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FRIDAY, April 11, 2008

8.30-9.30am

Registration and Breakfast

Session Chair: Bob Ladd

9.30-10.00 am

The Role of Production Factors in Acoustic Prominence
Duane Watson, University of Illinois at Urbana Champaign

10.00-10.30 am

Default Phrasing and Relative Clause Attachment
Sun-Ah Jun, UCLA

10.30-11.00 am

The Compositional Semantics of Intonation
Mark Steedman, University of Edinburgh

11.00-11.30 am

Coffee Break

Session Chair: Katy Carlson

11.30-12.00 pm

Intonational Prominence: Production in dialogue, comprehension during visual
search
Shari Speer and Kiwako Ito, Ohio State University

12.00-12.30 pm

Prosody signals focus location, not focus type
Mara Breen (UMass Amherst), Michael Wagner (Cornell), Ev Fedorenko (MIT), Ted Gibson
(MIT)

12.30-1.00 pm

Why do we accent words? The processing of information structure and prosodic
structure
Sasha Calhoun, University of Edinburgh

3

1.00-3.00 pm

Lunch and Poster Session I

Session Chair: Janet Fodor

3.00-3.30 pm

Can gradient phonetic distinctions convey categorical pragmatic ones?
D.R. Ladd, University of Edinburgh

3.30-4.00 pm

Turning Points, Tonal Targets, and the English L- Phrase Accent
Jonathan Barnes (Boston University), Alejna Brugos (Boston University), Stefanie ShattuckHufnagel (MIT), & Nanette Veilleux (Simmons College)

4.00-4.30 pm

Empirical perspectives on prosodic structure: A theoretical appraisal
Laura C. Dilley, Bowling Green State University

4.30-5.00 pm

Coffee Break

Session Chair: Mark Steedman

5.00-5.30 pm

The role of prosody in constituent ordering
Arto Anttila, Matthew Adams & Mike Speriosu, Stanford University

5.30-6.00 pm

Role of Prosodic Phrasing in Content and Function Word Pronunciation
Celeste Kidd & Florian Jaeger, University of Rochester
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SATURDAY, April 12, 2008

9.00-9.30am

Breakfast

Session Chair: Shari Speer

9.30-10.00 am

The relation between syntax and phonetics is indirect: The case of contrastive focus
prosody
Elisabeth Selkirk, University of Massachusetts at Amherst

10.00-10.30 am

Contrastive utterances make alternatives salient: Evidence from cross-modal priming
Bettina Braun & Lara Tagliapietra Max Planck Institute for Psycholinguistics, Nijmegen

10.30-11.00 am

tba
Mats Rooth, Cornell University

11.00-11.30 am

Coffee Break

Session Chair: Lisa Selkirk

11.30-12.00 pm

Predicting and detecting prosodic prominence
Dan Jurafsky, Stanford University

12.00-12.30 pm

Comprehension and resynthesis of duration and pitch in ambiguous words
Angela Isaacs & Duane G. Watson, University of Illinois at Urbana Champaign

12.30-1.00 pm

Phoneme restoration methods reveal prosodic influences on syntactic processing.
Iglika Stoyneshka, Janet Fodor & Eva Fernandez Cuny
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1.00-3.00 pm

Lunch and Poster Session II

Session Chair: Sun-Ah Jun

3.00-3.30 pm

tba
Karsten Steinhauer, McGill University

3.30-4.00 pm

The effects of prosody on the listener's representation of the speaker's thoughts: The
functional localizer fMRI approach.
Evelina Fedorenko (MIT), Lillia Cherkasskiy (Stanford), Steven Piantadosi (MIT), Jonathan
Scholz (MIT), & Rebecca Saxe (MIT)

4.00-4.30 pm

Electrophysiological correlates of intonational phrase perception in infancy and
childhood: How necessary is syntactic knowledge?
Claudia Maennel & Angela D. Friederici Max Planck Institute for Human Cognitive and Brain
Sciences, Leipzig, Germany

4.30-5.00 pm

Coffee Break

Session Chair: Jennifer Cole

5.00-5.30 pm

Prosodic Boundaries and Focal Accents in Processing Ambiguous Structures
Eun-Kyung Lee & Susan Garnsey, University of Illinois at Urbana Champaign

5.30-6.00 pm

Prosodic Phrasing and Syntactic Attachment
Katy Carlson, Morehead State University

7 pm

Conference Dinner at Olivia's
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SUNDAY, APRIL 13, 2008

9.45-10.00am

Breakfast

Session Chair: Duane Watson

10.00-10.30 am

The role of syntactic structure in guiding prosody perception in spontaneous speech
Jennifer Cole, Yoonsook Mo & Soondo Baek, University of Illinois at Urbana Champaign

10.30-11.00 am

The Role of Prosodic Packaging in Sentence Interpretation
Masako Hirotani, Carleton University

11.00-11.30 am

Testing the Relative Boundary Strength Hypothesis
Jesse Snedeker, Harvard University

11.30-12.00 pm

Final Discussion
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Talk Abstracts
(in presentation order)
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The Role of Production Factors in Acoustic Prominence
Duane G. Watson
University of Illinois Urbana-Champaign
Acoustically prominent words appear to play a role in signaling information about
the status of discourse entities (Chafe, 1974; Bolinger, 1986; Prince, 1981; Jackendoff,
1972; Pierrehumbert & Hirschberg, 1990). Traditionally, it has been assumed that
acoustic prominence carries linguistic focus which signals that a word, or constituent, is
important or discourse new. Underlying this claim is the assumption that representations
for both pitch accents and focus structure are categorical rather than continuous.
In this talk, I present data from spontaneous speech generated in a series of
referential communication experiments. Speakers’ use of acoustic prominence in these
studies suggest that at least some of the representations that underlie prominence are
continuous: there is a direct correlation between the degree of acoustic prominence on a
word and the discourse history of the referent to which it refers. References to entities
that were given but had not changed thematic roles (theme or goal) were produced with
short duration and intensity. Referents that were given but had changed thematic roles
were produced with greater prominence. Referents that were completely new to the
discourse were produced with the most acoustic prominence.
Recent work in the psychology literature suggests that word form choice may be
the product of speaker centered production processes (see Arnold, 2007 for a review). It
will be argued that similar processes may play a role in acoustic prominence.
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Default Phrasing and Relative Clause Attachment
Sun-Ah Jun
UCLA
One of the recent theories in sentence processing hypothesized that the prosodic phrasing
implicit to a certain syntactic structure determines how speakers interpret the structure.
According to this Implicit Prosody Hypothesis (IPH; Fodor 1998, 2002), in a structure of
Relative Clause (RC) with a complex head noun (NP1 of NP2 or NP2’s NP1),
speakers/languages are predicted to prefer low attachment (i.e., an RC is modified by the
adjacent head noun) if the prosodic break adjacent to RC is smaller than that between the
head nouns. On the other hand, speakers/languages are predicted to prefer high
attachment (i.e., an RC is modified by the non-adjacent head noun) if the prosodic break
adjacent to RC is greater than that between the head nouns. This prediction was
confirmed for Japanese and Korean data by Jun & Koike (2003, 2008) and Jun & Kim
(2004, 2007), respectively. We have shown that Japanese and Korean speakers prefer
high attachment and their default prosodic phrasing is to mark a bigger prosodic break
adjacent to RC than that between the head nouns.
The current study examines the default prosodic phrasing of English sentences to
investigate whether speakers of American English, known to prefer low attachment,
would produce a larger prosodic break between the two head nouns than that between the
RC and the adjacent head noun. Twenty seven target sentences were chosen from the
literature. To see whether default phrasing is sensitive to length and meaning, we varied
RC length (9 short RC sentences, 9 medium RC sentences, and 9 long RC sentences) and
the bias of RC (i.e., RC is biased to modify NP1 or NP2 or is unbiased by manipulating
either gender or number agreement). Thirty-six subjects were randomly assigned to read
one of the three scripts (each script read by twelve subjects), each of which has only one
bias-version of each sentence.
The prosodic phrasing data produced by thirty-six speakers were independently
transcribed by three labelers following the MAE_ToBI transcription conventions. Results
show that, counter to the prediction of the IPH, the most common prosodic phrasing was
(NP1 NP2) // (RC), the same pattern found in Japanese and Korean, which are known to
be high attachment preference languages. The results also showed that the default
phrasing was influenced by the length of the RC but not the semantic/pragmatic bias of
the RC. The results will be discussed in relation to factors affecting default phrasing and
the validity of the IPH.
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The Compositional Semantics of Intonation
Mark Steedman, Informatics, University of Edinburgh
This paper proposes a new semantics for intonation structure in English and some
related languages. It shares with earlier work in the same framework the property
of being fully integrated with semantically surface-compositional syntax, expressed
using Combinatory Categorial Grammar (CCG, Steedman 2000). This theory of
grammar unifies intonation structure and information structure with syntactic
structure and Montague-style compositional semantics, even where intonation
structure departs from the restrictions of traditional surface structure.
The central claim of the paper is that many of the diverse discourse meanings and
functions that have been attributed to the intonational tunes of English, related to
such dimensions as politeness, deixis, affect, commitment, and turn-taking, arise
via conversational implicature from more primitive components of literal meaning
distinguished along four dimensions of contrast, information-structural role,
speaker/hearer supposition, and polarity. The latter elements are formalized using
a dynamic modal logic of context-change.
A further claim is that conversational implicatures of all kinds arise, not from
adherence to any ``Cooperative Principle,'' of the kind proposed by Grice, nor from
related rhetorically-autonomous maxims, principles, or structures, but rather from a
more primitive principle of maintenance of consistency in the shared context or
common ground. This idea is related to that of truth- or belief- maintenance as it is
used in artificial intelligence, to which these other notions can be reduced.
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Intonational Prominence: Production in dialogue, comprehension during visual search
Shari R. Speer and Kiwako Ito, Ohio State University
Recent psycholinguistic experiments have examined the effects of intonational
prominence (pitch accent) as listeners understand dialogue in the context of a visual
scene. Results from visual world eye-movement monitoring studies indicate that
contrastive accents can be used predictively by listeners, allowing them to determine
which of a set of available objects is about to be mentioned by the speaker. These effects
can be shown to depend simultaneously on the availability and organization of
information present in the visual scene, the preceding global linguistic context, and more
localized information about pitch accent placement and type.
I will focus on a recent series of ‘holiday tree’ experiments studies from our lab. These
include an unscripted dialogue production study used to model speakers’ pitch accent use
and several eye-movement monitoring experiments where participants followed
instructions to choose ornaments from complex real-world object arrays, then using them
to decorate a miniature tree. Results show immediate use of prominent (L+H*) pitch
accents on the modifier in contrastive adjective-noun sequences (e.g. ‘green ball… RED
ball’), with a faster increase in looks to contrastive targets than that for H*. Results also
show an intonational ‘garden-path effect’ due to the immediate integration of L+H* as
contrast marking accent. These effects are robust over changes in the organization of the
target object array. We argue for a view of spoken language processing where prominent
pitch accents, in combination with information available from the visually present context
and the structure of the task, restrict the set of available referents for an upcoming noun
phrase in the listener’s discourse representation and can be used immediately and
predictively in referent resolution.
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Prosody signals focus location, not focus type
Mara Breen (UMass Amherst), Michael Wagner (Cornell), Ev Fedorenko (MIT), Ted
Gibson (MIT)
It has traditionally been assumed in the linguistic literature that information structure is
conveyed by acoustic cues in prosody (Steedman00; Jackendoff72). Moreover, some
argue that different types of focus (new/contrastive) correspond to different prosodic
categories (Pierrehumbert&Hirschberg90). However, to date, most of the evidence has
come from intuitions or acoustic analyses of linguists' productions. We describe results
from two production experiments investigating the acoustic realization of information
structure by naive participants.
In Experiment 1, we elicited naturalistic productions of SVO sentences to determine
whether speakers spontaneously prosodically mark the location and type of focused
information. First, a Questioner asked a Speaker one of the questions in (1), which
served to manipulate the information structure of the answer. Focus Location
(subject/verb/object) was crossed with Focus Type (new/contrastive); the seventh
condition elicited wide focus. The Speaker then saw a picture corresponding to the
question’s focused element (e.g. an omelet in 1d), and answered with a complete
sentence.
We extracted 24 acoustic measures from the subject, verb, and object of each production
to determine which measures best differentiated the three classes of Focus Location and
the two classes of Focus Type. These measures included word duration and following
silence, maximum/minimum/mean values of pitch and intensity, and changes in pitch and
intensity over time. Discriminant function analyses demonstrated that duration+silence,
maximum pitch, mean pitch, and maximum intensity best distinguished among
conditions. Focus Location was successfully differentiated by these four cues (Wilks’
Lambda Λ=.67,χ2(24)=165.44,p<.001), such that focused words were longer than their
unfocused counterparts, incurred larger pitch excursions, were more often followed by
silence, and were produced with greater intensity. Interestingly, however, Focus Type
was not systematically differentiated by these cues (Λ=.98,χ2(12)=10.61,p=.56).
Experiment 2 was designed to more strongly encourage Speakers to prosodically mark
information structure. Speakers were instructed to first silently read one of the questions
in (1), then produce the answer aloud so that their Listener could determine the question
type. After every production, the Listener chose which question in (1) the Speaker was
answering. Acoustic analyses were performed only on trials for which the Listener chose
the correct question, ensuring that the Speaker was successfully communicating the
sentence meaning with his/her prosody.
Acoustic analyses of the same cues as Experiment 1 demonstrated excellent classification
of Focus Location (Λ=.095,χ2(24)=1274.05,p<.001), but only fair classification of Focus
Type (Λ=.892,χ2(24)=62.08,p < .001). Consistent with these production findings,
perception results indicated that Listeners were highly accurate at determining intended
Focus Location (85% correct for three levels), but only fair at determining Focus Type
(60% correct for two levels).
In contrast to many theoretical proposals, these data demonstrate that while Speakers
systematically prosodically mark focus location even in naturalistic productions, they do
not systematically mark focus type even when the task explicitly demands it (and
15

Listeners are correspondingly poor at determining intended focus type from prosodic
cues). These results therefore undermine the unstated assumption in linguistic literature
that focus type is systematically marked, perhaps categorically so. Theoretical
ramifications, including the role of context in comprehending focus type, will be
discussed.
(1)
QUESTION:
a. Wide focus:
What happened yesterday?
b. Subject focus, New:
Who fried an omelet yesterday?
c. Verb focus, New:
What did Damon do to an omelet yesterday?
d. Object Focus, New:
What did Damon fry yesterday?
e. Subject focus, Contrastive: Did Harry fry an omelet yesterday?
f. Verb focus, Contrastive: Did Damon bake an omelet yesterday?
g. Object focus, Contrastive: Did Damon fry a chicken yesterday?
ANSWER:
Damon fried an omelet yesterday.
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Why do we Accent Words?
The Processing of Information Structure and Prosodic Structure
Sasha Calhoun
School of Philosophy, Psychology and Language Sciences
University of Edinburgh
Submission to
Sasha.Calhoun@ed.ac.uk
Experimental and Theoretical Advances in Prosody
Cornell, April 2008
One of the main functions of prosody is to signal information structure: i.e. to “chunk” the
information in a spoken utterance into coherent units; and to “highlight” the important, or
focussed (as per Rooth 1992), element(s) in each unit (e.g. Halliday 1968). However, as much
work has shown, it is problematic to directly equate prosodic phrases with information units,
and pitch accents with semantic focus (e.g. Ladd 1996, Truckenbrodt 1995, Wagner 2006). I
propose that, rather than a direct relationship; information structure acts as a strong
probabilistic constraint on the alignment of words with metrical prosodic structure (see also
Calhoun 2006). Foci try to align with nuclear accents; however realisation is also affected by
other factors, including lexical predictability and syntactic structure, constraints on prosodic
structure itself, as well as pragmatic distinctions. In support of this model, I present an
analysis of accent prediction results using a substantial corpus of annotated spontaneous
speech. Finally, I seek to motivate the model in terms of language processing. Why should we
compute a separate prosodic structure rather than just using the phonetic cues to prominence
and phrasing directly? Does the “highlighting” function of prosody really separate into both
semantic focus and lexical predictability? Why?
Experimental evidence comes from accent prediction models developed using the NXT
Switchboard corpus (Calhoun et al. 2005). A subset of 8915 words from 18 conversations in
the corpus were annotated for prosodic features, including nuclear and non-nuclear accents
and phrase breaks; focus status; and lexical and syntactic features including part-of-speech,
syntactic clauses and accent ratio (a measure of a word’s “accentability” shown to perform
better than other standard lexical predictability measures, Nenkova et al. 2007). Multiple
regression models were trained to predict the accent status (nuclear, non-nuclear or
unaccented) of each word, using different feature sets, i.e. phrasal (e.g. position in the phrase,
words since last accent), semantic/syntactic (e.g. focus status, position in clause, accent ratio)
and combined (phrasal + semantic/syntactic). The phrasal feature model performed better
than the semantic/syntactic model and only slightly worse than the combined model. This is
consistent with the view that accents are manifestations of metrical structure, rather than
appearing independently to mark semantic or lexical features. Crucially, both the
semantic/syntactic and combined models could reliably predict the occurrence of nuclear
accents, but not non-nuclear accents. Focus status was more strongly predictive of nuclear
than non-nuclear accents, and vice versa for accent ratio. These results suggest that focus acts
mainly as a constraint on the position of the nuclear accent, while the appearance of nonnuclear accents are determined by other factors, such as the inherent accentability of the word
and rhythm.
My model and accent prediction results offer support for a coherent, metrical prominence
structure; rather than direct use of phonetic cues to prominence in processing. It has been
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proposed that prosodic phrasing acts to “unify” different levels of linguistic representation of
an utterance (e.g. Frazier et al. 2006). I suggest this is also achieved through the hierarchical
patterns of metrical prominence. The highly rhythmical, and predictable, nature of these
patterns may facilitate this. Further, these results seem to show that the “highlighting”
function of prosodic prominence needs to be separated into the marking of semantic focus and
lexical predictability, as these have distinct effects on accent realisation. I suggest this is
because the two operate at quite different levels of language processing. The signalling of
semantic focus, which affects truth-conditional and pragmatic interpretation, is part of the
high-level planning of an utterance; concurrently with the overall planning of prosodic
structure. Lexical predictability, on the other hand, seems strongly related to lexical retrieval;
and therefore principally affects low-level within-phrase prominence patterns. It is hoped that
this discussion, along with my theoretical model and experimental results, will help in the
move towards more sophisticated use of both prosody and information structure in models of
language processing.

References
Calhoun, S. 2006. Information Structure and the Prosodic Structure of English: a Probabilistic Relationship, PhD
thesis, University of Edinburgh.
Calhoun, S., M. Nissim, M. Steedman & J. Brenier 2005. A Framework for Annotating Information Structure in
Discourse. In ‘Frontiers in Corpus Annotation II’, ACL Workshop, Ann Arbor, MI.
Frazier, L., K. Carlson & C. Clifton Jr. 2006. Prosodic phrasing is central to language comprehension, Trends in
Cognitive Science 10, 6, 244-249.
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Ladd, D. R. 1996. Intonational Phonology, Cambridge University Press, Cambridge, UK.
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Can gradient phonetic distinctions convey categorical pragmatic ones?
D.R. Ladd. University of Edinburgh.
It has been accepted for some time that certain aspects of intonation involve what
Bolinger called "gradience". Attempts have been made to incorporate gradient
effects into formal models of pragmatic interpretation, most notably Ward and
Hirschberg's proposal (1985) that gradient increases in pitch range on an English
rising-falling-rising nuclear contour can bring about a quasi-categorical shift in the
pragmatic force of an utterance from "uncertainty" to "incredulity". However, this
involves the expression of speaker *attitude*, and Ward and Hirschberg's approach
has never been applied to the intonational expression of essentially grammatical
distinctions such as theme/rheme or question/statement. Instead, recent work on
intonation in formal semantics and pragmatics (e.g. Schwarzschild, Steedman)
tends to take categorically distinct ToBI labels at face value as correlates of
categorically distinct semantic/pragmatic effects.
In this paper I review phonetic findings from three recent PhD dissertations on such
phenomena. Taken together, this evidence points strongly to the conclusion that
the intonational distinctions underlying the pragmatic effects, though real, are
phonetically gradient. This suggests that Ward and Hirschberg's approach to
describing intonational pragmatics might profitably be generalized beyond speaker
attitude, and used as the basis of a more general theory of how the gradient
expression of uncertainty, emphasis, etc., can yield quasi-categorical pragmatic
nuances related to information structure and speech act. On the phonological/
phonetic side, such a theory would have the further advantage of eliminating a
number of alleged distinctions of accent type (e.g. H* vs. L+H*) that are
phonetically questionable and are known to cause problems for transcriber
reliability.
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Turning Points, Tonal Targets, and the English L- Phrase Accent
Jonathan Barnes (Boston University)
Alejna Brugos (Boston University)
Stefanie Shattuck-Hufnagel (MIT)
Nanette Veilleux (Simmons College)

How f0 contours align with words and segments is of great interest in current
intonational phonology (e.g., D’Imperio 2007), inspiring numerous competing theories. For
example, ‘t Hart and colleagues (1990) take f0 contour shapes as primitives, not closely
aligned with segmental structure; for Ladd and colleagues, by contrast, tonal targets form
the primitives of a system in which f0 turning points realizing them are tightly aligned with
specific segmental landmarks. Such claims rely on observations of the relation between
estimated f0 tracks and estimated segment/syllable boundaries that are often far from
unambiguous; f0 curves are often irregular due to segmental effects, and segmental
boundaries are often ambiguous due to articulatory overlap. We investigate here alignment
of one oft-cited f0 turning point: the end of the sharp fall after H* in H*L-H% contours,
creating a notable change in slope from steep to less steep, in the f0 fall. These "elbows"
were located in two ways: hand-labelling, and semi-automatic placement using a line-fitting
algorithm developed by Beckman and Welby. We chose this contour owing to conflicting
prior reports of the behavior of phrase accents such as English L-: all agree that the domain
of L- may sometimes stretch leftward from the phrase-boundary, often across numerous
syllables. Researchers disagree, however, concerning the details: phrase accents have
alternately been said to seek metrically-prominent syllables (Grice, et al. 2000), word
boundaries (Pierrehumbert and Beckman 1988), or simply to obey a general leftward
imperative (Gussenhoven 2000).
In order to assess the behavior of our L-, utterances (embedded in short dialogues)
were elicited from 15 speakers of American English. Target phrases varied (minimally) in
metrical structure and relative location of word boundary (examples below), yielding 5 target
classes, 5 phrases each, with 4 repetitions, for a total of 100 utterances per speaker, or 1500
total. Critically, these stimuli provide long strings of syllables between the H* accent and
the final syllable bearing H%, maximizing the potential for variability in the behavior of the
f0 track under the influence of the L- target.
Automatic and by-hand determination of the end of the sharp fall, while highly
mutually-consistent, nonetheless revealed no influence of word-boundaries or metrical
prominences on the location of f0 elbows. While elbow placement fell in a relativelyconsistent general region, it did not shift to increase proximity to any of the structural
targets considered. Placement strategies involving fixed duration, as well as constant slope,
proved likewise unsupported. Our results raise difficult questions concerning the
representation of elbows in f0 falls (and rises). One interpretation is that f0 elbows, though
attractive to the eye/algorithm, are nonetheless not tonal targets themselves, and thus not
phonological elements demanding alignment with segmental structure (cf. Welby and
Lœvenbruck 2007). Instead, the speaker may follow a more general strategy of lowering f0
sharply in H*L-H% contours, to ensure that the bulk of the high f0 region co-occurs with
the accented syllable. This would serve to distinguish this contour from a variety of other
contours conveying very different meanings.
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Phrase types (first word pitch-accented throughout):
1. minimum illuminator 2. minimum illumination
3. luminary nominator
4. luminary nomination 5. minimally maneuverable
Sample dialogue: A. The general says this new tank is minimally maneuverable.
B. Minimally maneuverable???!!! (H* L- H%) I thought it was maximally maneuverable!
Sample comparisons for elbow alignment and predictions given each hypothesis:
1. Target: most prominent syll.
a. mínimum illúminàtor
b. mínimum illùminátion
earlier elbow predicted
later elbow predicted
2. Target: word boundary
a. mínimum illúminàtor
b. lúminàry nóminàtor
earlier elbow predicted
later elbow predicted
3. Target: leftmost prominent syll.
a. mínimum illúminàtor
b. lúminàry nóminàtor
later elbow predicted
earlier elbow predicted
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Empirical perspectives on prosodic structure: A theoretical appraisal
Laura C. Dilley
Bowling Green State University
Recent years have seen tremendous advances in understanding the acousticphonetic structure of prosodic information, as well as the function of this information in
processing the speech signal. This talk highlights how recent empirical findings
elucidating prosodic structure and function inform theoretical perspectives on prosody. A
good deal of empirical work supports a well-known framework known as autosegmentalmetrical (AM) theory (e.g., Pierrehumbert, 1980); the nature of this support will be
reviewed in the talk. At the same time, at least two challenges for AM theory have been
raised. The first concerns implications of its formal phonological and phonetic
assumptions regarding the nature of tonal features; it is shown that these assumptions
lead to difficulties in accounting for how listeners recover tonal information from the
speech signal. The second challenge concerns the theory’s assumptions about the number
and phonetic basis of tonal categories of representation, such as pitch accentual
distinctions like H* vs. L+H*. Evidence is described showing that in many cases,
speakers produce and listeners perceive more or fewer categories than are carved out of
the phonetic space under standard AM theory. It is argued that both kinds of challenges to
AM theory can be addressed by assuming that tonal features in speech prosody are
represented in a manner akin to musical structures.
Moreover, a theoretical framework closely related to AM theory is prosodic
hierarchy theory (see Shattuck-Hufnagel & Turk, 1996 for a review), which deals with
the structure of prosodic phrase-related information. Like AM theory proper, a good deal
of empirical evidence has been amassed in the last two decades supporting this theory.
The talk reviews how a fundamental assumption about the phonetics-phonology interface
under prosodic hierarchy theory is challenged by recent findings, in particular, its
assumption that prosodic phrase boundaries delineate domains and/or loci of applicability
of phonological, phonetic, and cognitive processes. In particular, recent research suggests
that prosodic information distal to the domain and/or locus of a prosodic phrase can
influence both segmentation of the speech stream into candidate words, as well as lexical
access. These findings are unexpected not only under prosodic hierarchy theory, but also
under theories of speech segmentation and lexical access (e.g., McClelland & Elman,
1986; Mattys, White & Melhorn, 2005). It is proposed that effects of distal prosody can
be accommodated within a framework which assumes that prosodic features, like other
auditory cues, are subject to general mechanisms of auditory perceptual organization and
dynamic attention (e.g., Handel, 1989; Large & Jones, 1999). Finally, it is argued that an
account based on general auditory perceptual organization is compatible with central
tenets of both prosodic hierarchy theory and AM theory.
References
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The role of prosody in constituent ordering
Arto Anttila, Matthew Adams & Mike Speriosu
Stanford University
Does prosody influence constituent ordering? Our quantitative study of the English Dative
Alternation ((1)) based on the Switchboard Corpus (spoken, 2,349 sentences, 37 distinct verbs)
and a blog corpus (www.blogspot.com, written, 1,580 sentences, 16 distinct verbs) suggests that
prosody matters. We present an OT model that uses prosodic constraints to predict the possible
constituent orderings and their relative degrees of well-formedness.
We consider three effects. The first involves unstressed pronouns (e.g. it): unstressed
pronoun themes usually do not occur in double object constructions ((2)); in dialects where they
do, they preferably occur after pronoun goals ((3)) (Erteschik-Shir 1979, Hawkins 1995);
unstressed pronoun goals are found in double object constructions with donate-verbs where other
NPs are usually banned ((4)) (Bresnan and Nikitina 2003); unstressed pronoun goals are favored
in double object constructions even with give-verbs ((5)); disfluencies like uh, you know are
systematically absent before unstressed pronouns ((6)). This suggests two constraints: (i)
unstressed pronouns cannot form a prosodic phrase alone ((2, 6)); (ii) unstressed pronouns are
favored in (V NP) because they avoid stress clash with the verb ((3, 4, 5)). The second effect is
“end weight”: phrases preferably occur in order of increasing length (e.g. Wasow 2002). We
derive this from two constraints: (i) phrasal stress falls on the rightmost constituent (Chomsky
and Halle 1968); (ii) word stresses preferably fall under phrasal stress. As a result, the number of
word stresses in the constituent under phrasal stress is maximized. This predicts that unstressed
function words (e.g. a/an, of) should not count for weight, a prediction supported by Switchboard
where the number of lexically stressed words is a better predictor of phrasal weight than the
number of words. This also predicts that languages with phrasal stress on the left should exhibit
leftward weight effects (e.g. Chang and Yamashita 2001 on Japanese). The third effect involves
verb length: verbs longer than one foot, e.g. (do)(nate), typically do not alternate (Grimshaw
2005). This reflects two general constraints: (i) the verb forms a prosodic phrase with its adjacent
complement (Inkelas and Zec 1995); (ii) prosodic constituents are preferably binary. Hence
((give) (NP)) NP is superior to *((do)(nate) (NP)) NP because the latter contains a ternary
prosodic phrase.
In our OT model, inputs are unordered; outputs are ordered and prosodified. Using OT
software (Hayes, Tesar and Zuraw 2003, Anttila and Andrus 2007) we derive a large set of
implicational predictions that are supported by quantitative evidence from both corpora. These
predictions take the following form: if an input i permits a particular ordering and/or
prosodification, so does input j. For example, I gave my sister a book (lexically stressed goal,
double object) entails I gave her a book (lexically unstressed goal, double object). One of the
model’s predictions is that two-foot verbs should exhibit more Heavy NP Shift than one-foot
verbs. This is confirmed by the blog data where HNPS exclusively occurs with two-foot verbs,
e.g. reveal to her the truth vs.*give to her the book.
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Notation: [ ] = syntactic constituent; ( ) = prosodic constituent
(1)

(2)
(3)
(4)
(5)

(a)
(b)
(c)
(a)
(a)
(a)
(b)
(a)
(b)

(6)

(a)
(b)

Celebrity status gave [Schwarzenegger] [options].
(Double Object)
Man gave [names] [to all the animals].
(Prepositional)
It is rather an abuse to administer [to laymen] [both forms]. (Heavy NP Shift)
(Pat) (gáve it) (to Chris)
(b)
*(Pat) (gáve Chrís) (it).
?I (gáve her) (it)
(b)
*I (gáve my síster) (it)
*John (dónàted the chárity) (money).
?They can get the gullible ones to (dónàte them) (money).
give-verb + pronominal goal + non-pronominal theme Æ
94.3% double objects in the blog corpus, e.g. I gáve him the bóok
give-verb + non-pronominal goal + non-pronominal theme Æ
26.6% double objects in the blog corpus, e.g. I gáve Jím the bóok
I’ll (give you), you know, (two to three years).
*I’ll (give), you know, (you) (two to three years).

2
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Prosodic Phrasing and Function Word Pronunciation
Celeste Kidd (ckidd@bcs.rochester.edu)
T. Florian Jaeger (fjaeger@bcs.rochester.edu)

Department of Brain & Cognitive Sciences, University of Rochester
Rochester, NY 14627 USA
Abstract
Recent studies have revealed an intriguing link between redundancy and reduction: Words
that are more predictable in their context are more commonly reduced (shorter and with less
articulatory detail [1,2,3]). These studies have, however, also found a puzzling asymmetry.
Content words are reduced when predictable given the previous word, but function words are
reduced when predictable given the following word. We present evidence that this asymmetry
may be an artifact of prosodic phrasing. We propose that once prosodic phrasing is accounted
for, reduction may be attributed to three underlying causes: redundancy avoidance
(predictable words are reduced), strategic lengthening before unavailable material, and joint
storage and retrieval of collocations.

Study 1 replicates the effect of previous studies. We use mixed linear models to analyze the
effect of redundancy on 5,700 instances of “a” from a spontaneous speech corpus
(SWITCHBOARD), while controlling for factors that influence reduction (speaker
differences, speech rate, presence of hesitations or disfluencies, phonological context, etc.).
As expected [1,2], only backward-predictability of “a” (1b)—not forward-predictability
(1a)—reached significance.
Further analysis revealed that the apparent backward-predictability effect is predominantly
driven by frequent collocations. Over a fifth of the tokens after “a” are part of collocations, as
in “a lot of”, that co-occur with “a” more than 70% of the time. This holds for less than 0.5%
of all tokens preceding “a”. As would be expected if frequent collocations are retrieved
together, “a” is pronounced significantly shorter in those collocations. Removing highly
frequent collocations from the data set weakened the backward-predictability effect
considerably.
Study 2 tests whether the remaining effect of backward-predictability is an artifact of
strategic lengthening before unavailable material. Here we model the availability of an
upcoming word by its frequency and contextual predictability. We add two probabilistic
measures of availability to the model: the frequency of the word following “a” and its trigram
predictability (1c). The availability-trigram improves the model and subsumes backwardpredictability (once collocations are accounted for, see above). Thus the apparent effect of
backward-predictability [2] may be driven by strategic lengthening, where “a” is strategically
lengthened before unavailable words. We hypothesize that function words are more likely to
be subject to strategic lengthening than content words due to their phrase-initial position.
This hypothesis is consistent with the observation that word repetitions (“the, the, the...”) and
filled pauses (“uh”, “um”) most often occur at phrase onsets [4].
If prosodic phrasing reflects (or is identical with) units of syntactic planning, strategic
lengthening would be expected to occur at the onset of prosodic phrases. We are in the
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progress of explicitly testing this hypothesis for our data. (Approximately 12% of the corpus
used contains prosodic accent and phrasing annotation.)
In conclusion, the apparent asymmetry between the reduction of function and content words
points toward a model of word pronunciation that unifies work on redundancy avoidance and
strategic lengthening.
Examples

(1) PRECEDING “a” FOLLOWING
Your argument is pretty flimsy for a couple of reasons.
(1a) Forward-predictability measure:
log P(a | for)
(1b) Backward-predictability measure: log P(a | couple)
(1c) Availability-trigram measure:
log P(couple | for a)
References
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Elisabeth Selkirk
UMass Amherst

The relation between syntax and phonetics is indirect:
The case of contrastive focus prosody
Contrastive focus, a property of words or phrases with consequences for the semantics, is
given syntactic representation on the grounds that it may affect syntactic movement and
may be expressed with segmental or tonal morphemes, depending on the language. In
many languages, but not all, there are phonetic reflexes of contrastive focus, including
greater protrusion of the pitch of a focused item, greater compression of pitch following a
focused item, greater duration of the focused item, more extreme realizations of vowel
and consonant segments within a focused item. The question arises whether the syntactic
property of contrastive focus (standardly represented as a featural F-marking) is directly
realized, or spelled out, in terms of such phonetic properties. Recent proposals do indeed
propose a direct relation between contrastive focus and its phonetic expression, most
notably between contrastive focus and pitch protrusion and compression (Ishihara 2005,
Féry 2008, Flemming 2008). This paper argues that such proposals are not viable as
statements about the grammar of contrastive focus. They only restate the attested
correlation between contrastive focus and certain phonetic properties and do not
characterize the full set, and system, of prosody-related properties of contrastive focus.
It can be argued that, were a grammar to allow for a direct relation between contrastive
focus and phonetic interpretation, it should not allow for separate statements about
contrastive focus and individual phonetic properties like pitch, such as proposed by the
above-named authors, since there is in fact a set of phonetic properties (see above) which
tend to be correlated with focus in the various languages where this has been examined
(Japanese, Chinese, English, German, Korean and others). Observed intra-speaker and
inter-speaker variability in the (degree of) use of properties from this set (Katz and
Selkirk 2004, Grice and Bauman 2008, Jun 2008) suggests that these properties are
integrated together (Kingston and Diehl 1994) in the expression of a more abstract
phonetic category, call it phonetic prominence. A more adequate theory of a direct
relation between contrastive focus and phonetics would thus express it as a relation
between contrastive focus and this abstract phonetic prominence.
But such a theory would not be adequate as a theory of the full focus-prosody relation in
grammar. It has nothing to say about properly phonological aspects of contrastive focus:
the effects on phonological phrasing (with consequences for tonal and segmental
representation) that have been attested in a variety of languages, the realization of
contrastively focused monosyllabic function words in English with unreduced vowels
rather than the schwa or syllabic sonorants, the appearance of pitch accents on the
stressed syllables of focused words in Germanic and other languages, and the differences
in post-focus pitch compression that depend on the given/new status of following
elements, as observed in Japanese and English. In this paper it will be argued that
phonological (metrical/prosodic) prominence is responsible for the array of phonological
effects of contrastive focus. If this is true, this phonological prominence of contrastive
focus could be responsible for the phonetic prominence of contrastive focus. And this
leads to the hypothesis that the relation between contrastive focus and the phonetics in the
grammar is indirect, mediated by the phonological representation of prominence.
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Contrastive utterances make alternatives salient: Evidence from cross-modal
priming
Bettina Braun & Lara Tagliapietra
Max Planck Institute for Psycholinguistics, Nijmegen (NL)

Some pitch accents or intonation contours render utterances contrastive, i.e. they
convey contrastive or corrective information (e.g., ‘The DOCTOR gave him a PLACEBO’).
Such contrastive utterances not only assert the predication (i.e., the doctor gave him a
placebo) but also presuppose contextual alternatives to the accented items, such as
someone else giving him medicine (e.g., Rooth, 1992; Steedman, 2000; Braun, 2006).
In this work we tested the hypothesis that listeners indeed generate salient alternative
concepts upon hearing sentences with contrastive accents.
Previous eye tracking research has shown that listeners exploit intonational
information, such as accentuation or pitch accent type, to identify upcoming referents.
For instance, upon hearing an accented referent, listeners have a bias towards a referent
that has not been mentioned yet (e.g., Dahan, Tanenhaus & Chambers, 2002; Weber,
Braun & Crocker, 2006; Ito & Speer, in press). Further, a contrastive pitch accent (such
as L+H*) creates a stronger bias towards contrastive referents than a non-contrastive
pitch accent, such as H* (Watson, Tanenhaus & Gunlogson, in press). These data
suggest that accentuation in general – and contrastive pitch accents in particular – are
interpreted as referring to the contrasting entities that have been provided by the context.
Contrastive utterances, however, can also be produced without a preceding
context and – as indicated above – potentially generate extremely salient contrastive
alternatives. In this study we used cross-modal associative priming (Swinney, Onifer,
Prather, & Hirschkowitz, 1979) to investigate whether contrastive utterances out of
context automatically generate such alternatives (e.g., placebo–medicine). This method
allows us to test whether the recognition of salient alternatives is facilitated by the
presentation of a contrastive utterance compared to a non-contrastive one.
Participants performed lexical decisions on visual targets (e.g., medicine), which
were immediately preceded by spoken primes that were either contrastively related (e.g.,
placebo) or unrelated (e.g., explanation) to the visual targets. Critically, the spoken
primes appeared at the end of sentences produced with either a contrastive intonation or
a non-contrastive one. The contrastive intonation (see example 1) consisted of a double
peak pattern with a contrastive accent on the first noun (usually the subject or the head
of a prepositional phrase) and on the last word (usually an object or the head of a
prepositional phrase). The non-contrastive intonation (see example 2) consisted of a
slightly falling hat pattern with a pitch rise on the first word and a pitch fall onto the last
word. The accents were always located on the same words in the two conditions but the
identity of the second accent (as well as the transition between the accents) differed.
(1) Double peak (contrastive intonation):

De HUISarts gaaf hem een plaCEbo
(‘The DOCTOR gave him a PLACEBO’)

(2) Hat pattern (non-contrastive intonation):

De HUISarts gaaf hem een plaCEbo
(‘The DOCTOR gave him a PLACEBO’)

As predicted, responses after contrastively related primes were faster when
sentences had a double peak pattern than when sentences had a hat pattern. Therefore
the intonation contour of a sentence modulates how it is interpreted. More specifically,
sentences with a contrastive intonation make conceptual alternatives very salient – even
in the absence of linguistic context.
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Predicting and Detecting Prosodic Prominence
Dan Jurafsky
Stanford University
I describe a number of experiments with my colleagues on the predicting and detection of pitch
accents with the goal of improving tools like automatic speech recognition and synthesis.
In our first study (Brenier et al. 2006, Nenkova et al. 2007, Yuan et al. 2005) we attempt to
predict which words in a text string should bear pitch accent, using sentences from the Switchboard corpus. The linguistic literature points out that complex features such as information status,
contrast, and animacy help predict pitch accent placement. By using the Switchboard corpus, annotated for such features, we explore whether these rich features improve prominence prediction
over traditional shallow features such as frequency and part-of-speech. We show that by far the
best predictive feature is a simple lexical one called ‘accent ratio’ which measure how likely the
word was to be accented in some labeled corpus.
In our second experiment (Sridhar et al 2008) we extend our previous study to include acoustic
features, to use features of the context (neighboring words), and to use more sophisticated machine
learning classifiers. We show the best published performance on the task of pitch accent detection,
using a CRF classifier and very local contexts of a single word on either side. The accent ratio of a word is again the best feature, although adding acoustic information provides additional
improvements in accent detection accuracy.
In our third experiment (Strom et al. 2007) we attempt to use these predictors to improve the
performance of a unit-selection text-to-speech synthesizer, examining three levels of accent: unaccented, pitch accented, and emphatic pitch accented. We first introduce a number of methods for
adding emphatic accented data into the unit database used by the synthesizer. We then synthesize
sentences using default accent prediction (based only on content-function word differences), using
our accent ratio classifier, and using emphatic words marked in the sentences by the author via
capitalization. We show that accent prediction and emphatic accent both improve the quality of
synthesis, as measured by human preference in a listening test.
• Jason Brenier, Ani Nenkova, Anubha Kothari, Laura Whitton, David Beaver, Dan Jurafsky. 2006.
The (Non)Utility of Linguistic Features for Predicting Prominence in Spontaneous Speech. IEEE/ACL
2006 Workshop on Spoken Language Technology, Aruba.
• Ani Nenkova, Jason Brenier, Anubha Kothari, Sasha Calhoun, Laura Whitton, David Beaver, and
Dan Jurafsky. 2007. To Memorize or to Predict: Prominence Labeling in Conversational Speech.
NAACL-HLT 2007.
• Vivek Kumar Rangarajan Sridhar, Ani Nenkova, Shrikanth Narayanan and Dan Jurafsky. Detecting
prominence in conversational speech: pitch accent, givenness and focus. Speech Prosody, Campinas,
Brazil, 2008.
• Volker Strom, Ani Nenkova, Robert Clark, Yolanda Vazquez-Alvarez, Jason Brenier, Simon King,
and Dan Jurafsky. 2007. Modelling Prominence and Emphasis Improves Unit-Selection Synthesis.
Interspeech 2007.
• Yuan, Jiahong, Jason M. Brenier, and Dan Jurafsky. 2005. Pitch Accent Prediction: Effects of Genre
and Speaker. In Proceedings of EUROSPEECH-05.
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Comprehension and resynthesis of duration and pitch in ambiguous words
Angela M. Isaacs and Duane G. Watson
University of Illinois at Urbana-Champaign
aisaacs2@uiuc.edu
Previous research suggests that F0, intensity, and duration play a role in signaling the presence of a
pitch accent (e.g. Pierrehubert & Hirschberg,1990). However, less is known about the precise
contribution of each. The current work examines whether duration, F0 excursion, and F0 slope can
independently drive the perception of an accent.
In a visual world experiment, Dahan, Tanenhaus, and Chambers (2002) found that listeners rapidly
interpret pitch accents in on-line processing. In their study, speakers followed sets of two instructions
as in [1] to move objects on a computer screen while their fixations were monitored. On critical trials
two of the pictured objects were phonetic cohorts (e.g. camel/candle). The first instruction directed the
participant to move one of the cohorts. In the second instruction the participant was directed to move
either the previously mentioned cohort (given) or the unmentioned cohort (new). They found that
listeners were more likely to fixate the given cohort when the cohort was unaccented and were more
likely to fixate the new cohort when it was accented.
Because only the overall presence vs absence of an accent was manipulated, it is impossible to know
which aspect of the acoustic signal was driving fixations in the Dahan et al. study. To investigate this, a
modification of their design was implemented using more precisely controlled stimuli. Three factors
were manipulated: the duration (long vs short), the pitch excursion (high vs. low), and the discourse
status (given vs new) of the cohort in the second instruction.
The PSOLA re-synthesis algorithm (Moulines & Charpentier,1990) was used to independently
manipulate the F0 and duration of the critical word. Because re-synthesis alters the acoustic properties
of naturally produced speech, it has the advantage of being more natural than synthesized speech, but
offers more control than spontaneous speech. The source audio was recorded by a male speaker. To
determine what durations and pitch contours to use as targets of the re-synthesis, the speaker produced
all the critical utterances in accented and de-accented contexts. The overall ratio of the duration of the
accented to unaccented words in these productions was used to generate the stimuli in the short and
long conditions. The median pitch contours in the accented and de-accented contexts were used to
generate the high and the low conditions.
An analysis by time region of the Target-Advantage scores revealed a significant context (given/new) x
duration (long/short) x pitch (high/low) x time region (-200to200/200to600 ms after word onset)
interaction F1(1,46)=4.873, p<.05, F2(1,38)=7.31, p<.05. In the short duration condition, fixations
were higher to New cohorts when the pitch was high and looks were higher to the Given cohorts when
the pitch was low. However, effects of pitch were not present in the long duration condition. This
suggests that the perception of accenting is driven in large part by F0 slope. Conditions with short
duration had more extreme slopes as compared to those with long duration. Pitch and duration by
themselves did not appear to drive the perception of a pitch accent.
Example

[1] a. Context instruction:
b. Test instruction:

Move the camel/candle below the circle.
Now move the camel above the triangle.
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PHONEME RESTORATION METHODS REVEAL PROSODIC INFLUENCES ON
SYNTACTIC PROCESSING
Iglika Stoyneshka, Janet Dean Fodor and Eva M. Fernández
The experiments we report made use of the phoneme restoration effect (Warren, 1970): when
white noise is substituted for one or more phonemes in a word, listeners perceive the word as
intact and congruent with sentence context. If that word disambiguates an otherwise ambiguous
sentence, the phonemes ‘heard’ will reveal which interpretation was assigned to the sentence.
The advantage of this method is its naturalness (no conscious judgments, no interrupting task, no
anomalous sentence/prosody pairings). Subjects typically believe there really was an intact word
in the ‘noisy’ stimulus, and are unaware that in reporting it they are revealing their resolution of a
syntactic ambiguity.
In Experiment 1, participants were offered two visually presented words to choose between after
hearing the sentence. We then progressively increased response spontaneity by changing the task
to post-stimulus sentence repetition (Experiment 2), and on-line speech shadowing (Experiment 3).
Two types of structural ambiguity in Bulgarian were tested:
(A) Clause-coordination: Items contained three NPs between the clauses, groupable either as 2+1
(yielding object-coordination in the first clause) or as 1+2 (subject-coordination in the second
clause). Noise replaced number-agreement on the verb ‘be’ in the second clause, creating
syntactic ambiguity.
Nakraia sreshtnahme Ani i Ivan i Mimi b

vav vaztorg.

In-the-end meet-past-1p.pl Ani and Ivan and Mimi was/were in ecstasy.

(beshe / biaha)
was

were

‘In the end (we) met Annie and Ivan and Mimi was/were ecstatic.’
(B) Relative clause attachment: Items contained N1of N2 RC. Noise replaced gender-agreement
on the relative pronoun, creating syntactic ambiguity.
Podtseniha

advokata na pevitsata k

to kupi

imenieto.

Underestimate-past lawyer-m-det of singer-f-det who-m/f buy-past estate-det

(kojto / koiato)
who-m who-f

‘(They) underestimated the lawyer of the singer who bought the estate.’
Stimuli were recorded by a trained native Bulgarian speaker. They contained IPh boundaries
signaled by continuation rise, pre-boundary lengthening, and pause. There were three different
prosodic contours for each construction:
Prosody-1: Boundary following the first noun.
N1]
Prosody-2: Boundary following the second noun.
N2]
Prosody-3: No boundaries; continuous neutral intonation. Neutral
Results: Effects of prosody
Interpretation was strongly influenced by prosodic boundary placement for both coordination and
RC-attachment ambiguities, in predicted directions; see Table below. The N1] prosody favored the
subject-coordination reading in (A) and low RC-attachment in (B). The N2] prosody favored objectcoordination in (A) and high RC-attachment in (B). The neutral prosody showed a mild preference
for disambiguation in the same direction as the N1] prosody. There were interesting differences in
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prosodic sensitivity between the two constructions, which we will relate to Clifton, Frazier &
Carlson (2006) and other findings in the literature.
Results: Effects of task
Outcomes were quite similar for the three response modes (word-choice, repetition, shadowing),
indicating that the influence of prosody is rapid and is independent of awareness of the presence
of an ambiguity to be resolved. Also noteworthy is that with neutral prosody the task became more
difficult (significantly more no-responses), especially in shadowing, suggesting that syntactic
ambiguity did disrupt normal parsing in the absence of any biasing cue.

Table: Ambiguity resolution as revealed by restoration response
CONSTRUCTION
COORDINATION:
% object coordination
RC ATTACHMENT:
% high attachment

PROSODY

WORD CHOICE

N1]
N2]
Neutral
N1]
N2]
Neutral

10
88
36
12
82
39
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REPETITION
11
99
44
8
80
33

SHADOWING
5
97
65
12
71
40

The effects of prosody on the listener’s representation of the speaker’s thoughts:
The functional localizer fMRI approach.
Evelina Fedorenko1, Lillia Cherkasskiy2, Steven Piantadosi1, Jonathan Scholz1, and
Rebecca Saxe1
1
Massachusetts Institute of Technology; 2Stanford University
A critical question at the intersection of language and social cognition concerns whether
in conversations one partner represents the other partner’s productions as simply their
meanings or as the partner’s beliefs about their meanings. For example, in (1), does
Speaker1 represent Speaker2’s utterance as [Kyle consulted Joel] or as [Speaker2
thinks/believes that Kyle consulted Joel]?
(1)

Speaker1: Who did Kyle consult about the investment?
Speaker2: He consulted Joel.

Whereas representing utterances as others’ beliefs may be socially-relevant, it is also
computationally intensive. A plausible hypothesis is that the probability of representing
the speaker’s utterances as beliefs depends on how salient the speaker is in the
comprehender’s mind. We manipulated the speaker’s saliency by varying the prosodic
contour of the phrase “I think” which preceded the speaker’s utterances in naturalistic
dialogs. Three prosodic contours were used: (a) “I” stressed; (b) “think” stressed; or (c)
both words unstressed. We reasoned that prosodic contours in (a) and (b) increase the
speaker’s saliency by stressing the fact that (a) the utterance represents the speaker’s
opinion, in contrast to the opinions of others, or that (b) the speaker is uncertain of the
information, compared to (c) which is associated with politeness in expressing opinions
and should not make the speaker salient. A control condition without “I think” was also
included. An acoustic analysis of the “I think” fragments of the materials (n=300)
demonstrated that six acoustic features (duration, mean, max and min pitch, energy and
power) distinguish among the three prosodic contours with the 81.3% accuracy
(chance=33%).
In a behavioral study we found that comprehenders distinguish the three contours of “I
think”: they infer the greatest confidence in the speaker’s belief in the statement when “I”
is stressed (but do not themselves form more confident opinions), followed by the
unstressed condition, followed in turn by the “think”-stressed condition. In the fMRI
study we used the functional localizer approach, which involves identifying a set of
regions of interest using a task that targets particular representations/processes, and then
investigating the response of these regions to the target conditions. In the current study,
we localized regions selectively engaged in representing other people’s thoughts (e.g.,
Saxe&Kanwisher,2003; Saxe,2006) by comparing brain activations in response to falsebelief stories (requiring an inference about another person’s thoughts/beliefs (3a)) and
false-photograph stories (requiring an inference about a hidden physical process (3b)).
We then examined these regions’ response to the four conditions. As predicted, these
regions (critically, the right temporo-parietal junction) responded more to the “I”-stressed
and “think”-stressed conditions, compared to the two control conditions (4). (Additional
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control conditions with different elements stressed were included to rule out the
possibility that the critical difference is due to the presence/absence of stress.) The
results support the hypothesis that comprehenders are more likely to represent utterances
as beliefs when the speaker is salient in their mind. This is the first demonstration of the
regions that have been implicated in representing others’ thoughts interpreting utterances
as others’ beliefs during online language comprehension.

(2) Sample dialog with the experimental manipulation (always in Speaker3’s utterance):
Speaker 1: Who did Kyle consult about the investment?
Speaker 2: He consulted Joel.
Speaker 3: {*I* think / I *think* / I think / No,} he consulted Ben.
(3a) False belief: When Christine labeled the pie at the school’s bake sale, she thought it
was cherry, and labeled the pie “cherry”. Actually, the pie was strawberry.
(3b) False photograph: When the picture was taken of the house, it was one story tall.
Since then the renovators added an additional story and a garage.
(4) Percent signal change in the right temporo-parietal junction (rTPJ):
*I* think: .12;
I *think*:
.17; I think: -.06;
No: -.04
*I* think vs. I think: p<.01; I *think* vs. I think: p<.02
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Electrophysiological correlates of intonational phrase perception in infancy and
childhood: How necessary is syntactic knowledge?
Claudia Männel & Angela D. Friederici
Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany
maennel@zimbra.cbs.mpg.de
In the course of acquiring their first language, infants decompose continuous speech into
relevant structural units such as clauses and words. Gleitman & Wanner (1982) have
suggested, within the framework of prosodic bootstrapping, that infants approach this
segmentation problem by exploiting acoustic information in the speech signal which
correlates with the occurrence of syntactically significant phrase boundaries, i.e., intonational
phrase (IPh) boundaries. Here we report on the use of event-related brain potentials (ERPs) to
investigate the emergence of IPh processing in young children. Specifically, we focused on an
electrophysiological component referred to as the Closure Positive Shift (CPS), which is
known to signal the online processing of IPh boundaries in adults (Steinhauer, Alter, &
Friederici, 1999).
We explored the relationship between IPh processing and the emergence of syntactic
knowledge in children for the following age groups: 5 months, 21 months, and 36 months. For
the age of 5-6 months, behavioral studies have described an evolving sensitivity to prosodic
boundary markers (e.g., Jusczyk et al., 1992). Regarding syntactic abilities, ERP studies have
reported a developmental shift between 24 and 32 months for the processing of phrase
structure violations (e.g., Oberecker & Friederici, 2006). Thus, children at the age of 21
months have not yet passed this developmental stage, while children at 36 months do.
The three groups of children listened to prosodically correct sentences, which either
consisted of one IPh (no IPh boundary) or two IPhs (one IPh boundary). Additionally, another
group of 5-month-olds was tested with sentences where the pause at the IPh boundary had
been deleted and the IPh was only marked by a change in pitch and a lengthening of the prepause syllable.
Five-month-old infants showed no CPS in response to IPh boundaries. Instead, they
provided an obligatory response following the IPh boundary, which disappeared when no
pause was present. This suggests the infants are sensitive to pauses in sentences. We
hypothesize that this is a necessary precursor for the processing of prosodic phrase
boundaries.
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Of the three age groups tested, only the 36-month-old children provided a CPS in
response to the IPh boundary. The comparison across age groups suggests that IPh
processing, as indicated by the CPS, does not emerge until some knowledge of syntactic
phrase structure has been established. We suggest two alternative explanations.
First, the adult CPS may reflect syntactic structuring abilities in addition to prosodic
processing. We think this is an unlikely explanation, since the CPS is also observed in
hummed sentences, which preserve the normal intonational contour but lack all
lexical/semantic and syntactic information (Pannekamp et al., 2005).
Second, the CPS of young children may reflect an interaction between the processing
of prosodic and syntactic information during phrase boundary perception.
In sum, the combined data suggest that syntax and prosody interact in early speech
learning. Infants initially rely on acoustic aspects of prosodic information to build up basic
structural knowledge, but later acquired knowledge is employed to reinforce the perception of
the different structural units in the speech input.
Gleitman, L., & Wanner, E. (1982). The state of the state of the art. In E. Wanner & L.
Gleitman (Eds.), Language acquisition: The state of the art (pp. 3-48). Cambridge,
MA: Cambridge University Press.
Jusczyk, P. W., Hirsh-Pasek, K., Nelson, D. G., Kennedy, L. J., Woodward, A., & Piwoz, J.
(1992). Perception of acoustic correlates of major phrasal units by young infants.
Cognitive Psychology, 24, 252-293.
Oberecker, R. & Friederici, A. D. (2006). Syntactic event-related potential components in 24month-olds’ sentence comprehension. NeuroReport, 17, 1017-1021.
Pannekamp, A., Toepel, U., Alter, K., Hahne, A., & Friederici, A. D. (2005). Prosody-driven
sentence processing: An event-related brain potential study. Journal of Cognitive
Neuroscience, 17, 407-421.
Steinhauer, K., Alter, K., & Friederici, A. D. (1999). Brain potentials indicate immediate use of
prosodic cues in natural speech processing. Nature Neuroscience, 2, 191-196.
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Prosodic Boundaries and Focal Accents in Processing Ambiguous Structures
Eun-Kyung Lee and Susan Garnsey
University of Illinois at Urbana-Champaign
eklee1@uiuc.edu
Prosodic boundaries and focal accents have each been shown individually to influence processing of
ambiguous structures (e.g. Kjelgaard & Speer, 1999; Schafer et al., 1996; Speer et al., 1996). However, no
previous work has directly investigated how the two cues interact during sentence processing. One goal of
our study was to further examine the individual effects of prosodic boundaries and focal accents on the
online resolution of relative clause attachment ambiguities (Experiments 1 and 2). Another goal was to
explore interactions between cues (Experiment 3). A cross-modal continuation judgment task was
employed to examine prosodic effects online. Participants listened to sentence fragments as in (1).
(1) The journalist interviewed the coaches of the gymnast who
Example (1) is ambiguous because the relative clause beginning with who can modify either the high
noun phrase (NP1) the coaches or the low noun phrase (NP2) the gymnast. The visual targets was and
were appeared as soon as fragments ended, and participants chose the better continuation. The noun
phrases differed in number, so responses indicated which one participants thought the relative clause
modified.
In Experiment 1, intonational phrase boundary location was manipulated: 1) no boundary, 2) boundary
after NP1 only, 3) boundary after NP2 only, and 4) boundaries after both NPs. A boundary after NP1
decreased attachment to NP1 irrespective of the presence of a boundary after NP2. A boundary after NP2,
however, only affected attachment decisions when there was also a boundary after NP1. The absence of
any effect of a boundary after just NP2 may be explained by recent findings from Clifton et al. (2006),
who found that listeners tend to discount the syntactic significance of a boundary when its presence can
be explained by the need to pause after a long preceding constituent.
In Experiment 2, pitch accents were manipulated: 1) no accent, 2) accent on NP1 only, 3) accent on NP2
only, and 4) accent on both NPs. In contrast to previous offline studies (Schafer et al., 1996; Maynell,
1999; 2000), there were no reliable effects of accent on-line. This finding is consistent with recent results
from Lee and Watson (2008) showing that accent effects may be attributable to memory and processing
load. The paradigms used in previous studies may have had greater memory requirements than the
judgment task used here.
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In Experiment 3, boundaries and accents were jointly manipulated: 1) boundary and accent both after/on
NP1, 2) boundary and accent both after/on NP2, 3) boundary after NP1 and accent on NP2, and 4)
boundary after NP2 and accent on NP1. The results demonstrated that effects of a boundary after NP1
were independent of accents while the placement of accents modulated the effects of a boundary after
NP2.
Across experiments, we found that listeners exhibited different degrees of sensitivity to different prosodic
cues in anticipating upcoming syntactic structure: Boundaries were consistently used as long as there
were no alternative reasons for them to be present, while the effect of accents was limited to modulating
the effect of a boundary.

Clifton, C., Carlson, K., & Frazier, L. (2006). Tracking the what and why of speakers’ choices: Prosodic
boundaries and the length of constituents. Psychonomic Bulletin & Review, 13, 854-861.
Kjelgaard, D., & Speer, S. (1999). Prosodic facilitation and interference in the resolution of temporary
syntactic closure ambiguity. Journal of Memory and Language, 40, 153-194.
Lee, E-K., & Watson, D. (2008). Effects of focal accents on relative clause attachment: Accent effects Or
memory effects?. Poster to be presented at the 21st Annual CUNY Conference on Human Sentence
Processing, Chapel Hill, NC.
Maynell, L. (1999). Effect of pitch accent placement on resolving relative clause ambiguity in English.
Poster presented at the 12th Annual CUNY Conference on Human Sentence Processing, New York, NY.
Maynell, L. (2000). Prosodic effects on relative clause attachment. Poster presented at the 13th Annual
CUNY Conference on Human Sentence Processing, San Diego, CA
Schafer, A., Carter, J., Clifton C., & Frazier, L. (1996). Focus in relative clause construal, Language and
Cognitive Processes, 11(1/2), 135-163.
Speer, S., Kjelgaard, D., & Dobroth, K. (1996). The influence of prosodic structure on the resolution of
temporary syntactic closure ambiguities. Journal of Psycholinguistic Research, 25: 247-268.
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Prosodic Phrasing and Syntactic Attachment
Katy Carlson, Morehead State University
There are many ways in which prosody can affect the processing of sentences. One line of my
research with Frazier and Clifton explores the effects of prosodic phrasing on syntactic
attachment ambiguities. We argue that prosodic boundaries are not interpreted in isolation, but
are interpreted with respect to the overall prosodic and syntactic phrasing of a sentence. Our
Rational Speaker Hypothesis, which underpins this work, posits that speakers are self-consistent
in their prosodic phrasing and will not mark a smaller syntactic division with a larger prosodic
boundary.
For example, in a conjunction ambiguity like (1), the same intermediate phrase boundary,
before in-laws, can have different effects depending on whether it is smaller than, equal to, or
larger than a relevant previous boundary. In (1a), Sarah’s and in-laws are prosodically grouped
together more closely than Johnny and Sarah’s are, while in (1c), Johnny and Sarah’s are
together in a phrase excluding in-laws; listeners display corresponding tendencies to
syntactically group Sarah’s with in-laws or with Johnny. Similar results were found in other
conjunction and adjunct attachment ambiguities.
In some cases, there can be multiple relevant positions for an early boundary. In (2), the
final adjunct phrase in the sentence could attach into the VP within the relative clause, headed by
insulted, or into the matrix VP, headed by comforted. A prosodic structure like (2a), which
separates the adjunct from the closest verb, leads to more matrix interpretations than one like
(2b). But if the boundary before the adjunct is accompanied by other IPh boundaries following
the matrix verb, as in (2c-d), the late boundary’s effect is reduced. The late prosodic boundary
becomes less informative about whether the adjunct attaches non-locally, because an equal
boundary occurs at a less important syntactic boundary (between a verb and its object (2c) or
between a noun and its relative clause (2d)).
The interpretation of prosodic boundaries can also be affected by the phonological length
of the material in a phrase. In an adjunct attachment sentence like (3), a prosodic boundary
before the adjunct should, in the absence of any similar or larger prosodic boundaries, increase
matrix interpretations. In (3a), it does. But in a sentence like (3b), with a lengthy adjunct phrase,
it is natural that speakers might want to start a new prosodic phrase at the start of the adjunct just
to create a natural overall utterance. If listeners are sensitive to that need, they might find such a
prosodic boundary uninformative about attachment: and indeed they did.
We believe that the preceding body of results is most consistent with a processing system
that takes account of the full prosodic phrasing of an utterance when making syntactic and
semantic decisions, rather than one which only notes when a prosodic boundary interrupts the
obvious local attachment of constituents.
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1. [] = IPh boundaries, ( ) = ip boundaries
a. [(Johnny)] [(and Sarah’s) (in-laws)]
b. [(Johnny) (and Sarah’s) (in-laws)]
c. [(Johnny and Sarah’s) (in-laws)]
2.
a. [(Jimmy comforted the girl that he had insulted)] [(at the end of the party)]
b. [(Jimmy comforted the girl)] [(that he had insulted at the end of the party)]
c. [(Jimmy comforted)] [(the girl that he had insulted)] [(at the end of the party)]
d. [(Jimmy comforted the girl)] [(that he had insulted)] [(at the end of the party)]
3.
a. [(Susie learned that Bill telephoned )] [(last night)]
b. [(Susie learned that Bill telephoned)] [(late last night after the general meeting)]
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The role of syntactic structure in guiding prosody perception in spontaneous speech
Jennifer Cole, Yoonsook Mo and Soondo Baek
University of Illinois at Urbana-Champaign
Prosodic phrasing serves to break continuous speech into smaller, meaningful chunks and
defines an interface between phonology and other dimensions of linguistic organization,
including syntax and discourse structure. This paper reports on a large-scale study of prosody in
spontaneous speech that explores the relationship between prosody and other aspects of the
linguistic structure of utterances, and the reflexes of prosody in the acoustic signal. One goal of
this study is to develop a method for studying prosody perception in spontaneous speech that can
be used to determine how prosody perception relates to the structural properties of the utterance,
and to the acoustic prosodic features. Through a comparison of prosody transcriptions
(representing perception) with acoustic measures (representing production) and syntactic features
of a given utterance, this study asks if prosody perception is primarily signal-driven (sensitive to
acoustic cues), or if the listener’s perceptual experience is influenced by his/her awareness of the
syntactic structure of an utterance. A finding that syntactic information influences prosody
perception quasi-independently of the presence of acoustic cues to prosody would support the
view that prosody perception reflects the listener’s online processing of speech, and/or that
prosody perception is biased by expectations driven by the syntactic parse of the utterance.
This work is based on data from our study of naïve prosody transcription. Untrained
transcribers listen to excerpts from the Buckeye corpus of American English interview speech
(Pitt et al. 2007) and mark up a printed transcript for the location of boundaries between
“chunks” of speech, as judged from their auditory impressions. The results from about 20
transcribers per excerpt yield a probabilistic boundary score (B-score) for each word. Counting
boundaries with a B-score above the mean, we consider the intervals between boundaries as
representative of perceived prosodic phrases. Analysis of the syntactic structure of the words
before and after a perceived prosodic boundary reveals strong evidence that perceived prosodic
phrases are anchored in syntactic structure. 45% of perceived phrases comprise a major
syntactic constituent and another 28% are phrases consisting of a single word, discourse marker,
or filled pause. 16% of perceived phrases are syntactic fragments, most of which consist of two
or more complete syntactic constituents. We also observe a bias favoring syntactic alignment of
the left edge of a perceived prosodic phrase relative to right edge alignment, and further edge
asymmetries in the more frequent location of conjunctions at the left edge of a perceived phrase
than at the right edge. Acoustic correlates of prosody (vowel duration, intensity, spectral
emphasis and pause) reveal significant effects of perceived prosodic boundaries, especially in
duration measures and pause, and regression analyses confirm a significant correlation between
acoustic measures and boundary scores (e.g., the duration of the stressed vowel of a word is
positively correlated with its score). These findings suggest that transcribers are sensitive to the
acoustic correlates of prosody, and tend to mark prosodic boundaries in locations where speakers
produce durational cues. Analyses underway explore the relationship between acoustic measures
and syntactic features to determine if the syntactic features function at all independently of
information from the acoustic signal to influence the listener’s perception of prosody.
Preliminary evidence suggests that prosody perception is partly driven by listeners’ expectations
based on recognition of the words in the utterance and their syntactic properties. The overall
finding is that prosody perception is both signal-driven and expectation-driven, and syntactic
processing is one factor influencing listeners’ expectations of prosodic phrasing.
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The Role of Prosodic Packaging in Sentence Interpretation
Masako Hirotani, Carleton University
masako_hirotani@carleton.ca
Previous studies in both Linguistics and Psycholinguistics have shown that Japanese
wh-questions are subject to a specific prosodic contour: in a scopally ambiguous sentence like
(1), wide-scope (matrix) interpretation of the wh-phrase is facilitated only when the wh-phrase
and its licensor (matrix question-marker) are contained in the same prosodic unit, i.e., Major
Phrase (MaP) (e.g., Deguchi & Kitagawa 2002; Hirotani 2003; Ishihara 2002, 2003; Kitagawa &
Fodor 2003). One view regarding such a prosodic requirement comes from the processor’s need
to assign an interpretation locally, i.e., within the same prosodic unit (see Broderick 1996). This
paper presents the results of three off-line auditory experiments that further define the domain of
the prosody-driven principle of interpretation. The results indicate that the crucial factor for
prosodic packaging is the requirement of a c-commanding licensing relation between the relevant
items.
In Studies 1 and 2, listeners used a 7-point scale to rate the difficulty of sentence processing.
Study 1 tested sentences like (2), which strongly favored the adverbial quantifier taking scope
over the numeral subject. The results showed that (2) was more difficult when a MaP intervened
between the two quantifiers (2a), compared to when no such boundary existed (2b). The relative
ratings were reversed in control sentences which lacked a scope interaction of quantifiers by
having a numeral subject alone. This result demonstrates that prosodic packaging is relevant to
constructions involving scope items.
In Study 2, sentences having negative polarity sika like (3) were tested along with control
sentences containing non-negative polarity dake. The results showed that having an intervening
MaP boundary between sika and negation is difficult, while the prosodic manipulation did not
matter for control dake, suggesting that prosodic packaging of sika and negation facilitates the
processing of sika-scope.
The contrast in the effect of MaP boundaries between the constructions containing sika vs. dake
in Study 2 crucially indicates that it is not just scopal relations that determine the effect of
prosodic packaging in comprehending sentences (Study 1), since both sika and dake involve
scopal computations. Rather, it is the presence or absence of the requirement of a syntactic
c-commanding licensing relation between negation and a focus particle that is the crucial
determining factor.
Study 3 investigated whether prosodic packaging of zibun with a potential antecedent NP has an
effect on the interpretation of zibun, whose antecedent can be either a matrix or embedded
subject NP. Interestingly, the results showed that packaging zibun with the embedded subject NP
(Mary) in the same MaP (4a) did not influence the interpretation of zibun, i.e., no difference to
the embedded NP being chosen as the antecedent, compared to the condition where the relevant
NP was prosodically separated from zibun (4b).
The present study revealed an interesting contrast between wh-scope, quantifier scope, and NPI
on one hand, and anaphoric binding on the other: the former is sensitive to prosodic grouping
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while the latter is not. This may indicate that prosodic packaging applies to syntactic licensing
conditions but not to cases that involve semantic/discourse representations.
(1) [[John-TOP [[Mary-NOM

what-ACC

bought]-Q]

said]-Q]?

(2) 2, 3-nin-no
gakusei-ga
sibasiba soturon-o
a couple-cl-GEN students-NOM often
honor thesis-ACC
‘A few students often write an honor thesis.’
a. (2, 3-nin-no gakusei-ga) (sibasiba soturon-o kaku) (MaP)
b. (2, 3-nin-no gakusei-ga sibasiba soturon-o kaku) (No MaP)

kaku.
write

(3) John-wa
rokku-sika/dake
konsaato-de
utawanakatta.
John-TOP rock-NPI/non-NPI concert-in
sang not.
‘John sang nothing/anything but rock in the concert.’
a. (John-wa rokku-sika/dake) (konsaato-de utawanakatta) (MaP)
b. (John-wa rokku-sika/dake konsaato-de utawanakatta) (No MaP)
zibuni, j-o
kazyoohyooka-siteiru]-to itta].
(4) [Johni-ga [Maryj-ga
John-NOM Mary-NOM self-ACC
was overestimating-that said
a. (John-ga) (Mary-ga zibun-o kazyoohyooka-siteiru-to itta)
b. (John-ga Mary-ga) (zibun-o kazyoohyooka-siteiru-to itta)
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Testing the Relative Boundary Strength Hypothesis
Jesse Snedeker, Harvard University
What role does prosodic structure play in the recovery of syntactic structure during
comprehension? Much recent work has addressed this question by exploring the interpretation
of attachment ambiguities, in both online and offline tasks.1,2,3 Many of these studies have been
interpreted as supporting the relative boundary strength hypothesis: the claim that attachment
depends on the strength of the boundary following the low attachment site, relative to the
strength of the boundary following the high attachment site.3 For example given utterance 1:
(1) You can feel A the cat B with the feather.
the strongest version of this hypothesis would make the following predictions
(2)

a. If A > B, then attach low (modifier)
b. If B > A, then attach high (instrument)
c. If A = B, no preference

Other theorists, however, have argued that the absolute strength of the boundary preceding the
low attachment site (B) is decisive—strong boundaries in this position favor the instrument
analysis regardless of the earlier boundary.4 Since sentences with strong boundaries at position
B, rarely contain strong boundaries at position A, there are few studies which uniquely support
either hypothesis (but see 3).
To contrast these theories, we produced utterances with PP-attachment ambiguities using a
variety of prosodic structures and then asked participants to interpret them. In three
betweensubjects conditions we varied the magnitude of the difference between the critical
prosodic breaks. Within each condition we varied the prosodic form of the utterance in
accordance with the relative boundary strength hypothesis (see Table 1).
An ANOVA analyzing the proportion of instrument responses (Table 1) produced main effects
of magnitude and prosodic form and an interaction between them, justifying comparisons of the
critical cells. These analyses suggest that both hypotheses are valid but incomplete. Many
features of the data are consistent with both alternatives (e.g., the reliable differences between
modifier and instrument utterances in all three magnitude conditions).
But some features are uniquely predicted by the relative boundary strength hypothesis. First,
there were no reliable differences between the strong and weak prosody conditions, suggesting
that ip and IP breaks were functionally equivalent in this context (all p’s >.2). Second, in both the
strong-prosody and weak-prosody conditions modifier utterances received fewer instrument
interpretations than the neutral-no-break utterances (p< .001). Since both have ø breaks after the
low attachment site, this demonstrates that the size of the earlier break influences interpretation.
However, other patterns in the data demonstrate that the absolute size of boundary B does play a
privileged role. For example, the ip-break neutral utterances had more instrument interpretations
than no-break neutral utterances (p< .005), indicating that the ip-break in position B discouraged
low attachment even when an ip-break appeared in position A. Consistent with this, 2-break
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modifier utterances, which included an ip-break at position B, were given more instrument
interpretations than strong-prosody and weak-prosody modifier utterances which had no break in
this location (p’s >.005). We conclude that the correct theory of the prosody-syntax interface
will have to account for both kinds of effects.
Table 1: Prosodic structures for each stimulus (ToBI break indices) and the percentage of
instrument responses (high attachments)

Strong Condition
Weak Condition
2-Break Condition

Modifier
A=4 B=1, 46%
A=3 B=1, 39%
A=4 B=3, 69%

no-break Neutral
A=1 B=1, 69%
A=1 B=1, 62%
A=1 B=1, 68%

ip-breaks Neutral
A=3 B=3, 76%
A=3 B=3, 74%
A=3 B=3, 80%

Instrument
A=1 B=4, 83%
A=1 B=3, 84%
A=3 B=4, 86%

1. Snedeker, J., Trueswell, J., (2003). Using prosody to avoid ambiguity: Effects of speaker
awareness and referential context. Journal of Memory and Language, 48. 103-130.
2. Schafer, A., Speer, S, & Warren, P. (2005). Prosodic influences on the production and
comprehension of syntactic ambiguity in a game-based conversation task. In Tanenhaus &
Trueswell (Eds.) Approaches to Studying World Situated Language Use. Cambridge: MIT Press.
3. Carlson, K., Clifton, C., Fraiser, L. (2001). Prosodic boundaries in adjunct attachment. Journal
of Memory and Language, 45. 58-81.
4. Marcus, M., & Hindle, D. (1990). Description theory and intonation boundaries. In G.
Altmann (Ed.), Cognitive models of speech processing, Cambridge, MA: MIT Press.
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Older adults’ response to co-operating and conflicting prosody in spoken English
garden path sentences: An ERP study
Shani H. Abada, Efrat Pauker, Inbal Itzhak, Shari R. Baum, Karsten Steinhauer
School of Communication Sciences and Disorders and Centre for Research on
Language, Mind and Brain, McGill University, Montréal, Canada
An increasing number of psycholinguistic studies provide evidence for the
important role of prosodic information in young adults’ comprehension of spoken
sentences (e.g., 1). One well-documented use of prosody by younger adults is the
disambiguation of temporary syntactic ambiguities in garden path sentences, specifically
early and late closure ambiguities (e.g., 1; 2) such as the examples below.
Though these sentences are lexically similar until the sixth word, the underlying
syntactic structure differs between the sentences. The ambiguity can be resolved either
when a disambiguating word is encountered, or through prosodic cues to phrase
boundaries. Investigations of older adults’ prosodic processing reveal that this population
is both sensitive to and reliant on prosody for syntactic disambiguation, but allude to
subtle differences in prosodic processing (e.g., 3; 4). Studies suggest that older adults
show an increased reliance on prosody as compared to younger adults (e.g., 5; 6). It is
not yet clear, however, whether the age-related differences observed thus far truly reflect
an increased reliance on prosody or rather reflect differences in prosodic processing as it
occurs in real time, because of the limited information provided by off-line behavioural
methods. The use of event-related brain potentials (ERPs) is a particularly useful means
of investigating prosodic processing because ERPs are highly sensitive to the temporal
unfolding of language processing and therefore permit an analysis of the nature of
ongoing prosodic processing rather than simply reflecting the ultimate outcome, as do
many behavioural responses. ERP investigations of young adults have demonstrated the
immediate online use of prosodic information in syntactic parsing (7; 8). Through these
studies, the closure positive shift (CPS) has been shown to be the electrophysiological
correlate to prosodic phrase boundaries elicited in young adults. Moreover, Pauker et al.
(2006) showed that a biphasic wave comprised of both the CPS and the P600 marks the
use of prosodic boundaries to resolve syntactic ambiguities. As no ERP examinations of
prosodic processing in older adults have been published, it is not clear that older adults
show the same neural correlates to prosody and syntactic resolution via prosody as do
younger adults.
Our current research examines the cognitive mechanisms of online prosodic
processing of early and late closure ambiguities, and their respective ERP correlates, in
older adults. A group of right-handed native speakers of English aged 65 to 75 years
with no history of neurological, language or hearing impairments and with normal or
corrected-to-normal vision were presented with 80 original versions of spoken English
sentences (co-operating prosody) as well as 80 cross-spliced versions (conflicting
prosody) and were asked to perform an acceptability judgment task. ERP components
reflecting (a) prosodic phrasing and (b) resulting conflicts will be discussed with a focus
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on their implications for psycholinguistic modeling and future ERP studies in this
domain. Prosodic perception abilities of older adults will be assessed, providing insight
into age-related neural and language processing changes.
EXAMPLES
a. Because her grandmother knitted pullovers / Kathy kept warm in the wintertime.
b. Because her grandmother knitted / pullovers kept Kathy warm in the wintertime.
REFERENCES
1 Kjelgaard, M. M. & Speer, S. R. (1999). Journal of Memory and Language, 40, 153-194.
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The Prosody of Emphatic Reflexives in English
English uses the same word for a reflexive argument (RA) and an emphatic reflexive (ER);
(1a) and (1b-d), respectively. This paper will explore the prosody of ERs, using it as a tool to
probe the ER’s syntactic and semantic properties.
(1)

a.
b.
c.
d.

John hit himself.
John himself read the book yesterday.
John read the book himself yesterday.
John read the book yesterday himself.

Experiment 1
ERs can be placed relatively freely in a sentence; we will focus on the following three syntactic positions – an Adjacent Emphatic (AE), a Post-VP Emphatic (PVE), and Sentence-Final
Emphatic (SFE); (1b), (1c) and (1d), respectively. Given this syntactic variation, experiment 1
explores whether the prosodic properties of ERs are consistent within ERs through a production task. Each participant is given 48 short scripts – 24 with ERs and 24 fillers. Sentences
are broken down according to the sentence’s verb type and the ER’s syntactic position (Table
1). Participants are asked to familiarize themselves with script, then read the script twice, as
naturally as possible. Each of the test sentences is labeled by two people, using the MAE ToBI
conventions. [1]
Initial results of the testing reveal that, across syntactic positions, ERs consistently have a
L+H* pitch accent. Unlike AEs and PVEs, SFEs always have a phonological phrase break between them and the rest of the sentence. Note, when a PVE is placed after an object-promoting
verb (OPV) – unaccusative, passive, etc. – the sentence is, at face value, ungrammatical (2).
However, when presented with sentences like (2b), some subjects produce grammatical-sounding
utterances by inserting phonological phrase breaks on either side of the PVE.
(2)

a. Our teacher was drinking himself.
b. *Our teacher arrived himself.

Results from experiment 1 offer insight into the ER’s syntax and semantics. First, the ER’s
consistent L+H* pitch accent suggests that ER’s semantic function(s) must induce contrastive
focus. Second, the fact that SFEs need phonological breaks is evidence that they are more parenthetical than AEs and PVEs. Moreover, this fact suggests that there are two syntactic structures
for ERs – one whereby PVEs are bad after an OPV, and one whereby the ER is parenthetical
(like SFEs).
Experiment 2
Though ERs and RAs are segmentally identical (i.e. /hImsElf/ can be used as an ER or as
an RA), they differ vastly from one another in syntactic and semantic properties. ([4], [5])
Previous literature ([2], [3]) has stated that, unlike RAs, ERs are infelicitous without prosodic
prominence. Experiment 2 is designed to confirm this intuition. In it, participants will be given
48 scripts – 12 with ERs, 12 with RAs and 24 fillers. All sentences will have contexts whereby
the subject is focused by context. RAs are expected to never have a pitch accent, ERs are expected to always have a L+H* pitch accent.
The data show that (A) whatever logical form ERs have, they must induce contrastive focus,
and (B) whatever syntax ERs have, they must be able to have a status similar to parentheticals.
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Adjacent (AE) Post-VP (PVE)
x4
x4

Transitive
Object Promoting

x4

x4

Sentence Final
x4
x4

Table 1: Experiment 1 Test Conditions
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Anticipatory effects of intonation in reference resolution
Bettina Braun & Aoju Chen
Max Planck Institute for Psycholinguistics, Nijmegen (NL)

Listeners efficiently exploit prosodic information to identify the referent even before
disambiguating segmental information is available. Monitoring participants’ eye movements
while they followed instructions to move objects in a visual display, Dahan et al. (2002)
demonstrated that an accented referent is interpreted as referring to a new referent (not
previously mentioned) but an unaccented referent as referring to a given referent (previously
mentioned). Using the same method, Weber et al. (2006) found that an accented modifying
adjective (e.g. the RED scissors) is interpreted as referring to the same type of referent as in
the previous instruction (e.g. the scissors), see also Ito & Speer (in press).
The present study investigated whether listeners exploit prosodic information prior to
the ENTIRE referential expression to identify the upcoming referent. A test case for this is
the adverb ‘now’, which is used in all eye-tracking experiments of this kind and occurs
frequently in natural interactions (Hirschberg & Litman 1993). The intonation of ‘now’ varies
as a function of the loci of the contrast (Braun & Chen 2007). In Dutch, nu (‘now’) is
accented in 62% of the cases when the referent is contrasted (e.g. move the book to cell 1 –
now move the BAG to cell 1) and in 96% when the location is contrasted. Further, nu is
frequently accented (88%) when both the referent and the location are contrasted. It is likely
that an unaccented nu therefore results in more fixations to an unmentioned referent
compared to an accented nu. However, given the overall high frequency of accented nu, the
intonation of nu may not be predictive at all (in accordance with recent results on the
discourse markers ‘and then’, ‘and next’, ‘after that’ from Ito & Speer, in press).
An eye tracking experiment similar to the one by Dahan and colleagues was
conducted, using printed words instead of objects. Participants followed two kinds of
instructions to move a printed word to another cell: one with an accented nu and a contrast in
location, the other with an unaccented nu and a contrast in referent, as illustrated below.
First instruction

Verplaats het woord zegel naar vak 3
‘Move the word stamp into cell 3’

Second instruction
Contrast in location
(accented nu)

Contrast in referent
(unaccented nu)

Verplaats nu het woord zegel naar vak 4
‘Move now the word stamp into cell 4’

Verplaats nu het woord zetel naar vak 3
‘Move now the word seat into cell 3’

We observed an initial bias towards the contrastive referent regardless of condition
(cf., Dahan et al., 2002). Unexpectedly, accentuation on nu boosted this initial bias, leading to
an immediate increase in fixations to the contrastive referent. This bias was overcome when
information on the accentuation of the referent became available. This suggests that an
accented nu may have 'misled' the participants into the interpretation of contrasts in both
referent and location. When nu was unaccented, there was a steady and significant increase in
fixations to the contrastive referent, as predicted. These anticipatory effects of nu ‘now’ stand
in contrast to the reported absence of anticipatory effects for a number of discourse markers
(Ito & Speer). Possibly, ‘now’ is more effective in signaling changes in the information flow
than discourse markers such as ‘and then’. Our results show that listeners exploit prosodic
information prior to the entire referential expression in reference resolution.
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(At Least) Two Members of the Rise-Fall-Rise Family
Alejna Brugos (Boston University), Jonathan Barnes (Boston University),
Stefanie Shattuck-Hufnagel (MIT),Nanette Veilleux (Simmons College)
All descriptions of English intonational grammar identify a family of contours with the
(rise)-fall-rise shape. How many formally distinct contours or meanings reside therein, however,
has long been unclear. Emblematic of this analytic ambiguity is a well-known pair of meanings
associated with (rise)-fall-rise, Hirschberg and Ward’s (1992) (HW) Uncertainty and Incredulity.
(Examples below.) While traditional British accounts identify three distinct contours with these
meanings (Wells 2006), HW present perceptual evidence suggesting that both meanings map to
one phonological string, L*+H L-H%, differing primarily in pitch-accent peak height. From this
lack of categorical phonological distinction, HW deduce a further semantic unity, the two
meanings occupying different ends of a single semantic scale. Our aim is to reconcile these
conflicting analyses by developing a methodology to elicit maximally-naturalistic, contextuallyappropriate intonation contours from sufficient subjects that solid generalizations about the
language use of individuals can begin to emerge.
We sought to elicit (rise)-fall-rise contours for both Uncertainty and Incredulity
meanings, without inducing bias in phonetic implementation. Aside from peak height, we
examined how f0 turning-point alignment might distinguish contours used for these two
contexts, owing to our own suspicions that late vs. early peak may be a crucial phonological
distinction. We recorded two monosyllables: an unambiguously late-peak (L*+H L-H%) and an
unambiguously earlier peak (L+H* L-H%), judged to sound Uncertain and Incredulous,
respectively. From these, we created new synthetic versions using intermediate values for
turning-point alignment and f0. We hypothesized that subjects would categorize these ambiguous
examplars according to their expectations in context. During two recording sessions, subjects
were given scenarios prompting them to express either Incredulity or Uncertainty, after
presentation of the ambiguous (rise)-fall-rise model. Subjects read short dialogs, designed to set
first one context and then the alternative context, one week later, using the same ambiguous
training. 14 subjects participated, reading each of 35 target phrases twice for each context.
The use of phonetically-ambiguous training stimuli was successful: all subjects displayed
systematically-different response patterns for Incredulity and Uncertainty, despite identical
training stimuli. Only 2 (14.3%) produced contours with identical rise/peak alignment, but peak
height differences as per HW. A further 3 (21.4%) produced (rise)-fall-rise for both contexts, but
with systematically distinct pitch accents for the two: Incredulity was realized with earlier rises
and peaks than Uncertainty, suggesting ToBI L+H* and L*+H respectively. We take this to
mean that these subjects map these meanings to categorically-distinct phonological strings.
While the contrast between the two contours may be semantically and phonologically gradient
for some speakers, it is also clearly grammaticalizable. Surprisingly, 9 subjects (64%)
demonstrated marked resistance, sometimes explicit, to the production of (rise)-fall-rise in the
Incredulity context. (All realized it readily for uncertainty). Most defaulted to low rise (L* HH%). Apparently, these subjects too map Uncertainty and Incredulity to distinct phonological
strings, in this case less similar than above. These results have important consequences not just
for the analysis of American English intonation, but also represent an important methodological
contribution to the analysis of intonation systems in general.
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1. Incredulity: Expressing shock/scorn to an interlocutor's assertion
A: When I asked for a 10-letter word for a fruit, Bob said “There’s lemon”.
B: “There’s lemon”!? That’s absurd!
2. Uncertainty: reflects speakers’ uncertainty about their contribution to the discourse
A: Can you think of a 5-letter word for a yellow fruit?
B: There’s lemon. Would that work?
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Taking the accent off accessories: De-accenting as a cue during reference resolution
Kathleen M. Carbary1, Christine Gunlogson2, and Michael K. Tanenhaus1,2
1
Department of Brain and Cognitive Sciences, 2Department of Linguistics
University of Rochester
In certain symmetric configurations, elements are routinely de-accented that would in other
circumstances bear an accent, such as the first occurrence of farmer in (1) from Rooth (1992).
(1)

An AMERICAN farmer met a CANADIAN farmer.

The first farmer is head of its phrase and new, thus is ordinarily expected to be accented rather
than, or in addition to, American. The identity of the two nominal heads is crucial; compare to
(2), with different Ns:
(2)

#An AMERICAN farmer met a CANADIAN trucker.

As Rooth suggests, (1) seems to set up a contrastive interpretation for the two NPs. Accounting
for this effect in a principled theory of focus has challenged analysts from Chomsky (1971) to
the present day. Unlike Chomsky, who invoked a notion of ‘contrastive intonation,’ Rooth
derives the contrastive interpretation from more general principles of interpretation, and thus
does not require extraordinary intonational marking. In fact, the accents on the adjectives in (1)
can be ordinary H* (using ToBI notation: Silverman, et. al., 1992); de-accenting of the nouns
seems to be the crucial factor.
We present an experiment that exploits patterns like those above to investigate on-line effects of
prosody – de-accenting in particular – on interpretation. We monitored eye movements in a
computerized visual world experiment. On each trial, two different scenes depicting pairs of
animals wearing accessories appeared on the screen. Simultaneously, participants heard a
recording of a speaker describing the target scene (e.g., There’s a cow with shoes and a pig with
glasses). The task was to click on the scene that matched this description.
There were three experimental conditions: de-accented late-lexical; accented late-lexical; and
accented early-lexical (see examples below). In the de-accented condition, the accessory was the
same for both animals, and both occurrences were de-accented. If listeners use the early deaccenting as a cue during online comprehension, they would be expected to have a bias toward
the target scene before hearing the second accessory. In the late-lexical condition, the accent on
the first accessory is retained, resulting in a stress pattern consistent with two animals having
either the same accessory or different accessories. Therefore, listeners should have to wait until
hearing the second accessory. Finally, in the early-lexical condition, information about the target
becomes available at the second animal, allowing participants to identify the target based on
lexical, as opposed to prosodic, disambiguation.
The data were consistent with these predictions. Mouse clicks were faster in the de-accented
condition than in the late-lexical condition (p<0.05). In the de-accenting condition, looks to the
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target increased before the onset of the final accessory, indicating that participants were able to
use prosodic information as a cue to the correct scene. In the late-lexical condition, target looks
began to increase only after the onset of the final accessory. As expected, in the early-lexical
condition, target looks increased at the second animal. These results suggest that listeners are
able to use de-accenting as a cue during reference resolution.
Examples of conditions:
De-accented Late Lexical: “There’s a COW with shoes, and a PIG with shoes.”
Display: Cow/shoes and pig/shoes; cow/shoes and pig/glasses
Accented Late Lexical: “There’s a COW with SHOES, and a PIG with SHOES.”
Display: Cow/shoes and pig/shoes; cow/shoes and pig/glasses
Accented Early Lexical: “There’s a COW with SHOES, and a PIG with GLASSES.”
Display: Cow/shoes and pig/glasses; cow/shoes and horse/hat
References
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The use of intonation in online processing of information status in a second language
Aoju Chena & Vicky Tzuyin Laib
a

Max Planck Institute for Psycholinguistics

b

University of Colorado at Boulder

English native listeners can rapidly map intonation to information status in reference
resolution (e.g. Dahan et al. 2002, Chen et al. 2007, Ito and Speer 2007, Watson et al. to
appear). Chen et al. (2007) found that native listeners associated L*H and deaccentuation
with givenness and H*L and L*HL with newness in British English. The present study
investigates nonnative processing of information status signaled by intonation in Dutch
learners of British English at low- vs. high- proficiency levels (senior high school pupils vs.
3rd-year English majors).
The limited work on nonnative processing of intonation suggests that abilities in
processing intonation may get carried over from the native language to a prosodically similar
nonnative language (Akker and Cutler 2003). Dutch and English are similar in marking a new
referent most frequently with H*L and a given referent with deaccentuation when the referent
is the only new entity in the sentence. They differ in that Dutch marks a new referent most
frequently with L*H but English with H*L when the referent is one of the new entities in the
sentence (Braun and Chen 2007), like the stimuli in the present experiment. Assuming L1
transfer, we expected Dutch learners of English, the low-proficiency learners in particular, to
associate H*L and L*H with newness and deaccentuation with givenness in English.
We adopted the eye-tracking paradigm used by Dahan and colleagues to test this
prediction. Eye fixations were recorded as participants followed instructions in British
English and moved objects in a visual display. Each trial included two instructions (e.g. Put
the window/windmill above the triangle; now put the window below the circle). The second
instruction mentioned the target (window), realized with H*L, L*H or deaccentuation. The
first instruction mentioned either the target or the competitor (windmill), determining the
information status of the target and competitor in the second instruction, as illustrated in
Table 1. The referent mentioned in the first instruction was considered 'given' in the second
instruction; the referent not mentioned in the first instruction was considered 'new' in the
second instruction. Fixations during the ambiguous part of the target word (/wIn/) are the
dependant variable that reflects listeners’ processing of intonation. Because the names of a
majority of the objects were not taught at school, we familiarized the pupils (i.e. the lowproficiency learners) with the words and the pictures two weeks preceding the experiment.
This was done to minimize the risk that they could not respond to intonation simply due to a
failure to recognize the words and map them onto the pictures.
We found that both proficiency groups fixated the referents substantially more
frequently when 'given' than when 'new' regardless of intonation. Thus, unlike English native
listeners (Chen et al. 2007), L2 learners were biased towards what they moved before and
made no use of intonation in processing the information status of the upcoming referent.
However, L2 learners fixated the 'given' referent to different degrees in different accent
conditions. Fixations to the ‘given' competitor showed that the low-proficiency learners
associated both L*H and deaccentuation with givenness, similar to English native listeners,
whereas the high-proficiency learners associated only deaccentuation with givenness, as may
be predicted from L1 transfer. Possibly, the extra processing load with mapping words onto
pictures may have made the high-proficiency learners fall back on L1 intonation. Equally
possible is the hypothesis that the low proficiency learners make more use of intonational
information whereas the high-proficiency learners lexical information in instructed visual
search tasks. A separate test with a different group of advanced Dutch learners of English
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who are familiarized with the words and the pictures can shed light on this perplexing group
difference.
Fixations to the 'given' target revealed strikingly different patterns. H*L and L*H
triggered more fixations than deaccentuation in the low-proficiency learners and H*L
triggered more fixations than L*H and deaccentuation in the high-proficiency learners. It is
not obvious how to best explain these results. We considered the possibility that intonational
information may be processed only when the acoustic information disconfirmed L2 learners'
initial bias as to which referent was the upcoming referent. The ambiguous part of the target
word was acoustically 'highlighted' in the accented conditions (i.e. H*L and L*H) such that
the recognition of the target word became easy. L2 learners' initial bias towards the 'given'
target was thus confirmed. This in turn led to more fixations to the 'given' target. On the other
hand, in the 'given' competitor condition, the highlighting of the acoustic information of the
ambiguous part suggested that the upcoming referent was the target, which was the new
entity. This went against L2 learners' initial bias towards a 'given' referent, i.e. the 'given'
competitor. They then turned to the intonation, which suggested the 'given' competitor to be
the upcoming referent in the L*H and deaccentuation conditions. Further, as L*H is
acoustically less prominent than H*L, the extra processing load of mapping words onto
pictures might wash out the word recognition advantage in the accented target words in the
high-proficiency listeners.
Our results thus show that Dutch learners of English are less efficient than English
native listeners in processing the mapping of intonation to information status in English.
However, they appear to be able to map intonation to information status in a native-like way
in exceptional circumstances: (1) free from extra processing load and (2) the acoustic
information of the segments does not match with their initial bias. Unexpectedly, a higher
level of overall proficiency in L2 does not entail a more efficient use of intonation. Future
work is needed to obtain a clearer picture on the unexpected difference between the two
proficiency groups.

Table 1. Illustration of experimental conditions.
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Prosodically induced acoustic variation in English and Korean; Adultdirected speech vs. Child-directed speech
Hansook Choi (Michigan State University)
Keywords: Prosody, acoustic strengthening, boundary, accent
This study presents results from speech production experiments on English and
Korean that examine factors governing acoustic variation in adult-directed speech
(ADS) and child-directed speech (CDS). The patterns of variation in the acoustic
expression of laryngeal phonological contrasts among stop consonants and
supralaryngeal contrasts among vowels, and the role of systemic and prosodic factors in
governing such variation are investigated with English and Korean CV sequences in two
different speech styles, ADS and CDS. Target consonants and vowels are analyzed from
utterance (U) or Intonational Phrase (IP) -initial, -medial, and -final position, with and
without accent. VOT and F0 at the onset of the following vowel are measured as the
main acoustic correlates of the laryngeal features in stops, from the speech of six male
American English speakers and five male Seoul Korean speakers, in conjunction with
vowel duration and the first and second formant frequencies for vowels.
Overall, ADS shows that the prosodic prominence of constituents under accent
or in domain-boundary position is found to condition variation across languages in the
acoustic correlates of the stop laryngeal contrasts and vowel contrasts in each language.
Statistical results indicate that the effect of accent on acoustic measures is generally
more distinctive and consistent than the effect of prosodic boundary in both languages.
The distribution of acoustic measures shows a greater distinction between the
contrastive stops and vowels when accented, where as there is no evidence that stop
consonant or vowel contrasts are enhanced in domain-initial position. Domain-final
vowels in English are lengthened but do not show featural enhancement or result in
more distinctive vowel contrasts. Only Korean shows that vowels have a more
peripheral distribution in final position. The manner in which prosodic prominence and
prosodic phrase structure is marked at the level of segmental variation is therefore found
to be language-specific to some extent. The correlation between the size of the
phonological inventory and the corresponding acoustic variation is, still, not strongly
supported with the findings in the present study. CDS shows similar patterns in two
languages. However, the prosodic distinction between accent and boundary is found
very trivial in CDS.
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Acoustic Prominence as a Result of Production Difficulty
Christodoulou, A., Arnold, J. E.
UNC Chapel HIll
Speakers’ choices about when to accent words are generally thought to reflect
meaningful distinctions, for example signaling semantic contrast, or marking
linguistic focus (e.g., Krahmer & Swerts, 2001). Accenting results in a host of
prosodic indicators of acoustic prominence, e.g. longer duration, higher pitch, and
higher intensity, and possibly pausing. Measures of these characteristics reveal
that speakers use acoustically prominent prosody for non-repeated reference
(Bard et al., 2001; Fowler & Housum, 1987), or for words that are not predictable
either statistically (Bell et al., 2002) or based on the task (Watson et al., 2007).
Such findings could be taken as evidence that speakers mark low-predictable,
low-accessibility information with accenting and/or acoustic prominence, again
supporting the use of acoustic prominence for communicative purposes.
On the other hand, we hypothesize that acoustic prominence may also result
from effort in speech production. When speakers are disfluent (an indication of
production difficulty) the surrounding words tend to be longer and produced with
a fuller vowel (Bell et al., 2003), and possibly higher in pitch (Arnold, et al., 2007).
A production effort account could also explain the association of predictability
with acoustic attenuation, since predictability likely facilitates production
processes.
We tested this hypothesis in an experiment measuring the duration and pitch of
references in an effortful production situation.
Six speakers were recorded as they referred to screen objects that were either
familiar (easy condition; e.g., apple) or unfamiliar designs (effortful condition; e.g.
squiggly shape). Each screen contained two familiar and two unfamiliar pictures
(E.g., blue apple, orange apple, blue squiggle, orange squiggle). The target
picture was highlighted, the speaker described it to their addressee (also a naïve
participant), using the carrying phrase “Click on the”.
The area of interest was the segment “Click on the [color]”. These words were
identical across conditions, but may reveal effects of increased planning difficulty
in the effortful condition, compared with the familiar condition. As expected, the
effortful condition resulted in greater acoustic prominence on the first four words.
When the following target word was unfamiliar there were longer latencies to
begin speaking, higher average pitch on the color word, longer durations for all
words, and more frequent pauses (all p’s < .05).
These results suggest that acoustic prominence does not only mark meaningful
distinctions in the message, but also results from speaker-internal production
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difficulty. This raises questions about the processes underlying accenting in other
conditions. The conditions where acoustic prominence occurs (reference to
unpredictable, nonrepeated, or low discourse status entities) are likely to be
effortful, suggesting that these patterns may at least in part stem from productioninternal processes.
Arnold, J., Hudson Kam, C., & Tanenhaus, M. (2007). If you say thee uh- you're describing something hard:
The on- line attribution of disfluency during reference comprehension. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 33(5), 914-930.
Bell, A., Gregory, M. L., Brenier, J. M., Jurafsky, D., Ikeno, A., & Girand, C. (2002). Which predictability
measures affect content word durations? In Proceedings of ISCA tutorial and research workshop on
pronunciation modeling and lexicon adaptation for spoken language (pp.1-5).
Bell, A., Jurafsky, D., Fosler-Lussier, E., Girand, C., Gregory, M., & Gildea, D. (2003). Effects of disfluencies,
predictability, and utterance position on word form variation in english conversation. The Journal of the
Acoustical Society of America, 113(2), 1001-1024.
Fowler, C. A., & Housum, J. (1987). Talkers' signaling of 'new' and 'old' words in speech and listeners'
perception and use of the distinction. Journal of Memory and Language, 26, 489-504.
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34(4), 391-405.
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Phone Information Content Influences Phone Duration
Uriel Cohen-Priva and Dan Jurafsky
Department of Linguistics, Stanford University, CA 94305, USA
{urielc,jurafsky}@stanford.edu

Recent years have seen a growing interest in using information theoretic terms to explain linguistic
phenomena (Aylett and Turk, 2004; Levy and Jaeger, 2006; Raymond et al., 2006), as well as a
growing availability of large scale phonetic transcription of spontaneous speech (Greenberg et al.,
1996; Pitt et al., 2007). Previous work has shown, for example, that predictable function words are
shorter (Jurafsky et al., 2001), that syllables with predictable phone sequences are shorter (Aylett
and Turk, 2004), and that morphemes are shorter when they are predictable from surrounding words
(Pluymaekers et al., 2005).
We propose to study a new source of information: phone informativity, the amount of information
contained in each phone. We propose that phones differ in the amount of information they contain,
and that this information value influences the surface realization of the phone: uninformative phones
are shorter than informative phones. This idea explains interesting asymmetries that are difficult to
account for using phonological variables: /k/ is less informative and shorter than /p/, while /g/ is
more informative and longer than /b/. Moreover, it goes beyond predictabity, as it explains why the
highly uninformative /N/ is shorter than the highly informative /m/, even when /N/ is unpredictable,
and /m/ is.
In order to compute phone informativity, we first operationalize the basic information value of a
phone in context as its contribution to word recognition: the negative log probability of seeing a
phone given all the previous phones in the word, − log2 (Pr(phone|previous phones)). This means
that the more likely we are to see a phone in a context, the less informative it is in that context. We
then estimate the phone informativity as the mean information value of all its occurrences.
We tested this claim by building a model to predict the duration of consonants in the Buckeye corpus
of phonetically transcribed speech (Pitt et al., 2007). We used a linear regression to control for the
phonological properties of the segments, phonological properties of neighboring segments, stress,
rate of speech, and previous information theoretic variables used in (Aylett and Turk, 2004) such as
word frequency and phone bigram and trigram probability to predict the duration of the consonants.
After controlling for these factors, the phone informativity was a strong predictor of duration: more
informative phones were longer. Indeed, the phone informativity was a stronger factor than all other
information-theoretic factors such as word frequency and contextual biphone and triphone phone
predictability (see Table 1).
Our results are the first to confirm the important effect of earlier-studied variables like word frequency
and biphone predictability on phone duration (where previous studies had only looked at syllable
or morpheme duration). Our results confirm the important role of phone informativity in phonetic
production, suggesting that information value is a key part of the representation of phones, and
influences the effort made by speakers to convey meaning.
1
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Table 1: A ‘drop1’ (Chambers, 1992) Analysis of Select Variables
Variable
Rate of speech
The phone is ±voice
The place of the phone
The next phone is ±voice
Word unigram probability
Phone’s bigram probability
Phone informativity

Df
1
1
3
2
1
1
1

Sum of Squares
522
515
602
156
72
69
202
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Is speech fluency conditioned by syntactic complexity and/or prosodic factors? - A
prosodic contribution to the understanding of stuttering in European Portuguese
Marisa Cruz & Sónia Frota
Universidade de Lisboa (Laboratório de Fonética, FLUL/CLUL)
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sonia.frota@mail.telepac.pt

Silverman and Bernstein (1997) compared the fluency of stuttering and nonstuttering adolescents and concluded that syntactic complexity plays an important role
in stuttering. Gordon and Luper (1989) believed that the relation between syntactic
structure and fluency could vary according to the task proposed to speakers. In the same
vein, Logan (2001) saw that speakers produce more disfluencies in spontaneous speech,
thus showing that the frequency of stuttering events depends on the type of task:
spontaneous or controlled speech. However, Bergmann (1986) following previous
studies of stuttering from a phonetic perspective, suggested that stuttering is a prosodic
disturbance. The import of prosodic factors is further explored in work by Bloodstein
(1995) or Hubbard (1998), where the relevance of prosodic constituents and word stress
is argued for.
Taking as background the research summarized above, the present work focuses
on the importance of syntactic complexity and (prosodic) length on the fluency of
stuttering adults, in European Portuguese (EP). Further explorations into the possible
relevance of prosodic factors include the role played by the prosodic word domain (PW)
and the locus of stuttering relative to prosodic structure in general (PW, phonological
phrase (PhP) and intonational phrase (IntP) ).
A corpus of controlled speech was designed, which includes (a) four types of
syntactic complexity (as in (1)), (b) two different lengths (in terms of number of
syllables) for each type (see an example in (1b)) and (c) a test to the prosodic word
domain comprising both PWmin and PWmax structures (Vigário 2003), as in (2) . The
corpus contains thirty sentences that were read by two male adult speakers (a stuttering
and a non stuttering speaker). Our analysis included the following measurements: (i)
segmental or syllabic lengthening in stuttering and its prosodic distribution; (ii) duration
and prosodic distribution of both filled and silent pauses (excluding breathing pauses);
(iii) prosodic locus of stuttering (within the PW, the PhP and the IntP and relative to
stress).
Our findings show that both syntactic complexity and prosodic length of phrases
do not affect stuttering: segmental or syllabic lengthening occurs in similar patterns at
every type of syntactic complexity and irrespective of the length of the phrase; the
presence of a pause and/or its duration are also not constrained by syntactic complexity
or phrase length. By contrast, the PW plays a determinant role in the distribution of
stuttering events, as stuttering usually occurs at the beginning (first segment or syllable)
of this prosodic domain. Moreover, both PWmax and PWmin-edges are relevant. The
IntP is also shown to affect stuttering, as a higher frequency of stuttering events is found
at PW-beginnings if the PW is the head of the IntP.
As Logan (2001) observed for American English, in EP syntactic complexity
and phrase length do not trigger a higher frequency of stuttering events. The most
relevant factors constraining stuttering emerge from prosodic structure and prosodic
prominence.
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(1)

(2)

a. Subject NP: Det + Adj + Adj + N
b. Subject NP: Det + N + PP
c. Subject NP: Det + N + Relative clause
Length – Short: A turma que jogou saiu vencida.
the class that played got defeated
Length – Long: A pequena que chorava muito feriu os braços.
the little-girl that cried a lot hurt her arms
d. Object clitics: Det + N + PP + V + Clitic pronoun
O Tito é ((guarda)PW (nocturno)PW)PWmax. the Tito is (a) night-watchman
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Can accentual phrase boundaries influence lexical access in French?
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In French, the initial phoneme sequence (up to the syllable /vo/) of complex noun
phrases such as cerf volant /svola/ “kite” and cerf vorace /svoras/ “voracious deer” can
yield a temporarily ambiguous parse between cerveau /svo/ “brain” and cerf /s/ “deer”.
It has recently been proposed that the prosodic organization of speech might interact with this
type of ambiguity and hence be crucial for lexical access strategies in French (Christophe et
al. 2004). Specifically, Cristophe and colleagues found that phonological phrase (PP)
boundaries can remove temporary ambiguity in otherwise ambiguous noun phrases, while this
ambiguity would remain within the PP, even across prosodic word (PW) boundaries.
Note that Cristophe et al. base their predictions on the syntax-based approach of
classic Prosodic Phonology (Selkirk, 1984; Nespor & Vogel, 1986), while according to the
autosegmental-metrical of intonation (Pierrehumbert, 1980; Ladd, 1996) there exists an
Accentual Phrase (AP) in French, which is the domain of primary stress (Jun and Fougeron
2000, 2002) and which is hierarchically higher than the prosodic word. Specifically, this unit
is characterized by an obligatory final accentual rise (LH*), an optional initial rise (LHi). AP
and PP boundaries do not need to overlap (as in Fig. 1, right panel) since AP boundaries
strictly depend on the number of final rises (LH*).
Tonal cues and other phonetic/phonological properties of the auditory stimuli do
appear to have an impact on lexical access in French (cf. Spinelli et al., 2007), though this is
still a quite understudied area. We specifically predicted that: 1. the target sequence would
yield ambiguity only within (see Fig. 1, left) and not across (see Fig. 1, right) an AP domain;
2. lexical access of the target word (e.g., pins) would be faster if immediately adjacent to an
AP boundary.
3- [des pins somptueux] ‘‘pinsons’’

4- [des pins somptueux] ‘‘pinsons’’

(‘‘the somptuous pine trees’’ ‘‘finches’’)

(‘‘the somptuous pine trees’’ ‘‘finches’’)

Fig. 1 F0 curve for the target sequence des pins somptueux excised from two utterances of the sentence Je crois
que Marie t’a parlé des pins somptueux de cette forêt “I think that Mary told you about the sumptuous pine trees
of this forest”, produced with either 1 AP (left) or 2 APs (right).

24 pairs of sentences were presented to 40 French listeners in two cross modal wordmonitoring tasks. While Experiment I was simply meant to replicate the findings of Cristophe
et al.’s study concerning temporary ambiguity and PP boundary effect, in Experiment II we
manipulated the presence or absence of an AP boundary, within a PP.
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Different from Cristophe et al.'s study, when looking at absolute reaction time data
from target word onset, neither local ambiguity nor the presence of a prosodic boundary
significantly affected the results in both experiments. However, given the target acoustic
duration differences, subjects responses were relatively faster in the boundary conditions,
irrelevant of ambiguity, since a conspicuous number or responses was obtained before or right
at target word offset. This is in line with Cristophe et al.'s main findings suggesting that
prosodic structure might influence lexical activation online. Crucially, AP boundaries appear
to behave similarly to PP boundaries in speeding up lexical activation, independent of the
presence of a syntactic constituent boundary. This suggests that tonal cues to prosody need to
be controlled separately from syntactic structure to assess the role of phrasing in lexical
access strategies and supports the hypothesis of an active role of fine phonetic detail in
candidate activation mediated by rich lexical representations.
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Effects of Pitch Accents on Memory in Language Comprehension
Scott H. Fraundorf (sfraund2@uiuc.edu), Duane G. Watson, and Aaron S. Benjamin
University of Illinois at Urbana-Champaign
The present study investigates whether prosodic stress affects memory in language
comprehension. In speech, prosodic stress frequently indicates linguistic focus (see Ladd, 1996). Prior
work using other manipulations of focus has suggested that elements receiving focus are encoded and
represented with greater semantic specificity (e.g., Birch & Garnsey, 1995; Kamas et al., 1996; Sanford
et al., 2006). However, most of these experiments investigated only reading and none examined
subsequent memory; thus, the present study examined effects of focus on memory in spoken language
and at a delay.
We manipulated the location of contrastive stress (or L+H* in ToBI) in recorded stories
containing two contrast sets. For instance, the context passage below suggests two contrasts: one
between the reporter and photographer, and one between the fire and robbery. The continuations in
(1a) and (1b) refer to one member of each of the two sets. In the critical conditions, one of the
referents was produced with contrastive stress and the other was produced with presentational stress
(H* in ToBI). Filler stories, like (1c), also contained two contrast sets but were produced with only
presentational stress. (Capitalization indicates contrastive stress.)
(Context) The newspaper didn't have the resources to cover both the fire and the robbery, so the editor
assigned the paper's best reporter and photographer to focus on one of the two stories. This turned out
to be a good decision, because...
(1a) ...the REPORTER'S work on the fire story was later nominated for an award.
(1b) ...the reporter's work on the FIRE story was later nominated for an award.
(1c–Filler) ...the reporter's work on the fire story was later nominated for an award.
Participants listened to 24 critical stories like (1a) and (1b) and 26 intermixed filler stories like
(1c). After listening to all 50 stories, participants completed a two-alternative forced-choice
recognition test for the two critical referents in each story. Within the critical stories, referents
receiving contrastive stress were recognized significantly better than referents receiving presentational
stress, F1 (1,13) = 14.75, p < .01; F2(1,23) = 26.83, p < .001.
To examine the effects of contrastive stress relative to a baseline, post-hoc analyses compared
memory for referents in the critical stories to memory for referents in the filler stories, which contained
no contrastive stress. Referents receiving contrastive stress were recognized better than referents in the
filler stories, t1(13) = -3.77, p < .01, but recognition for critical referents receiving presentational stress
was poorer than when neither referent received contrastive stress, t1(13) = 2.29, p < .05. This implies
that contrastive stress improved memory for the focused referent but impaired memory for the other
referent. Supporting this interpretation, overall recognition did not significantly differ between filler
and critical items, t1(13) = -0.45, p > .10, suggesting that participants devoted the same resources to
each story type but directed those resources differently within the stories.
These findings suggest that stress and linguistic focus play an attentional role in speech
comprehension. Focus may direct attention to a particular piece of the linguistic input, facilitating
encoding and recognition for that element but decreasing memory for other elements.
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Prosodic disambiguation of German case ambiguity
Anja Gollrad & Esther Sommerfeld
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agollrad@gmail.com
Syntactically am biguous sentences can be made explicit by phonetic means such as
intonation (Lehiste, 1973). Yet, syntactic and prosodic structure is not consistently isomorphic.
Therefore it is not always clear whether speakers and listeners make use of prosodic
information to distinguish between different readings of syntactically ambiguous structures.
Evidence suggests that this is in fact the case for major syntactic breaks as in subject-objectambiguities in sentences like The workers considered the last offer from the management of
the factory / was a real insult (Marslen-Wilson et al., 1992). We conducted two experiments to
investigate (i) whether such disambiguation strategies will be observable for German
structures with minor syntactic breaks (i.e. ambiguous genitive- and dative-NPs) and if so (ii)
whether these prosodic cues are used in comprehension to distinguish between equally
plausible alternatives.
In a production experiment, we examined speakers’ use of prosody to disambiguate syntactic
structure. The critical sentences (1) are locally ambiguous with respect to the NP1-NP2
complex. In (1a) NP2 is a genitive attribute modifying NP1. In (1b) NP2 represents a dative
object. Sentences are disambiguated on encountering the verb. To test speakers’ ability to
disambiguate the sentences prior to the verb, we calculated maximum F0, minimum F0 and
duration of NP1 up to NP3. Additionally, pause duration between NP1 and NP2 in both
conditions was measured.
Eighteen female native speakers of German participated in the experiment. The critical
sentences (interspersed with fillers) were presented as question-answer-pairs on the computer
screen. Participants were asked to produce the sentence as response to the question.
The results of the production study show that speakers distinguish the ambiguous NP1-NP2
complex prosodically. NP1 in the dative construction (1b) is realized with a significantly higher
F0-excursion, its prefinal syllable and the pause immediately following it are significantly
lengthened compared to NP1 in the genitive condition (1a). Pitch excursion and durational
differences indicate that speakers successfully produce a different intonational phrasing: In
(1a) the NP1-NP2 complex is realized as an Intonational Phrase (IPh) (Selkirk, 1984) on its
own while in (1b) an IPh boundary separates NP1 from NP2.
For the perception experiment 20 sentences of each case condition were recorded by a
trained speaker incorporating the prevalent intonational patterns. These sentences were taken
to test the extent to which listeners use the information in auditorily parsed sentence fragments
to predict upcoming entities. In a forced choice task stimulus sentences were presented up to
NP3 and participants completed the fragments by choosing the better fitting of two possible
continuations in a questionnaire. The results show that listeners select the correct sentence
continuation significantly more often, confirming the actual use of prosodic cues to identify the
intended syntactic structure.
Both, production and comprehension data suggest that prosody has the potential to
disambiguate syntactic structure early on in sentence processing. Thus, phonological and
intonational cues are used in combination to mark syntactic structure in German case
ambiguities even if the differences in syntactic structure are more subtle than differences
between direct object and clause complement continuations.
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Examples
(1) a. genitive:
Neulich hat [der BruderNP1
der BäuerinNP2]
ein Haus NP3 entdeckt,
das zerfallen war.
Recently has the brother-Nom the farmer-Gen/Dat a house-Acc discover-Perf.3sg.m that decaying was
“Recently, the brother of the farmer discovered a house that was decaying.”
b. dative:
Neulich hat [der BruderNP1] [der BäuerinNP2]
ein Haus NP3 vererbt,
das zerfallen war.
Recently has the brother-Nom the farmer-Gen/Dat a house-Acc leave -Perf.3sg.m that decaying was.
“Recently, the brother left the farmer a house that was decaying.”
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Pitch Accent Use in Appalachian English
Rebecca Greene, Stanford University
Researchers have been studying variation in the pronunciation of consonants and vowels
for decades, but until recently they have given little attention to variation in prosody. Most work
on intonational variation to date has focused on British English (Fletcher, et al. 2004, Grabe and
Post 2002) and Australian and New Zealand English (Fletcher et al. 2004). When Beckman and
Ayers (1997) developed the MAE ToBI (Mainstream American English Tones and Break Indices)
system for analyzing intonation and phrasing, linguists gained a powerful tool for exploring this
aspect of variation in American English. This study, focusing on conversational speech, attempts
to use ToBI to capture differences between three varieties of American English, Appalachian
English (AE), Southern American English (SAE), and MAE. AE is spoken in the central part of
the Appalachian mountain region, including my home region of Elliott County, Kentucky, where
I conducted this field research. It is closely related to (SAE). There is currently little work on AE
or its relationship with SAE.
I used the ToBI system to analyze conversational speech of eight speakers of Appalachian
English, and compare it to the intonation of five MAE speakers and four Southern American
English speakers. The AE data come from interviews I conducted with residents of Elliott
County, Kentucky, and the SAE and MAE data come from the Switchboard corpus of
conversational data. ToBI was not necessarily the obvious choice, because it was not developed
or tested for use with nonstandard American English, and also, another system, IViE, exists,
created for looking at variation in intonation in the British Isles (Grabe, et al. 2001). I explored
the possibility that the ToBI labels are not suited for the description of AE and SAE, but I found
that ToBI was in fact useful for both nonstandard varieties, at least to the extent that the pitch
accents in the varieties seem to be realized phonetically in a similar way. However, pragmatic
considerations do need to be addressed. ToBI describes intonation in terms of pitch accents,
phrase accents, and boundary tones, which are seen as phonological units with certain pragmatic
functions, part of the grammar of a language variety. In AE, speakers use more L+H* and L*
pitch accents in standard declarative utterances where MAE and SAE speakers typically use H*.
This suggests that AE speakers are not using those accents for the same pragmatic functions that
speakers of SAE and MAE are. Overall, this research explores a new type of meta-variable,
specifically, greater or lesser regimentation of pitch accent choice across different varieties,
demonstrating that AE is less regimented than MAE and SAE.
Most researchers of intonation have used experimentally elicited speech as the basis for
their conclusions. This is understandable, since most of that work has examined how English
intonation changes under different contexts such as focus and emphasis. However, I used
spontaneous, conversational speech for my data. This was a theoretical move, based on the
common sociolinguistics finding that people use more “standard” speech features in more formal
situations like reading (Schilling-Estes 2002). If the goal is to describe variation among
American English dialects, one should look at the speech context where that variation should be
greatest. The theoretical advantages discussed above and the relatively new availability of
conversational data through corpora makes it an exciting line of research. However, researchers
must take into consideration accent alignment differences and certain misleading effects of
microprosody associated with voiceless obstruents, which cannot be avoided in spontaneous
speech.
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This research bridges the gap between sociophonetics and language ideology, because I
suggest intonation is one way in which Americans distinguish perceptually and ideologically
between SAE and AE. Americans have difficulty discerning AE from SAE (Greene 2002). Both
varieties use monophthongal /ai/ (Greene 2002), participate in the Southern Vowel Shift
(Fridland 2003,), and use “broken” vowels (Wells 1982). Both varieties are the butt of jokes that
portray speakers as dumb or unsophisticated in popular American culture (Greene 2002). A
speaker of AE myself, I am never asked if I am from the “Appalachian” area, but rather, where in
the South I am from. However, people generally identify me as sounding “really Southern,” from
the “Deep South,” or Texas. These areas appear to be the ideological heart of the South for
Americans. AE, though observably different from the varieties spoken in the Deep South or
Texas, appears to carry the stereotypes associated with the South but in an amplified way. In
particular, it most strongly carries the negative “country” or “hick” stereotypes of Southern
speech. It does not carry the prestigious, gentrified stereotypes that Americans often associate
with the old, moneyed plantation South (Greene 2002). This is likely due to the fact that the
central Appalachian area where AE is spoken is highly economically depressed. I suspect that
variation in intonation is one way in which Americans might be led to differ their impressions of
AE speakers from those of SAE speakers, despite the fact that they cannot accurately attribute a
geographic region to each variety. Perhaps because intonation is not the topic of explicit societal
discourse on American regional dialects, speakers are less aware of the geographic distribution of
intonational features. Further, I have observed a ‘standardization’ of AE, as younger AE speakers
are using fewer of the traditional grammatical features described for AE, such as hit for it and
possessive –n (e.g. yourn). However, other, phonological types of AE features, like vowel quality
and intonation, seem more resistant to change, and are likely the main way today in which young
AE speakers recognize and signal solidarity with each other.
Overall, this study innovates the recently begun analysis of variation in American English
intonation, and advances our knowledge of AE, SAE, and their relationship. It also promotes the
use of conversational data in linguistic research.
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The Role of Prosody in Speech Parsing
Susan Hertz*†, Masayuki Gibson*†, Nina Glatthorn*, Patrick Hegde*, Harold Mills* and Isaac Spencer*
*NovaSpeech LLC, Ithaca, NY
www.novaspeech.com
†
Cornell University, Ithaca, NY
Just how listeners manage to make sense of the highly variable and complex speech signal has been a
major puzzle facing speech researchers. How can a continuous speech signal be parsed into discrete
linguistic units like phonemes and words even though the same acoustic sequence can often realize
different linguistic structures depending on its context? This presentation addresses this question,
demonstrating aspects of an iterative two-stage model of speech parsing in which listeners incrementally
derive phonological structure from a speech signal by identifying certain parsing anchors (stage 1) and by
interpreting the acoustic structure between successive pairs of anchors (stage 2). We focus on the role of
prosodic units within this model, demonstrating how the speech signal is interpreted with reference to
syllabic and phrasal context.
More specifically, we present evidence that, as the speech signal is received, the listener identifies certain
robust context-independent acoustic events, generally periods of relatively high-amplitude vocalic
resonances corresponding to stressed syllable nuclei, or long pauses corresponding to the ends of phrases.
At a certain point—the parsing anchor—within each of these events, listeners parse the interval—the
parsing interval—between that point and the preceding anchor, identifying phonological structure within
the interval. This phonological structure might include, for example, the syllable-initial consonants of the
current syllable, a preceding syllable boundary, and the syllable-final consonants and/or nucleus of the
preceding syllable.
We show that in deriving phonological structure within a parsing interval (PI), listeners are sensitive to
the phone-and-transition structure (in the sense of Hertz 1991) in the PI, as well to the perceptually
important properties of acoustically distinct intervals (ADIs) in the PI. Examples of ADIs include (1) a
stretch of high-intensity, high-frequency noise corresponding to one or more [s] phones or an alveolar
stop burst, (2) a stretch of silence corresponding to one or more stop closures, and (3) a stretch of highintensity periodicity corresponding to one or more syllable nuclei. We focus on how phonemes and
syllable boundaries are inferred from the relationships of properties of both ADIs and phones and
transitions. In the case of ADIs, relevant properties include intensity, duration, and certain spectral
characteristics; in the case of phones and transitions, properties include duration and formant target
values.
We present examples of how acoustically similar but phonologically different sequences are distinguished
using prosodic information. One such example is shown in Figure 1 below, which contains spectrograms
of the utterances Say bead to me and Say beat produced by the same speaker of American English at
similar rates of speech. ADIs and parsing anchors relevant to the example are shown. Using prosodic
information obtained at the parsing anchors—in particular, the fact that 1a is in a phrase-medial context
and 2a in a phrase-final one—listeners perceive ADI 1a as a relatively long /i/ nucleus, while they
perceive the acoustically similar ADI 2a as a relatively short /i/ nucleus (the perceptual difference helping
to cue the distinction in voicing of the post-vocalic consonant in both cases). Similarly, ADIs 1b-d (the
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long silence, burst, and aspiration, respectively) are interpreted as two phonemes /d/ and /t/ with an
intervening syllable boundary, while ADIs 2b-d (the short silence, burst, and aspiration, respectively) are
interpreted as a single syllable-final /t/. The influence of prosodic context on parsing becomes evident
when utterance (1) is played up to the end of ADI 1d. In this case, listeners parse ADIs 1a-d in a phrasefinal context, thus perceiving ADI 1a as a relatively short /i/ and ADIs 1b-d as acoustically appropriate for
/t/. As a result, they hear the word beat rather than bead.
More generally, the model is supported by integrated results from more than thirty years of hands-on
work in phonetics and phonology, including multi-language speech synthesis by rule (Hertz 1991, Hertz
et al. 1999, Hertz 2006). It provides insights into both language-universal and language-specific timing
patterns, phonological tendencies across languages, language-specific phonological and phonetic patterns,
and the range of variation that can occur in the acoustic realization of a given linguistic structure in a
given language.
[This work was supported by NIH NIDCD Grant 5R44DC006761 awarded to NovaSpeech LLC. The
views are those of the authors and do not necessarily reflect the views of the NIDCD or NIH.]

(1) Say bead to me.
1b 1c 1d

1a

parsing anchor

(2) Say beat.
2a

2b 2c 2d

parsing anchor

Figure 1. ADIs 1a and 2a (the nucleus [i]) above are both about 155 ms long. ADI 1b
(the single closure for the consonants [dt]) is 140 ms long, while ADI 2b (the closure of
the consonant [t]) is 80 ms long. Only the parsing anchors relevant to this example are
shown; among others, there are parsing anchors early in ADIs 1a and 2a.
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Influence of rhythmic structure on syntactic ambiguity resolution in reading aloud
Gerrit Kentner, Universität Potsdam
gerrit@ling.uni-potsdam.de
Reading aloud necessitates not only the phonological encoding of words but also the on-line
construction of supra-lexical prosody in accordance with the syntactic analysis of the sentence
(Koriat et al. 2002). Phrasal or sentence prosody might involve reanalysis processes such as
stress shift to avoid stress clashes and to allow for an eurhythmic alternation of stressed and
unstressed syllables (Hayes 1995). The question addressed here is how readers deal with suboptimal rhythmic representations like stress clashes in the word string and how these affect
sentence processing during reading.
This is examined for German sentences like (1) that contain a local syntactic ambiguity in
writing but are unambiguous when spoken because of relevant prosodic cues. The ambiguity
concerns the word mehr: In 1a) and 1b), mehr is part of the negative adverbial nicht mehr and by
default unstressed. In 1c) and 1d), mehr is a comparative adverb which receives stress. Since
stress information is not encoded orthographically, the sentences are disambiguated in reading
only after the verb complex. The verb following mehr has either initial stress as in 1a) and 1c) or
medial stress as in 1b) and 1d). The verbs are otherwise matched for frequency, length and
argument structure requirements.
Bader (1996) suggests that readers prefer the negative adverbial reading of nicht mehr.
Assuming that prosodic processing has an influence on sentence processing during reading, this
preference might be modulated by the rhythmic environment. The comparative reading
(represented by stress on mehr) might be even less preferred if the following verb has initial
stress, since this would either induce a stress clash or it would require costly prosodic reanalysis
on the verb.
24 sentences in 4 conditions, interspersed with numerous fillers were allocated to 24
participants in a latin square design. Participants were to read each sentence fluently without
preparation as soon as it appeared on screen. That way, the prosody realised on mehr
represents the current reading chosen by the speaker, irrespective of its suitability to the
disambiguating material. Readers were discouraged from interrupting or correcting themselves
even in case the prosody chosen did not fit the appropriate reading.
The realisation of stress on mehr was judged for each sentence. The results show that
readers favour leaving mehr unstressed, corroborating the preference for the negative adverbial
reading. Importantly, the rhythmic effect is also borne out: Readers choose the comparative
reading with stress on mehr significantly less often if the verb following mehr has initial stress,
confirming the prediction that the stress pattern of the verb contributes to syntactic ambiguity
resolution during reading aloud. This strongly supports the hypothesis that prosodic processing
during reading influences parsing decisions.
Given that prosodic representations are routinely activated in silent reading as well (Ashby &
Martin 2007), it will be worth investigating the impact of rhythmic structure in silent reading.
Processing patterns like those found in the present experiment would back the idea that implicit
prosody may influence syntactic ambiguity resolution (Fodor 2002).
(1)
a) ..., dass man nicht mehr anbieten sollte, die Hausaufgaben zu erledigen.
... that one should not offer any more, to do the homework.
b) ..., dass man nicht mehr versprechen sollte, die Hausaufgaben zu erledigen.
... that one should not promise any more, to do the homework.
c) ..., dass man nicht mehr anbieten sollte, als das Erledigen der Hausaufgaben.
.... that one should not offer more than the completion of the homework.
d) ..., dass man nicht mehr versprechen sollte, als das Erledigen der Hausaufgaben.
.... that one should not promise more than the completion of the homework.
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Jelena Krivokapić
Linguistics Department, Yale University
Phrase length and prosodic complexity effects on pause duration
A study examining the effects of prosodic structure and phrase length on pause duration
is presented. The larger motivation of the study is to advance our understanding of how
speakers plan and produce speech. Studies on the effects of syntactic structure on pause
duration have found that more complex structure leads to longer pauses, leading
investigators to the conclusion that longer pauses indicate the time speakers need to plan
the more complex structure of the upcoming phrase (e.g., Ferreira 1991, Strangert 1997).
While many studies have examined the effects of syntactic structure on pause duration,
the effects of prosodic structure have not been investigated thoroughly (but see e.g.,
Ferreira 1993, Krivokapić 2007). In our study, the effect of prosodically complex
phrases (as compared to simpler phrases) on pause duration is examined, where complex
and simple refer to whether an utterance branches into two intonation phrases (IP) or not.
We are specifically interested in how far ahead speakers plan an utterance and in how
phrase length, pre-boundary phrasal complexity and post-boundary phrasal complexity
interact in their effects on pause duration.
Subjects read sentences that varied in two ways. First, each sentence included a
boundary bounded either by long IPs both before and after it, medium IPs before and
after, or short IPs before and after it. Second, the prosodic complexity of the phrase on
each side of the boundary, i.e. before and after the boundary, was varied as to whether it
was a prosodically complex (branching) IP or a prosodically simple (non-branching) IP.
To minimize variability due to speech rate and individual differences the synchronous
speech paradigm was employed (see Cummins 2002, 2003, Zvonik & Cummins 2002).
14 speakers (7 dyads) read the sentences. The production of the targeted prosodic
structures was verified using ToBI conventions for prosodic transcription (Beckman &
Elam 1997). We measure pause duration at the boundary. The results show an effect of
both phrase length and complexity. Phrase length shows a graded effect, such that longer
surrounding phrases lead to longer pauses than medium long phrases, which in turn lead
to longer pauses than short phrases. More complex prosodic structure leads to longer
pauses, both pre- and post-boundary. In addition to these effects, we find that symmetry
in prosodic structure has an effect on pause duration (where by symmetrical structure we
understand those sentences where pre- and post-boundary phrases are both prosodically
complex or both prosodically simple), such that symmetrical structure leads to shorter
pause duration.
We interpret our findings in terms of speech planning and production effects.
Specifically, longer and more complex phrases induce longer pauses as more
phonological length or more prosodic structure need to be processed by the speaker
compared to shorter or less complex phrases. We further suggest that prosodic symmetry
is related to rhythm in speech and that it facilitates the speech planning or production
process. Based on an examination of our results and results reported in the literature, we
discuss prosodic units in speech planning [Supported by NIH].
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Modeling cross-linguistic pitch-range effects for tonal implementation
Frank Kügler
Institute for Linguistics
University of Potsdam
f.kuegler@gmail.com
This paper is concerned with the scaling of pitch accents and corresponding abstract register
lines as a reference for the tonal makeup of intonation phrases. We will propose an OT
account to capture cross-linguistic differences in pitch range. It is well-known that
information structure affects the tonal structure of an intonation phrase. Focus tends to raise a
high tone of a pitch accent in languages like English or German (Eady & Cooper 1986; Féry
& Kügler, under revision), or to raise the tonal range in tone-languages like Mandarin Chinese
(Xu 1999). In addition, in intonation languages post-focal deaccentuation occurs. In other
languages focus appears to affect the pitch range of post-focal constituents by lowering it to
such an extent that pitch accents still can be realized (Hellmuth 2006 for Egyptian Arabic;
Patil et al., submitted, for Hindi).
Apart from information structural effects on the realization of tonal structures, languages also
differ prosodically with respect to other factors such as downstep or pitch accent distribution.
Downstep directly refers to the pitch register, and seems to be an unmarked default pattern in
German and Hindi, while other languages may not employ tonal assimilation to such an
extent. Comparing pitch accent distribution, under certain pragmatic conditions constituents
may or may not receive a pitch accent. In languages like German and Hindi, for instance, in
the unmarked case, i.e. in an all-new context, every prosodic domain receives a pitch accent.
In case of pragmatically marked structures, German employs deaccentuation, while Hindi still
realizes pitch accents, though in a compressed pitch range.
We propose a set of constraints (1) that may account for this kind of variation across
languages (2). The OT model of pitch range is based on experimental data from German and
Hindi elicited in production experiments that were designed to test the effect of focus on the
tonal realization. In addition we will discuss further languages within this possible set of
constraints to show the potential cross-linguistic perspective behind this proposal. For that we
rely on data published elsewhere that deal with the effects of focus, deaccentuation, pitch
accent realization and downstep.
(1)

Proposed constraints:
REALIZEPITCHACCENT: Realize a pitch accent on every minimal prosodic domain of
accent realization
DOWNSTEP: Realize a downstep pattern over the whole intonation phrase
COMPRESSGIVEN: Compress the pitch range on given constituents
(POSTFOC) – on post-focal given constituents
(PREFOC) – on pre-focal given constituents
RAISEFOCUS: Raise the register on focused constituents

(2)

Constraint hierarchies comparing Hindi and German:
a. HINDI (based on data from Patil et al., submitted):
REALIZEPITCHACCENT >> DOWNSTEP >> COMPRESSGIVEN(POST&PREFOC) >> RAISEFOCUS

b. GERMAN (based on data from Féry & Kügler, u. rev.):
COMPRESSGIVEN(POSTFOC) >> REALIZEPITCHACCENT >> COMPRESSGIVEN(PREFOC) >>
RAISEFOCUS >> DOWNSTEP
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Distributional Stress Regularity: A Corpus Study
David Temperley, Eastman School of Music
The regularity of stress patterns in a language depends on distributional stress regularity, which
arises from the pattern of stressed and unstressed syllables, and durational stress regularity,
which arises from the timing of syllables. While a number of empirical studies have explored
durational stress regularity—for example, studies of “stress-timed” versus “syllable-timed”
languages (Dauer, 1983)—distributional stress regularity has been subject to relatively little
quantitative investigation. Distributional stress regularity depends on three factors. Lexical stress
patterning refers to normal stress patterns within words; interlexical stress patterning refers to
patterns that arise from word combinations; and contextual stress patterning refers to deviations
from normal lexical stress patterns. All three of these kinds of patterning have been observed to
contribute to stress regularity in English. The role of lexical stress patterning in stress regularity
is seen, for example, in in cases of stress shift within stems as affixes are added, as in infést /
ínfestátion. The effect of interlexical stress patterning is seen in the fact that disyllabic nouns and
verbs tend to occur in different stress contexts which, in combination with their characteristic
internal stress patterns (nouns are mostly iambic while verbs are mostly trochaic), tend to favor
stress regularity (Kelly & Bock, 1988). Finally, contextual stress regularity is seen in well-known
phenomena of “stress clash avoidance,” in which normal stress patterns of words are altered to
enhance regularity, such as thírteen men (Hayes, 1995). Despite wide discussion of these three
factors, there has not yet been any quantitative study to determine how much each factor
contributes to stress regularity in English.
A corpus study was done to assess the effect of lexical, interlexical, and contextual stress
patterning on distributional stress regularity in conversational and formal spoken English.
Corpora of natural speech annotated with stress information were analyzed and manipulated to
isolate the effects of the various factors. Randomly rearranging the stressed and unstressed
syllables of each sentence and comparing this random pattern to the actual stress pattern of the
annotated text reveals the overall stress regularity of the original data—the effect of lexical,
interlexical, and contextual patterning in combination. Replacing the annotated stresses with
“citation-form” stress patterns—drawn from a phonetic dictionary—and randomly reordering the
words of each sentence reveals the degree of stress regularity that occurs due to lexical
patterning alone. Restoring the original word order, but retaining the citation-form stresses for
each word, reveals the effect of interlexical patterning. And comparing this to the original
annotated stress pattern reveals the effect of contextual patterning.
The results show that both lexical and interlexical patterning contribute significantly to
stress regularity in English; contextual stress patterning does not, and in fact significantly
reduces regularity in comparison to citation-form stress patterns.
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Department of German Language and Literature, School of Philosophy
National University of Athens
Tel: ++30-210-7277307
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Investigations on Prosodic Emphasis and Semantic Content of Word Categories for Speech
Technology Applications
In the present study we attempt to provide a differentiation between word categories
whose semantic content may be determined by prosodic emphasis and word categories in
which prosodic emphasis does not determine their semantic content. In the latter case, the
semantic interpretation of the entire phrase or sentence may be determined by the type of
element receiving prosodic emphasis, but the semantic content of the emphasized element
itself is not effected.
In Modern Greek, previous studies have demonstrated an observed relation between
prosodic information and the degree of precision and lack of ambiguity (Alexandris et al.,
2005). Specifically, it was observed that emphasis as an extra-linguistic marker enables the
distinction between indexical and vague temporal (Schilder & Habel, 2001) and spatial
expressions, without any reference to the context. In previous studies, the prosody-dependent
indexical versus vague interpretation of spatial expressions was accounted for in the form of
additional [± indexical] features located at the end-nodes of the spatial ontology, where the
level of the [± indexical] features may also be regarded as a boundary between the Semantic
Level and the Prosodic Level (Alexandris, 2007a).
From the data collected from recorded corpora and from user-tests and questionnaires, we
observe that in Modern Greek, the group of word categories whose semantic content may be
determined by prosodic emphasis (Category A) involves (1) spatial and temporal expressions,
(2) a sub-group of discourse particles identified as “politeness markers” (Alexandris and
Fotinea, 2004a) and (3) a subgroup of quantifiers and numericals. An additional second group
of word categories is identified, where prosodic emphasis may emphasize or intensify the
semantic content, but where presence or absence of prosodic emphasis does not determine the
type of semantic content (Category B). It is observed that this group involves (1) adjectives
expressing quality and (2) adverbs expressing mode. The rest of the word categories are not
effected by prosodic emphasis in respect to their semantic content (Category C). The presence
or absence of prosodic emphasis on these word categories effects the semantic interpretation
of the entire phrase or sentence in which they belong. For reasons of clarity, we name the
group of word categories in Category A “Prosodically Determined” words, the group of word
categories in Category B “Prosodically Sensitive” words and the rest of the word categories,
namely Category C “Prosodically Independent” words.
The behavior of all three word categories is observed during the prosodic modelling
of utterances recorded in a studio for the construction of the speech output produced by a
Conversational Agent in a dialog system for consumer complaints (CitizenShield
(“POLIAS”) system). The acceptable prosody to the target user-group, constituting the
general public, is modelled with the use of emphasis as prosodic marker, placed on the
appropriate elements of the utterance for achieving clarity and directness as well as usergroup oriented user-friendliness and sense of control to the user. Prosodic emphasis on the
word elements of Categories A and B is related to producing the correct semantics of the
words and achieving clarity and directness, while prosodic emphasis on the word elements of
Category C is related to achieving user-friendliness.
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Cognitive Effort Influences Acoustic Prominence: The Impact of Memory Resources
Jennifer E. Arnold (UNC Chapel Hill)
and
Zenzi M. Griffin (Georgia Institute of Technology)
For every word uttered, speakers must decide how acoustically prominent it
should be, as realized through features like duration, pitch, and intensity. This choice has
been linked to meaningful distinctions like whether the referent has been previously
mentioned or is salient in the preceding discourse (e.g., Bard & Aylett, 1999; Dahan et
al., 2002). Acoustic prominence can also indicate accent, which can signal the focus
structure of the utterance (e.g., Ladd, 1996).
An alternate view suggests that acoustic prominence is not entirely driven by
meaningful properties of the message, but rather is also influenced by speaker-internal
processing constraints. For example, speaker disfluency (which occurs when production
is effortful) co-occurs with longer durations on surrounding words (Bell et al., 2003).
However, disfluency itself is correlated with discourse properties that have been linked to
variation in acoustic prominence, like previous mention of the word (Arnold &
Tanenhaus, in press). This raises questions about whether acoustic prominence also
varies with nonlinguistic sources of cognitive effort.
We test this question by manipulating memory load (0, 2, or 3 digits to be
recalled), while speakers performed a referential production task. Speakers viewed a twopanel cartoon about either one (e.g., Mickey) or two characters (e.g., Mickey and Daisy).
They heard and repeated the first line of a story, and generated a second line based on the
second panel of the cartoon. The experiment was designed to test the speaker’s lexical
choices for referring to the main character (pronoun vs. name). As predicted, speakers
produced more pronouns in the no-load condition than under memory load.
Here we used Praat to examine those items where speakers used names to assess
the effect of memory load on word duration, as one measure of acoustic prominence. The
discourse context was controlled by limiting our analysis to the two-character condition
(where names were common). The results were normalized through a log transformation
and submitted to a mixed model with both subjects and items as random effects,
including the factors memory load (load vs. no load), speaker digit span; target word
(e.g., Mickey, Daisy), and length of utterance, as well as control variables (list, sequence
in experiment, block; order of the load conditions across blocks).
Results revealed a significant effect of load, where names tended to be shorter in
the no-load (325 msec) than load conditions (335 msec). We also found that durations
were longer in the context of longer utterances, where planning and production processes
are likely to be more effortful. These results join a growing set of findings that cognitive
effort affects acoustic prominence (see also Christodoulou & Arnold, 2007; Watson et al.,
in press). These findings raise questions about whether the acoustic prominence that
occurs in conditions of low referent accessibility or linguistic focus may be in part the
result of increased effort in these conditions, and emphasize the need to take effort into
account in the meaningful interpretation of acoustic prominence.
Arnold, J. E., & Tanenhaus, M. K. (in press). Disfluency effects in comprehension: How
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Previous studies suggest that both repeated mention and predictability can influence the
prominence with which a word is produced. Repeated words are less intelligible than non-repeated words
(Bard & Aylett,1999), and words that are less expected are produced with longer durations than expected
words (Gregory,2002).
In English, these two factors are difficult to separate because predictable words are also the ones
that are most repeated (Arnold,1998). The experiments presented here will examine whether repeated
mention and predictability are independent factors or two aspects of the same phenomena.
A scene description task was used to elicit responses containing a verb and a noun. On each trial
there were two objects and two actions that the speaker described. There were two types of trials. In the
repeated condition, the same object shrank and then flashed. In the non-repeated condition, one object
shrank and then the other object flashed. To control for lexical differences, the same noun was used in the
second event in both types of trials. There was a 96 trial training block followed by a 12 trial test block. In
Experiment 1, the training block presented repeated and non-repeated trials equally, testing the effects of
repeated mention in the absence of a predictability manipulation. In Experiment 2, the training block
established very low predictability of the repeated condition (6.25% of trials). This tests the effects of
repeated mention when it is not predictable (in contrast with its usual high predictability in natural
speech). If repeated mention, and not predictability, affects acoustic prominence, there should be no effect
of the predictability manipulation
Experiment 1 revealed an effect of repeated mention when there was no predictability
manipulation. In repeated-noun trials, speakers produced the first noun with marginally longer duration
(p=.065) and greater intensity (p<.01). In a comparison of second nouns in the repeated versus nonrepeated trials, repeated nouns were produced with shorter duration (p<0.01), and less intensity than nonrepeated nouns (p<0.05). These results confirm that repeated mention affects acoustic prominence.
Experiment 2 also found that repeated nouns were produced with reliably shorter durations
(p<0.01) and less intensity (p<0.01). However, verbs in the unexpected (repeated noun) condition were
produced with numerically longer durations than verbs produced in the expected (non-repeated noun)
condition, although this did not reach significance. Verbs in the unexpected condition were also produced
with more intensity, and this approached significance (p=0.07). The verb results suggest a weak effect of
predictability. This contrasts with Experiment 1, which contained no verb differences. This finding is
compatible with the linguistic literature, which has found that focus can project from a stressed head to
the entire constituent (e.g.Selkirk,1996). In this case, the verb is the head of the clause and may signal
predictability information about the entire sentence.
These experiments provide confirmation that repeated words are attenuated, even when they are
not more predictable within the current task. At the same time they suggest that predictability may
independently result in acoustic attenuation, suggesting that repetition and predictability have independent
influences on acoustic prominence.
Example:
Sentence Type 1: The axe is shrinking ... the axe is flashing.
Sentence Type 2: The penguin is shrinking ... the axe is flashing.
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For a given pitch contour in a given language, it is not clear what the differences
are between tone, accent and intonation, other than as they are phonologically or
functionally defined. Bolinger (1961, 1972), Beckman (1986) and others have
defined tone as paradigmatic, like stress, as a feature of the lexicon, and
intonation and accent as syntagmatic, having a functional or organizational role
in grouping and defining relationships among phrases in an utterance.
However, stress is also organizational and relational in character, as the basis of
rhythm and metric structure, and phonetic criteria alone will not distinguish tone
from accent or intonation. Yet these concepts are robust enough to be powerful
discriminating tools in language typology and phonological theory.
In this paper we will provide an analysis of the prosodic structure of Sherpa, a
Sino-Tibetan language spoken in the upper Khumbu Valley in Nepal from
acoustic recordings gathered in the field. While tonal contrasts in Sherpa have
been observed (Kent, 1970; Schöttelndreyer, 1971; Kelly, 2004), characterizing the
tonal patterns in Sherpa has been elusive, the prosodic system is known to be
confounded by the complex interaction of several factors including, stress, accent
and intonation with the linguistic structures. By far the clearest and most
succinct statement of the tonal system is Kelly’s (2004) “a word level contrast
between two falling tones, one which begins higher than the other, overlaid with a stress
system.”
Analyzing data from 4 speakers (3 male one female) reciting a short list of
isolated words and short conversational utterances, and working from tone
contours and a small set of lexical items, we found evidence for two contrastive
pitch contours showing a clear bimodal distribution pattern- even in a speaker
with a very narrow pitch range. Both contours were falling, one beginning
higher than the other, as Kelly noted. We also found evidence for canonical
intonational marking, a fall and a rise, which interacted with tonal patterns,
recovered from the short conversational recordings. Additionally, we found
evidence that both these patterns interact with a stress system at the structural
word level (words are primarily mono- and bi-syllabic). In effect we identify the
Sherpa system, not as a tone system, but as a stress and contrastive accent
language, with intonational system.
Stress and pitch accent hypothesis: Sherpa
Word stress «σ

*
Word accent «σ
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The suggested word typology:
mono-syllables

*
«σ

«σ

bi-syllables

*
«σ σ

«σ σ

*
σ «σ

σ «σ

Accent, like stress, is lexical; pitch (H) is assigned to accented syllables. Stress
and accent are independent properties (stress attracts accent) and, though lexical,
they act as organizational and relational features in utterances. We lay out data
and analysis and provide an explanation of how this information is recoverable
from the acoustic output as a basis for modeling.

H* on accented syllable

Figure 1a: Pitch contour of 6 utterances (three sentences) from one speaker (male) of
Sherpa (Sino-Tibetan) containing the syllable/lo/. The rise in the (blue) utterance is to
the contrastively accented word lo’ ‘cough’. (b) bimodal distribution pattern of pitch
accent types, H vs L falling (intonational) and medial (dashed- flat).
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Two types of listeners
Experiments on the perception of complex tones with a missing fundamental (F0) show
that listeners can be categorized into two groups, depending on what pitch they perceive
to be more salient: the virtual pitch (corresponding to F0) or the spectral pitch (the pitch
of a single spectral component). Laguitton et al (1998) found an effect of handedness in
that left-handers tended to select the virtual pitch judgments less frequently than righthanders. Schneider et al (2005) used MRI and MEG to look for a neural basis behind
these two types of pitch perception and found that virtual pitch listeners demonstrated a
leftward asymmetry in the lateral Heschl’s gyrus, while spectral pitch listeners possessed
the opposite asymmetry. So far, the bimodal distribution found among listeners has not
been linked to the perception of information in speech stimuli. In speech, information
about the emotions and attitudes of the speaker can be conveyed both by F0 modulation,
as well as by changes in the timbre. For example, F0 changes are typically associated
with the speech act status of an utterance (question, assertion) and with the epistemic
state of the speaker (certainty about the truth of the utterance), viz. Safarova (2006),
while timbre has been linked to speaker’s emotions, especially milder affective states
(e.g., tense voice and anger, breathy and creaky voice with boredom or sadness), viz.
Gobl & Ni Chasaide (2003). One could hypothesize that virtual pitch listeners would be
more sensitive to the information contained in the F0 variation, while spectral pitch
listeners would perceive changes in the spectrum as more salient.
One way of testing the pitch sensitivity in speech is to compare listeners’ judgments on
the presence of an emotion or attitude in a speech stimulus with their judgment on the
sine wave extracted from the same stimulus. We would expect that participants who are
virtual pitch listeners would be more consistent in their judgments of the speech-sine
wave pairs than participants who are spectral pitch listeners.
A pilot study with 20 Dutch native speakers (10 musical professionals and 10 nonprofessionals, with an equal distribution of gender) and 12 complex-tone stimuli (each
composed of two tones comprising two harmonics) showed a trend in the predicted
direction. Participants who were identified as spectral pitch listeners were less consistent
in their judgments on 16 speech-sine wave pairs (32 stimuli in total) than participants who
were virtual pitch listeners. An experiment with musical non-professionals is currently
under way, using both ambiguous and non-ambiguous complex-tone stimuli and 32
speech-sine wave pairs (64 stimuli). In a second study, we are testing the two groups of
listeners on differences in accent perception in an eye-tracking experiment modeled on
the experiment of van Hooijdonk et al (2007).
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Sentence prosody conveys important linguistic information about a speech act; for
instance, it helps to differentiate between declarative and interrogative constructions
(“linguistic prosody”). It also carries information about the inner state of a speaker
(“emotional prosody”). These different types of information need to be encoded rapidly
during sentence comprehension to ensure successful speech communication. Thus, the
question arises if the processing of linguistic and emotional prosody is a dichotomous
phenomenon, i.e., are the two functions of prosody independent or interdependent?
Systematic investigations of the comparative nature of these two functions are
still rare but recent functional imaging evidence points to the fact that the two functions
are subserved by shared and differentiating brain regions (e.g., Wildgruber et al., 2004).
However, less is known about the temporal resolution of these two prosodic functions.
The question at hand is whether the two prosodic functions run a similar time-course or
not. As such temporal dynamics cannot be directly deducted from brain activation, eventrelated potentials (ERPs) can provide critical insight into this issue. Hence, we
investigated the temporal dynamics of emotional and linguistic prosodic processing in an
ERP experiment applying a well-established cross-splicing approach (e.g., Astésano et
al., 2004; Kotz & Paulmann, 2007; Paulmann & Kotz, in press). Cross-splicing allows
violating prosodic expectancy (emotional or linguistic) in a temporally and acoustically
controlled manner. Previous studies applying this method have reported positive-going
ERP components when prosodic expectancy was violated. However, the latency of these
positivities differed as a function of linguistic and emotional prosody. While emotional
prosodic expectancy violations elicit a positive ERP component approx. 350 ms after the
splicing-point, linguistic prosodic expectancy violations elicit a positivity only 800 ms
after the splicing-point. The question arises whether emotional prosodic processing may
be prioritized due to the evolutionary significance of emotional stimuli (e.g., Vuilleumier,
2005). Alternatively, differences in previous results may result from experimental
differences such as differences in stimuli, speaker type, and language of investigation.
Therefore, we investigated the processing of both linguistic and emotional prosodic
expectancy violations in parallel. To this aim, a prosodically neutral head of a sentence
was cross-spliced to a second half of a sentence that differed in emotional or linguistic
prosody. Participants were asked to pay attention to emotional or linguistic prosody of the
sentences. As predicted, a positive-going ERP response was elicited by linguistic and
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emotional prosodic expectancy violations. However, the latency and the distribution of
the two components differed. While responses to emotional prosodic expectancy
violations were found 750 to 1100 ms after sentence onset at posterior electrode-sites, a
positivity in the linguistic prosody condition had a later onset (1000 to 1350 ms) and a
frontal distribution. These effects were found irrespective of task instruction. Given the
differences in latency and distribution, we conclude, in line with previous neuroimaging
evidence, that the processing of emotional and linguistic prosody relies at least partly on
differing neural mechanisms.
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In acoustic work on tonal alignment, tonal targets are often defined as visible f0
minima and maxima within the f0 contour. However, such targets might be difficult to detect
either because they are masked by segmental perturbations or because they are not realized as
sharp f0 turning points (ie, in plateau configurations). Automatic procedures of f0 modelling,
both non-linear such as MOMEL (Hirst&Espesser, 1993; Hirst et al., 2000) or linear such as
the least-square fitting (LSF) algorithm (D’Imperio, 2000, inter alia) have been recently
employed in order to extract tonal target information in a more objective and consistent way
than human labelling.
In this work, we question the validity of some specific automatic algorithms for tonal
target localization by concentrating on data from Neapolitan Italian. In Neapolitan, intonation
has a pragmatic value, so that LH nuclear rises are later in questions (L*+H) than in
statements (L+H*). We first hypothesized that when a consonantal perturbation is present in
the region for the L, LSF is more prone to error than MOMEL, since it is more sensitive to
microprosodic variability. Moreover, when tonal targets are not realized as well-defined f0
peaks or valleys, the use of non-linear techniques (such as the logistic regression) might help
to shed light on the phonological representation of the f0 contour.
A corpus of read speech was collected, in which paroxytones proper names contrasting
for consonantal identity of the accented syllable onset (Nina vs. Rina vs. Dina) were
embedded in the carrier sentence: “La mamma vuole vedere la X (The mother wants to see
(the) X)”. The sentences were read by three Neapolitan speakers as either yes/no questions or
narrow focus statements, with a nuclear accent on the target word and a prenuclear (L)H* on
La mamma.
For both MOMEL and LSF, the automatic location of the L nuclear target was
independent of the identity of the onset consonant of the target word. However, when the LSF
was fitted through the region from the onset of the host prosodic word to the H nuclear target
(Petrone&Ladd, 2007), this resulted in a better fitting of the f0 curve than MOMEL.
An additional issue concerns a subtle difference in the slope and shape of the f0 region
immediately following the prenuclear accent, which is noticeable between statements and
questions. Specifically, while in questions the f0 assumes a concave shape at the boundary
between the first ([la⎆mamma]) and the second ([⎆vuole]) prosodic word (see Fig. 1, left), in
statements the f0 falls linearly from the prenuclear H peak to the region around the end of the
host prosodic word (Fig. 1, right).

Figure 1: F0 contour of a yes/no question (left) and late narrow focus statement (right) for the utterance La
mamma vuole vedere la Bina “The mother wants to see (the) Bina”. The dotted line marks the end of the first
prosodic word. The region following the prenuclear rise is indicated by the black arrow.
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Results from both logistic and linear piecewise regression modelling suggest the
presence of a tonal target marking the end of the prosodic word, which would be differently
specified in statements (LA) and questions (HA). This tonal difference might enhance the
phonological contrast, hence improving identification of questions vs. statements, for which
no morphosyntactic differences are generally exploited and whose main cue is the different
alignment of the nuclear accent.
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Alternative questions (AltQs) differ prosodically from identically-worded yes-no
questions (YnQs). An AltQ is canonically pronounced as in (1), with a rise (L*H-H%)
before or and a fall (H*L-L%) on the final disjunct, while the corresponding YnQ is as in
(2), with no intonational break before or and a rise at the end. Recent work on AltQs
claims the primary disambiguating prosodic feature to be the presence of Focus-reflex
pitch accents on the disjuncts of AltQs and corresponding lack thereof in YnQs (Beck &
Kim 2006, Han & Romero 2004, a.o.). These authors appeal to Focus semantics to
account for the unique meaning of AltQs, predicting such questions will be interpreted as
AltQs if and only if they are uttered with pitch accents on both disjuncts. An alternative
hypothesis is that AltQs are best analyzed as disjunctive lists, with no constructionspecific Focus requirements (Rooth 1992) and an alternative semantics for or (AlonsoOvalle 2006). Under this account, the final fall, which signals that the list of alternatives
is exhaustive (Zimmermann 2000), is what is required for an AltQ interpretation. A
perception study was conducted to evaluate these two theories.
Paraphrase choices, corresponding to an AltQ and a YnQ, were elicited from 37
participants in response to an auditory presentation of 24 disjunctive questions with four
prosodic contours: the originals in (1) and (2), and two digitally modified contours,
shown in (3) and (4). (3) was created by removing the final word from an AltQ
pronunciation and substituting the final word from its YnQ counterpart, while (4) was
created similarly by the reverse process. Contour (3) had pitch accents on both disjuncts
and a final rise (L*H-H%), while (4) lacked a pitch accent on the initial disjunct and
ended with a fall (H*L-L%). Thus, while the theories agree on how (1) and (2) should be
interpreted, their predictions for (3) and (4) diverge.
Results show that the original contours (1) and (2) are interpreted as both theories predict,
while for the modified contours (3) and (4) the final pitch movement was the critical
factor in participants’ paraphrase choices, as measured by a binary logistic regression.
Although the presence of L*H-H% on the first disjunct modestly increased the likelihood
of an AltQ paraphrase, Exp(β)=2.75, p=0.001, a final pitch fall had the greatest effect on
this likelihood, Exp(β)=67.39, p<0.001.
These findings support the view that the final fall in AltQs is the prosodic feature sine
qua non, while Focus on each disjunct is neither necessary for an AltQ interpretation
(based on (4)) nor sufficient to force this reading (based on (3)). The results are consistent
with an account that extends to AltQs Zimmermann’s (2000) claim that a final fall signals
list “closure.” The fall is not optional in AltQs because conveying exhaustivity is what
triggers the presupposition that at least one of the choices is true or appropriate, and
without this presupposition an AltQ is simply not an AltQ. More generally, the finding
that Focus is not what sets AltQs apart from YnQs should revive interest in this question
type and lead to novel explanations for its peculiarities.
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(1)
(2)
(3)
(4)

Does Sally singL*H-H% or danceH*L-L%?
Does Sally sing or danceL*H-H%?
Does Sally singL*H-H% or danceL*H-H%?
Does Sally sing or dance H*L-L%?

92% AltQ paraphrases
11%
16%
82%
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Sources of interlanguage prosody

Although prosody is a rapidly growing field of reserach interest, investigations of second language intonation are still underrepresented. The main aim of this contribution is
the discussion of the nature of the source of the specific interlanguage prosodic pattern.
The dominant explanation of the specific L2 performances are interferences (e.g. Mennen, 2004; Willems, 1982), culminating in Gårding’s (1981) impression that ”transfer
was almost total”. This point of view is challenged by a number of phenomena that
had to remain ”unexplained” in many studies, and also by recent research on perception: Gussenhoven and Chen, 2000, e.g. found that subjects had consistent intuitions
about the functions of certain patterns in an unknown language, independently of their
function/existence in their native language. A possible source of these intuitions are the
Biological Codes (Gussenhoven, 2004).
Three experiments were conducted. Dialogues that elicited corrective contrast on three
different positions in short declarative sentences followed by identical echo-questions were
recorded. Targets spoken by proficient German native learners of English were compared
to identical materials spoken by English native speakers and very similar sentences in
German spoken by a German native speakers.
The control groups confirmed the predictions: Original English shows a relatively high
proportion of finally falling or low tones for questions, but an overall higher pitch register
than for declarative sentences. Contrasted syllables are significantly longer, have higher
F0 and intensity than unfocused in declaratives. Logistic regression reveals that at two of
three positions, duration and intensity are sufficient predictors. No systematic correlate of
contrast in questions is found. German questions have the same register as declaratives,
but almost always ended high or rising. Contrast is accompanied by longer duration and
higher pitch, but no effect of intensity - which is confirmed by logistic regression. Again,
there are no systematic prosodic modulation for contrast in questions.
German English patterns systematically show finally rising/high questions, with higher
F0 from the middle on. To encode contrast in statements, pitch related parameters AND
intensity, as well as duration show significantly higher values. Logistic regression proves
the necessity of all three acoustic dimensions. Also, contrast induced significant effects in
questions.
Most of the L2 prosody patterns can be accounted for by interferences from L1, like the
rising questions, or the strong correlates of pitch for contrast while adding the learned
1
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augmentation of intensity: rather clearly, the L2 speakers use the superset (cf. Archibald,
1998) of the investigated native and the target languages. Yet, e.g. the acoustic correlates of contrast in questions cannot be accounted for by transfer or learning. Instead,
they may reveal an ”emergence of the unmarked” (cf. Broselow et al., 1998), or - more
concrete - a recourse to psycho-physiological Biological Codes in L2, which may explain
all phenomena found.
Although one has to remain careful with claims about the validity of the Biological Codes,
”unexplained” data should be checked therefore, and future experiments shall test whether
there is a ”Basic Variety” (cf. Klein and Perdue, 1997) for L2 prosody production based
thereon.
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The present study deals with the effects of information status (i.e. various instantiations of
the concept of givenness) on phonological as well as phonetic parameters of prosody. The
significance of our findings lies in the fact that information status not only influences the choice
of phonological categories of pitch accents but also the fine acoustic detail of intonation within
these categories.
A German radio news speech data base of approx. 1h of speech (Rapp, 1998) has been
annotated with respect to prosody and information status. For the annotation of prosody
the GToBI(S) system (Mayer, 1995) was used. For the annotation of information status
we used the new scheme of Riester (2008), the main claim of which is that information
status categories reflect the default contexts (Kamp, ms) in which presuppositions are resolved
(discourse context – d-given, encyclopedic context – generally accessible, environment context
– situative). For definite descriptions that are unresolvable (and, hence, get accommodated)
a new category is introduced: accessible via description. Our annotations are kept ambiguous
in order to do justice to our hypothesis that texts usually are informationally underspecified.
Furthermore, we used a parametric intonation model (Möhler, 1998) to determine intonation parameters that correspond to the actual shape of the F0 contour for each accent.
The parameters reflect e.g. accent steepness, accent range and temporal alignment of the
accent’s peak. We computed the parameters for the most frequent accent in the corpus, L∗H
(n = 935).
Our results are the following:
1. Information status significantly influences the choice of pitch accent type
(p  0.01).
The main findings here are that novelty is predominantly marked by a falling H∗L
accent, d-givenness on the other hand prefers the rising accent (L∗H). Both, general
accessibility and the category situative are reflected by a dominance of L∗H accents
while the newly introduced category accessible via description is predominantly realised
with falling accent or unaccented, respectively.
2. Within the phonological category L∗H, information status significantly influences the actual shape of the accent’s contour (p < 0.05).
In those cases where new information receives an L∗H accent it is marked acoustically
in two ways. First, the accent range is significantly smaller. Second, the peak is significantly earlier. With respect to the former, the influence of general accessibility on L∗H
is reversed: the accent is realised with a greater range. For synonymy (a subcategory
of d-given) the accent’s rise was less steep than in other information status categories.
We will offer possible explanations for the first two findings. The reason for the third
one remains unclear.
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3. The category accessible via description displays its own characteristic accent
preference.
This concept was not recognised in earlier information status taxonomies and was instead mostly treated under general accessiblity. However, while the latter is predominantly realised with a rising pitch accent, accessible via description, representing to-beaccommodated definites such as in (1), shows a preference for falling accents or deaccentuation, respectively. This finding therefore corroborates the particular assumptions
made in Riester (2008).

Example
(1)

In [the Bosnian Muslim enclave Bihac]acc−desc [the fights between Serbs and government troops]acc−desc went on.
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Cues to the perception of prosodic breaks in Brazilian Portuguese
Carolina Serra* & Sónia Frota^
*Universidade Federal do Rio de Janeiro; ^Universidade de Lisboa
carolinaserra@letras.ufrj.br; sonia.frota@mail.telepac.pt
This paper focus on prosodic phrasing in Brazilian Portuguese (BP) with three related
goals: (1) to capture the relation between prosodic breaks as established by prosodic hierarchy
theory (e.g. Nespor & Vogel 1986; for Portuguese, Frota, 2000; Tenani, 2002) and perceived
prosodic boundaries in read and spontaneous speech; (2) to describe the phonetics and
phonology of intonational breaks, namely the inventory of tones and the way they are realized
(Ladd, 1996); (3) to assess the most prominent cues to the perception of prosodic breaks for
each speech style.
It is known that the location of prosodic boundaries is somehow related to the location
of syntactic boundaries. Prosodic hierarchy theory captures this relation via syntax-phonology
mapping principles which, combined with phonology-proper constraints, predict the
preference patterns of prosodic phrasing in production and comprehension (e.g. Selkirk, 2000;
Watson & Gibson, 2005; for Romance languages, Elordieta et al., 2005; Frota et al., 2007).
Previous descriptions of prosodic breaks within Romance (based on read isolated sentence
corpora and from a production viewpoint) show that the main boundary cues are a H
boundary tone and a F0 rise (Frota et al., 2007). With this study we aim to contribute to the
cross-linguistic knowledge about the placement and shape of prosodic boundaries, by
bringing BP data into the discussion and by looking at the relation between perception and
production.
Our corpus consists of 3 spontaneous and 3 read speech passages of about 2 minutes each.
Read passages (RS) result from the orthographic transcription of spontaneous speech (SS)
obtained in an interview setting. There is therefore a (nearly) perfect match between the
materials for the two styles. 11 subjects listened to the 6 passages and had to signal the
prosodic breaks they perceived in each passage. Passages were presented twice. Breaks
should be signaled on a piece of paper containing the orthographic transcription of each
passage, without any kind of punctuation marks. To assess consistency, listeners repeated the
task in 2 sessions, in different days (for each session the items were randomized differently).
The task was preceded by a training phase. Speakers and listeners were all university students,
born in Rio de Janeiro, aged between 22 and 38.
Preliminary results strongly indicate that prosodic breaks are mainly perceived at
intonational phrase (IP) boundaries, irrespective of speech style (SS 92%; RS 99%).
However, for RS 60% of the IP-boundaries established on the basis of prosodic hierarchy
theory were perceived as breaks, whereas for SS only 40% of these were so perceived. These
results suggest a difference in prosodic phrasing across speech styles, regardless of syntax.
The main cue to the perception of a break is the presence of a pause, for both styles (90%).
The nuclear contour of declaratives in Portuguese (H+L* L%) characterizes 65% and 40% of
perceived breaks respectively in RS and SS (Fig.1); against previous results, the main
boundary tone is L%, especially in RS (RS 85%; SS 56%). Although similar intonational cues
are being used, their relative frequency seems to set speech styles apart.
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Figure 1 – IP (perceived break)

Lul 1:

aí agora tô trabalhando
So now I’m working
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Effects of stress and coherence on pronoun interpretation
Erin Tavano (tavano@usc.edu) and Elsi Kaiser, University of Southern California
At least two accounts for the interpretation of object pronouns in parallel structures (ex.(1)) have
been suggested. Comprehenders using a parallel-function strategy ([4],[5]) most readily
interpret object pronouns as entities that were previously objects. Stress on the pronoun is
claimed to reverse this pattern, creating a subject preference [6]. Alternatively, comprehenders
may attend to the relationship between the clauses: If two clauses stand in a parallel relation
(ex.2a), the object pronoun prefers the preceding object, but in a cause-effect relation (ex.2b), the
pronoun prefers the preceding subject (see[7]). [2] suggests that stress may reverse this, such that
stressed pronouns may prefer subjects in parallel situations, and objects in cause-effect
situations.
To investigate how stress interacts with coherence during real-time processing, we used visualworld eye-tracking to investigate the interpretation of object pronouns. We manipulated (i)
COHERENCE by using clause connectives "similarly" and "as a result" (parallel/cause-effect,
adapting [7]) and (ii) STRESS (stressed/unstressed pronoun), using stimuli tested for stress
perceptability.
Participants (n=16) heard two-clause sequences (ex.(2)) while looking at pictures depicting the
sentence's characters. The task was to click on the last-mentioned entity. Eye-movements and
click choices were recorded. Existing work shows that eye-movements to objects are closely
time-locked to potential referents that listeners consider as language unfolds [1],[3].
PREDICTIONS--If pronoun interpretation is driven by the parallel-function strategy and stress
sensitivity, stressed pronouns should refer to the subject and unstressed pronouns to the object,
regardless of coherence relation. If discourse coherence, combined with stress sensitivity, is the
driving strategy, (i) in parallel conditions, unstressed pronouns should prefer the object and
stressed pronouns may prefer the subject; (ii) in cause-effect conditions, unstressed pronouns
should prefer the subject and stressed pronouns may prefer the object.
RESULTS--Click-choice data in the parallel-unstressed condition reveal a strong preference to
interpret the pronoun as referring to the preceding object (94%), rather than the subject (4%).
The parallel-stressed condition, in contrast, shows a slight preference for subject (59%) over
object (40%, n.s.) Cause-effect conditions reveal a subject preference (94%), regardless of stress.
Click choices could reflect prescriptive grammar judgments, but we find this pattern repeated in
eye-movements. In the parallel-unstressed condition, an object preference begins to emerge
400ms post-pronoun-onset, reaching significance at 800ms. In contrast, although the parallelstressed condition triggers an early object preference (400-600ms, p<.05), starting at 800ms we
see strong competition between the subject and the object. Both cause-effect conditions trigger
more looks to subject than object, significant by 400ms post-onset (p<.05).
CONCLUSIONS--The results show an effect of discourse coherence: the parallel conditions
differ from the cause-effect conditions, as predicted by the coherence view [2],[7]. However,
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although stress has an effect in the parallel conditions and leads to greater consideration of the
preceding subject, it does not trigger a full reversal of the referential preferences, or any reversal
in cause-effect conditions, which show an overall subject preference. Our results are thus
compatible with the view that reference resolution is influenced by multiple cues, and that stress
is a weaker cue than coherence relation.
(1) John hit Bill and Tom hit him.
(2a) Anna commended Jenny and similarly Mary praised {her / HER}.
(2b) Anna saved Jenny and as a result Mary praised {her / HER}.
[1] Cooper, R.M. 1974. The control of eye fixation by the meaning of spoken language.
Cognitive Psychology, 6:84-107.
[2] Kehler, A. (2005). Coherence-Driven Constraints on the Placement of Accent. SALT 15.
[3] Tanenhaus, M.K., M. J. Spivey-Knowlton, K.M. Eberhard & J.E. Sedivy. 1995. Integration
of visual and linguistic information in spoken language comprehension. Science, 268:632-634.
[4] Sheldon, A. (1974). The role of parallel function in the acquisition of relative clauses in
English. JVLVB 13, 272-281.
[5] Smyth, R. (1994). Grammatical Determinants of Ambiguous Pronoun Resolution. JPR 23.
[6] Solan, L. (1983). Pronominal reference: Child language and theory of grammar. Dordrecht.
[7] Wolf, F., Gibson, E. & Desmet, T. (2004). Discourse coherence and pronoun resolution.
LCP, 19 (6), 665-675.
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Prosody of Positive/Negative Conjunctions in Japanese
Hisao Tokizaki and Yasutomo Kuwana
Sapporo University
In this paper, we discuss how semantics of conjunctions affects prosody across
clauses/sentences. Nespor and Vogel (1986) observe that phonological rules across sentences
may apply when there exists a positive semantic relation (and, therefore, because) between two
sentences. For example, Flapping may apply between sentences in (1a), but not in (1b) which
has two sentences in a negative semantic relation (but, or). Assuming that phonological rules
may apply in the domain of a single U (Phonological Utterance), Nespor and Vogel argue that a
positive semantic relation is a condition on U restructuring joining adjacent Us into a single U.
The question is whether positive semantic relation universally helps to join two prosodic
domains. We conducted experiments to see whether this is the case in Japanese. The result
shows that in Japanese, positive semantic relation does not help to join two prosodic domains
any more than negative semantic relation. In fact, two prosodic domains are more detached in
the examples of positive semantic relation than in those of negative semantic relation.
We conducted experiments as follows. Sixteen Japanese speakers were asked to read the
printed sentences.
We analyzed eight examples, each of which consists of two
clauses/sentences in positive/negative semantic relation, the second clause/sentence starting with
an accented/unaccented word. We calculated pause duration and pitch difference between the
last mora of the first clause/sentence (C1/S1) and the first mora of the second clause/sentence
(C2/S2) (and pitch difference between the first and the second mora in C2/S2 in unaccented
cases).
In the examples in (2), two clauses with the first word in C2 accented (high pitch
underscored), positive semantic relation (2a) has longer pause between two clauses than negative
(2b). In (3), two clauses with the first word in C2 unaccented, we found no statistically
significant difference in pause and pitch difference between positive (3a) and negative (3b). In
(4), two sentences with the first word in S2 accented, positive (4a) shows greater pitch reset
between two sentences than negative (4b). In (5), two sentences with the first word in S2
unaccented, positive (5a) has longer pause between two sentences than negative (5b) (and shows
greater Initial Lowering in another example). These differences between positive semantic
relation (2a), (4a), and (5a) and negative (2b), (4b), and (5b) are statistically significant with p <
0.05.
These findings show that positive/negative semantic relation affects prosody across
clauses/sentences in Japanese differently from English. Longer pause duration in (2a) and (5a)
shows that two clauses/sentences in positive semantic relation are more detached from each other
than those in negative semantic relation. Greater pitch reset in (4a) or greater Initial Lowering
in the same type of example as (5a) suggests that two sentences in positive semantic relation are
detached by a prosodic boundary between two major phrases or two minor phrases.
We try to argue that this difference between English and Japanese comes from the
difference of branching direction. This study reveals an interesting relation between prosody,
syntax, and semantics.
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(1) a. [U It’s late] [U I’m leaving]

[U It’s la[ɾ] I’m leaving]

b. [U It’s late] [U I’m not leaving though]  * [U It’s la[ɾ] I’m not leaving though]
(2) a. Atsukatta-node nama-o

nonda.

b. Samukatta-noni nama-o nonda.

hot-was-because draft-Acc drank

cold-was-though draft-Acc drank

‘As it was hot, I drank draft beer.’

‘Though it was cold, I drank draft beer.’

(3) a. Yasukatta-node

momo-o tabeta.

cheap-was-because peach

b. Takakatta-noni

ate

expensive-was-though peach

‘As it was cheap, I ate a peach.’
(4) a. … yoku yatta-yo. Misu-shinakatta-ne.

momo-o tabeta.
ate

‘Though it was expensive, I ate a peach.’
b. … yoku yatta-yo. Misu-shita-kedo-ne.

well done-Prt miss-did-not-Prt

well done-Prt miss-did-though-Prt

‘He did well. He made no mistake.’

‘He did well. He made mistakes, though.’

(5) a. Osoku-natta-ne. Nemuku-natta-yo.

b. Osoku-natta-ne. Nemuku-nai-kedo.

late-became-Prt sleepy-got-Prt

late-became-Prt sleepy-not-though

‘It’s late. I got sleepy.’

‘It’s late. I’m not sleepy, though.’

Reference: Nespor, Marina and Irene Vogel. 1986. Prosodic phonology. Dordrecht: Foris.
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Prosodic structure between the prosodic word and the phonological phrase:
recursive nodes or an independent domain?
Marina Vigário
(Universidade de Lisboa – Laboratório de Fonética, FLUL/CLUL)
marina.vigario@mail.telepac.pt
This work addresses the precise configuration of prosodic structure between the
prosodic word (ω) and the phonological phrase (φ), a topic also recently revisited by
Ito and Mester (2006) and Kabak and Revithiadou (2006). Two alternative views are
evaluated: one whereby an autonomous constituent exists between ω and φ, and the
other assuming that no such constituent exists, which resorts to recursive and
adjunction structures (Selkirk 1996, Booij 1996, Peperkamp 1997, Hall 1999, Vigário
2003). Whereas we defend that clitics do not in general support the existence of an
autonomous constituent, we will show that several compound-like expressions
provide solid arguments in favour of an independent domain.
The identification of many problems related to the clitic group (CG – Hayes
1989, Nespor and Vogel 1986) has justified the ban of such a domain of the prosodic
hierarchy (Booij 1996, Peperkamp 1997, Vigário 2003). However, the critical aspects
of the CG always involve the prosodization of clitics. Nevertheless, the CG has also
been proposed to be relevant for the prosodization of compounds (Vogel 1990,
Hannahs 1995, Kabak and Vogel 2001).
We note that economy does not favour one analysis over the other: although
the elimination of the CG results more economical in terms of number of domains,
this is gained at the expense of enlarging the types of phonological configurations
allowed, and of the weakening of the distinction between syntactic and phonological
structures (see 1a vs. 1b for the two ways of representing compounds). On the
empirical side, we will show that compound-like expressions display the kind of
specific phenomena that has justified all the other phonological domains, by
exhibiting a regular phonological behaviour distinct from both ωs and φs in a large
number of languages – data will be provided from English and Dutch (Booij 1995),
European Portuguese (Vigário 2003), Baule (Leben and Ahoua 1997), Hungarian
(Vogel 1990), French (Hannahs 1995), Korean and Japanese (Venditti, Jun and
Beckman 1996), Bengali (Hayes and Lahiri 1991), Turkish (Kabak and Vogel 2001),
Swedish (Bruce and Hermans 1999), Shanghai Chinese (Selkirk and Shen 1991),
Arrernt (Henderson 2000), Icelandic (Árnason 1999) – see selected examples in (2).
We further explore the different predictions made by the two approaches. The
autonomous domain approach predicts that prominence assignment at the level of ω
may differ from that of the constituent above, whereas the analysis resorting to
recursive structures predicts that it may not. The autonomous domain approach is the
only one compatible with the facts, as several languages exist where the stress
patterns of prosodic words and compounds do not coincide – e.g. English, Dutch,
Swedish, and Turkish (Van der Hulst, Hendriks and Van de Weijer 1999, Bruce and
Hermans, 1999, Kabak and Vogel 2001, respectively) – see the example in (3) from
Turkish, where word-stress is final, whereas the compound-stress is initial.
Crucially, the constituent needed is not motivated by the prosodization of
clitics. We will thus propose the prosodic word group as the prosodic constituent
between ω and φ.
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(1)

(2)

φ

a.

b.

φ

CG

ω

ω ω

ω ω

SEQUENCES OF WORDS WITHIN PHRASES
??[j]/0
grande Área

COMPOUND-LIKE EXPRESSIONS
grAnde Área
[j]/*0

‘big area’

‘penalty area’
(European Portuguese – Vigario, 2003)

[

][
bólí

]

[ _

mángún

bílí

]
noºQQoºQ

‘goat’s friend’

‘goat milk’

two domains for tonal upstepping

one domain for tonal upstepping
(Baule – Leben and Ahoua, 1997)

(3)

(kará)ω
(deníz)ω
((kará)ω (deniz)ω)

‘black
‘sea’
‘Black Sea’
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(Turkish – Kabak and Vogel 2001)

Acoustic qualities as potential boundary cues for segmentation in Korean
Hongoak Yun and James R. Sawusch
University at Buffalo
hyun3, jsawusch@buffalo.edu
The acoustic information serves an important role in sentence parsing. Several
studies showed that voicing qualities of initial stops provided physical cues in
segmentation. In Korean, lenis stops (i.e., /p, t, k/) tend to be voiced domain-internally
(/k/ in 1a and /p/ in 1b) but not domain-initially (/p/ in 1a and /k/ in 1b). This suggests
that in ambiguous cases like (1a-b), the voicelessness of stop consonants associated with
a boundary, indicated by ‘|’, may signal whether/where a boundary is present.
Jun (1996 and elsewhere) proposed that lenis stop voicing occurred within the
domain of an Accentual Phrase (AP). That is, word/AP-initial stops (/p/ in 1a) would
become voiceless but word-initial/AP-internal stops (/k/ in 1b) would be voiced.
Consequently, lenis stop voicing can’t reveal a word boundary, unless it coincides with a
phrase boundary. Instead, Jun suggested a segmental boundary was more identifiable by
tonal structures. We propose the alternative that word-initial/AP-internal stops will be
voiceless, in particular, if they are focused. In short, this study aims to show that several
acoustic qualities including voicing are produced to signal the presence/location of a
boundary.
A production experiment was conducted by recording six pairs of sentences like
(1a-b). Ten Seoul dialect talkers (five males/females) produced experimental stimuli
twice at a natural speaking rate. The stimuli were equally familiar across conditions. The
semantic focus information was manipulated by using a question-answer method. The
results from off-line focus norming hinted which phrases would be focused in on-line
production. For each sentence, voicing qualities (closure duration and VOT) for the two
lenis stops (e.g., /k/ and /p/) were measured. F0s of vowels neighboring the stops (e.g., /i/,
/a/, /a/) were measured, and f0 contours were examined by connecting means of f0s
across the three vowels for each talker.
The presence/location of a boundary (word and phrase) was significantly realized
by 1) the voicing quality in which initial stops (/p/ in 1a and /k/ in 1b) produced longer
closure durations and VOTs than internal stops (/k/ in 1a and /p/ in 1b), and 2) by f0s in
which vowels following initial stops elicited lower f0s than those following word/APinternal stops. Crucially, as we proposed, focused word-initial stops (/k/ in 1b) were
realized voiceless. As in Cho & Keating (2001)’s study, the voicing qualities of initial
stops showed structural differences, in that AP-initial stops were more lengthened than
word-initial stops. The patterns of f0 contours also showed structural differences in
between (1a) type (i.e., H-H-L) and (1b) type (i.e., H-L-H). Finally, the focus
information facilitated voicing quality of initial stops by lengthening VOTs, but it
suppressed the rise in f0s of vowels.
In sum, acoustic qualities (VOT, f0, and f0 contour) assisted by the focus
information were produced as potential cues to signal the presence of a boundary at a
word (lexical) level and a phrasal (structural) level. We propose that all information is
actively used as constraints in production.
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(1a)

Question:
Answer:

Who is in the room? / Where is your sister?
/ənni-ka/
| /paŋ-e/
| /is’əjo/
[AP(Word ənni-ka)] | [AP (Word paŋ-e)] | [AP (Word is’əjo)]
Sister-NOM
room-LOC
is
(My) sister is in the room.

(1b)

Question:
Answer:

Where is the movie ticket? / Isn’t the movie ticket in the sister’s bag?

/ənni
| kapaŋ-e/
[AP(Word ənni)
| (Word kapaŋ-e)]
Sister-POSS
bag-LOC
(It) is in the bag of (my) sister.

| /is’əjo/
| [AP (Word is’əjo)]
is

Reference
Cho, T., & Keating, P. A. (2001). Articulatory and acoustic studies on domain-initial
strengthening in Korean. Journal of Phonetics, 29, 155-190.
Jun, S.-A. (1996). The Phonetics and Phonology of Korean Prosody: intonational
phonology and prosodic structure. New York: Garland Publishing Inc.
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Restaurants Downtown
Moosewood
$$, Vegetarian
607.273.9610

Taste of Thai.
$$.
607.256.5487

Asia Cuisine $
Korean/ Jap.
607.256.8818

Sushi Sake
$$

Viva Taqueria.
$

607.272.1200

607.277.1752

Korova
Bar.
Felicia’s
Atomic Lounge
Great cocktail
Bar!

Holiday
Inn
(Hotel Bar,
Grill)

Lost Dog Cafe
$$. Mixed
607.277.9143
Upstairs: Bar

Madeline’s $$$
French/Fusion
607.277.2253
Also a nice Wine/
Cocktail Bar.

Blue Stone
$$. American
607.272.2371
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Ithaca Ale House.
$. Bar, Burgers...
607.256.7977.

Juste a Taste
$$. Spanish Tapas
607.277.9463

Restaurants College Town (Close to Campus)
Hill Side Inn
(where various
people stay)

Chapter House..
Beer, Free
Popcorn

College Town
Bagels. $
Sandwiches

Rulloff’s
$. Bar Food
607.272.6067

Stella’s. $$
607.277.1490
American/Fusion
Also a nice Wine/
Cocktail Bar

Pixel Lounge
DJ Bar

The Nines $
Deep Dish
Pizza

Souvlaki House
Greek/Italian $

Aladdin $
Mediterranean

Plum Tree $$.
Great Sushi.

607.273.1650

607.273.5000

607.256.8212
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Vietnam Restaurant $,
Little Thai Place $
Hai Hong $$

