined, since heOs not as big a fan

of the team as Ben is. Warren only likes the Oridtesdoesn't like them enough to spend the
money on season tickets.

b. Context 2 focus on DP

Ben recently won tickets to a MeBhillies baseball game fromcantest at a local radio station.

He wanted to ask one of his buddies to go with him, and was considering asking Warren. Then
he realized that it would be absolutely useless to ask Warren to go. Warren only likes the
Orioles.He wouldn't be interested iromg to any other game.

(o} Comprehension Question

What sentence would most logically come next?
a. He doesn't like them enough to spend the money on season tickets.

b. He wouldn't be interested in going to any other game.

Control Items: FocusSensitive tem Even
(1) She even painted the garatygest, 1 and 2
a. Context 1 focus on VP

Margaret wanted to surprise her husband for his birthday to show how much she appreciated
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him. She is not a home improvement person, but decided to transform theigerageersonal
workshop for him. She really went all out. She organized it, installed a worktable, adiled she
and pegboards, and so &he even painted the garagbere isn't any more work to be done on

the garage.

b. Context 2 focus on DP

Margaretis not really a home improvement sort of person, but recently something has gotten into
her. She decided to give the exterior of her home a completely new look. She painted
everythingN the siding, thetsutters, the dool$ you name itShe even painted thergae.She is

out of things to paint!

C. Comprehension Question

What sentence would most logically come next?
a. She is out of things to paint!

b. There isn't any more work to be done on the garage.

(2)  She even composts her newspapers. *(tesind 2

a Context 1 focus on VP

Hannah is very environmentally conscious. She gets a lot of newspapers and would never just
throw them away after she is done with them. She uses them for papier machZ, lines her bird
cages with them, lights her outdoor grill witrerri\ you name itShe even composts her
newspapers. She is probably thinking of other ways to use newspapers at this very moment.
b. Context 2 focus on DP

Hannah is environmentally conscious. She has a big compost pile in her backyard. Because

recyclinguses energy, she puts anything that is not reusable into this pile. This includes banana



peels, food scraps and ra§ie even composts her newspapgeverything that can be
composted gets composted.

C. Comprehension Question

What sentence would most loglly come next?
a. She is probably thinking of other ways to use newspapers at this very moment.

b. Everything that can be composted gets composted.

Control Items: Becauseclauseand Negation

(1)  Georgia isnOt singing because she is preparing for an autist.1 and 2

a. Context 1 because > negation, NOT singing

Georgia and her friends are out at a bar for their weekly karaoke night. Georgia has a beautiful
voice, but isnOt taking her uktuan at the mike this week. When Simon sees Georgia pass up a
chance to sing, he leans over to ask her friends what is going gneXjpiain the situation to

him. Georgia isnOt singing because@s preparing for an auditiShe has to rest her voice.

b. Context 2 negation >because, IS singing

Georgia has a beautiful voice and sings all the time, even in the shower. Her roommate is very
familiar with this. When a friend comes over to visit and asks GeorgiaOs roommate if Georgia is
practicing for an upoming role sheOs trying to land, the roommate explains the situation.
Georgia isnOt singing because sheOs preparing for an audition. She just likes to sing.

(o} Comprehension Question

Production
Is Georgia singing?

a. Yes



b. No

Perception

Which sentencshould follow?

a. She needs to save her voice.

b. She just likes to sing all the time

(2 TheyOreot late because of his driving. *(test, 1 and 2)

a. Context 1 because > negation, NOT late

Mark always drives Andrea and Ben to work. Today they needeel & the meeting by 9 AM

sharp. Unfortunately, there was an accident on the main road, and traffic was backed up for
miles. The radio was reporting major delays. But Mark, being extremely clever and a speedy
driver, took several shortcuts in order to iavall the traffic. 1tOs 8:45, and theyOre already in the
conference room, ready for the meeting. TheyOre not late because of hisldhinkghey owe

Mark a nice lunch.

b. Context 2 negation >ecause, ARE late

Mark always drives Andrea and Benviork. Mark has always had the reputation of being an

overly cautious driver, but lately heOs been taking steps to change that, and is actually turning out
to be a very aggressive, speedy driver. This morning, Andrea and Ben arrived in the office well
after9 AM, and their boss was not happy. But this time, you canOt blame Mark. TheyOre not late
because of his drivingAndrea took too much time putting on her maige

(o} Comprehension Question

Production

Are they late?



a. Yes

b. No

Perception

Which sentene should follow?
a. HeOs a very fast driver.

b. The car had a flat tire.

(3)  Omar isnOt in shape because he runs outd@test, 1 and 2

a. Context 1 because > negation, NOT in shape

Omar usually runs a threamile circuit in the woods near his housteOs somewhat insistent that

the best training takes place outside in the elements, instead of in some fangyideidiyym.

Lately, however, the weather has been horrendous, and Omar hasnOt been able to run at all. Hi
training has really suffere@ma isnOt in shape because he runs outdoors. If he trained at a gym,
he wouldnOt have a problem.

b. Context 2 negation >because, IS in shape

Omar runs the same thredle circuit in the woods by his house every day, and is very fit. His
roommate Ryamants to get in shape, and mistakenly credits OmarOs success to his exercising
outside, failing to realize that Omar runs three miles every day. Ryan thinks that if he runs a mile
once a week and does it outside, heOll be as buff as Bat thatOs notwsed logic.Omar isnOt

in shape because he runs outdodieOs in shape because he runs every day.

(o} Comprehension Question

Production

Is Omar in shape?



a. Yes

b. No

Perception

Which sentence should follow?

a. It's been too cold and wet lately

b. He jud loves to do kickboxing

(4)  Elaine isnOt lgihing because sheOs embarrassed.

a. Context X  because > negationNOT laughing

Elaine giggles at just about anything, but not when sheOs put on the spot. Mario, who tends to tell
off-color jokes, came oveof dinner tonight and made a joke at her expense. Just as | expected,
his jokes hae made her feel uncomfortabEaine isnOt laughing because sheOs embarrassed.
Now sheOs just sitting there.

b. Context 2  negation >because, 1S laughing

At office parties, Mario likes to tell oficolor jokes and awkward stories about hisnarkers.

Elaine has always thought that Mario would get in trouble for this behavior, and told him she
would revel in it when he finally crossed the line. This evening, Mario weriata@nd offended

his boss, and tried to recover somewhat sheepishly. Elaine thought this was hisimesisnOt
laughing because sheOs embarraSéedknew this day would come.

(o} Comprehension Question

Is Elaine laughing?
a. Yes

b. No



(5) Ryan ddnOt win the trophy because he took steroids.

a. Context 1 because > negation, DID NOT win

Ryan has been training hard for months in preparation for a big marathon. His friend suggested
he use steroids to get an edge on the competition. Ryan heditatédally decided to do it,

thinking he wouldnOt get caught. He ended up placing first in the race but then a drug test
disqualified himRyan didnOt win the trophy because he took stetbislas the worst mistake

of his life.

b. Context 2 negation >ecause, DID win

Ryan is training hard for a big marathon. His friend suggested he try steroids to get an edge on
the competition. Ryan thought about this for a long time, and although this would have ensured a
win, Ryan trained naturally instead, andl stilme in first place. Ryan didnOt win the trophy
because he took steroids. All of his training just paid off in the end.

(o} Comprehension Question

Did Ryan win the trophy?
a. Yes

b. No

Test Sentences: Universal QuantifieAll and Negation

(1)  All the magnolias wonOt blootitest; contexts 1 and, perception 1 and)2

a. Context 1 all > negation, negation associated with presupposition

The township decided to plant magnolia saplings a number of years ago to line a path through

the park. Theyave experienced lovely blossoms every year. However, this year the area is
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experiencing lesthanstandard rainfall, which means that they expect the magnolias to struggle
this year, with only a few surviving. In fact, | think the sitaatis much moreice than thatAll

the magnolias wonOt bloofheyOll just have to wait till next year.

b. Context 2 negation> a//, negation associated with focus/assertion

A few years ago, the township decided to plant magnolia saplings to line a path through the park.
The saplings on the north side were planted mainly in sand and havenOt been getting nearly
enough nutrients. However, the soil near the south side is rich, and the magnolias are thriving
there.All the magnolias wonOt blooBut | bet the ones on the sbugide will.

C. Context 3 all > negation, negation associated with presupposition, scalar contrast with
DP (magnolias)

An aggressive beetle that targets magnolia trees is spreading through our area, and the magnolias
are doomed. The township has beempiag on taking pictures for their website next month.

The official photographer is concerned that there wonOt be beautiful rows of trees in the
background for his picturebthink heOs worrying too muchll the magnolias wonOt bloom.
However, there wilktill be other trees that will look just as lovely.

d. Context 4 negation> a//, negation associatedth focus/assertigrscalar contrast with
guantity

The weather recently has been conducive to plant growth, and all the trees are looking healthy.
Someoptimistic members of the township are predicting that each of the magnolia trees will give
us lovely, fragrant blossoms to enjoy all season. But | think theyOre being rather unaadistic
keep telling them thisAll of the magnolias wonOt blooithe odds of each of them blooming are
pretty slim.

e Comprehension Question




Production

Will any magnolias bloom?

a. Yes

b. No

Perception

Which sentence should follow?

a. The situation is dire for the newplanted saplings

b. But | bet the ones on tls®uth side will.

(2)  All the wool lining wasnOt worh(test; contexts 1 and, perception 1 and)?2

a. Context 1 all > negation, negation associated with presupposition

Mandy was in need of a heavy winter jacket but had a limited budget. She was bdpidg t

one when she went to the thrift store, even though she knew there would be a chance that some
of the lining would be in need of repair. Eventually, she found a nice, warm jacket. When she
looked inside, she cadimOt believe how lucky she wal.the wool lining wasnOt worn. The
mission was a huge success!

b. Context 2 negation >u//, negation associated with focus/assertion

With the weather turning colder, Mandy was going through her closet looking for her winter
coat. She thought she had remereddhat the lining on this particular jacket was in pretty bad
condition, and it would all have to be removed. When she fousldtyas pleasantly surprised.
All the wool lining wasnOt worn. Only the sleeves needed repair.

C. Context 3 all > negation , negation associated with presupposition, scalar contrast with

DP (adjective wool)
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MandyOs roommate wanted to go shopping for a new coat at a thrift store. Mandy went ahead to
scout it out. She found coats with various types of linings. Eaclofahe coats with wool lining

was in excellent condition, but the ones with the polyester lining were less pristine, to say the
least. When she got home, Mgrghve her roommate the updaidl.the wool lining wasnOt

worn. However, the polyester linivgas in tatters.

d. Context 4 negation >u//, negation associated with focus/assertion, scalar contrast with
guantity

Mandy was shopping for a winter coat at a thrift store. Her roommate warned her that she would
find that the wool lining in the coats walibe in absolutely terrible condition. Even though Mary
found some coats that fit this description, others actually had pristine linings. When she came
home, her roommate said, Ol told youTwy were all worn, werenOt theyP&y responded
calmly. All the wool lining wasnOt wom/ait until you see the fantastic coat | found.

e Comprehension Question

Production

Was any of the wool lining not worn?

a. Yes

b. No

Perception

Which sentence should follow?

a. The coat was in perfect condition

b. Only the $eeves needed repair

(3)  All the moms didnOt allow eyelinéftest; contexts 1 and, perception 1 and)2



a. Context 1 all > negation, negation associated with presupposition

Some of the girls in the neighborhood decided to throw a party, wheretiudy help each

other apply makeup in preparation for the upcoming dance. The girls anticipated that some of
their moms wouldnOt let them wear eyeliner. It turns out thatdhes mvere all on the same

page All the moms didnOt allow eyeliner. This didrdbieas a real surprise.

b. Context 2 negation >u//, negation associated with focus/assertion

Several moms were helping their daughters get ready for the upcoming school dance. This is a
progressive school, and moms are usually lenient about certais,thingven the younger girls
thought their moms would approve of eyeliner. But at the dancelomlyider girls were

wearing it.All the moms didnOt allow eyeliner. Only the moms of the older girls let their
daughters wear it.

C. Context 3 all > negation negation associated with presupposition, scalar contrast with
DP (eyeliner)

Some of the girls in the neighborhood decided to throw a party, where they would help each
other apply makeup in preparation for the upcoming dance. The girls anticipatezhibaifs

their moms would express concern about the girls wearing eye makeup. The situation was more
nuanced than the girls expectetdl the moms didnOt allow eyelin@ut they were fine with

them wearing mascara.

d. Context 4 negation >u//, negation asociated with focus/assertion, scalar contrast with
guantity

Recently, several moms helped their 5th grade daughters get ready for a school dance. Girls
being girls, they all wanted to wear malke. The moms were generally fine with them wearing a

little blushN maybe even some light eyeshadow or some lip gloss. But some moms drew the line
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there. All the moms didnOt allow eyelirEnose girls will have to wait until theyOre in middle
school for that.

e Comprehension Question

Production

Did any moms alloveyeliner?

a. Yes

b. No

Perception

Which sentence should follow?

a. They were all in agreement

b. Only the moms of the older girls let their daughters wear it

(4)  All the newlyweds didnOt buy ironware.

a. Context 1 all > negation, negation associated with presupposition

Past sales at MacyOs have shown that a small percentage of newlyweds usually purchase
ironware. However, times are changing, and ironware is not as popular as it used to be. In fact,
no oneOs really intsted in it anymore. Indeed, when an employee checked the store records for
this past gar, he confirmed this patterll the newlyweds didnOt buy ironware. They opted for
kitchen appliances instead.

b. Context 2 negation >u//, negation associated witbdus/assertion

Past sales at MacyOs have shown that ironware is an extremely popular item for newlyweds; in
fact, itOs very rare to find newlyweds who donOt purch&sesthployees were certain that the

store sales for this past year would reflect ttead. However, when they reviewed the records,
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they discovered that this wasnOt the ddsthe newlyweds didnOt buy ironware. Only a small
fraction did.

C. Context 3 all > negation , negation associated with presupposition, scalar contrast with

DP (ironware)

Two employees at MacyOs placed a bet to see which item each set of newlyweds would buy. Gus
said they would all purchase ironware, but Sam insisted they would all purchase kitchen
appliancs. It turns out Sam was rightll the newlyweds didnOt birpnware.They bought
appliancesEand now Gus owes Sam $50.

d. Context 4 negation >u//, negation associated with focus/assertion, scalar contrast with
guantity

| recently overheard a MacyOs employee discussing what newlyweds purchased with all the cash
they got after their weddings. He had noticed a growing trend in their purchases, and said that
they all bought things from the kitchen department. | had expected to hear him say that ironware
was the most popular item. But thatOs not what heAgbile newlyweds didnOt buy ironware.

There were too many other things to choose from.

e Comprehension Question

Did any of the newlyweds buy ironware?
a. Yes

b. No

Test SentencesMany/Mostand Negation
(2) Liam doesnOt know many alunttest; contexts 1rad 2 perception 1 and)2

a. Context 1 many > negation, negation associated with presupposition
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The alumni association is looking for a new president who is going to be able raise Traaltky.
nominated Liam. Howaear, | think thatOs a bad ide@m doesnOt know many alumni. He wonOt
be able to bring in a lot of money.

b. Context 2 negation >many, negation associated with focus/assertion

The alumni association is looking for a new president who is going to be able raise Traaltky.
nominated liam. | think that is a great idea. Liam doesnOt know many alumni. But the ones he
does know have deep pockets.

C. Context3: negation >many, embedded claudavoring falling contour

The alumni association is looking for a new president who is goingdblbdo raise money.

Todd nominated Liam. | seconded this nomination, saying that Liam knows a handful of wealthy
alumni. However, Carl voiced his concern that Liam doesnOt have a lot of conn€atitss.

right that Liam doesnOt know many alurkttwever the few rich ones he knows will bring in

the big bucks.

d. Comprehension Question

Production

Which sentence would more logically come next?

a. He wonOt be able to bring in a lot of money.

b. But the ones he does know have deep pockets.
Perception

Which sentence should follow?

a. He really has to make more connections

b. But the ones he knows are well established in the community



(2 Neil doesnOt enjoy most musica{gest; contexts 1 and, perception 1 and)2

a. Context 1 most > negation, negatioassociated with presupposition

Neil is an avid fan of the theater. | bought tickets to the musical "Chicago" for him as a gift. My
friend Adam was concerned about the choice. | realized he was right. Neil doesnOt enjoy most
musicals. He thinks they areryecheesy.

b. Context 2 negation >most, negation associated with focus/assertion

Neil is an avid fan of the theater. | bought tickets to the musical "Chicago" for him as a gift. My
friend Adam was concerned about the choice. | had to assure him thatakeil doesnOt

enjoy most musicals. But | know for a fact that he adores "Chicago".

C. Context 3 negation >many, embedded clause favoring falling contour

Neil is an avid fan of Broadway. | bought tickets to the musical "Chicago" for him as elyift.
friend Adam was concerned about the choice. He said that Neil doesnOt like going to musicals.
However, | know for a fact that there are certain ones he does appreciate. | acknowledged that
Neil doesnOt enjoy most musicals. But | know for a fact treddres Chicago.

d. Comprehension Question

Which sentence would more logically come next?
a. He thinks they are very cheesy.

b. But | know for a fact that he adores Chicago.

3 Melanie doesnOt follow most rules.
a. Context 1 most > negation, negatinassociated with presupposition
At the beginning of the year, my roommates and | made a list of ground rules for the apartment.

We are having a meeting tonight to discuss Melanie. She has been a sore spot for all of us.



Melanie doesnOt follow most rulége need to ask her to leave.

b. Context 2 negation >most, negation associated with focus/assertion

At the beginning of the year, my roommates and | made a list of ground rules for the apartment.
We are having a meeting tonight to discuss Melanie. Steviag some difficulty following

along, but she means well. Melanie doesnOt follow most rules. But at least she remembers to take
out the trash.

C. Context 3 negation >many, embedded clause favoring falling contour

At the beginning of the year, niyousemates and | made a list of ground rules for the apartment.
Melanie has been following some rules, but sheOs lax about the others. One of my housemates
said that we should kick Melanie out, since she blatantly disregards all the rules. | said that itOs
true that Melanie doesnOt follow most ruBag. at least she remembers to take out the trash.

d. Comprehension Question

Which sentence would more logically come next?
a. We need to ask her to leave.

b. But at least she remembers to take out the trash.

4) Hermione doesnOt believe in many omens.

a. Context 1 many > negation, negation associated with presupposition

Hermione is a very practical person and doesnOt bother much with superSiioresne tried

to scare her by shooing a black cat in rahplt didnOt work. Hermione doesnOt believe in many
omens. TheyOll have to find some other way to scare her.

b. Context 2 negation >many, negation associated with focus/assertion

Hermione is a very practical person and doesnOt bother much with apsr&bmeone tried
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to scare her by shooing a black cat in her path. | thought that could actually work. Hermione
doesnOt believe in many omeBist she was definitely scared by this one

C. Context 3 negation >many, embedded clause favoring falling tour

Hermione is a very practical person and doesnOt bother much with superstialdmay friend

about her, but he still wanted to try to scare herassumed she would still believe in a few and
tested this by shooing a black cat in her path. | had said that Hermione doesnOt believe in many
omensBut she was definitely scared by this one.

d. Comprehension Question

Which sentence would more logitatome next?
a. TheyOll have to find some other way to scare her.

b. But she was definitely scared by this one.



Appendix B

Pitch tracks representing minimal pair members for target sentences preésdrdacersn

Percepbn Experiments 1 and 2.
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4 (362

92

Context 1 most > negation

Context 2 negation >most

700

300

Pitch (Hz)

200 F\
00{ -

-

400

300-

200

Pitch (Hz)

100-

% co

Perception 1:88.6 Perception 2:91.7

Neil doesn’t

enjoy

most

musicals

e

N

0

rrect:

1.96 0

Neil

doesn’t

enjoy

most

musicals

% correct:

1.96

Perception 1:70.5 Perception 2:91.9

(2) Target sentence:  Liam doesn’t know many alumni.
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(3) Target sentence:  All the wool lining wasn’t worn.
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(6) Target sentence: They re not late because of his driving.
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(7 Target sentence:  Larry only elbowed Riley.
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