Northwestern University
The Acquisition of English Focus Marking by Non-NatSpeakers

A DISSERTATION
SUBMITTED TO THE GRADUATE SCHOOL
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
for the degree
DOCTOR OF PHILOSOPHY
Field of Linguistics

By
Rachel Elizabeth Baker
EVANSTON, ILLINOIS
2010



Copyright by Rachel Elizabeth Baker 2010
All Rights Reserved



ABSTRACT
The Acquisition of English Focus Marking by Non-NatSpeakers
Rachel Elizabeth Baker

Second language learners experience difficultiesteniag the various linguistic systems
of their new language (L2), which may differ frohetsystems of their native language (L1).
Correctly producing and understanding focus marking new language may be particularly
challenging because it can require knowledge oéisd\of these systems, including phonetics,
phonology, syntax, semantics, and pragmatics. Jthidy examines Mandarin and Korean
speakers’ acquisition of English prosodic focus kimay.

In this study, 20 native English speakers, 20 eatlandarin speakers, and 20 native
Korean speakers participated in four experiments: droduction experiment, in which they
were recorded reading the answers to questioressp2jception experiment, in which they were
asked to determine which word in a recording waddkt prominent word, 3) an understanding
experiment, in which they were asked whether ttssvans in recorded question-answer pairs
had context-appropriate prosody, and 4) a pitcletgolacement experiment, in which they
were asked which word they would make prominera particular context. Finally, a new group
of native English speakers listened to utterancedyzed in the production experiment, and
determined whether the prosody of each utteranseapwpropriate for its context.

Based on the results of the five experiments, ppse a predictive framework for second
language prosodic focus marking acquisition. Ttamework holds that both L1 transfer and
features of the L2 itself affect language learnacsjuisition of prosodic focus marking, so it
includes two complementary models: the Transfer &ladd the L2 Challenge Model. The

Transfer Model predicts that prosodic structuretheL2 will be more easily acquired by



language learners that have similar structurelseir t1 than those who do not, even if there are
differences between the L1 and L2 in how the stmast are realized. The L2 Challenge Model
predicts that for hard tasks, language learneldg@hil on common prosodic patterns, making
them more successful at prosodically marking bfoads than narrow focus. However, for easy
tasks, language learners will more successfullyknmdormation structures that have a more

direct relationship between focus and accent placem
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Chapter 1
Introduction and Literature Review
1.1 Introduction

Second language learners experience difficultiesteniag the various linguistic systems
of their new language, from syntax to phoneticsicivimay differ from the systems of their
native language. Correctly producing and undedstenfocus marking in a new language may
be particularly challenging because it can regkim@wledge of several of these systems,
including phonetics, phonology, syntax, and praggeatFocus allows speakers to highlight
words and phrases that are new or otherwise infiwmaFocus is part of the information
structure of a sentence, which describes how irdtion in the sentence relates to the discourse
as a whole. This study examines Mandarin and Kospaakers’ acquisition of English prosodic
focus marking.

Different languages mark focus in different waysptigh prosodic, syntactic, and
morphological methods (Btiring, 2009). Even if tl@oguages both use prosody to mark focus,
they can differ in how they mark focus on largenstituents, such as verb phrases and
sentences. In these cases, some part of the tbcasstituent may be prosodically prominent,
or focus may not be marked at all. Different laagges can also make different words prominent
within these larger focused constituents. Finallfferent languages can use different
phonological and phonetic cues to mark a word emprent. For instance, English uses pitch
accents, Korean puts focused words at the begiamhgccentual phrases and removes
following phrase boundaries, and Mandarin expahdgttch range of focused words and
decreases the pitch range of following words. Bhdlocus marking is a complex system

because, although there is a relationship betwaarsfand pitch accent placement, words that



are in focus do not always receive a pitch acaem,some words that receive pitch accents are
not in focus (Ladd, 1996). Non-native speaker&mglish must learn this complex system
largely implicitly, as very little ESL instructiotargets discourse-level accentuation (Celik
2005). The acquisition of prosodic focus markingisecond language is a particularly difficult
challenge because it requires the learner to desdoath which words to emphasize in a
particular context and what acoustic cues to useark emphasis.

This study seeks to answer the following three tjoles:

I. What factors affect the relative difficulty thanglish learners have with accurately producing
and perceiving English focus marking?

Il. Can an English learner deviate from nativeelpitch accent realization and still have his
pitch accents accurately perceived by native leteh

lll. Does an English learner’s ability to accem appropriate word for a particular information
structure and to produce this accent in a natke+anner depend on the ability to accurately
perceive and understand such accents?

The remainder of Chapter 1 includes a reviewnefrelevant literature and a discussion
of the frameworks in which these questions wilsh&died. Section 1.2 describes the
significance of the proposed research. Sectiomelii@ws the literature on the typology of focus
marking, the prosody and focus marking systemsngligh, Mandarin, and Korean, English
prosody production and perception by non-nativeliBhgpeakers, and the relationship between
production and perception in language acquisitiSaction 1.4 discusses language acquisition
models that have been proposed in the literat8extion 1.5 lays out a framework for testing

models of prosodic prominence acquisition and dlessithe predictions of opposing models for



the acquisition of prosodic focus marking. Sectidh discusses two models that make opposing
predictions regarding native perception of nonweprosodic focus marking production.

Section 1.7 describes two models that make oppgsidjctions about the relationship between
perception and production in acquisition.

The dissertation is organized as follows. Chapteescribes the five experiments used
to test the models of prosodic focus marking adgors Chapter 3 presents the results of the
prosodic focus marking perception and understaneikpgriments, and discusses the
implications of these results. Chapter 4 presentsdiscusses the results of the pitch accent
placement and prosodic focus marking productioregrgents. Chapter 5 explains the acoustic
analyses of the non-native speakers’ producti@tsapter 6 presents and discusses data on the
relationship between perception and productionras@dic focus marking acquisition. Chapter
7 contains a novel predictive model of second lagguprosodic focus marking acquisition
based on the experimental results. It also dissugee results of the analyses on the perception
of non-native prosodic focus marking by native Esfglisteners and the perception/production

relationship. Finally it describes the pedagogicgilications of these results.

1.2 Significance of the Research

Second language learners experience difficultibgeaimng native-like comprehension
and pronunciation in their new language. Whilefdwtors leading to problems perceiving and
producing the segments of a new language havewekstudied (e.g. Hammarberg 1990;
Flege 1995; Flege, Munro et al. 1995), less atberttias been devoted to non-natives’ use of
prosodic features, which include pitch, duratiamj amplitude. In English, these features are

used to mark certain syllables as more prominent tithers. At the word level, prosodic stress



can be used to distinguish between two differended@such as the nouacord— with first
syllable stress, and the vadxord— with second syllable stress). At the sentendediscourse
levels, pitch accents play an important role invptimg information about how an utterance fits
into the larger context of a conversation. Fotanse, the appropriate response to the question
“Who ate the pizza?” is “JOHN ate the pizZaThe pitch accent location in this sentence
indicates that the focus is dohn,which is the new information in the discourse ansveers the
preceding question. In contrast, the appropriegspanse to “What did John eat?” is “John ate
the PIZZA.”, with the pitch accent marking the feanpizza The acquisition of a new focus
marking system is more complex than the acquisitiomew segments because the acquisition of
segments involves primarily the phonetic and phogichl systems, while focus marking can
involve the interplay between the phonetic, phogal, syntactic, and pragmatic systems.

It is important for non-native speakers to learwlazcent placement relates to focus in
English. Accenting the wrong word in a sentenaeloa confusing to the listener because it
offers distorted information about which constitteeare new or old in the discourse or what the
topic of the conversation is. Appropriate focugkireg makes a speaker’s English easier to
understand by providing listeners with more acausflormation about (accented) new items
and encouraging listeners to map unaccented iterastities already in the discourse (Terken
and Nooteboom 1988). Native listeners can prospssch faster when it has context-
appropriate accentuation than when it has inap@tgaccentuation (Birch and Clifton 1995).
Acquiring the ability to understand prosodic foecnarking in English allows a listener to take
advantage of these processing benefits. Non-ngfigakers’ inappropriate accent placement

can also contribute to generally unnatural prosedych has its own negative consequences.

ICapitalization is used throughout this documerd asnvention to indicate the location of an obbggipitch
accent.



For example, flattened fundamental frequency has lseown to decrease intelligibility (Laures
and Weismer 1999). In addition, non-native speakgth unnatural prosody are more likely to
be judged by natives as more accented and lessrebensible (Munro and Derwing 1995;
Derwing and Munro 1997).

The limited research on second language acquissfiéocus marking has led to
inadequate language teaching materials on this {@®lik 2005). In fact, McGory (1997)
suggests that some of the unnatural realizatiofsgfish pitch accents produced by non-native
participants in her experiments could be due todueate advice in their ESL textbooks on how
to produce pitch accents. A thorough understandinghat makes acquisition of prosodic focus
marking difficult will help in the development afiining materials addressing these difficulties.
Specifically, knowing which aspects of English fecuarking (pitch accent placement,
realization, perception, or understanding for jgattir words, sentence types, and information
structures) cause the most difficulties for langubagarners with a particular L1, or for language
learners in general, will allow teachers to focugloe problem areas. Similarly, a better
understanding of the relationship between produaimdjperceiving pitch accents in English will
help English teachers determine what types ofitrgi{perception and/or production) will be
most useful for helping students use pitch accent®mmunicate effectively.

Other studies have examined particular aspectsminative acquisition of English focus
marking, but none that | know of has examined thra@ete communicative chain from non-
native perception of native production, to nonveproduction, to native perception of non-
native production. For instance, a number of g&sitiave shown that non-natives mark English
focus with different prosodic cues than native &pes (\Wennerstrom 1994; McGory 1997;

Schack 2000; Yeou 2004; Verdugo 2006; Aoyama andrG2007) but it is still unclear whether




these differences lead to miscommunication witlveagpeakers. A thorough examination of
the full chain, involving a single set of particigg, will give us a much clearer idea of the causes

of non-natives’ difficulties in acquiring Englisbdus marking.

1.3 Review of the Literature
1.3.1 Typology of Focus Marking

All languages seem to mark focus in some way; liheetmethods used cross-
linguistically are prosodic, syntactic, and morggtal (Bliring 2009). English and Korean are
examples of languages that mark focus prosodic&hglish marks focus by placing accents on
focused words or words in focused phrases (Gussenhif99; Selkirk 1996; Schwarzschild
1999), and Korean marks focus by placing prosodimdaries before focused words and
removing boundaries after them (Jun and Lee 19Bngarian is an example of a language that
marks focus syntactically, by placing focused npbrases in pre-verbal position (Kenesei
2009). Chickasaw is an example of a languagentiagks focus morphologically, by adding
suffixes to focused subjects and objects (Gordd@820Using one method to mark focus does
not necessarily preclude using another methodadt) Truckenbrodt’s (1995) Prominence
Theory of focus realization claims that focus isafs marked by prosodic prominence, and that
all methods of focus marking have as their goalingakhe focused segment maximally
prominent. For instance, according to this thetalyguages in which focus triggers syntactic
movement use that movement to place focused coast# in prosodically prominent positions
(Buring 2009). Mandarin speakers can use bothogiiosand syntactic means to mark focus,
marking it syntactically by placing focused wordssentence-final position, and marking it

prosodically with larger FO ranges and longer daret on focused words. However, in contrast



to Truckenbrodt’s theory, Xu (2004) claims that whecus is marked syntactically in Mandarin
it is usually not marked prosodically.

Languages that mark focus prosodically can diffeemit comes to marking broad focus
on larger constituents, such as verb phrases (&fRkyvhole sentences. In these cases, some
portion of the focused constituent may be made prem, or the focus may not be marked at
all. Different languages can make different wgsdsminent within broad focused constituents.
In English, VP and sentence broad focus are oftarked by accenting the last content word in
the sentence (Gussenhoven 1999; Selkirk 1996; Sebuarald 1999). In Korean, VP broad
focus is marked prosodically with an expanded pitsige and longer duration on the first word
in the VP (Jun, Kim, Lee, and Kim 2006). In Mandabroad focus on VPs and sentences is not
marked prosodically (Xu 2004). Such differencesveen languages may lead to difficulties for

learners trying to produce and understand focasnaw language.

1.3.2 English Prosody and Focus Marking
1.3.2.1 English Prosody

Within the commonly used autosegmental-metricaspdic framework (Goldsmith
1976; Liberman and Prince 1977; Pierrehumbert 1980glish intonation is determined by
pitch accents, phrase accents and boundary tdttasise accents and boundary tones are high or
low intonational targets associated with the erfdatermediate phrases and the beginnings and
ends of intonation phrases, respectively. An iatmm phrase consists of one or more
intermediate phrases. Pitch accents are locahatimnal events associated with particular
syllables (Beckman and Pierrehumbert 1986). Ewdggymediate phrase must contain at least

one pitch accent.



In English, pitch accents have particular pitclyés and are associated with stressed
syllables, which can be marked by increased duratimgher peak and total amplitude, and
spectral changes, making them stress accentsrftrasb to non-stress accents, which consist
only of pitch movements) (Beckman 1986). The pitnigets associated with pitch accents lead
to FO differences between accented and unaccergmtswFor example, syllables with H* pitch
accents have higher nucleus midpoint and meanar@isthose with L* pitch accents have lower
mean FOs, relative to unaccented syllables (Beckt®&6, Shue et al. 2007). English pitch
accents are assigned post-lexically, based omtbemation structure of the sentence (the
relationship between the utterance and the reteofliscourse) and English-specific accent
assignment rules (Ladd 1996). There are sevédifaleit types of English pitch accents,
consisting of a high tone (H); a low tone (L*), or a combination of the two (H# L*+H,

H+!H* ). English speakers use different pitch accerggytp express different meanings
(Buring 2003; Steedman 2007; Pierrehumbert andchlirsrg 1990). For instance, Steedman
(2007) claims that H* pitch accents are used irapés that provide new information on some
topic, while L+H* pitch accents are used in phra$ed refer back to the question or topic being
discussed. Pierrehumbert and Hirschberg (1990 dlzat different pitch accent types provide
information on how the accented word should affeethearer’s beliefs. For instance, an H*
pitch accent indicates that the accented item shioeltreated as new. An L+H* pitch accent
evokes a scale of salient items that contrast thghaccented item and indicates that a
proposition that includes the accented item, rat@n one of the other items on the scale,

should be believed.

2 x indicates the tone aligned with the stressethbig in the accented word.
3 H! represents a downstepped H tone.



1.3.2.2 English Focus Marking

A number of theories have been proposed on haeléte information structure to pitch
accent placement in English (e.g. Buring 2006; @nlssven 1983a, 1999; Rooth 1992;
Schwarzschild 1999; Selkirk 1996). These thequreslict different accentuation patterns for
some of the more complex information structureBnglish. However, they usually agree on
the appropriate locations of pitch accents fordingple information structures examined in this
study.

In this work, | will assume Gussenhoven’s (198399) theory of pitch accent
placement, because of the empirical support irbéesived (Birch and Clifton 1995;
Gussenhoven 1983b; Welby 2003). In this theorgeacplacement is determined by focus
domains. A focus domain is a structure that cambaeked as entirely [+focus] (i.e. focused)
with only one pitch accent (Gussenhoven 1983b)teMwat Gussenhoven does not provide a
strict definition of [+focus], but says that “[+fos] marks the speaker’s declared contribution to
the conversation” (Gussenhoven 1983a: 383). Fdousins are created by first dividing a
sentence up into three types of semantic constguéharguments (A), including subjects and
objects, 2) predicates (P), including verbs, anoh8dlifiers (M), including adverbials
(Gussenhoven 1999). The Sentence Accent Assignmdat(SAAR), given in (1), states how
these constituents can combine to form focus dosnaimd where accents should be placed
within a focus domain (Gussenhoven 1983a). Inrllis, underlined constituents are [+focus],
and constituents without an underline are [-focu®juare brackets indicate a focus domain, and

a star indicates a pitch accent.



(1) SAAR
(a) Domain assignment: _(R)A  [P(X)A]

AX)P  [AX)P]
Y [Y]

(b) Accent assignment: [1 [*]- In AP/PA focus domains, accent A.

In brief, the SAAR says that any A, P, or M thaifocus] forms its own focus domain and
receives an obligatory pitch accent. The one ex@epo this is that As and Ps which are
adjacent, or separated only by a [-focus] constitugan form a single focus domain with an
accent on the A. In addition to the obligatorychiaccents assigned in focus domains, the pre-
focal pitch accents rule (2) allows optional pitadtents before the nuclear (final) pitch accent in
an utterance (Gussenhoven 1999).

(2) Prefocal Pitch Accents: Assign pitch accents tocthestituents before the nuclear pitch

accent. (Optional)

The examples in the paragraphs below show thdaesdtip between focus and accent
placement predicted by Gussenhoven’s theory fothie types of information structures used
in this study.

Before describing Gussenhoven’s predictions fontierance types used in this
experiment, we should first clarify the term ‘nuaigitch accent’, which seems to have two
overlapping but distinct meanings in the literatuMany researchers use the phrase ‘nuclear
pitch accent’ to describe the last pitch accernnntermediate prosodic phrase (e.g. Beckman
and Pierrehumbert 1986; Pierrehumbert 1980; La®@b;1®/elby 2003). However,

Gussenhoven (1999) seems to use the term to cefiee tast pitch accent in a sentence or



utterance. He considers this accent to be impbb@acause additional optional accents are only
allowed before this accent, if the speaker doesvaoit to change the interpretation of the
utterance. Ladd (1996: 202) makes a similar paiatming that the location of the “last accent
of a phrase or utterance” determines the typesafd interpretations that are possible for that
utterance. Much of the confusion between the tveammgs may stem from the fact that if a
sentence or utterance contains only one intermeegiatsodic phrase (which is quite possible,
especially for shorter sentences), then the twimitiehs pick out the same word. In addition,
even if a sentence contains multiple intermediatasges, the final pitch accent of the utterance
will be the nuclear pitch accent for the final pdea However, sentences with more than one
intermediate phrase will have multiple nuclear ipidccents, according to the intermediate-
phrase-based definition. Welby (2003) found tistehers treated (intermediate-phrase-based)
nuclear pitch accents as more likely to signal fothian pre-nuclear accents. However, her
nuclear accent results conflicted with results simailar experiment by Birch and Clifton (1995),
and she concluded that whether an accent is presabisent is more important than whether it
is nuclear or pre-nuclear. Due to the uncertaiegarding the role of the (intermediate-phrase-
based) nuclear/pre-nuclear distinction in the expental and theoretical literature, in this study
| test the effects of the presence or absencedi pccents in particular locations. More
specifically, | concentrate on the location of fimal pitch accent in a sentence, as this plays an
important role in Gussenhoven’s theory of pitcheat@lacement. In order to avoid confusion, |
will refer to the final pitch accent in an sentesethe “final pitch accent”, rather than the
“nuclear pitch accent”.

The dialogue in (3) can be used to illustrate Goisgeen’s (1983a, 1999) account of

narrow focus, in which only one word in a senteisde-focus] (in this case, the subject). In



(3b), Samis [+focus] because it could be said to contralitalv other possible answers (Rooth

1992), it is new relative the preceding context @rcorresponds to the wh-element in the

preceding question. It therefore clearly marksgheaker’s contribution to the conversation.
(3) a. Who phoned Maud?

b. [SAM] phoned Maud.

In (3b),SamandMaud are both As, anghonedis a P. Only the Aamis [+focus], so it forms
its own focus domain (indicated by square bracketBjch receives an obligatory final pitch
accent (indicated by capitalization). There arawoods beforesamin (3b), so no optional pitch
accents are possible in this utterance.

In broad focus, a constituent larger than a wofefiscus]. In verb phrase (VP) broad
focus, the VP is [+focus], and the subject is [tfelc Gussenhoven’s (1983a, 1999) focus
domain and accenting predictions for this typeesftence are illustrated in (4b).

(4) a. What did Sam do?

b. Sam [phoned MAUD]

The Pphonedand the AMaud are both [+focus] in this sentence. BecauseRhasd A are
adjacent to one another, they can be combinedo &osingle focus domain, with an obligatory
final pitch accent oMaud (the A). Optional pitch accents @amandphonedare also possible
because they come before the final pitch accefitpassible pitch accent patterns for VP broad
focus utterances (with or without optional accediffer from the accent pattern for subject

narrow focus utterances. This is because in VRdfocus the final pitch accent is on the

object, but in subject narrow focus the final piedtent is on the subject.



Sentence broad focus arises when an entire sentefpidecus], as in example (5).
Gussenhoven’s (1983a, 1999) focus domain and angeguedictions for a sentence broad focus
utterance are given in (5b).

(5) a. What happened?

b. [SAM] [phoned MAUD]
In (5b), the ASSamandMaud and the Bbhonedare all [+focus]. According to an example
provided in Gussenhoven (1983a), in this situatiba,P and A of the VP form a single focus
domain, with an obligatory final pitch accent oe #h, and the subject A forms its own focus
domain with its own obligatory pitch accent. THere, utterances with VP and sentence broad
focus can have identical accent patterns, if théox@dad focus utterance has an (optional) pitch
accent on the subject. However, utterances wittesee broad focus, like those with VP broad
focus, should never have the same accent pattertesances with subject narrow focus because
of their different final accent locations.

The information structures examined in this stadysimpler than those that commonly
occur in everyday conversation. The experimen¢ahs do not include pronouns, and do not use
contexts that put only function words in focus,réiy avoiding the complexity of determining
when function words should be accented (Germamyghiembert, and Kaufmann 2006; German
2009). The experimental items use question-anpaies to elicit focus, and constituents in the
target sentences are either entirely new or meadi@xplicitly in the preceding sentence. This
avoids issues like the role of attention in fodbs, types of antecedents that affect whether a
constituent is focused, and the amount of conteattshould be considered when determining
focus (Chafe 1994; Lambrecht 1994; Baumann ande@@©6). Finally, the items use only

informational focus, in which the focused constitugrovides new information, leaving out



other sources of accentuation such as contrassediB2iring 2003). It is important to study all
aspects of focus marking by both first and secandliage learners. However, by examining the
simplest cases, this study seeks to establishaifa®f performance for learners of English.
Non-native English speakers’ performance with namheanced structures and more realistic

discourses should be examined in future work.

1.3.3 Mandarin Prosody and Focus Marking

Mandarin is a tone language, which means that péiciets (tones) are assigned to words
in the lexicon, and are used to distinguish betweerds with different meanings. For example,
the Mandarin woranawith a high-level tone meamsother while the same string of phonemes
with a falling tone meanscold Mandarin has four lexical tones: high-level @&dr), mid-rising
(tone 2), falling-rising (tone 3), and falling (tod) (Li and Thompson 1989). Some syllables do
not have any assigned tone. These syllables arzided as having a neutral tone, and their
pitch is determined by the tone of the precedirigle (Li and Thompson 1989). Syllables
with an assigned tone are considered stressediraridnger and have greater intensity than
unstressed syllables, which have a neutral tone&s@g 1997). Suffixes and grammatical
particles are usually unstressed (Li and Thomp€&9)L Mandarin is a topic prominent
language, but its word order is difficult to definecause Mandarin word order tends to be
governed more by meaning than grammatical rol@d Thompson 1989). That being said, the
most common word order is SVO (Li and Thompson }989

Focus can be marked in Mandarin both syntacticaily prosodically. Words in
informational focus can be placed in the most deepibedded position on the recursive side of

the syntactic tree (usually the sentence-finaltposgi (Xu 2004). Words that are in contrastive



focus can be surrounded by the focus marglers.(de)Xu 2004) andian...dou/ygShyu

1995). Xu (1999) found that sentences with nar@wus on the final word were prosodically
equivalent to sentences with VP broad focus. imekperiment, VP broad focus was described
as ‘neutral focus’ and produced with no extra preence on any word within the VP. This
prosodic equivalence makes sense because focugwmarka single word in Mandarin can
project up to larger constituents, just as it ca&mglish (Xu 2004). A sentence-final object NP
is in focus position, and whether or not it is madesodically prominent, it licenses several
information structure interpretations, includingdés on the object alone, focus on the VP, or
focus on the entire sentence.

Mandarin, unlike English, does not require thaiggles have any prosodically prominent
word, and this is generally the case when a seatisna broad focus or when narrow focus is
marked syntactically (Xu 2004). Xu (2004) clairhattfocus in Mandarin only needs to be
marked prosodically when it is not marked syntatlyc Focused words (that are marked
prosodically) in Mandarin have higher FO peakshrgnean FOs, expanded FO ranges, and
longer durations than topics in the same positign &nd Xu 2005; Wang and Xu 2006; Xu, Xu
and Sun 2004). In addition, the words following tlontrastively focused word have a lower
maximum and mean FO, and a lowered and compre#sbd@nge compared to those following
topics (Liu and Xu 2005; Wang and Xu 2006; Xu, Xw&un 2004). As well as producing
prosodic markers of narrow focus, native Mandastehers are able to determine focus location
based on prosody, although they sometimes conesences that had narrow focus on the

final word with sentences without narrow focus (lamd Xu 2005).



1.3.4 Korean Prosody and Focus Marking

Jun (2005) proposes that Seoul Korean has foungiogevels: Intonation Phrases (IPs),
made up of Intermediate Phrases (iPs), made ugoémtual Phrases (APs), made up of Words.
IPs are prosodically marked with phrase-final l@eging and a boundary tone, and can be
followed by a pause. iPs are generally marked wigineater than normal juncture between APs,
pitch reset, or a higher than normal AP final baamydone. APs are prosodically marked with
phrasal tones at the beginning and end of eacls@hrghe AP-initial phrasal tones vary based
on the phrase’s length and the identity of thd pfeoneme in the phrase. APs have an LH initial
boundary tone, unless the first phoneme is a fortaspirated stop, in which case they have an
HH initial boundary tone. APs with four or mordlaples also have LH final boundary tones.
APs with fewer than four syllables exhibit a rarmgentonational patterns including L/HLH and
L/HHH (Jun 1998). Korean has a canonical SOV wader, but the word order is somewhat
free because of case-marking particles (Sohn 1999).

Focus in Seoul Korean is marked by a word’s pasitioan AP, with focused
information appearing at the beginning of an Am(dod Lee 1998). Jun and Lee (1998) found
that Korean words in narrow contrastive focus Hawger initial consonants, longer first
syllables, higher peak FOs, and greater FO rafgasrion-focused words. In the post-focal area,
words tend to be shorter, and AP boundaries aem oémoved, leading to a loss of boundary
tones associated with the edges of the APs (Juhe®d998). In addition, the pre-focus
sequence is sometimes shorter than its neutrakeqart. Jun, Kim, Lee, and Kim (2006)
examined how broad informational VP focus is markeldorean. They found that, unlike
words in narrow contrastive focus, VPs in broadiobad an IP boundary inserted before the

focused VP, leading to a boundary tone at the émigecssubject (preceding the VP), and did not



have dephrasing after the VP-initial word. Acocestly, the first word in focused VPs and often
later words in the phrase had an expanded pitajeraBentences with focused VPs had
significantly longer durations for the subject dmst word in the VP compared to the same
words in a neutral sentence.

These methods of focus marking contrast with thgligim tendency to accent focused
information and deaccent unfocused informationwadkd is made prominent in Korean by
placing it at the beginning of the phrase, as opgds the English method of placing pitch
accents on prominent words somewhere within a phr&sr this reason, Korean is described as
an edge prominence language. Interestingly, JO02@still found that Seoul Korean speakers
ranked a syntactic constraint over the focus camdtdictating dephrasing words that follow a
focused word. They violated the focus constraiateroften than the syntactic constraint, but
they were more likely to obey the focus constraihen speaking at a fast rate and when the
sentence involved a particular syntactic structureis means that the focus marking rules of
Korean are not applied in every situation, andittedihood that they will be applied depends on

competing constraints, speech rate, and the syn&atctures involved.

1.3.5 Do English, Mandarin, and Korean have the&ne Focus Marking System?

Sections 1.3.2-1.3.4 have described how the pyoand focus marking systems of
English, Korean, and Mandarin differ in a numbemagportant ways. They have also shown
that there are certain similarities at the acoystionetic level in how the three languages mark
narrow focus. It has been claimed (Xu and Xu 2Q@s and Xu 2010) that these three
languages actually have the same focus markingrsysNamely, focused words have raised

and expanded FO ranges and longer durations, ardbwothe post-focal region have lowered



and reduced FO ranges and possibly shorter dusafietative to words in sentences without
narrow focus). The Parallel Encoding and Approxiora(PENTA) model was designed to
capture such commonalities (Xu and Xu 2005). is thodel, sentence prosody is determined
by the following melodic primatives: pitch targptich range, strength, and duration. The values
for each of these melodic primatives is determimgpdome communicative function (e.g. lexical
stress, focus, or grouping). Pitch targets argyasd to each syllable, and then modified by the
pitch range primitive, which is claimed to be catigd by focus for all three languages. In the
English version of the model, pitch targets aredeined by lexical stress and sentence type
(e.g. questions vs. statement) (Xu and Xu 2008)drean, pitch targets may be determined by
a syllable’s adjacency to a phrase boundary, afthahis is not explicitly stated. Xu and Xu
(2005) support this model for English with datawimy that there are small but significant FO
perturbations in the post-focal region, where pachents are not predicted, and that the size of
post-focal FO rises do not significantly differ find~0 rises on these words in broad focus (Xu
and Xu’s ‘no narrow focus’ condition). Lee and ¥K010) support this model for Korean by
showing that words have higher values for acodsttures like duration, mean FO, max FO and
intensity when they are in narrow focus than wheytare in broad focus. They also showed
that words have lower values for these featureswitey follow a word in narrow focus than
when they are in broad focus. Finally, the autlpmisit out that the locations of pitch
movements on averaged FO contours do not diffevdst sentences with narrow focus and
sentences with broad focus (Lee and Xu’s ‘neutrali$’ condition), which they suggest
provides evidence against Jun and colleagues’ depiy proposal for focus marking (Jun and

Lee 1998, Jun 2002).



The PENTA model differs dramatically from the adggmental-metrical (AM) models of
prosody that have been prominent in recent ye&kd.models should be able to explain the data
described in the preceding paragraph. Howevemmntlcolleagues’ conclusion that these results
mean that AM should be abandoned in favor of a middePENTA may be premature. The
general expansion of the pitch range on focusedisvand reduction of the pitch range on post-
focus words is predicted by AM models in which feed words are accented (in English), or
adjacent to phrase boundaries (in Korean), whik-fcal words are not accented (in English)
or less likely to be adjacent to phrase bounddimekKorean). This is because accents and phrase
boundaries are associated with pitch targets wtachpull the FO contour higher or lower. The
post-focal pitch peaks found in Xu and Xu (200% small and may be explained by micro-
prosodic effects related to the segments. In exidialthough the rise size of post-focal peaks
and peaks on the same words in broad focus didifiet, the peaks in broad focus had
significantly higher maximum FOs. Other acousties, such as duration, could also have made
the final word in broad focus (which is predictedoe accented) more perceptually prominent
than the same word in post-focal position. Theamoof prosodic prominence within broad
focus is not included in the current PENTA model] aot discussed in Xu and Xu (2005) or
Lee and Xu (2010). Therefore this model does nedipt a number of findings related to
prosodic prominence in English broad focus sentgné®r instance, it does not offer an
explanation for the extreme FO peaks on the oligectd in some of the broad focus productions
in Xu and Xu (2005). It also cannot explain nattugglish listeners’ difficulty telling apart
sentences with narrow focus on the object and seesewith broad focus; participant accuracy
was just over 50% (Gussenhoven 1983b). Similérhyas no way of predicting the higher peak

FOs on verbs in unergative broad focus sententass/eeto unaccusative broad focus sentences,



and the higher peak FOs on subjects in unaccudatbael focus sentences relative to unergative
broad focus sentences (Hoskins 1996). All threthede results can be explained by models that
predict that accent location within broad focusuie-governed, like Gussenhoven’s (1983a,
1999) model. The reason given for rejecting AMaacts of Korean prosody offered in Lee and
Xu (2010) is also open to reinterpretation. Thehars claim that “there is no clear evidence of
major changes in intonational structure due to $6¢Luee and Xu 2010: 4). However, this
observation is based on FO contours that are asdragross multiple tokens produced by
multiple speakers. This averaging method couldyehile categorical differences between
utterances with and without dephrasing, a prodestsdoes not invariably accompany focus in
Korean (Jun and Lee 1998). So dephrasing magtdriong in a subset of the recordings in
this study, but its effects are lost in the avarggirocess.

The arguments above demonstrate that it is fan frertain that focus is marked with the
same method in English, Mandarin, and Korean. &szaf this, and the importance of broad
focus in the current, | will continue to assume Adels of English and Korean prosody.
However, even if the PENTA model is proved corraadumber of differences between the three
languages remain. English and the dialects of &wspoken by participants in this study are
non-tonal languages, while Mandarin is a tonal legg. In addition, sentence and VP broad
focus do seem to be marked prosodically in Endksd. Birch and Clifton 1995; Gussenhoven
1983b; Hoskins 1996), and VP broad focus markedqahgally in Korean (e.g. Jun, Kim, Lee,
and Kim 2006), but to the best of my knowledgeyagbsodic marking of narrow focus has
been reported in Mandarin. Xu and colleagues’istudo demonstrate the importance of using
comparable methods to investigate features likadanarking cross-linguistically, and the

importance of closely examining the assumptionthefimodels we use.



1.3.6 Discourse-Level Prosody Production in Non-dlive English

Learners of English show non-native-like perfornamchboth the placement and
realization of pitch accents. Incorrect pitch axtqgdacement can mislead the listener about what
information is new and what is old, and can soumdatural due to misplaced accents. Spanish-
speaking learners of English in Verdugo’s (2006igttended to put the nuclear pitch accent on
the last word of an utterance in broad focus, whidlve English speakers put it on the last
content word. These Spanish speakers also usad fvous accenting patterns in contexts
requiring narrow focus. Nava and Zubizarreta (@@ Nava (2007) also found that Spanish
learners of English tended to place the nucleagrstoan the final word of a sentence, even when
native English speakers would place it on an gacbastituent (e.g. in sentences with
unaccusative verbs). These speakers generalkbgftolfollow the English tendency to deaccent
previously-mentioned items. Both the nuclear atptacement and the deaccenting errors are
likely due to participants transferring focus martkpatterns from their native language to
English. In Wang’s (2003) analysis of spontanemus/ersation, Mandarin-speaking learners of
English correctly produced pitch accents on 18 wahat carried new or contrastive
information, but failed to place pitch accents oncentrastive words, and incorrectly placed
nuclear pitch accents on eight words conveyingrgiméormation. McGory (1997) found that
both Mandarin and Korean speakers put pitch addent0 movements both before and after
the nuclear pitch accent position in their EngBsntence productions. This could be because of
the extensive use of lexical tone and boundarysamélandarin and Korean, respectively.

Taken together, these studies demonstrate thatdgegearners can produce both appropriate



and inappropriate pitch accent placement in trexioad language, and that their errors may be
the result of transfer from their first languagedheir second language.

Non-native English speakers also produce pitchrasaesing different or fewer acoustic
cues than native English speakers and may useddierently. The Spanish speakers in
Verdugo’s (2006) study failed to produce the higlpesik on the nuclear pitch accent, and often
used L*+H pitch accents rather than the H* and L4gditth accents that the native speakers
usually used. One Mandarin speaker of Englishyored H*+!H pitch accents idid-questions
rather than the L* pitch accent typically produdgdnative English speakers in this context
(Schack 2000). Similarly, Mandarin and Korean &pesiin McGory’s (1997) study produced
L+H*s on focused words in both statements and gquestwhile native English speakers only
used them in statements. The pitch accent ty@dgtiase non-native speakers produced
depended in part on whether the word was strességedirst or second syllable. In addition,
while speakers of Mandarin (a language with a stdestinction) were able to reduce the
durations of unstressed syllables in English, spesaéf Korean (a language without a stress
distinction) had difficulty reducing unstressed dwanitial syllables. Moroccan Arabic-speaking
learners of English tended to use increased Fvawe! lengthening to mark pitch accents to a
greater degree than native English speakers, whiige speakers used increased intensity more
than the Arabic speakers (Yeou 2004). Unlike rmanglish speakers, who marked new and
contrastive information with a higher FO in botladeand spontaneous speech, Spanish, Thai,
and Japanese participants in another study didhaw higher FOs for these words in English
read speech, and Spanish and Thai participantsadishow higher FOs in spontaneous speech
(Wennerstrom 1994). Japanese leaners of Englisloyama and Guion’s (2007) study

produced function words, which rarely receive piacieents, with relatively longer durations



than native English speakers. They also produoateat words with larger FO ranges than
native speakers. The latter difference could ketdiuhe fact that FO is the only cue to pitch
accents in Japanese. The studies described abowetisat learners of English differ from

native English speakers in the pitch accent typeg produce and the acoustic cues they use to
mark pitch accents, and that at least some of ttiéfeeences may be attributed to transfer from

their native languages.

1.3.7 Prosody Perception in Non-Native English

Less work has been done on prominence perceptiooinnative English speakers than
on prominence production. Akker and Cutler (20@8)nd that native English speakers detect
words faster when they are accented and when tieeiyp éocused position, and these effects
interact, so that accenting has a smaller effeenathe target word is in focused position. This
ability lets native English speakers quickly anficedntly process new and important
information. Advanced Dutch learners of Englissoatletected words faster in focused and
accented positions; however, these effects didmetact. This lack of interaction makes the
Dutch listeners’ processing of English prosody keffigient, highlighting the importance of
prosody perception acquisition.

Rosenberg, Hirschberg, and Manis (2010) examinedraiive Mandarin speakers’
ability to perceive the location of English pitotcants was affected by features like word order,
part of speech, number of syllables, pitch acogrg,tand boundary tone proximity and type.
They found that many of these factors significaafigcted participants’ performance. The
native Mandarin speakers were better at identifgitch accents on two-syllable words than

one-syllable words, better on adverbs and detemnith@n verbs and nouns, and better on words



at the end of an utterance than at the beginnlitngey were most accurate at perceiving pitch
accents in sentences with H* L-L% contours tharH=H% contours, and were least accurate on
H* H-H% contours. Pitch accents that were realgti higher mean and maximum FOs and
longer durations were perceived more easily. biitamh, pitch accents that acoustically stood
out from the rest of the sentence (e.g. with atgredifference between the mean FO on the
accented word the mean FO for the entire sentemee perceived more easily, Interestingly,
non-native speakers who reported more experieniteBmglish were less successful at detecting
pitch accents. The authors hypothesized that sHiecause the experienced participants relied
more on the semantic and pragmatic content of ttieeamnce than the acoustic information.
Despite this finding, performance improved over¢barse of the experiment, demonstrating
learning. The current study tests whether theceffef number of syllables, word position, and
participant language experience/ability found irs®aberg, Hirschberg, and Manis (2010) can
be replicated with a new set of materials and ppdnts.

Zhang, Li, Lo, and Meng (2010) examined native @eespeakers’ ability to understand
the meaning communicated by various types of Engli®sodic structures. Their most relevant
experiment for the current study examined partitigaknowledge of which word should be
accented in narrow focus contexts. The experinh@etas consisted of question-answer pairs,
but the focus type elicited was often contrastivigh the focused word correcting or replacing a
word in a yes/no question) rather than informatignéh the focused word answering the
guestion). For example, the context “Can doctors fglood tests at this clinic?” was followed
by the answer “No. you should go to a hospitaldood test.” §ic), putting the wordospitalin
contrastive focus. When asked which word shoutdyaamphasis in a paper-and-pencil task,

participants identified the correct word 86% of time, showing relatively good knowledge of



the relationship between narrow focus and accextgphent. When they heard the question-
answer pairs spoken, they selected the emphasiaeti98.5% of the time. This result shows
that participants are able to perceive at leastespitch accents on narrow focus words, as their
performance improved relative to the pencil-andgrdpsk. However, it is unclear how many
pitch accents they would have perceived withoutctingextual clues to focus location. The
current study tests participants’ pitch accent @gtion ability and knowledge of accent
placement separately, providing more fine-grainai @n pitch accent perception and
understanding. It also examines a wider rangeafofiation structures, including two types of
broad focus in addition to narrow focus.

Studies of lexical stress perception show thatuageg learners often have difficulties
perceiving lexical stress like native speakerssiibg due to transfer from their native language.
Dupoux et al. (2007) found that native speakeisrehch, a language without contrastive lexical
stress, had difficulty using lexical stress to distnate between words or to identify words.
This was true even for French speakers who hadesti@panish, a language that uses
(predictable) lexical stress. The current studyagxis on this research by examining the
influence of L1 prosodic categories on languagenea’ perception of sentence-level pitch

accents in their L2.

1.3.8 Relationship between Perception and Produoh

Although a full understanding of the relationshgivleeen the perception and production
of second language prosody is crucial for develgpiseful training programs, little research has
been done in this area (Chun 2002). Coburn (2f2203d a relationship between perception and

production of pitch accents by native English sgesk In her study, English speakers produced



sentences with narrow focus and identified thetlooaof focus in utterances produced by
themselves and other speakers. She found a sigmifcorrelation between the speakers’
accuracy in producing narrow focus and perceivingstill, most of her participants were more
accurate at perceiving narrow focus than produitinghere was also a greater range in the
perception accuracy scores than in the productionracy scores, and a much larger range in
perception scores for the less accurate particsp#ain for the more accurate ones.

A number of studies show that training languagenkei® on perception tasks in their
non-native language can lead to improved productlarthe prosodic realm, ‘tHart and Collier
(1975) found that playing a tape illustrating imjaoit features of English intonation to native
Dutch speakers led to an improvement in their EBhglintonation production. De Bot and
Mailfert (1982) also found that perceptual trainorgEnglish intonation numerically improved
native-speaker ratings of the English intonatioodpiced by French speakers, although the study
had a small sample size and the results only apbeabsignificance.

In the segmental realm, Rochet (1995) found thaanv@anadian English and Brazilian
Portuguese learners of French incorrectly prodtiecechovel sound /y/, their productions (/u/
and /i/, respectively) were determined by theircpgtion of the sound. This study also found
that giving Mandarin speakers perceptual training-cench voiced vs. voiceless stops
significantly improved their productions of sometioése stops. Bradlow and colleagues
(Bradlow, Pisoni et al. 1997; Bradlow, Akahane-Yaaa&t al. 1999) found that native Japanese
speakers given perception training on the Englisi/ /distinction produced more intelligible
and native-like / and /I/ tokens even three months after the tnginiHowever, they did not find

a correlation between the amount of perceptionmaduction learning for each participant.



Taken together, these studies demonstrate that tloms seem to be a link between
language perception and production abilities, hothnative speakers and language learners,
such that greater skill in one area is often accamga by greater skill in the other, and training
in one can improve performance in the other. Haxethis relationship is complex: perceptual
ability may be greater than production ability vare-versa, and it is possible to improve one
skill without noticeable improvement in the oth&uch imbalances could have a number of
causes. Itis possible that some language leahaees developed appropriate internal
representations of sound categories, but haveatiatgveloped the motor skills needed to
produce these targets accurately (Bradlow, Pisoall. ¢997). On the other hand, production
could be easier for language learners who haverdeted the articulatory configurations
necessary to produce sound categories well enaulgé tinderstood by native speakers, but who
have not shifted their perceptual boundaries entoglorrectly classify the range of possible
native productions. Alternatively, some learneesyrhe focusing on acoustic cues that are
adequate for making distinctions in one modalitgrgeption or production), but not in the other
(Bradlow, Pisoni et al. 1997). Finally, low pertegl accuracy could result from difficulties
with the perception tasks themselves, which amenofuite artificial. Such difficulties could
have causes that are unrelated to perceptionyatsilith as inadequate short term memory

(Coburn 2000).

1.4 Previous Models of Second Language Acquisiti
1.4.1 Transfer Models of Phonological and PhonetAcquisition
Dupoux, Sebastian-Galles et al. (2007) comparezkthgeneral models of L2

phonological acquisition. The first type of modkims that a language-learner’s acoustic



perceptual space is warped by their first languageerience (e.g. Francis and Nusbaum 2002).
This changes the weighting of particular acoustiescsuch as F1 or timing. As a result, acoustic
cues that do not play an important in their L1 ppton also do not play an important role in
their L2 perception. The second type of modelnataihat contrastive phonetic or phonological
features such as voicing or nasality that arerétlua the learner’'s L1 also aren’t used in their

L2 (e.g. Brown 1998). The third type of model piaithat a language learner’s L1 categories or
prototypes interfere with perception of L2 categsrihat are similar to those in their L1. Best
and colleagues’ (Best, McRoberts et al. 2001) Reoed Assimilation Model (PAM) and Flege’s
(Flege, Munro et al. 1995) Spoken Language ModeMSall into this third category. PAM
predicts how pairs of L2 phonemes will be assimadanto the listener's L1 phonological

system. If the two sounds are assimilated intcstrae L1 category they will be hard for a
language learner to distinguish, but if they agragated into different categories, if one is a
better example of an L1 category than the otheif,tbey are assimilated as non-speech sounds,
they will be easier for the learner to distinguisblLM classifies L2 categories as identical to,
similar to, or different from L1 categories. If &8 category is similar (but not identical) to an

L1 category, the learner will have the most diffigllearning it correctly.

Dupoux, Sebastian-Galles et al. (2007) claim thairtdata on French speakers’ stress
deafness support the second type of model for pgoreof prosodic features, but not the first or
third. French does not have lexical stress, aeddir speakers have difficulty perceiving lexical
stress in other languages, in which it is encotiealigh FO movement, duration, and energy.
French does not have any contrastive prominendertsa but does use FO, duration, and energy
to mark other prosodic events such as phrase baesdal herefore, French speakers have no

difficulty perceiving the features themselves, pdavg evidence against the first type of model.



The lack of similar categories to lexical stres&iianch provides evidence against the third type
of model. However, the second type of model pteditat languages without phonological
categories similar to lexical stress will exhilitess deafness.

Models like PAM and SLM, which seem to work welt faredicting patterns of
segmental acquisition, may be less applicablearstiprasegmental domain because of the
unique nature of suprasegmental categories. Btanne, there are fewer suprasegmental
categories than segmental categories, leadingtaeantially less crowded phonological space.
A major difference between the predictions of teeanid and third types of models is that the
third type of model predicts that the existence chtegory in a speaker’s L1 that is similar, but
not identical, to one in their L2 will cause diffities in acquiring that L2 category. The second
type of model does not predict such interferenteces. If prosodic categories are in a less
crowded phonological space than segmental categydhiere may be less chance of confusion if
a learner produces a category realization thatrigas, but not identical, to the target L2
realization.

Unlike Dupoux et al. (2007), Mennen (1998) foundtiphsupport for the SLM model
modified for suprasegmentals. In this modified Skridel, when a language learner has similar
prosodic categories in their L1 and L2, such ak@plogical pitch accent type, they will form a
single category, leading to errors in their L2 aweén L1 production. She tested this model with
a study of native Dutch speaking learners of Gre&éth languages have an L+H* pitch accent,
but the pitch accent has different alignment whii $yllable in the two languages. She found
that most of the non-native Greek speakers digppraduce native-Greek-like L+H* alignment in
Greek, or monolingual-Dutch-like alignment in Dutclmstead they collapsed L+H* categories

across the two languages. However, one particgh@nhanage to produce alignment that was



similar to monolinguals in both languages. Theseilts generally support the SLM model for
suprasgemental category production, because hairmtar categories in their L1 and L2
impaired language learners’ production of thesegmies.

One explanation for these potentially contradictstrydies, providing support for
different models of prosody acquisition, is thdafiént aspects of prosody examined by Dupoux
et al. (2007) and Mennen (1998). Dupoux et almarad lexical stress, which requires listeners
to use a variety of acoustic cues to identify dakye as prominent, and then match this
prominence with a lexical entry. The French listsrmay have trouble with the connection
between prominence and the lexicon, rather thaedhaection between the acoustic features
and prominence. This hypothesis is supported &yabt that French participants do not exhibit
stress deafness in tasks that did not require pbgital or lexical representations (i.e. tasks in
which the stimuli were short or invariant enoughgarticipants to rely on purely acoustic
judgments) (Dupoux et al. 2001). We can conclidé for lexical stress, having a similar
category in their L1, which links acoustic promigerio the lexicon, helps language learners. In
contrast, Mennen examined fine phonetic detailsitch accent realization. Here, the situation
is more similar to the acquisition of segments.e Tdnguage learners have the L+H* pitch
accent category in both their L1 and L2, so theyeh#o trouble producing (and presumably
understanding) it in the appropriate context. dadt the challenge is to use the right acoustic
cues for a given language. The differences betilagroux et al.’s and Mennen’s studies
highlight a distinction that plays a major roleNtennen’s (1999, 2004) theories of second
language prosody acquisition: the difference betwsgenological and phonetic aspects of
prosody. Different models may well be needed faar the acquisition of 1) entirely new

prosodic features, such as lexical stress or itckents, which connect to the lexical, syntactic,



or semantic systems, and 2) phonetic details cfqutic categories that may already exist in a
speaker’'s L1. For this reason, the experimentisisstudy were designed to distinguish as
much as possible between these two levels, whiehederred to as 1) pitch accent

understanding and placement, and 2) pitch accenépgon and realization.

1.4.2 Non-Transfer Models of Morpho-Syntactic Aguisition

While prosody is clearly an aspect of the sounacttire of a language, prosodic focus
marking also requires knowledge of a language’sesyic and pragmatic systems. Therefore
research into the acquisition of these systemspmayide useful insights when considering
prosodic focus marking acquisition. One such intsig the consideration of factors other than
L1 transfer that could influence second languaggiiadion.

Dulay and Burt (1973) began a very active lineesfigarch studying the order of
acquisition of function morphemes (e.g. past teadeplural s, and articles) by learners of
English. The researchers exploring this questomd that English learners with a wide variety
of L1s seemed to acquire function morphemes inlaimorders (e.g. Bailey, Madden, and
Krashen 1974; Dulay and Burt 1974; Fathman 197asKen et al. 1976), suggesting that factors
other than L1 transfer affect the ease with whedrmers acquire these morphemes. Many of
these studies were attempting to show that L1 isneamportant factor in second language
acquisition, in a reaction to behaviorist modelbjol had been prevalent. Recent studies have
focused more on specifying precisely what fact@t®anine the ease with which these
morphemes are acquired. Goldschneider and DeKé3B8@1) performed a meta-analysis on a
subset of these studies, and found that a combmafithe morphemes’ phonetic salience,

semantic complexity, morphophonological regularstyntactic category, and frequency could



explain a large proportion of the variance in theitering (R=.71). Phonetic salience, semantic
complexity, and syntactic category seemed to becpéarly good predictors of how quickly an
English learner would acquire a particular morpheméei (2000) focused on explaining the
ordering with a more fully developed model of agknfactor: the 4-M Model of morpheme
types. Wei examined three morpheme types proposi@ model: ‘content morphemes’ like
nouns and verbs, ‘early system morphemes’ likegsitipns in verbal phrases, and ‘late system
morphemes’ like the'$person singularsmarker, which signal grammatical relations. Wei
found that, in general, content morphemes wereieajbefore early system morphemes, which
were acquired before late system morphemes.

Contemporary models of phonetics and phonology natéocused on the role that
particular features of L2 categories can play itegary acquisition. This may be because it is
unclear what those features would be for phonemésblophones. In contrast, prosodic
categories lend themselves to this type of anabatsiuse of their relationships with other levels
of linguistic structure and the complexity of thegage. The particular factors affecting
acquisition may be different for prosodic and marslyntactic categories. However, the idea
that language acquisition can be affected by feataf L2 categories could well be shared. Two
features of English prosodic focus marking thatid@iffect focus marking acquisition are

discussed in Section 1.5.2, as part of the L2 €hgk Model.

1.5 Two Types of Models of English Prosodic Focidarking Acquisition
In this dissertation, | aim to design a predictiwvedel of prosodic focus marking
acquisition. In order to do this, | must firstttése ability of several types of acquisition madel

to explain aspects of prosodic focus marking bypsddanguage learners. As discussed in



Section 1.4, different levels of prosody acquisit{e.g. phonetic and phonological) may behave
differently, requiring different types of modelsdgplain them. | describe below the types of
models | will be comparing, and the framework llwie to examine these different levels of
prosody.

In general, models of second language phonologyisitign, such as those described in
Section 1.4, have focused on transfer from theolthé L2. If a language learner’s native
language affects their use of target language psgsee would expect to see differences
between people with different native languagesilllrefer to these types of models as ‘Transfer
Models’. However, | propose that it is also pokesfor challenging features of L2 prosody to
cause similar difficulties for language learnerwa range of native language backgrounds. If
this is the case, we would expect to see simildep® of behavior across people with different
native languages. | will refer to this type of nebds an ‘L2 Challenge Model'. In Sections
1.5.1 and 1.5.2 | lay out some predictions thaeafiiom specific types of Transfer Models and
L2 Challenge Models of prosodic focus marking asifiain. It is important to note that Transfer
Models and L2 Challenge Models do not necessardigerconflicting predictions, and that both
types of models could simultaneously capture dffi€aspects of language learner performance.

Models of prosodic focus marking acquisition areencomplex than models of
phonological category acquisition, like PAM (Bagi;Roberts et al. 2001), because focus
marking involves not only the phonological system &lso the syntactic and pragmatic systems.
Therefore, a model of prosodic focus marking aagarsmust account for the three levels
involved in the prosodic realization of focus. $aehree levels and the relationships between

them are laid out in Figure 1.1.



Perceptual Production
Skills Skills

Information Structure Level
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Understanding Prominence Level Placement
Perception Acoustics Level Realization

Figure 1.1. Chart demonstrating the three levelprafsodic focus marking and the relationships

between them

At the information structure level, the speakeed®ines the information structure of the
utterance (which words are in focus). At this lehe prosodic system interacts with the
syntactic and pragmatic systems. At the promindéews, the speaker determines how the
information structure should be realized withiraaguage’s syntactic, morphological, and
prosodic structures. In English this involves sleéection of a word or words to receive pitch
accents given a particular information structure] the selection of the type of pitch accents that
will be used. In Korean it involves choosing thedtions for AP and IP boundaries. In
Mandarin it involves deciding whether focus will tmarked syntactically or prosodically. At the
acoustics level, the speaker selects acousticresata realize the prosodic structures selected at
the prominence level. In English this can inclk@emovements appropriate to the pitch accent

type, increased duration, increased amplitude saedtral changes. In Korean it can include an



increased peak FO and longer duration on the facwsed, and shorter post-focal words. In
Mandarin it can include an increased FO range eridbused word and a decreased FO range on
the following words. A breakdown at any one ofsiiaéevels could result in an utterance that

does not accurately convey the speaker's commuweceitent.

1.5.1 Transfer Models
1.5.1.1 Comparisons between L1s and L2 for Trafex Models

A language learner’s L1 can interact with theirdizhe information structure,
prominence, and acoustics levels. At the levehfmrmation structure, languages have the most
in common. Languages differ at the prominenceaualistics levels.

At the prominence level, English differs from Mandan that Mandarin allows syntactic
focus marking, while English requires prosodic ®aoarking. In addition, English marks broad
focus by placing a pitch accent on a word withi@ fibncused constituent, while Mandarin
generally does not prosodically emphasize any wtitin broad focus constituents. English
differs from Korean at the prominence level in tRaglish uses pitch accents to mark focus
while Korean uses prosodic boundary placemenadtition, Korean marks VP broad focus
with prosodic prominence at the beginning of thewiile English marks it with prosodic
prominence at the end. Finally, Korean does nagqutically mark sentence broad focus, while
English generally marks sentence broad focus @otesices with transitive verbs) with prosodic
prominence on the final word.

At the acoustics level, English differs from Mandan that Mandarin marks prosodic
prominence with an expanded pitch range for thee#dly assigned tones, while English marks

pitch accents with (among other cues) particularhpiargets, determined by the pitch accent



type. English differs from Korean at the acousk&l in that Korean marks prosodic
prominence with boundary tones that are assocwitdda phrase rather than a word, while
English aligns pitch accents with the stressedbidlin a particular word. In addition, Korean
boundary tone type is influenced by segmental feataf the first word in the phrase and the
number of syllables in the phrase, which is no¢ fiar English pitch accent types. Finally,
English has a stress distinction, which can bezealthrough duration, intensity, and spectral
differences between stressed and unstressed gglathile Korean does not have a stress

distinction.

1.5.1.2 Transfer Model Predictions for Pitch Acent Perception and Realization

| will assess a Transfer Model of prosodic promgeeacquisition that predicts that
language learners will most easily learn how taceme and realize pitch accents if their L1 also
has pitch accents. English learners who do nog Ipgteh accents in their L1 will have an easier
time acquiring the pitch accent category if thelrand L2 share more phonological and phonetic
features for marking prosodic prominence. Thihestype of model in which shared categories
across a speaker’s L1 and L2 help with categorwiaitgpn, which Dupoux et al. (2007) found
support for in their study of lexical stress acgiga. Although Mennen (1998) found evidence
in support of an SLM-type model, in which similat Bnd L2 prosodic categories can interfere
with each other, her study focused on native-likehppeak alignment. In the majority of
experiments in the current study, learners of Ehglio not have to have entirely native-like
pitch accent perception and realization. They §irhpve to recognize or produce acoustic cues
that are similar enough to those used by nativdi§ingpeakers that they can identify pitch

accent location and produce pitch accents thabeddentified by native speakers. It is entirely



possible that the fine phonetic details of thefcipiaccent productions will be negatively
impacted by the acoustic cues used to mark prorosemtheir native language, as Mennen
found.

If the Transfer Model proposed in the precedinggeaph is correct, we can make some
specific predictions about the types of problenas tfative Korean and Mandarin speakers will
have when acquiring English prosodic focus markiRgr instance, if there is a difference
between the two language groups’ abilities to aamtely perceive and realize pitch accents on
words with non-initial stress, the model predittattMandarin speakers will be more accurate
than Korean speakers. This is partly because Kaileas not have a stress contrast, and
therefore Korean speakers have difficulty redueuagd-initial unstressed syllables (McGory
1997). In addition, Korean speakers put focusedisvat the beginning of an AP, so they are
acoustically marked with phrase-initial boundanyes, which start at the beginning of the word,
not at the second syllable. In contrast, Manddoes have a stress distinction (Li and
Thompson 1989).

Excluding difficulties with word-level stress, theodel predicts that native Korean
speakers will generally be more accurate than edfiandarin speakers at perceiving and
realizing English pitch accents. This is becalike,English, Seoul Korean and the other
Korean dialects spoken by participants in this gtuske pitch only post-lexically. Korean uses
pitch to indicate phrasing, thereby communicatimgrimation structure. In contrast, Mandarin
uses pitch both post-lexically, to mark narrow ®¢hrough cues to prominence like an
expanded pitch range, and lexically, to distinguostween words that differ only in their tones.
As a result, Korean speakers may more easily tuioepitch as a marker of prominence within a

phrase and more easily use pitch movements to prarkinence.



1.5.1.3 Transfer Model Predictions for Pitch Acent Understanding and Placement
1.5.1.3.1 Opposing Transfer Models

There are two possible Transfer Models for the ustdading and placement of pitch
accents. Both Transfer Models predict that thenkerawill have the least difficulty appropriately
placing and understanding pitch accents when tliedtictates prominence on the same word for
a particular information structure. As a resuttttbTransfer Models predict that Korean
speakers will be better than Mandarin speakera@dénstanding and appropriately placing pitch
accents appropriate to narrow focus. This is bee#&orean always marks narrow focus
prosodically (Jun and Lee 1998), while Mandarin oak it either prosodically or syntactically
(Xu 2004). Therefore, Korean speakers are pretlicéeable to directly carry over their habit of
always marking narrow focus with prosodic cues Bkg@anding the pitch range and lengthening
parts of the focused word.

However, the two Transfer Models disagree on thecebf having different prominence
locations for a given information structure in 8peaker’s L1 and L2. In the “Different
Prominence Locations Hurt” Transfer Model (desatibeSection 1.5.1.3.2), having different
prominence locations for a particular informatidrusture will lead to errors in the L2, as the
prominence location from the L1 is transferredhe £2. In the “Any Prominence Location
Helps” Transfer Model (described in Section 1.53),3having prosodic prominence predicted at
all for a particular information structure will la@ advantage in the L2, as the concept of

prominence marking for that information structusdransferred to the L2.



1.5.1.3.2 Different Prominence Locations Hurt

Under the assumption that having different promeaadiocations in their L1 and L2 is
detrimental to the language learner, learners shioave the least difficulty placing and
understanding pitch accents when their L1 dictpteminence on the same word as their L2.
They should have the most difficulty when theirdigtates prominence on a different word.
When their L1 predicts no prosodic prominence fpagicular information structure, their
difficulty level should fall between these two exttres. The difficulty experienced by English
learners when their L1 dictates a different pitcbemt placement than their L2 is illustrated by
the well-documented difficulty that Spanish-spegKiarners of English have in appropriately
placing pitch accents in English (Nava and Zubetar2010; Nava 2007). Their L1 has pitch
accents, like English, but dictates a differentipi@ccent placement for a number of broad focus
sentence types. In contrast, Wang (2003) fount] itngeneral, Mandarin speaking English
learners correctly placed their English pitch atsefMhis provides support for the model
described above, as Mandarin does not place progoaininence on any words that are not
accented in English. The main difference betwéertwo languages is that in English particular
words receive a pitch accent in broad focus seetenehile in Mandarin no words are made
prosodically prominent in broad focus sentences.

The Different Prominence Locations Hurt model peeglithat Mandarin speakers should
be better at understanding and appropriately pdggitth accents in VP broad focus sentences
than Korean speakers. This is because Korean eygealark VP broad focus by placing an IP
boundary at the beginning of the focused VP, leattinan expanded pitch range and increased
duration for the first word in the VP (due to therkan SOV word order this is often not the

verb, but the object of the sentence) (Jun, Kiml.e2006). These acoustic cues are similar to



those of an English pitch accent. However, in Ehgihe pitch accent in a broad focus VP is
usually placed at the end of the VP — for a traresiterb it goes on the object NP. Such a
difference between their L1 and L2 is predicteltck Korean speakers’ ability to acquire the
English pitch accent placement for VP broad fo@mences. On the other hand, Mandarin does
not prosodically mark VP broad focus (Xu 1999). iWiMandarin uses many of the same
acoustic cues to mark narrow focus as English wsesark pitch accents, Mandarin speakers do
not have to overcome the habit of using these tuesark VP broad focus on a different
constituent.

The model predicts that Korean speakers will maly understand and appropriately
place pitch accents in sentence broad focus sexge¢han in VP broad focus sentences. This is
because Korean does not place extra prosodic pemménon any word in sentence broad focus
sentences, in contrast to the extra prosodic prena® on the VP-initial word in VP broad focus
sentences.

Finally, the model predicts that Korean and Mamilageakers should be equally good
(or bad) at understanding and appropriately plapiteh accents in sentence broad focus
sentences. This is because neither L1 places pedsadic prominence on any particular word

in such sentences.

1.5.1.3.3 Any Prominence Location Helps

Dupoux et al.’s (2007) results support the ided laaing the category of prominence for
a particular information structure in a speakerlsand L2 will help in their placement and
understanding of prominence in their L2. They fdtmat native French speakers’ lack of the

lexical stress category made it very difficult tbem to process stress in other languages.



This model predicts that Korean speakers will bgebéhan Mandarin speakers at
placing and understanding prominence in VP broadda@ontexts. This is because Korean
marks VP broad focus prosodically, while Mandaresi not. The model also predicts that
Korean speakers might even be better than Mandpgakers at placing and understanding
prominence in sentence broad focus contexts, bedémean speakers mark some kind of broad
focus prosodically in their L1. Therefore Koregneakers may have a better mental
representation of broad focus than Mandarin speaker

The model predicts that Korean speakers will beenamcurate at understanding and
appropriately placing pitch accents in VP broadufsentences than in sentence broad focus
sentences. This is because Korean does not poadlgdnark sentence broad focus sentences,
but it does prosodically mark VP broad focus secgen

Finally, the model predicts that Korean speakerdccbe more accurate than Mandarin
speakers at placing and understanding prominensentence broad focus contexts. This is
because Korean speakers already have the mentdptarf marking broad focus prosodically
through their treatment of VP broad focus. Theceh might extend to broad focus in general,

helping them more easily acquire sentence broaasfpoosodic marking in English.

1.5.2 L2 Challenge Models

Evidence for an L2 Challenge Model would come framepeated pattern of behavior
across participants with different L1s. Such s&eetpd pattern has two other potential causes
apart from challenges associated with the L2. firgeis that the L1s of the participants are
similar in the aspect of language being studieat]ileg to the transfer of similar features from

both L1s to the L2. However, this is unlikely te the cause of repeated patterns if the L1s are



known to differ on the relevant dimension. A satpotential cause is the additional mental
resources required to speak a non-native langudggewould expect these to lead to a degraded
performance for non-native speakers across all sy@ehtence types, and contexts. In cases
where performance on some words, sentence typesntexts are degraded to a greater extent
than on others, some feature of the problem itenrst lme making them particularly difficult for
the learner. Therefore, while it is important &ef all possible explanations for the results in
mind, if the same pattern of behavior is seendaglage learners with multiple L1s, which are
known to vary on the features under examinatiod,\anen performance on some items is worse

than others, this will be taken as support for @rChallenge Model.

1.5.2.1 L2 Challenge Model Predictions for Pitclccent Perception and Realization

English learners in general may have a particulaalyl time perceiving less acoustically
prominent pitch accents. There is natural vamatiothe production of pitch accents by native
English speakers, involving differences in duratioitch range, amplitude, and spectral features.
Such variation can arise from the speaker, thatsi in which the speech is occurring, or the
location of the accent in an utterance. In thislgt the speaker and the situation are controlled
across items, but accented words are producedfaratit positions (sentence-initial and -final)
and different contexts (subject narrow focus, V&adrfocus, and sentence broad focus).
Research has shown significant differences in do@istic characteristics of pitch accents in
different sentence positions. Phrase-final H*Ipidccents have a significantly earlier and lower
FO peaks than earlier H* pitch accents (Shue &l0). This could make phrase-final H* pitch
accents less noticeable. In addition, some reBeestave found acoustic differences between

pitch accents in broad and narrow focus. Theyddugher maximum FOs for objects in narrow



focus than objects in broad focus (Xu and Xu 2G0%) longer durations and higher maximum
FOs for indirect objects in narrow focus relativandirect objects in VP or sentence broad focus
(Eady et al. 1986). Because sentences in botldldozais conditions in the current study are
predicted to have accents on their final wordsseéh®vo effects could combine, resulting in
broad focus final pitch accents on objects thalese perceptible to language learners than the
narrow focus final pitch accents on the subjetthdse differences between native speakers’
productions of early and late pitch accents and/&en pitch accents in broad and narrow focus
are replicated by non-native speakers, then nonengpeakers’ pitch accents in broad focus

may be less noticeable than those in narrow focus.

1.5.2.2 L2 Challenge Models’ Predictions for Pitt Accent Understanding and Placement
Aspects of the target language’s focus-markingesygnay also play a role in non-native
acquisition of prosodic focus marking. One pothtiimportant factor is the relationship
between focus and prosodic prominence. This wilidferred to as the Relationship factor. If
the Relationship factor plays a role in non-napegformance, English narrow focus will be
easier to produce and understand than broad fohis. is because in narrow focus there is a
direct correspondence between focus and accerdrplat, while in broad focus an accent on
one word can signal focus on a larger constituénbroad focus contexts, learners of English
may not know which word should be accented, or ¢lkahany word should be accented. The
Relationship factor also predicts that prosodiclkimay of VP broad focus should be easier to
acquire than sentence broad focus marking. THieg¢ause a smaller constituent is being
marked in the case of VP broad focus, narrowingange of possible pitch accent locations

within the focused constituent. In addition, in W®ad focus a subset of the sentence is being



marked as focused, which may be easier to compdetham marking an entire sentence as
focused.

Another possible target language factor is theueegy with which particular accent
patterns are used in the target language. Thibwileferred to as the Frequency factor. If a
certain pattern is used in multiple contexts, native speakers may apply it too broadly,
believing that it is appropriate in contexts whieie inappropriate. In English, a pitch accent
pattern in which the final accent is on the obje@ppropriate in sentence broad focus, VP broad
focus, and object narrow focus contexts. Therefareguage learners may incorrectly use it in
other contexts, such as subject narrow focus.

The two factors discussed above (the Relationgtufof and the Frequency factor) lead
to contradictory predictions. The Relationshipidéadeads to the prediction that subject narrow
focus will be easy for language learners, whileRheguency factor leads to the prediction that
subject narrow focus will be hard for them. Aseauit, the two factors can lead to two different
L2 Challenge Models, analogous to the Any Promiedrmcation Helps, and Different
Prominence Locations Hurt Transfer Models. Howglpropose that a third possibility also
exists: these two factors can be combined intoglsimodel that makes different predictions for
different types of tasks. In such a model, nonvegparticipants are predicted to find subject
narrow focus marking easy in some tasks and haothier tasks. The key component of the
combined model is the criterion used to distinglastween these two types of tasks. The
criterion might be whether a task requires perogptir production, or it might be the relative
difficulty of the task. | will use the results tife experiments in this study to determine whether

the Relationship Factor Model, Frequency Factor dloar the Hybrid Model is correct. If the



Hybrid Model is correct, the results will be useddetermine what distinguishes tasks in which

narrow focus is easy from tasks in which narrowufors hard.

1.5.3 Summary and Comparison of Model Predictions

In section 1.5 | have described the predictionas dfansfer Model and an L2 Challenge
Model for pitch accent perception and realizatemg described two Transfer Models and three
L2 Challenge Models for pitch accent understanding placement. Here, | summarize these
predictions to allow easy comparison across theatsodlable 1.1 lists the predictions for pitch
accent perception and realization. Table 1.2 tiegpredictions for pitch accent understanding

and placement.

Transfer Model L2 Challenge Model

- Mandarin>Korean, second syllable stress wordllarrow focus>Broad focus
- Korean>Mandarin, in general

Table 1.1. Model predictions for pitch accent pgtgan and realization, with > signifying

greater language learner accuracy

Transfer Model: Transfer Model:

Different Prominence Locations Hurt | Any Prominence Location Helps

- Mandarin>Korean, VPBF - Korean>Mandarin, VPBF

- SBF>VPBF, Korean - VPBF>SBF, Korean

- Mandarin=Korean, SBF - Korean>Mandarin, SBF

- Korean>Mandarin, SUNF - Korean>Mandarin, SUNF

L2 Challenge Model: L2 Challenge Model: L2 Challenge Model:

Relationship Frequency Hybrid

- SUNF>VPBF>SBF - VPBF/SBF>SuNF - SUNF>VPBF>SBHnedasks
- VPBF/SBF>SuNF, other tasks

Table 1.2. Model predictions for pitch accent ursfending and placement, with > signifying

greater language learner accuracy and = signifyegual language learner accuracy



1.6 Native Perception of Non-Native Production

It is difficult to make predictions regarding nai#nglish listeners’ perception of non-
native pitch accent production. Based on previessarch, it is likely that the non-native
English speakers’ productions will differ acousligérom native speakers’ productions. What
is less clear is how native English listeners milerpret these non-native productions. Two

possibilities are laid out in Sections 1.6.1 ar&i2..

1.6.1 Strict Native Perception Model

Under the Strict Native Perception Model, non-rafinglish speakers who deviate
acoustically from the pitch accent productions ative speakers will not be understood by
native listeners. This means that only the mosvedike language learners will be able to
communicate their intended focus to native listendrhe Strict Native Perception Model is
based on the idea that native listeners are vergriient on a particular combination of acoustic
cues for accented and unaccented words. Such depescould mean that if any of the cues
signaling an intended accentuation is missingyvenaveaker than expected, the listeners would
judge the word to be unaccented. It could alsomtleat the general differences between native
and non-native speech (such as longer durationsnmative speech) would lead listeners to
hear pitch accents on words that were not intetolé& accented. A third possible scenario is
that even if non-native speakers produce greastindtions between accented and unaccented
words than native speakers, the listeners coudtpnet the cues that fall outside of the ranges of

values they expect to simply be meaningless vandhat is part of a non-native accent.



1.6.2 Relaxed Native Perception Model

Under the Relaxed Native Perception Model, nonveatpeakers can produce sentence
prosody that is interpretable by native speakerievstill deviating from the productions of
native speakers. This means that there is songe @racoustic values that native English
speakers will accept to mark a pitch accent whidkreds beyond the values that they typically
hear. As a result, English learners might havequly that is non-native-like, but still
understandable. If this is the case, it is impdrta determine in what ways non-native speakers
can deviate from native prosody production and lstilunderstood.

There are several reasons why non-native-like gipstght be accepted and
understood. The first possibility is that natiisdners will judge a word to be accented when it
has more acoustic cues pointing to it being accethtan unaccented. In this case, if a non-
native speaker produces a greater acoustic distmtttan native speakers between accented and
unaccented words (e.g. longer durations or morarmdgd pitch ranges on accented words), then
he will be understood while still differing fromemative production norm. Alternatively, a non-
native speaker could use a different combinatiocues than native speakers and still be
understood. For instance, the non-native speakgrproduce stronger durational cues and
weaker pitch cues relative to native speakersifttaé combination of cues makes it more likely
that a word is accented, native listeners woulljstige it as accented. A second possible
explanation is that native listeners do not pereanbtle acoustic differences between the pitch
accent cues produced by native and non-native spgadven though these differences may
show up in acoustic measurements.

If the Relaxed Native Perception Model is suppoligdhe experimental results, the

acoustic measurements will be used to determinetheviprosodically appropriate’ native and



non-native English productions differ. This infation will shed light on which of the
possibilities outlined in the preceding paragraphbdrrect. For instance, if the non-native
productions have stronger acoustic cues for pitclersts than the native productions, this would

support the first explanation.

1.6.3 Summary and Comparison of Model Predictios

In Section 1.6 | have described the predictionthefStrict Native Perception Model and
the Relaxed Native Perception Model regarding egberception of non-native production of
English prosodic focus marking. In Table 1.3, insniarize these predictions to allow easy

comparison across the models.

Strict Native Perception Model Relaxed Native Perqgion Model
- Any deviation from native production| - Non-native English speakers can deviate from
non-interpretable prosody native-like productions
still interpretable prosody

Table 1.3. Model predictions for native perceptamon-native production of English prosodic

focus marking

1.7 Relationship between Perception and Producin

Two opposing models can be used to make predicéibaat the relationship between
perception and production of English pitch accétaon-native speakers. The
Perception/Production Dependence Model assumesdarfiuental equivalence between pitch
accent use in perception and production. The PgoréProduction Independence Model
assumes that the skills required to perceive oetstdnd pitch accents can develop separately

from those required to realize or place pitch atzen



1.7.1 Perception/Production Dependence Model

For pitch accent perception and realization, thisleh holds that the ability to accurately
realize pitch accents depends in part on accusteption of pitch accents. An English
learner’s knowledge of how to perceive or realinglish pitch accents can come from several
sources. Specifically, it can come from acoustilarities in prosodic prominence marking
between their L1 and L2, or from hearing native lishgspeakers produce pitch accents.
Similarities in prosodic prominence between a speak.1 and L2 should generally lead to
similar performance in perception and producti@gduse Coburn’s (2000) results suggest that
skill in L1 prominence perception and productioa generally correlated (at least for English).
Listening to native English speakers can teachedwer both what cues to attend to when
listening for pitch accents, and what cues to pceduAs the accurate perception of native
English speech must precede accurate realizat@sedbon this speech, we would expect this
kind of learning to lead to greater accuracy iglpiiccent perception than realization. Given
these combined effects, the model predicts a @iroel between pitch accent perception and
realization with greater accuracy for percepticemthealization.

This model holds that knowledge of pitch accent@haent is modality-neutral, so an
English learner’s accuracy in understanding andycing pitch accent placement should be
correlated and roughly equivalent, both overall Boxgarticular information structures. This
model is based on the premise that if a languaayade knows the relationship between an
information structure and a particular pitch acqdatement, they should be able to apply it
equally well in perception and production. Unlgerception of pitch accent realization, the
ability to understand pitch accent placement da¢saquire the learner to adjust the weighting

of perceptual cues or change the boundaries beteategories. Similarly, in production it



should not be physiologically more difficult to piaa pitch accent on one word rather than

another.

1.7.2 Perception/Production Independence Model

This model assumes that different skills are resglifor pitch accent perception and
understanding on the one hand, and for realizaimahplacement on the other, resulting in no
correlation between the perceptual skills and tieglyction skills. As noted in Section 1.3.8,
non-native perceptual ability may be greater thapction ability, or vice-versa, and it is
possible to improve one skill without noticeablegnovement in the other.

For perception and realization, some language ézarmay have developed the internal
representations necessary to accurately perceiste @ccents, but not yet developed the motor
skills needed to realize them accurately (BradlBigoni et al. 1997). Alternatively, realization
might be easier for some language learners bethegdave determined the articulatory
movements necessary to realize pitch accents wellgh to be understood by native speakers,
but cannot use acoustic cues to correctly peraggti@e productions of pitch accents.

For understanding and placement, one of these taaiksequire more mental resources
than the other, leading to unequal performancessadhe two modalities. Some language
learners may find accent placement more challeniggtguse they have to focus on segment
pronunciation in addition to prosody. Other langgidearners may find accent understanding
more challenging because of the unconstrained eafuthe task: the speaker may use unfamiliar
words or unusual segment pronunciations. If thguage learner finds one of these tasks more

challenging than the other, her pitch accent uska@mmore challenging task could degrade.



1.7.3 Summary and Comparison of Model Predictions

In Section 1.7 | have described the predictionthefPerception/Production Dependence
Model and the Perception/Production Independencegei@garding the relationship between
perception and production in English prosodic fomasking acquisition. In Table 1.4, |

summarize these predictions to allow easy compamasooss the models.

Perception/Production Dependence Model Perception/fBduction Independence Model

- Perception and realization correlated, with- No correlation between perception and

perception>realization realization

- Understanding and placement correlated| - No correlation between understanding and
and equal, overall and for individual placement

structures

Table 1.4. Model predictions for the relationshgtween perception and production in second
language acquisition of prosodic focus markinghwitsignifying greater language learner

accuracy



Chapter 2
Methods
2.1 Introduction

The goal of this dissertation is to examine Englstus marking within a complete
communicative chain, from non-native perceptiomative production, to non-native
production, to native perception of non-native prcttbn. In order to achieve this goal, a series
of experiments were run to test English learneesteption, understanding, placement, and
realization of English pitch accents. The samegptrticipants performed four experimental
tasks. These experiments included two percepéiskst a production task, and a computer-
based judgment task. Sixty people participateti@se experiments: 20 native Korean speakers,
20 native Mandarin speakers, and 20 native Engligakers. After this set of experiments was
completed, a follow-up experiment was carried outyhich 24 native English speakers listened
to the recordings produced by the 60 native andnadive speakers.

The five experiments are discussed in greateildeetdne remainder of the chapter.
Section 2.2 explains experimental procedures amattier in which the experiments were run.
Section 2.3 describes the materials used in therarpnts. Section 2.4 describes the 60 native
and non-native participants who completed the fost experiments. Sections 2.5 to 2.8
describe the experiments investigating prominemoduyxtion (Experiment 1), prominence
perception (Experiment 2), prominence understanixgeriment 3), and prominence
placement (Experiment 4), respectively. Secti@dascribes the native perception of non-
native production follow-up experiment (Experimént Finally, Section 2.10 discusses the

types of statistical tests used to analyze the data



2.2 General Experiment Structure

Twenty native English speakers, 20 native Mandspeeakers, and 20 native Korean
speakers participated in four experiments (Exp) deding a single one to two hour session. All
participants did the experiments in the same oréanst, they did a prominence production
experiment (Exp. 1), in which they were recordeatineg the answers to questions. Second,
they did a prominence perception experiment (Expinavhich they were asked to determine
which word in a recording was the last prominentdvoThird, they did a prominence
understanding experiment (Exp. 3), in which theyenssked whether the answers in recorded
guestion-answer pairs had context-appropriate pigos&ourth, they did a prominence
placement experiment (Exp. 4), in which they wesleed which word they would make
prominent if they were producing the answer in asion-answer pair. After all of the
experiments were completed, the non-native pagrntgptook the Versant English Test. This is
an oral test of English learners’ ability to undensl and produce conversational English. All
participants finished the session by filling owguestionnaire on their language background.

The experimental tasks were ordered in this wawtto control the influence of an
earlier task on performance in a later task. Tioenmmence production experiment (Exp. 1) was
run first so that participants’ productions woulat be influenced by the native English speaker
productions of very similar sentence types thay theuld be hearing in the perceptual
experiments (Exp. 2 and 3). The prominence peimegiperiment (Exp. 2) was run before the
prominence understanding experiment (Exp. 3) beckup. 2 was expected to be easier than
the Exp.3. The understanding experiment (Expc8)aly required participants to both perceive
and understand pitch accents. One goal of thdystas to determine the role that pitch accent

perception ability plays in pitch accent understagd Therefore, it was important to get an



accurate measure of participants’ perception &slifree from any practice effects that could
occur if the prominence understanding experimerp(B) came before the perception
experiment (Exp. 2). The prominence placement ix@at (Exp. 4) was run after the
prominence production experiment (Exp. 1), so plaaticipants would not produce unnatural
prosody in an effort to replicate the prominenamatmns they predicted in the placement
experiment (Exp. 4). The prominence placement exgat (Exp. 4) was run last to allow the
greatest amount of time to pass between the praroénproduction and placement experiments
(Exp. 1 and 4, respectively). This reduced thenckdhat participants would simply report the
prominence locations they produced, which may Heeen influenced by performance factors
related to the difficulty of the speech productiask. The prominence production experiment
(Exp. 1) was kept free from influence becausevbives a more natural task that reflects non-
native speakers’ actual language performance, asdtherefore considered to be more

informative than the placement experiment (Exp.4).

2.3General Materials

These experiments used six sets of subject-verbebbijimulus sentences, containing
twelve sentences each. In three of the sets,thoglet words (subject and object) are
monosyllabic. In the other three sets, both tangetls have three syllables, with stress on the
second syllable. There are three sets of sentdoceach syllable count to allow a different set
to be used for the prominence perception experirfie. 2), the prominence understanding

experiment (Exp. 3), and the production and placereeperiments (Exp. 1 and 4).

* All experimental materials can be found in Appenéli



In order to make the experiments as comparablesslge, the sets of sentences had a
number of features in common. All of the senteriwas a subject-verb-object word order. All
of the subjects were people’s names. In eaclesgtrfionosyllabic stimuli for the prominence
perception experiment), nine of the objects haddh@ Determiner Noun, and three of the
objects were proper nouns without determinersallisentences with determiners, the
determiners were one syllable long. Because tbagtdit features of some of the determiners
are challenging for native Korean and Mandarin kpesa(e.g. / d/ ithe, /z/ inhis, / /in her, /h/
in hisandher, and final consonants some, hisandher), the same determiners were used
across the six sets of sentences. All sets hadristances dd, two instances difis or her, one
instance o6ome and one instance tie All sentences used only past tense verbs witieei
one syllable (nine in each set) or two syllablésgg in each set). All two-syllable verbs had
first-syllable stress. Each verb was used onlyeonc

Non-native speakers’ segmental difficulties couddse a number of problems in this
study. Trying to produce difficult segments magrease the likelihood of disfluencies, while
trying to perceive such segments may keep non-@é&siteners from concentrating on the
prominence perception and understanding taskanifionize these problems and avoid having
them cause differences between the experimenta@ods experimental conditions, target
words were chosen after considering lists of comsemmental problems for native Korean and
Chinese speaking learners of English (Swan & Sr2i0,1). Because each of the stimulus
sentences contained two target words (subject bjat®), twelve sets of words were matched
for phonological features. A number of the probleatures were eliminated from all target
words, and other problem features were matchedi, avie exception, across all twelve word

sets. Of the segmental problems listed for eantpuage, all problems with English consonants,



apart from voicing and phonotactics, were eithanielated or controlled via the stimuli
restrictions described in Table 2.1. Segmentableros listed for vowels were not controlled, in
order to make it possible to create twelve otheswsmparable lists of twelve words. A
distinction was made between problematic vowelsa@msonants because the continuous nature

of the vowel space may make non-native-like produstless likely to cause disfluencies. The

segmental features that were controlled acroseanblee word sets are listed in Table 2.1.

Language| Segments Restrictions
Chinese | In/ - No target word contained more than 1 /n/
Only 6 target words contained /n/ per set
Chinese, |//, I No target word contained more than 1.ér /I/
Korean Only 5 target words contained//or /I/ per set
Chinese | /d/, It/ 1] No target word contained more than 1/[dt/, or //
Only 2 target words contained /Igi/t /, or // per set
Chinese, | VI, It/ No target word contained more than 1 /v/ or /f/
Korean Only 1 target word contained /v/ or /f/ per set
Chinese Word-final Only 10 target words contained a word-final consamer 1-
consonants syllable set
Only 1 target word contained a word-final consonaert3-
syllable set
Chinese | /h/ No target word contained /h/
Chinese, |/ [, 10/ No target word contained / or /d/
Korean
Chinese, | /z/ No target word contained /z/
Korean
Korean /| | before /i No target word contained A/
Chinese | Word-final No target word contained word-final /I/
N
Korean Word-final / No target word contained word-final,//t /, Id /, Iz/, or It/
[0t d |,
/z/, and [t/
Chinese | Consonant No target word contained syllable-initial or -firdnsonant
clusters clusters
Korean Word-final No target word contained word-final /s/ or /z/ muemes
/sl and /z/
morphemes
Table 2.1. Segmental features that were eliminatezbntrolled across the twelve target word

sets




2.4 Participants

Forty non-native English speakers participatedis éxperiment. Twenty were native
Korean speakers (14 female, 6 male), and twentg wative Mandarin speakers (13 female, 7
male). All of the Korean speakers were from Sd{thea, and the majority (n=16) were from
Seoul. Of the remaining Korean participants, aported being from Cheongju, one from
Incheon, one from Daejeon, and one from a variégtes in the Jeollabuk-do, Jeollanam-do,
and Gyeonggi-do provinces of South Korea. Crugidifie dialects spoken in all of these areas
are non-tonal, like the standard dialect spoke®daul (Sohn 1999; Lee and Ramsey 2000). The
native Korean speakers ranged in age from 19 {on&&n=26). The Mandarin speaking
participants were more geographically diverse. etéian of them were from the Peoples
Republic of China (PRC), and one was from Taiw@fithin the PRC, participants were from
Beijing, Shanghai, and the provinces of Jiangsaphing, Henan, Shanxi, Guangxi, Sichuan,
Hunan, and Hubei. Although some features of Mandaary from one area to another, all
varieties of Mandarin have the same basic tonatsitre (Li and Thompson 1989). The native
Mandarin speakers ranged in age from 20 to 33 (r2&n

All of the non-native English speakers were livinghe U.S. at the time of the
experiment. All of them first moved to an Englispeaking country when they were 17 or older,
and had lived in English-speaking countries fos lggn six years. Details of the Korean and
Mandarin-speaking participants’ age-of-arrivalit@lin an English-speaking country and length
of time spent in English-speaking countries arevioled in Table 2.2. The non-native
participants were recruited from the Northwestesmmunity through word-of-mouth and flyers
posted on campus. All non-native participants waiel for their participation. None of the

participants reported any speech or hearing impaitm



Age-of-Arrival
Mean (years)

Age-of-Arrival
Range (years)

Length of Time
Mean (months)

Length of Time
Range (months)

Korean

23.75

17-29

22.5

0-66

Mandarin

24.3

18-32

12.65

0-68

Table 2.2. Mean and range of participants’ age-ofval to live in an English-speaking country
(in years), and length of time spent in Englishadeg countries (in months), broken down by

native language

After completing the experiment, the non-nativetipgrants took the Versant English
Test (www.ordinate.com/products/english.jsp). Tikian oral test of English learners’ “ability
to understand spoken language and respond inbdyligt a conversational pace on everyday
topics.” (Bernstein and Cheng 2008: 176). Thedssesses non-native English speakers’
sentence mastery, vocabulary, fluency, and proatioai by having them read aloud, repeat
sentences, answer questions, rearrange phrasasitaéntences, and retell a story. The test
takes about 15 minutes, is conducted over a lamdéilephone, and is automatically scored.
Overall scores fall between 20 and 80, with 80aating high proficiency. The correlation
between the Versant test and the human-scored§8B8 (n=59) (Bernstein and Cheng 2008).
In the current study, there was no significantedéhce between the Versant scores for the
Korean and Mandarin groups (U=230, p=0.42). Figuteshows the distribution of overall

Versant scores for the two groups of non-nativéi@pants.
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Figure 2.1. Boxplot of overall Versant scores for Koreand Mandarin participants

Twenty native English speaking controls also pgudited in the experiments (14 female,
6 male). The native English speakers had all linethe U.S. for their entire lives, and ranged in
age from 19 to 22 (mean=20). They were all unagehgate students at Northwestern University,
and received course credit for their participatidime majority of these participants reported
having studied other languages in addition to Ehmg{French, Spanish, German, Latin, and
Russian). However, all of them learned these laggs when they were 5 years old or older,
described themselves as monolingual English spsasted had been educated entirely in

English. None of the participants reported anyesher hearing impairments.



2.5 Experiment 1: Prominence Production Experiment

2.5.1 Experiment 1. Prominence Production Experiment Mateials

Twenty-four subject-verb-object sentences weretcocted for this experiment using the
process described in Section 2.3. Each sentermpssaega in three contexts: subject narrow focus
(SUuNF), verb phrase broad focus (VPBF), and seetbrmad focus (SBF). In the SUNF
contexts, the sentence was preceded by a quesitan iés subject, e.g. (6).

(6) Who bought a fan?
Kim bought a fan.

In the VPBF contexts, the sentence was precedeaddoestion about its VP, e.g. (7).

(7) What did Kim do?
Kim bought a fan.

In the SBF contexts, the sentence was precedduebyuestion “What happened?”, e.g. (8).

(8) What happened?

Kim bought a fan.
A female native English speaker was recorded reggelach of the context questions. Each
guestion-answer pair was written on a PowerPoidé sand the appropriate question recording

was embedded in the slide.

2.5.2 Experiment 1. Prominence Production Experiment Degn
Before the prominence production experiment, themative participants were trained

on the pronunciations of words that appeared agststor objects in the experimental items.



During this training, they saw a series of PowenPslides, each with a single word written on

it. They could click on a button to hear a femaddive English speaker producing that word in
isolation. They were then asked to repeat the wadittky could listen to each word as often as
they liked, but were asked to listen to each wadiéast once.

In the experiment instructions, all participantgevld to listen to each question, then to
read the answer from the slide. They were insdditd speak as naturally and fluently as
possible, as if they were having a real conversaiad to keep the question in mind as they read
the answer. Because of the challenges associated with produmntext-appropriate prosody
in an experimental setting, all of the items focleaontext type (e.g. SUNF) were grouped
together. The order of the contexts was countanad across three conditions.

Participants were recorded reading the answersouad-treated booth. They saw the
guestion-answer pairs presented on a computer aronithe booth and heard the question
recordings played over headphones. They werededarn an AKG C420 microphone, and the

recordings were stored on a computer as .wav files.

2.6. Experiment 2: Prominence Perception Experinm

2.6.1 Experiment 2: Prominence Perception Experient Materials

A second set of twenty-four subject-verb-objecterces was used in this experiment.
A female native English speaker was recorded regtli@se sentences in the three contexts
described above: subject narrow focus (SUNF), parase broad focus (VPBF), and sentence
broad focus (SBF). For the SuNF sentences, theptuh accent was placed on the subject,

while for the VPBF and SBF sentences, the finallpédccent was placed on the object. Figures



2.2-2.4 show pitch contours for the SuNF, VPBF, 8B4 versions of one of the sentences used
in the prominence perception experiment. Befoiadased, each recording was checked by
both the experimenter and a second trained lingMBtB) to ensure that the prosody was

appropriate for its context.
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Figure 2.2. Pitch contour labeled with word boungand pitch accent locations for the SuNF

version of a typical stimulus sentence used irpteninence perception experiment (Exp. 2)

® The complete instructions for the prominence potidn experiment (Exp. 1) are provided in Appen#lix
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Figure 2.3. Pitch contour labeled with word boungand pitch accent locations for the VPBF

version of a typical stimulus sentence used irptbeninence perception experiment (Exp. 2)
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Figure 2.4. Pitch contour labeled with word boungand pitch accent locations for the SBF

version of a typical stimulus sentence used irptbeninence perception experiment (Exp. 2)



2.6.2 Experiment 2: Prominence Perception Experiment Degn

In the instructions for the prominence perceptivpeziment, participants were trained on
the meaning of the word ‘prominence’ using a dedin and recorded examples. The
description stated that “In English, some wordspaomounced in a way that makes them sound
more important or prominent than others. A ‘proemti word stands out when you hear it. It
may have noticeable intonation or may be espedatly. A sentence can have more than one
prominent word in it, but today we’re interestedhe LAST PROMINENT word in a sentence.”
The participants listened to two recordings ofreyld sentence. In one recording, the last
prominent word was the verb, and in the other)abeprominent word was the object.
Participants were told the location of the lasinpireent word for each recording.

During the experiment, participants saw a sentandéen on the screen in standard
orthography, with no indication of prominence. Yloticked on a button to hear a single
recording of the sentence. They then had to andweguestion “Is X the last prominent
word?”, where X was either the subject or objedhefsentence, e.g. (9).

(9) Kim bought a fan.

Is Kim the last prominent word?
The last prominent word in the sentence was thgesufor half of the items (sentences produced
in the SUNF context), and the object for half af items (sentences produced in the VPBF and
SBF contexts). There were twice as many recordintfsobjects as the last prominent word
than recordings with subjects as the last prominemtl, because there were two conditions
(VPBF and SBF) with prominent objects, but only @oedition (SUNF) with prominent

subjects. For this reason, the prominent subgaxirdings were each played twice. For each

® The complete instructions for the prominence patioa experiment (Exp. 2) are provided in Appen#lix



context type, the question asked about word wigtfitial pitch accent for half of the items
(matched items), and the question asked aboutexetit word for the other half of the items
(mismatched items). This means that the wordengilrestion was the subject for half the items,
and the object for half the items. Participantarde®6 items in all (for each of the 24 sentences,
participants heard two recordings with promineneéhe subject and two recordings with
prominence on the object). The items were preddantpseudo-random order. The experiment
was conducted in a sound-treated booth using MarR/M8articipants saw stimuli presented on

a computer monitor, and heard recordings over Heaks.

2.7 Experiment 3: Prominence Understanding Experiment

2.7.1 Experiment 3: Prominence Understanding Experiment Mterials

A third set of twenty-four subject-verb-object samtes was used in this experiment. The
same female native English speaker who recordestitmeli for the prominence perception
experiment (Exp. 2) also recorded these sentendas.sentences were again produced in the
three contexts described above: subject narronsf@8uNF), verb phrase broad focus (VPBF),
and sentence broad focus (SBF). For the SuNFrssggethe only pitch accent was on the
subject, while for the VPBF and SBF sentencesfitia pitch accent was on the object. A
different female native English speaker was reabréading the context questions. Once again,
the recordings were checked for prosody approprése by the experimenter and a second

trained linguist.

" Max is a programming environment, and MSP is atebjects that can be used to present audioifiléisis
programming environment. Together they can be tse@sign flexible speech perception experimeRts. more
information, see http://cycling74.com/products/mapiiter/.



2.7.2 Experiment 3: Prominence Understanding Experiment [2sign

In the instructions, participants were trained lo@ theaning of the word ‘prosody’ using
a description and recorded examples. The desmmigtated that “The word ‘prosody’ refers to
the way that sentences are spoken. This includlegs like the intonation and rhythm of words
in a sentence. The prosody of a sentence carirgmenation about what the sentence means,
and different prosodies are appropriate in diffecamtexts.” The participants listened to two
versions of an example question-answer pair. Thestipn in this example put narrow focus on
the verb (a context type that was not used in xipe@ment). One of the answer recordings
(correctly) had the verb accented, while the oftrerorrectly) had the subject accented.
Participants were told which recording had appwetprprosody for answering the question.

During the experiment, participants saw questiosaan pairs written on the screen in
standard orthography, with no indication of prommice. They clicked on a button to hear a
recording of the question and the answer. Thely Hael to answer the question “Is the prosody
of the answer appropriate given the question?’tiéiaants heard 72 items in all (each of the 24
sentences appeared in the three contexts). Tine iteere presented in pseudo-random order.

For half of the items the question was presentéd an answer that had appropriate
prosody (matched items), and for the other hathefitems the question was presented with an
answer that had the final pitch accent on the wwagld (mismatched items). For example, in
the SBF mismatched items, the question “What hagii®@hwas followed by a answer that had
been recorded in the SUNF context, so it had & filbeh accent on the subject. Both the SBF
and VPBF mismatched items used sentences thatdeddroduced in the SUNF context. This
is because sentences in SBF and VPBF contextscshaué final pitch accents on the object,

but sentences produced in SUNF contexts havegital accents on the subject. Similarly, the



SuNF mismatched items used sentences that hadobadunced in SBF contexts. The
experiment was conducted in a sound-treated batly Max/MSP. Participants saw stimuli

presented on a computer monitor, and heard reasdiver headphones.

2.8 Experiment 4: Prominence Placement Experiment

2.8.1 Experiment 4: Prominence Placement Experinmé Materials
The prominence placement experiment used the sdrserfences as the prominence
production experiment. Once again, each of thesteaces appeared in SUNF, VPBF, and SBF

contexts, resulting in 72 question-answer pairtoial.

2.8.2 Experiment 4. Prominence Placement Experiment Desig

In the instructions, participants were reminded thd&nglish “some words are
pronounced in a way that makes them sound morertamtaor prominent than others. A
‘prominent’ word stands out when you hear it. Hyrhave noticeable intonation or may be
especially long.”

During the experiment, participants saw questiosaan pairs on the screen written in
standard orthography with no indication of promicen They did not listen to any recordings of
the question or the answer. For each pair, they asked “If you were answering the question

above, which word would you make most prominentPiey could choose the subject, verb, or

& The complete instructions for the prominence usi@ding experiment (Exp. 3) are provided in Appeid
° The complete instructions for the prominence pieeet experiment (Exp. 4) are provided in Appendix B



object of the sentence, or ‘NONE’. For example,the question-answer pair in (10a), they
were given the choices in (10b-e).
(10) a.Who drew a line?
Jan drew a line.

b. Jan

c. drew

d. line

e. NONE
They were instructed to answer ‘NONE’ if they wouhdke all of the words equally prominent.
The experiment was conducted in a sound-treatethhuming Max/MSP. Participants saw

stimuli presented on a computer monitor.

2.9 Experiment 5: Native Perception of Non-Native Prodation Experiment

2.9.1 Experiment 5: Native Perception of Non-Nate Production Participants

A new set of 24 native English speakers (17 femalaale) participated in a final
perception experiment. These were all undergradugttNorthwestern University, who received
course credit for their participation. They rangedge from 18 to 23 (mean=20). All had lived
in the U.S. for their entire lives. The majoritfyparticipants reported having studied other
languages in addition to English, including Spanksiench, Mandarin, Korean, Jamaican Patois,
Hebrew, German, Italian, Dutch, Japanese, Latid,Aamerican Sign Language. However, all
the participants learned these languages whenvikey 5 years old or older, described
themselves as monolingual English speakers, andé@a educated entirely in English. The
only participant who reported any speech or hearmgairment had a minor speech impediment

for which they had received speech therapy whilel@mentary school.



2.9.2 Experiment 5: Native Perception of Non-Native Prodation Experiment Materials
This experiment used recordings of sentences peatidaring the prominence
production experiment (Exp. 1) described in SecBdn above. It included six sentences
containing monosyllabic target words produced icheaf the three contexts (SUNF, VPBF,
SBF) by each speaker, resulting in a possible titaB recordings for each speaker. Due to
recording errors, one recording for each of threeelén participants was unusable. These
unusable recordings were for three different saxggntwo were in the SuUNF context, and one
was in the SBF context. As a result, the experimmesiuded a total of 1077 recordings. The
stimulus recordings were paired with the recordioigguestions that had been used in the
production experiment. The question recordingsevedirproduced by a female native English

speaker.

2.9.3 Experiment 5: Native Perception of Non-Native Prodation Experiment Design

This experiment followed the structure of the pnoemice understanding experiment
(Exp. 3) described in Section 2.7. In the insinud, participants were trained on the meaning of
the word ‘prosody’ using a description and recordeadmples. The description stated that “The
word ‘prosody’ refers to the way that sentencesspaken. This includes things like the
intonation and rhythm of words in a sentence. piusody of a sentence can give information
about what the sentence means, and different piesade appropriate in different contexts.”
The participants listened to two versions of a jaasanswer pair. The question in this example
put narrow focus on the verb (a context type thad wot used in the experiment). One of the
answer recordings (correctly) had the verb accentbde the other (incorrectly) had the subject

accented. Participants were told which recordiad &ppropriate prosody for answering the



guestion. They were instructed that they wouldidiening to a series of question-answer pairs

in which the answers were produced by both natidereon-native English speakers. They were
also told that sometimes the non-native speaketddymispronounce words, but they should try
to overlook these mistakes and focus on the prosbthe answers.

During the experiment, participants saw questiosaan pairs written on the screen in
standard orthography, with no indication of prommice They clicked on a button to hear a
recording of the question and the answer. Thety ba&l to answer the question “Is the prosody
of the answer appropriate given the question?’itidd@ants heard 358-360 items in all (six
recordings by each of the 60 participants, minesnissing recordings). The items were
presented in pseudo-random order. Each recordasyrated by eight listeners. For each
speaker, each listener heard two sentences fromaddhke three context conditions (e.g. SBF);
these included three matched items and three meti@aitems (in each context condition, one
item was matched, and one item was mismatched} rii@ans that for each listener, half of the
dialogues they heard were matched, and half wesenatched. The experiment was conducted
in a sound-treated booth using Max/MSP. Partidgpaaw stimuli presented on a computer

monitor, and heard recordings over headphones.

2.10 Statistical Analysis

Experiments 1-4 are all analyzed with mixed-efdogistic regression models, apart
from the acoustic analysis of the production dataich is analyzed using mixed-effects linear
regression models. Logistic regressions have bbewn to avoid spurious effects that can arise

when proportion data are analyzed using traditié&dDVAs (Jaeger 2008). The division of

9 The complete instructions for the native perceptibnon-native production experiment (Exp. 5) revided in
Appendix B.



items into matched and mismatched items in the prence perception and understanding
experiments (Exp. 2 and 3) may at first suggegtdttgignal Detection Theory analysis, such as
d’, would be more appropriate for these experiméatanislaw and Todorov 1999). In this
section | will describe the differences between andlysis and a regression analysis, and
explain why | believe that a regression analysimase appropriate for these data.

The d’ measure allows researchers to separatdftéd ef sensitivity to the distinction
being measured from the participant’s bias for @sponse over another (Stanislaw and
Todorov 1999). It is therefore a good analysiade if there is concern that different groups of
participants could have different biases, or thdhiiduals’ biases might shift across the
experimental conditions. For example, non-natiugliEh speakers may be more biased in favor
of ‘yes’ answers than native speakers becausebkfdaconfidence in their English abilities.

This would make them seem more accurate on maitdred and less accurate on mismatched
items. However, it is unclear why participantsages would be different for utterances produced
in different contexts. A d’ analysis would resinlia separate sensitivity score (combining
responses to matched and mismatched items) foraeenchtion. Differences in accuracy across
matched and mismatched sets would be capturedsejtarate bias scores for each context. The
d’ scores for different language groups and costestild then be compared using an ANOVA,
with main effects for language group and contextyall as the interaction between the two.

A regression analysis can determine whether thrersignificant differences in accuracy
between language groups, between contexts, or betmatched and mismatched items. When
a regression includes match as an independenbl@resignificant difference between matched
and mismatched items indicates a possible biasteffe regression can also show interactions,

not only between the language group and conteidblas, but also between these variables and



match. Itis important to explore the interactibesween our variables of interest and match if
there is any reason to suspect that different fastay be affecting results for the matched and
mismatched items. This is the case for the pronueeinderstanding experiment (Exp. 3),
because the relationship between matched and nukethitems differs across the three
contexts. In the SUNF context, the matched iteififisrdrom the mismatched items not only in
the appropriate response (matched: ‘yes’, mismdtche’), but also in the location of the final
pitch accent in the recorded target sentence (redt@ubject, mismatched: object) and the
location of the final pitch accent relative to fequmatched: inside focus, mismatched: outside
focus). However, in the SBF context, the matchechs differ from mismatched items in
appropriate response (matched: ‘yes’, mismatchexl) and the location of the final pitch accent
(matched: object, mismatched: subject), but ndhénlocation of the final pitch accent relative to
focus (matched: inside, mismatched: inside). Assalt, SBF mismatched items might be more
acceptable than SUNF mismatched items, but thigiren does not hold for the SBF and SuNF
matched items. This example demonstrates the @xmelationship between matched and
mismatched items in this experiment, and showsrttathed and mismatched item sets might
each be interesting in their own right.

A d’ analysis is often used for experiments thateha simple relationship between items
that should be accepted and items that shouldjbeted, such as the presence vs. absence of a
signal, or two stimuli being either the same ofatdnt. This means that different patterns of
performance are not expected for the acceptedggadted items, so they can safely be collapsed
into a single sensitivity score. As demonstrateova, the relationship between matched and
mismatched items in the prominence understandipgraxent (Exp. 3) is far from simple. Itis

possible that different factors govern responsesdtched and mismatched items, which could



lead to different patterns of performance for thie ttem types. A d’ analysis would hide these
unique patterns by pooling the results for matcired mismatched items within each context.
Any interactions between match and context coulg be captured by the different bias scores
for each context, which would be extremely difficia interpret.

The preceding paragraph has shown that a d’ asatgs the disadvantage of obscuring
potentially interesting interactions between matol context. | will now address whether the
regression analysis can handle possible respoaseabiwell as a d’ analysis. Recall that in a
regression, a significant difference between mataral mismatched items might signal a
response bias. Response bias differences betargudge groups would be signaled by an
interaction between language group and matchelktis an effect of language group, but no
effect of match and no interaction between languageap and match, then the language group
effect can be considered real, and free from teance of bias. If there is an effect of
language group and effect of match, but no intevadietween the two, then the difference
between the language groups is still unaffectethbybias, which would be comparable across
language groups. Only an interaction between laggroup and match, which would indicate
different biases for the two groups, would be asedor concern. In this case, any language
group effect could actually be influenced by thigéedent biases used in the different language
groups. However, if both matched and mismatchexdstshow either the same significant
language group effect or no significant effectaofduage group, then this language group result
can be considered reliable, regardless of biaa.sifnificant language group effect only appears
for one of the match conditions, than bias couldhifleencing the overall language group result,
and a d’ analysis should be run. This discussamdhown that by including match as an

independent variable along with language groupcamtdext, we can determine whether response



bias is present and whether it could be affectimglanguage group effects. A d’ analysis would
only be necessary if 1) there is a significantriatéon between match and language group, and
2) different language group effects appear for madcand mismatched items.

This line of argumentation has focused on the pnemée understanding experiment
(Exp. 3), however, the same arguments apply t@tbminence perception experiment (Exp. 2).
The relationship between matched and mismatchetsite Experiment 2 is not as complex as
this relationship in Experiment 3. In Experimentri#atched and mismatched items differ in
appropriate response (matched: ‘yes’, mismatchread),’and the location of the word asked
about in the question (SUNF matched: subject, Suidfhatched: object; SBF matched: object,
SBF mismatched: subject). In Experiment 2, pgréints were asked whether word X is the last
prominent word in a sentence. Participants maybee accurate at answering questions about
early words or late words, leading to an advantag&uNF items for one match set and an
advantage for VPBF and SBF items in the other ke the potential interaction between
language group and match in Experiment 3, suclifaotevould be hidden in a d’ analysis
because the d’ analysis pools together results fratthed and mismatched items. In contrast,
the effect would be apparent in a regression, alaitiyany simpler language group and context
effects. In addition, a regression on Experimedat could model any bias effects, just as in
Experiment 3.

This section has shown that a regression analysi®re appropriate than a d’ analysis
for the prominence perception and understandingrxents (Exp. 2 and 3), because a
regression allows for separate analyses of matahddnismatched items, which can be different
in several ways. Like the d’ analysis, it testetWier response bias is playing a role in the

responses of participants in each language grésm result, a d’ analysis would only be



necessary for comparing the sensitivities of déferlanguage groups if there is an interaction
between language group and match and differentikage group effects are found for matched

and mismatched items.



Chapter 3

Non-Native Perception and Understanding of EnglistiProsodic Prominence -
Experiments 2 and 3

3.1 Introduction

The two perceptual experiments were designed tetapart the English learners’
abilities to (1) perceive the location of Englishal pitch accents based on acoustic cues, and (2)
understand the meaning of those pitch accent mtsti The first skill was tested in the
prominence perception experiment (Exp. 2), andséo®nd skill was tested in the prominence
understanding experiment (Exp. 3). Due to theneadfiauditory speech perception, the
prominence understanding experiment (Exp. 3) regyarticipants to use both their perception
and understanding abilities. However, if theyrm@e successful at the perception experiment
than the understanding experiment, we can con¢hateat least some of their difficulties in the
latter experiment are due to problems interprepiragodic meaning, rather than problems
interpreting the acoustic cues for pitch accents.

The remainder of Chapter 3 provides details orattedyses and results for these two
experiments, and discusses the implications ofdhelts. Section 3.2 discusses the analysis and
results of the prominence perception experimenp(B% Section 3.3 discusses the analysis and
results of the prominence understanding experirttex. 3). Section 3.4 provides a general

discussion of the two perceptual experiments, awvd their results fit together.



3.2 Experiment 2: Prominence Perception Experinmd
3.2.1 Experiment 2: Prominence Perception Exparient Analyses

The participants’ responses were analyzed usingadreffects logistic regression models
(Jaeger 2008), with participants and items as nanfda@tors. The regressions were run using the
Imer function on R, version 2.9.1. The dependaniable in all regression models was item
accuracy (correct or incorrect). Categorical Maea were ‘dummy’ coded, so that they had a
baseline level, to which the other level or levelghe variable were compared. The results of
logistic regressions include estimates of the coiefits associated with each effect, in log odds.
For categorical variables, a positive estimate ra¢hat participants were more likely to respond
correctly to items in the target level than thedhag level. For continuous variables, a positive
estimate means that higher values of the varialel@ssociated with more correct answers.

It is important to note that if a regression in@adan interaction, then the estimates for
the individual effects associated with the intamactctually describe conditional effects, rather
than main effects. For example, imagine that tategorical variables (e.g. gender and native
language) with two levels each (male, female; mainglish speaker, non-native English
speaker) are included in an interaction. They émsie a baseline level (male; native), so the
coefficients for the simple effects when an intémacis not included describe how being female
(vs. male) relates to the dependent variable amddeng non-native (vs. native) relates to the
dependent variable. However, when the interaddancluded, each of these individual effects
is calculated as if the other variable was setstbaseline. So the coefficient for the gender
distinction is calculated only for English nativasd the coefficient for native language
distinction is calculated only for males (Aiken anekst 1996). This fact helps with the follow-

up analyses for significant interactions. We catednine the significance of each individual



effect that is involved in an interaction by simplyanging the baseline for the other variable in
the interaction (Aiken and West 1996). So if thisra significant interaction between gender
and native language, and we want to know whetlexetis a difference between males and
females for both native and non-native English kpess we can run the regression again with
the non-natives as the native language baselimatir@ious variables involved in interactions
were centered by subtracting the mean for all scfvogn each score. This reduces collinearity
in the model, and makes the conditional effectsennaterpretable (Aiken and West 1996).

The items used in the prominence perception exgetfExp. 2) can be described with
three related variables: match (matched, mismajchestourse context (SuNF, VPBF, SBF),
and question word (subject, object). Becauseefdhationship among these three variables (if
you know the match and context status for an itgun,also know the question word), they
cannot all be examined in the same statisticalyarsal Therefore, context and question word
were examined in two separate statistical analy$ég. context analysis had context, match,
language group, and number of syllables in thestargrds as independent variables. The
guestion word analysis had question word, matetgudage group, and number of syllables as
independent variables.

Regressions were run on both the full set and aetudf the prominence perception
experiment (Exp.2) data. The native/non-nativegsgjons were run on the full dataset, so they
included all three language groups (English, Koydéandarin), while the non-native
regressions were run on a subset of the data, vintided only the Korean and Mandarin
language groups. The native/non-native regressiompared pitch accent detection by native

English speakers to detection by non-native Englpgakers. The non-native regressions let us



look for differences between the two groups of mative speakers and control for proficiency

using the Versant English Test scores.

3.2.2 Experiment 2: Prominence Perception Nativlon-Native Regressions

The fixed variables in the final prominence perg@phative/non-native context
regression were selected by first building a makiat included all possible variables as main
effects (with no interactions). All variables thegre significant in this model were retained, and
insignificant variables were eliminated. Interans between the remaining variables were tested
by building models that each included one of thesfae two-way interactions. These new
models were compared to the model with only thaiB@ant main effects, using likelihood ratio
tests to determine whether adding the interactigmfscantly improved the fit of the model.
The final model included all effects that were #igant in the original model, plus all
interactions that significantly improved the fitthle model. The variables tested were: language
group (English, Korean, Mandarin), match (matchematched), context (Subject Narrow
Focus, VP Broad Focus, Sentence Broad Focus), @anter of syllables in the target words
(one syllable, three syllables). In the first @xitregression, with all four variables as main
effects, only language group had a significantafte the likelihood of participants producing a
correct answer, so only this variable was retained.

The fixed variables in the final prominence pergaphative/non-native question word
regression were selected using the same proceiss asntext regression. The variables tested
were: language group (English, Korean, Mandarigtam (matched, mismatched), question

word (subject, object), and number of syllablethmtarget words (one syllable, three syllables).



In the first question word regression, with all feariables as main effects, only language group
had a significant effect on the likelihood of peifiants producing a correct answer.

As a result of the comparisons described aboveg, am final prominence perception
native/non-native regression model was built, beean both the context and the question word
regressions only language group was significamie final native/non-native model had only
language group (English, Mandarin, Korean) as edfixariable. Because there was only one
fixed variable, no interactions were tested. Rerlanguage group variable, the English group
served as a baseline, and was compared to therKgreap and the Mandarin group. As Table
3.1 shows, the only significant effect was the cangon between English and Mandarin,
although the comparison between English and Koapanoached significance. Native English
speakers were significantly better at detectingliShdinal pitch accent location than native

Mandarin speakers. These results are illustratéagure 3.1.

Estimate Std. Error| z-value p
Intercept 3.3037 0.2552 12.947 <0.001
Korean -0.5894 0.3302 -1.785 0.0743
Mandarin -1.5208 0.3246 -4.686 <0.001

Table 3.1. Parameter values for fixed variablethie prominence perception native/non-native

regression, with English as the language group hase
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Figure 3.1. Boxplots showing proportions of cothgadentified accent locations by language

group, match, and context

3.2.3 Experiment 2: Prominence PerceptioMon-Native Regressions

The variables considered for the context and questiord non-native regressions were
the same as those considered for the native/navenagressions with two exceptions. First,
participants’ Versant scores were included as #robvariable. Second, the variable language
group had only two levels (Korean and Mandarin)ichitwere contrasted with each other.

Once again, the only significant effect in the exttmodel that included all main effects
and the question word model that included all nedfects was language group. As a result,
only one final prominence perception non-nativer@sgion model was built. This model
included only language group as a fixed variabhel, iacluded no interactions. As Table 3.2

shows, the Korean language group was significantye accurate than the Mandarin group.

Estimate Std. Error| z-value p
Intercept 2.7243 0.2479 10.989 <0.001
Mandarin -0.9337 0.3201 -2.916 <0.005

Table 3.2. Parameter values for fixed variableth® prominence perception non-native

regression, with Korean as the language group hasel



3.2.4 Experiment 2: Prominence Perception Discuss

These results have several implications. Fiediya Mandarin participants were
significantly less accurate at perceiving Engligblpaccent location than native Korean and
English participants, but there was no signifiadifference between the Korean and English
groups. English proficiency (based on Versantesomwas not a significant variable in the non-
native regressions, indicating that the differebegveen the Korean and Mandarin groups was
not due to any proficiency differences betweengitoeips. This difference between the two non-
native language groups may be due to transfer theniEnglish learners’ native languages, as
predicted by the Transfer Model. Seoul Korean p#tes post-lexically only, while Mandarin,
as a tone language, uses it primarily lexicallyis possible that native Korean speakers can
more easily use intonational cues to sentence-f@eshinence than native Mandarin speakers,
as they have more experience doing this in theiv@tanguage.

These results also show that features of the Btthemselves (e.g. the location of the
accent in the sentence, the information structfitbeosentence, and the number of syllables in
the target words) did not significantly affect paigants’ accuracy. This means that non-native
English speakers can apply their knowledge of twmstic cues marking pitch accents across a
variety of word types and contexts. It also maaas any differences that arise between
different types of items in the pitch accent untierding experiment are unlikely to be due to
differences in participants’ ability to perceiveettocation of a pitch accent across contexts.
Rather, pitch accent understanding differencesrame likely to be due to differences in their
ability to map between pitch accent location areittiormation structure of the sentence.

Finally, it is interesting to note that althoudiette were significant differences between

the native Mandarin group and the native Englishugr the non-native participants were quite



successful at this task. The median proportiotoofect answers for the non-native participants
was .91. This compares to the median proporticcoafect answers for native participants of
.96. This relative success may be due to the airadoustic cues used to prosodically mark
(narrow) focus across the three languages: higbg(iFwe consider only H* pitch accents in

English) and increased duration.

3.3 Experiment 3: Prominence Understanding Experiment
3.3.1 Experiment 3: Prominence Understanding Expenent Analyses

The items used in the prominence understandingriempet (Exp. 3) can be described
with three variables: match (matched, mismatchaéidgourse context (SUNF, VPBF, SBF), and
accent location (subject, object). Because oféfaionship among these three variables (if you
know the match and context status for an item,atea know its accent location), they cannot all
be examined in the same statistical analysis. éfbeg, context and accent location were
examined in two separate statistical analyses. ahlag/ses in Section 3.3.2 examine the effect
of context (among other factors) on native and native listeners’ interpretations of utterances.
In these analyses, items were grouped by the tiypertext question (SUNF, VPBF, SBF). The
analyses in Section 3.3.3 examine the effect odém@tdocation and other factors on sentence
interpretation. In these analyses, items wereggdby the location of the final pitch accent in

the answer (subject, object).



3.3.2 Experiment 3: Prominence Understanding Coekt Regressions

3.32.1 Experiment 3: Prominence Understanding Nativ&lon-Native Context Regressions

As in the prominence perception analysis, the amalyf prominence understanding
began by building a model with all possible maiteets. The variables tested were: language
group (English, Korean, Mandarin), match (matcheigmatched), context (SUNF, VPBF, SBF),
and number of target word syllables (one syllathiege syllables). All of these variables were
significant except for number of syllables, therefthe syllables variable was removed from
later models. Interactions between the remainixegfvariables were tested by adding each
interaction to a new model along with all the sfigaint fixed variables from the first model,
then using a likelihood ratio test to compare tee model to the original model, with only the
language group, match, and context main effectdy e interaction between match and
context significantly improved the fit of the mod*(2)=68.427; p<0.001).

As a result of the preceding comparisons, the fimadlel included language group,
match, context, and the interaction between matdhcantext as fixed variables. For the
language group variable, the English group sergedl lzaseline, and was compared to the
Korean group and the Mandarin group. For the meaciable, the matched items served as a
baseline. Two native/non-native regressions wemne ane with SBF as the context baseline, and
the other with VPBF as the context baseline.

Both native/non-native regressions showed thaEtigish group was significantly more
accurate than the Korean and Mandarin groups. eTteggessions also included significant
interactions between match and all pairs of coste®ecause of these interactions, the match
and context individual effects are actually cormfitil effects, and cannot be interpreted as

representing the effects of context or match overentire dataset. However, as the main



purpose of the native/non-native regression isterthine whether the two non-native language
groups differed from the English group, a compéstploration of the interactions between
match and context is left until the non-native esgion. The parameter values for the

native/non-native regressions are listed in Tale Jhese results are illustrated in Figure 3.2.

Estimate Std. Error| z-value p
SBF Baseline
Intercept 4.57366 0.32746 13.967 <0.001
Mismatched (for SBF condition) -1.40976 0.18526| -7.610 <0.001
Korean -2.18581 0.37986 -5.754 <0.001
Mandarin -2.27262 0.38000 -5.981 <0.001
SuNF (for matched items) 1.73333 0.32528 %.32 <0.001
VPBF (for matched items) -0.04904 0.20494| .230 0.81086
Mismatched: SUNF -2.00343 0.36466 -5.494 06D.
Mismatched: VPBF 0.85511 0.27285 3.134 86.0
VPBF Baseline
Intercept 4.52464 0.32616 13.873 <0.001
Mismatched (for VPBF condition) -0.55475 0.1932 | -2.870 <0.005
Korean -2.18582 0.37986 -5.754 <0.001
Mandarin -2.27263 0.38001 -5.981 <0.001
SBF (for matched items) 0.04905 0.20494 0.239 | 0.81085
SuNF (for matched items) 1.78235 0.32386 %.50 <0.001
Mismatched: SUNF -2.85833 0.36947 -7.736 06D.
Mismatched: SBF -0.85502 0.27285 -3.134 .069H

Table 3.3. Parameter values for fixed variablethia prominence understanding native/non-
native context regressions, with English as thglege group baseline and matched as the

match baseline
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Figure 3.2. Boxplots showing proportions of cothginterpreted accents by language group,

match, and context

3.3.2.2 Experiment 3: Prominence Understandinilon-Native Context Regressions

The variables considered for the non-native regrassere the same as those considered

for the native/non-native regression with two exaeys. First, participants’ Versant scores were

tested as a control factor. Second, the variaigdage group had only two levels (Korean and

Mandarin), which were contrasted with each othre regression containing all possible main

effects showed that only match, context, and Vdrseore were significant, so language group

and syllables were not retained. Tests of indigidnteractions revealed that only the interaction

between match and context significantly improveslfihof the model over a model with the

significant main effects alone {)= 67.403; p<0.001).

As a result, the final regression included matcimtext, Versant score, and the

interaction between match and context as fixecabées. The baseline values were the same as

those in the native/non-native regressions. Vérseore did not have a baseline value because it

is a continuous variable.

These regressions show that Versant score wasiéicagt predictor of accuracy;



participants with higher Versant scores tendecetmbre accurate. There were also significant

interactions between match and all pairs of cortiges. These regressions provide information

on the context effects for matched items, but tgeifscant interaction shows that it is also

important to determine the context effects for natrhed items. To further explore the

interactions between match and context, a secoindfuaon-native regressions was run, this

time with mismatched items as the match baselkw.the matched items, non-natives were

significantly more accurate on SuNF items than VRBE SBF items. For the mismatched

items, non-natives were significantly more accucatd/PBF items than SuNF and SBF items,

and more accurate on SBF than SuNF items. Finaditicipants were significantly more

accurate on matched items than mismatched itetneiB8BF and VPBF conditions. The

parameter values for the regression on matchesigemlisted in Table 3.4, and those for the

regression on mismatched items are listed in Talde

(9]

Estimate Std. Error z-value p
SBF Baseline
Intercept 0.35269 0.63785 0.553 0.5803
Mismatched (for SBF condition) -1.34190 0.19427 -6.908 <0.001
Versant 0.03453 0.01070 3.228 <0.005
SuNF (for matched items) 1.66639 0.32844 74.0 | <0.001
VPBF (for matched items) -0.04613 0.21370 .216 0.82911
Mismatched:SuUNF -2.07301 0.37126 -5.584 &D.0
Mismatched:VPBF 0.83541 0.28524 2.929 <B.00
VPBF Baseline
Intercept 0.30657 0.63725 0.481 0.6304
Mismatched (for VPBF condition) -0.50657 0.2024 | -2.503 <0.05
Versant 0.03453 0.01070 3.228 <0.005
SBF (for matched items) 0.04612 0.21370 0.216| 0.82912
SuNF (for matched items) 1.71252 0.32687 %.23 | <0.001
Mismatched:SBF -0.83532 0.28524 -2.928  065.
Mismatched:SuNF -2.90824 0.37640 -7.727 6D.0

Table 3.4. Parameter values for fixed variablethia prominence understanding non-native

context regressions, with matched as the matchlibase



Estimate Std. Error z-value p
SBF Baseline
Intercept -0.98921 0.63297 -1.563 0.1181
Matched (for SBF condition) 1.34189 0.19427 .908 <0.001
Versant 0.03453 0.01070 3.228 <0.005
SuNF (for mismatched items) -0.40662 0.15648-2.599 <0.01
VPBF (for mismatched items) 0.78920 0.17402 .538 <0.001
Matched:SUNF 2.07301 0.37126 5.584 <0.001
Matched:VPBF -0.83521 0.28524 -2.928 <B.00
VPBF Baseline
Intercept -0.20000 0.63422 -0.315 0.7524
Matched (for VPBF condition) 0.50657 0.20241 2.503 <0.05
Versant 0.03453 0.01070 3.228 <0.005
SBF (for mismatched items) -0.78920 0.17402-4.535 <0.001
SuNF (for mismatched items) -1.19581 0.17115-6.987 <0.001
Matched:SBF 0.83532 0.28524 2.928 <0.005
Matched:SuNF 2.90851 0.37641 7.727 <0.001

Table 3.5.Parameter values for fixed variables in the promiteeunderstanding non-native

context regressions, with mismatched as the maiskline

3.3.3 Experiment 3: Prominence Understanding Accertocation Regressions

3.3.3.1 Experiment 3: Prominence Understanding Nate/Non-Native Accent Location
Regressions

The location of the final pitch accent in the answas examined because it could
influence listeners’ perceptions of items, indeparity of context. For example, listeners may
find it easier to understand the meaning of a see{e prosody when the final pitch accent is on
the subject. In the following analyses, the contastor is replaced by the accent location
factor, in order to determine whether final pitdeent location plays a role in the accuracy of
participants’ responses.

The prominence understanding native/non-nativerdadoeation analysis began by
building a model with all possible main effectshelvariables tested were: language group

(English, Korean, Mandarin), match (matched, mistmead), final pitch accent location (subject,



object), and number of target word syllables (oylakle, three syllables). All of these variables
were significant except for syllables, therefore #lyllables variable was removed from later
models. Interactions between the remaining fixadables were tested by adding each one to a
new model, then comparing the new model to thamalgnodel, with only the language group,
match, and accent location main effects. Onlyiniberaction between match and accent location
significantly improved the fit of the model {f1)= 14.36; p<0.001).

As a result of the preceding comparisons, the fimadlel included language group,
match, accent location, and the interaction betweatth and accent location as fixed variables.
For the language group variable, the English gsriped as a baseline, and was compared to the
Korean group and the Mandarin group. For the mesetable, the matched items served as a
baseline. For the accent location variable, tHealposition served as a baseline.

The prominence understanding native/non-nativerdadoeation regression confirmed
that English participants were significantly mooewrate than Korean and Mandarin
participants. It also included a significant iatetion between the match and accent location
factors. As a result, we cannot interpret the lattd accent location variables as main effects.
However, an exploration of the match and accergtion interaction is put off until the non-
native analysis, because the main purpose of ttieefi@on-native regression was to determine
whether the English language group differed fromKlorean and Mandarin groups. The
parameter values for these regressions are list€dble 3.6. The results are illustrated in Figure

3.3.



Estimate Std. Errof z-value p
Intercept 4.5513 0.3115 14.609 <0.001
Mismatched (for object condition) -1.6594 | 0.1426 -11.636 <0.001
Korean -2.1750 | 0.3779 -5.756 <0.001
Mandarin -2.2610 | 0.3780 -5.981 <0.001
Accent Subject (for matched items) 1.7516 0431 | 5.643 <0.001
Mismatched: Accent Subject -1.12481 0.3280 -3.429 <0.001

Table 3.6. Parameter values for fixed variablethia prominence understanding native/non-

native accent location regression, with matchethasmatch baseline, English as the language

group baseline, and object as the accent locat@sebne
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Figure 3.3. Boxplots showing proportions of cothginterpreted items by language group,

match, and context

3.3.3.2Experiment 3: Prominence UnderstandingNon-Native Accent Location Regressions
The variables considered for the prominence unaledstg non-native accent location
regression were the same as those consideredefoiative/non-native regression with two
exceptions. First, participants’ Versant scoresawested as a control factor. Second, the
variable language group had only two levels (Koraatt Mandarin), which were contrasted with

each other. The non-native regression containlimgpasible main effects showed that only



match, accent location, and Versant score weréfisignt, so language group and syllables were
eliminated. Tests of individual interactions relegithat only the interactions between match
and accent location (¢1)= 8.9914; p<0.005) and between Versant scoreaanent location
(X?(1)= 7.6189; p<0.01) significantly improved thedf the model over a model with the
significant main effects alone.

As a result, the final regression included matclkegat location, Versant score, and the
interactions between match and accent locatiorbatwleen Versant score and accent location as
fixed variables. The baseline values were the sasrtbose in the native/non-native regression.
Versant score did not have a baseline value bedtissa continuous variable.

This regression confirms the significant interacti®tween accent location and match
found in the native/non-native regression, and shihat there is also a significant interaction
between accent location and Versant score. Irrdod@lly explore the interaction between
match and accent location, a second regressiomuaasvhich was identical to the first except
with mismatched items as the match baseline ratiaer matched items. Taken together, these
regressions reveal that participants were sigmflganore accurate on subject items than object
items regardless of whether they were matched smatiched. The interaction seems to be a
matter of degree rather than the direction: theegreater difference between subjects and
objects for matched items than mismatched itentee garameter values for the matched
baseline and mismatched baseline regressionsséed In Tables 3.7 and 3.8, respectively. In
order to explore the interaction between acceration and Versant score, a third regression was
run, this one identical to the original regresgidable 3.7), but with subject as the accent
location baseline. The parameter values for thieleal/subject baseline regression are listed in

Table 3.9. The regressions in Tables 3.7 andl®® shat general English proficiency (as



measured by Versant score) plays a significantiroparticipant accuracy at understanding pitch
accents for both object and subject items. Moo#igent participants were better at
understanding pitch accents than less proficieasor©Once again, the interaction seems to be a
matter of degree, with a stronger effect of prefnay for subject than for object items. The
relationship between Versant score and accuraggadrstanding pitch accents for subject and
object items can be seen in Figure 3.4. The regnesin Tables 3.7 and 3.9 also show that
participants were more accurate on matched itearsifismatched items (across both subject

and item conditions).

Estimate Std. Error| z-value p
Intercept 2.274726 0.177104 12.844 <0.001
Mismatched (for object condition)| -1.695851 @342 -11.337 <0.001
Versant (for object condition) 0.023224 0.0111842.076 <0.05
Accent Subject (for matched items) 1.824956 635 5.745 <0.001
Mismatched: Accent Subject -1.017153 0.335526-3.032 <0.005
Versant: 0.024921 0.008116 3.070 <0.005
Accent Subject

Table 3.7. Parameter values for fixed variablethia prominence understanding non-native

accent location regression, with matched as thecmbaseline and object as the accent location

baseline

Estimate | Std. Error z-valug p
Intercept 0.578869| 0.176592 3.278 <0.005
Matched (for object condition) 1.695853 0.149582 .387 | <0.001
Versant (for object condition) 0.0232240.011184 2.076 <0.05
Accent Subject (for mismatched items 0.80780®.144866 5.576 <0.001
Matched: Accent Subject 1.0171570.335527 3.032 <0.005
Versant: 0.024920 | 0.008116 3.070 <0.005
Accent Subject

Table 3.8. Parameter values for fixed variablethia prominence understanding non-native
accent location regression, with mismatched asith&ch baseline and object as the accent

location baseline



Estimate Std. Error z-value p

Intercept 4.099684 0.329648 12.437 <0.001
Mismatched (for subject condition) -2.713005 03317 |-8.886 <0.001
Versant (for subject condition) 0.048140 0.012638 4.138 <0.001
Accent Object (for matched items) -1.824957 0ve¥B | -5.745 <0.001
Mismatched: Accent Object 1.017154 0.335530 03B. <0.005
Versant: -0.024910 0.008116| -3.069 <0.005
Accent Object

Table 3.9. Parameter values for fixed variablethia prominence understanding non-native

accent location regression, with matched as thecmbaiseline and subject as the accent

location baseline
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Figure 3.4. Scatterplots showing relationship be#w accuracy and Versant score for

prominence understanding non-native subject andathiems

3.3.4 Experiment 3: Prominence UnderstandingDiscussion

These results show that non-native English speakrrggle to match pitch accent

location with intended focus when listening to watEnglish speech. A non-native English



speaker’s ability to correctly interpret Englistichi accent placement varies with their
proficiency. It is also influenced by the two fast proposed in the L2 Challenge Models: the
Frequency factor (the number of contexts in whiclaecent placement is used), and the
Relationship factor (the size of the focused coustit). Therefore, these results support the
Hybrid L2 Challenge Model. The results do not supither Transfer Model, because there
were no significant differences between the Koraash Mandarin participants in this
experiment.

When asked whether the prosody of a sentence vasm@ate, non-native participants
were overly lenient. They were more likely to emtty accept prosody as appropriate for
matched items than to correctly reject it for misthad items. However, non-natives’
performance on this task did improve with greateglish proficiency. Participants with higher
Versant scores were more accurate than those ovitérIscores.

For mismatched items, non-native participants vsegrificantly worse at identifying the
prosody of a sentence as inappropriate in the SugdEext, relative to the VPBF and SBF
contexts. In the SuNF context, the question abksitathe subject of the sentence, but for the
mismatched items, the final pitch accent is onahject instead of the subject (11).

(11) a. Who bought a fan?

b. [Kim] bought a FAN.
As predicted by the L2 Challenge Models’ Frequeiacyor, non-natives may incorrectly accept
this accent placement because having a final pitclent on the object is common in English (it
is used in SBF, VPBF, and object narrow focus ocdsje They could be over-extending this

pattern to contexts where it is not appropriatg. (e SUNF context).



Non-natives were also significantly worse at caiyeiejecting inappropriate prosody for
mismatched items in the SBF context than in the Fé@ntext. In SBF items, the question
“What happened?” puts the whole sentence in fdmuitsfor the mismatched items, the final
pitch accent is on the subject instead of the dl§jEz).

(12) a. What happened?

b. [KIM bought a fan].
The L2 Challenge Models’ Relationship factor cotisepredicts this result. It proposes that
SBF focus will be more difficult to acquire becautslcuses a larger constituent than VPBF
focus, thereby providing more possible (incorrécil pitch accent locations within the focused
area. In this case, the word with the final picicent is within the focused constituent (the
whole sentence). Non-natives may more easily ddoep pitch accents when they are within
the focused constituent, even if they are not placghe standard location.

The non-natives were most successful at rejectiaggropriate prosody in the VPBF
context. In this context, the question asks albd#t somebody did, but for the mismatched
items, the final pitch accent is on the subjecteiad of the object (13).

(13) a. What did Kim do?

b. KIM [bought a fan].
For these items, the final pitch accent is not @@amon location or within the focused
constituent, so they may have seemed more claartyriect.

For the matched items, non-native participants wespecially good at identifying

appropriate prosody in the SUNF context, as prediby the L2 Challenge Model's Relationship



factor. In these items, the question asks abaustibject, and the final pitch accent is on the
subject (14).

(14) a. Who bought a fan?

b. [KIM] bought a fan.

Narrow focus items like (14) have the most strdmfntard relationship between focus and
accent location: only one word is in focus, anedeives the only pitch accent. This makes such
items easier to interpret. In contrast, broad $atems like (15) and (16) have an indirect
relationship between final pitch accent locatiod &cus.

(15) a. What did Kim do?
b. Kim [bought a FAN].

(16) a. What happened?

b. [Kim bought a FAN].

The analyses of accent location indicate that wstdeding sentences with a final pitch
accent on the subject was easier than sentendes Wital pitch accent on the object. This held
true across matched and mismatched items. Twolp@sauses may explain this result. One
possibility is suggested by the L2 Challenge Marfegditch accent perception. It proposes that a
narrow-focus final pitch accent on the subjectféamd in the SuNF stimuli) will be easier to
perceive than a broad-focus final pitch accenth@nabject (as found in the VPBF and SBF
stimuli). This is because the subject pitch acoeay be acoustically more pronounced than the
object pitch accent, either because of its locagiotie beginning of the phrase or because it is in
narrow focus. If this is true, it would suggesitthisteners have an easier time understanding the

meaning of utterances with clear final pitch acsenthich would not be surprising. When the



final pitch accent is clear, the listener is leksly to mistakenly believe that a different woralsh
the final pitch accent. Even if the final pitchcaant is still identifiable, less obvious prominence
could require listeners to use more cognitive resgaito identify its location, leaving them less
able to interpret the meaning of the prosody. Bsirgly, the pitch accent perception L2
Challenge Model’s prediction was not supportechmprominence perception experiment. In
that experiment, there were no significant diffeesnbetween items with final pitch accent on
the subject and the object. Perhaps the diffeseimcperceptibility only play a role in
performance during tasks that require more meetaurces, such as the prominence
understanding experiment.

A second possible explanation for the accentedestibdvantage is that there is
something about the location of the subject instietence that makes it easier to interpret
sentences with a final pitch accent on the subjEot. instance, because the most common final
pitch accent location is on the object, listeneaytne more attentive to final pitch accents on the
subject, which is a more unusual location. Evehefaccents on subjects and objects are
acoustically equivalent, the novelty of a pitchexttoon a subject might attract listeners’
attention, making them more accurate at interpgetiie meaning of the accent placement.

More work is needed to determine the true causkeo$ubject advantage. Acoustic
analyses of the stimuli recordings could indicatether the accented subjects in this study have
stronger acoustic markers of prominence (e.g. grgatich range or duration) than the accented
objects. If such a difference were found, a foHopvstudy could be conducted in which final
pitch accent location were manipulated artificidly re-synthesizing recordings with varying
pitch ranges and durations on the target wordss Wwhuld ensure that any differences found

between subject and object positions were not d@eadustic differences between pitch accents.



Another important follow-up study would compare @@y on items with narrow focus on the
subject and the object. The current study confewautent location and focus type (broad vs.
narrow): only the narrow focus items have finatpiaccents on the subject and only the broad
focus items have final pitch accents on the obj&gt.examining narrow focus in a variety of
positions, researchers could more accurately etetha role of sentence position on
interpretation, independent of focus type.

It is encouraging that the more proficient Engliséirners in this study were better at
understanding the meaning of final pitch accenation than the less proficient language
learners. This suggests that as language leagagrexperience with a non-native language,
they become better able to understand its prostdgrestingly, the more proficient non-native
English speakers had a greater advantage for ieths final pitch accent on the subject than
those with a final pitch accent on the objectis possible that over time, language learners
become aware of the relative rarity of sentencéls final pitch accents on their subjects, and as
a result, attend to these sentences more.

Taken together, these results do not provide eceléor the Transfer Models of non-
native prosodic focus-marking understanding, asetheere no significant differences between
the Korean and Mandarin language groups. Howdlvemon-native participants were most
accurate at identifying appropriate prosody in$ls@&F context, which is the context that is most
similar across the three languages. It may bekbetan and Mandarin are too similar to cause
differences in behavior in this type of task. Tiext step is to examine this issue with a wider
variety of native and non-native languages, in otdd¢ind more conclusive evidence for or

against a Transfer Model.



3.4 Experiments 2 and 3: Prominence Perception driJnderstanding General Discussion
The results discussed in this chapter show thégréifit processes are at work in the
acquisition of the ability to perceive prosodic miaence in an L2, and the ability to understand
prosodic prominence in an L2. One prediction ef Tmansfer Model of prominence perception
was realized in the data. Native speakers of Kgradaanguage that is non-tonal, like English,
had a general advantage in perceiving prosodic imemae in English. However, for
prominence understanding acquisition, the Hybriddtallenge Model made more accurate
predictions. As predicted by the Relationshipdachative speakers of both Korean and
Mandarin more easily understood narrow focus ttraadbfocus (in the matched condition), and
more easily understood VPBF utterances than SEffautes (in the mismatched condition). As
predicted by the Frequency factor, native speabekorean and Mandarin seemed to think that
the most commonly used pattern of prominence (@itinal pitch accent on the object) could
apply in any of the contexts examined. These tesughlight the importance of separating
phonological and phonetic effects in studies obsddanguage prosody acquisition, and the

importance of considering challenging featuresheflt2 in addition to possible transfer effects.



Chapter 4
Non-Native Placement and Realization of English Psondic Prominence - Experiments 1, 4,
and 5
4.1 Introduction

In this study, English learners’ production skillsre analyzed in several ways. Their
knowledge of which word should receive a final bitccent in a given context was tested with
the computer-based prominence placement experifB&pt 4). The prominence placement
experiment did not require participants to actugigak. This was to avoid mistakes that may
arise from the challenge of producing English sheatich requires speakers to consider how
to produce segmental features as well as suprasegginfeatures. Like the prominence
understanding experiment (Exp. 3), discussed irp@ha, the prominence production
experiment (Exp. 1) required participants to usdtipia skills simultaneously. In this case, they
had to use their prominence placement skills at agetheir realization skills. A subset of the
recordings made during the production experimerst used as stimuli for the native perception
of non-native production experiment (Exp. 5). Hagive perception of non-native production
experiment provided a listener-oriented perspedaiivéhe appropriateness of the non-natives’
prominence production.

The remainder of Chapter 4 describes the restitteegse three experiments. Section 4.2
discusses the analysis and results of the prominplacement experiment (Exp. 4). Section 4.3
discusses the analysis and results of the natineepgon of non-native production experiment

(Exp. 5), which uses recordings from the promingmoeluction experiment (Exp. 1).



4.2 Experiment 4: Prominence Placement Experiment
4.2.1 Experiment 4: Prominence Placement Analysis

The prominence placement experiment (Exp. 4) testedh word participants believed
should be most prominent when producing a sentenagarticular context. It aimed to study
participants’ knowledge of English prosody, whibley may not be able to put to use in
perception and production tasks because of theptauttoncurrent demands on their attention
during these tasks. Recall that participants cealdct the target sentence’s subject, verb, or
object, or could select ‘NONE’ if they thought thret word should be prominent. A
participant’s response was considered correcey tieported that they would accent the word
predicted to be have the obligatory final pitcheatdor that context. For SBF and VPBF
contexts, the sentence object was considered torffec SUNF contexts, the sentence subject
was considered correct. Selections of the verBlONE’ were never considered correct. The
responses were first analyzed to determine whétledanguage groups differed in their
accuracy on this task. Two sets of regressions wer. native/non-native, comparing the native
English language group to the Korean and Mandaongs; and non-native, comparing the

Korean and Mandarin groups to each other.

4.2.2 Experiment 4. Prominence Placement Nativefw-Native Regressions

The potential fixed variables in this regressionavéanguage group (English, Korean,
Mandarin), context (SUNF, VPBF, SBF), and numbdaajet word syllables (one syllable, three
syllables). The fixed variables were selectedgiite same procedure used for the prominence
perception and understanding experiments. A madklall main effects was built, and

variables that were significant in this model wesined. In this model, only language group



and context were significant, so they were retainddxt, a model with only these two main
effects was compared to a model with these effdatsthe interaction between them. A
likelihood ratio test showed that including theeraction significantly improved the fit of the
model (X(4)=28.436, p<0.001).

The final regressions included language group amtiext and the interaction between
them as fixed variables. The baseline for thedagg group variable was English; this was
compared to Korean and Mandarin. Because of ttlasion of the interaction between
language group and context, these regressionstdqmovde general information about the
difference between the English group and the twomative groups across all items. Instead,
each regression only provides information aboutlifference between the English group and
the non-native groups for the context baselingtat regression. As a result, three regressions
were run to allow for comparisons between the Bhgljroup and the Korean and Mandarin
groups in all three contexts. In the first regi@s$SBF was the baseline context, in the second
regression VPBF was the baseline context, andeithtind regression SuNF was the baseline
context.

The parameter values for the fixed variables is¢heative/non-native regressions are
listed in Table 4.1. There were significant inteéi@ns between some context comparisons
(SBF/VPBF, SUNF/VPBF) and the comparison betweertinglish and Mandarin groups. The
English group was significantly more accurate ttt@nMandarin group in the SBF and VPBF
conditions, but not the SuNF condition. The Erglenguage group was also significantly more
accurate in the SuNF condition than the SBF or VE&fditions, and more accurate in the
VPBF condition than the SBF condition. The thraeguage groups’ accuracies for each context

can be seen in Figure 4.1.



Estimate Std. Error | z-value p
SBF Baseline
Intercept -1.3047 | 0.4286 -3.044 <0.005
Korean (for SBF condition) 0.2538 0.5926 428 0.668473
Mandarin (for SBF condition) -1.2468 0.6091 -2.047 | <0.05
SuNF (for English group) 7.3553 0.5613 13.104 <0.00
VPBF (for English group) 2.3011 0.1897 12.131 <@.00
SuNF:Korean -1.2890 | 0.7231 -1.783 0.074668
SuNF:Mandarin 1.1724 0.8443 1.389 0.164971
VPBF:Korean -0.3542 | 0.2506 -1.414 0.157480
VPBF:Mandarin -0.9431 0.2743 -3.439 <0.001
VPBF Baseline
Intercept 0.9965 0.4242 2.349 <0.05
Korean (for VPBF condition) -0.1004 | 0.5878 -0.171 0.864378
Mandarin (for VPBF condition) -2.1897 0.5956 -3.676 | <0.001
SBF (for English group) -2.3011 0.1897 -12.131 0.0
SuNF (for English group) 5.0542 0.5427 9.313 <0.001
SBF:Korean 0.3542 0.2506 1.414 0.157484
SBF:Mandarin 0.9429 0.2743 3.438 <0.001
SuNF:Korean -0.9348 | 0.7030 -1.330 0.183620
SuNF:Mandarin 2.1148 0.8207 2.577 <0.01
SuNF Baseline
Intercept 6.05066 0.66434 9.108 <0.001
Korean (for SUNF condition) -1.03523| 0.88613 -1.168 0.24270
Mandarin (for SUNF condition) -0.07443] 0.95591 -0.078 0.93794
SBF (for English group) -7.35531| 0.56129 -13.104 <0.001
VPBF (for English group) -5.05418 0.54270 -9.313 <0.001
SBF:Korean 1.28901 0.72314 1.783 0.07467
SBF:Mandarin -1.17238| 0.84433 -1.389 0.16497
VPBF:Korean 0.93483 0.70303 1.330 0.18362
VPBF:Mandarin -2.11545 | 0.82079 -2.577 <0.01

Table 4.1 Parameter values for fixed variables in the promicee placement native/non-native

regressions, with English as the language groupehas
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Figure 4.1.Boxplots showing proportions of correct predictiaisaccent placement by

language group and context

4.2.3 Experiment 4: Prominence Placement Non-Nag Regressions

The non-native regressions compared the KoreaVamdlarin groups to each other, and
had language, context, number of target word sidigland participant Versant score as potential
fixed variables. The final regression variablesengetermined using the procedure described
above for the native/non-native regressions. énrégression with all possible main effects, only
language group and context were significant, seevariables were retained. A likelihood ratio
test showed that the model that included languagepgand context as well as the interaction
between them was a significantly better fit for ttzéa than a model that included only the two
main effects (¥(2)= 19.989, p<0.001).

The final regressions included language group amtiext and the interaction between
them as fixed variables. Korean was the basetinthe language group variable. As in the
native/non-native regression, the inclusion ofititeraction between language and context
means that these regressions do not provide infaman the effects of either language group

or context over all items. Therefore, three varsiof the non-native regression were run, one



with SBF as the context baseline, one with VPBEhascontext baseline, and one with SuNF as
the context baseline.

The parameter values for the fixed variables is¢hsative/non-native regressions are
listed in Table 4.2. There were significant intéi@ns between all pairs of contexts and the
contrast between the Korean and Mandarin group& Kbrean group was significantly more
accurate than the Mandarin group for the SBF anBR/iems, but not the SUNF items.
Because of the interaction between language anxdpithe regressions in Table 4.2 only
provide information on the context effect for ther&an group (the language group baseline).
To determine the context effect for the Mandariougy, another two regressions were run with
Mandarin as the language group baseline, one vidth& the context baseline, and one with
VPBF as the context baseline. These two regresgmvide information about the Mandarin
participants’ relative accuracy on all three pairsontexts. The parameter values for these two
regressions are listed in Table 4.3. The regrassioTables 4.2 and 4.3 show that both groups
of non-native participants were significantly maezurate on SuNF items than SBF or VPBF

items, and more accurate on VPBF items than SBfsite



Estimate Std. Error z-value p
SBF Baseline
Intercept -1.0657 0.3901 -2.732 <0.01
Mandarin (for SBF condition) -1.4789 0.5543 -2.668 | <0.01
SuNF (for Korean group) 6.1022 0.4591 13.291 <0.001
VPBF (for Korean group) 1.9636 0.1648 11.915 <0.001
SuNF:Mandarin 2.3698 0.7686 3.083 <0.005
VPBF:Mandarin -0.6003 0.2575 -2.331 <0.05
VPBF Baseline
Intercept 0.8980 0.3875 2.317 <0.05
Mandarin (for VPBF condition) -2.0791 0.5412 -3.842 | <0.001
SBF (for Korean group) -1.9636 0.1648 -11.915 <0.00
SuNF (for Korean group) 4.1386 0.4493 9.211 <0.001
SBF:Mandarin 0.6002 0.2575 2.331 <0.05
SuNF:Mandarin 2.9696 0.7507 3.956 <0.001
SuNF Baseline
Intercept 5.0366 0.5751 8.758 <0.001
Mandarin (for SUNF condition) 0.8908 0.8728 | 1.021 0.30745
SBF (for Korean group) -6.1022 0.4591 -13.291 <0.001
VPBF (for Korean group) -4.1386 0.4493 -4.21 | <0.001
SBF:Mandarin -2.3698 0.7686 -3.083 <0.005
VPBF:Mandarin -2.9700 0.7508 -3.956 <0.001

Table 4.2Parameter values for fixed variables in the promice placement non-native

regressions, with Korean as the language group lozese



Estimate Std. Error z-value p
SBF Baseline
Intercept -2.5446 0.4134 -6.156 <0.001
Korean (for SBF condition) 1.4789 0.5543 668 <0.01
SuNF (for Mandarin group) 8.4720 0.6179 13.7 <0.001
VPBF (for Mandarin group) 1.3634 0.1985 688 <0.001
SuNF:Korean -2.3698 0.7686 -3.083 <0.005
VPBF:Korean 0.6001 0.2575 2.330 <0.05
VPBF Baseline
Intercept -1.1812 0.3978 -2.969 <0.005
Korean (for VPBF condition) 2.0791 0.5412 842 <0.001
SBF (for Mandarin group) -1.3634 0.1985 9.8 <0.001
SuNF (for Mandarin group) 7.1086 0.6020 07.8 <0.001
SBF:Korean -0.6002 0.2575 -2.331 <0.05
SuNF:Korean -2.9703 0.7507 -3.956 <0.001

Table 4.3Parameter values for fixed variables in the promice placement non-native

regressions, with Mandarin as the language grougeiae

4.2.4 Experiment 4. Prominence Placement Error Aalysis

In addition to looking at the participants’ acatyan placing accents in various contexts,

it is also informative to consider the kinds of tales they make. Table 4.4 shows the

percentage of times participants in each languag@pggave each answer, for the three contexts.

Language|Structure |Subject| Verb | Object | ‘NONE’
English |SuNF 99.0% 0% 0.8% 0.2%
VPBF 1.9% 20.6% 63.5% 14.0%
SBF 1.3% 10.894 29.0% 59.0%
Korean |SuNF 98.8% 0.4% 0.6% 0.2%
VPBF 0.6% 29.69% 65.0% 4.8%
SBF 6.3% 14.894 29.4% 49.6%
Mandarin |SUNF 99.0% 0.6% 0.2% 0.2%
VPBF 0% 56.599 31.5% 12.1%
SBF 0.6% 10.89¢ 15.4% 73.1%

Table 4.4Mean percentages of responses by language grouga@meéxt. The shaded squares

indicate the ‘correct’ answer for each context.



In four cases, participants within a language greelpcted one of the incorrect answers
more often than one of the correct answers. This e for the SBF context in all three
language groups: participants selected ‘NONE’ nodten than the object when asked which
word they would make most prominent in this con{@&tglish: ‘NONE’ 59%, object 29%;
Korean: ‘NONE’ 50%, object 29%; Mandarin: ‘NONE’ 73 object 15%). In addition,

Mandarin participants selected the verb more ahan the object in the VPBF context (verb
57%, object 32%).

Beyond the cases in which participants preferresheorrect answer over a correct
answer, there were a number of cases in whichggaatits chose an incorrect answer for 10% of
items or more. For the VPBF context, the verb vaspular response across all three language
groups (English: verb 21%; Korean: verb 30%; Mamdaterb 57%). Also for the VPBF
context, the English and Mandarin groups often ehNONE’, although this was a less popular
answer than the verb (English: ‘NONE’ 14%; MandaiMONE’ 12%). For the SBF context, as
discussed above, the most popular response was BNfNall three language groups (English:
‘NONE’ 59%; Korean: ‘NONE’ 50%; Mandarin: ‘NONE’ 28). The verb was selected less
often for the SBF context, but still formed a sieamminority of answers in all three language

groups (English: verb 11%; Korean: verb 15%; Mamdaserb 11%).

4.2.5 Experiment 4. Prominence Placement Discussi

One of the most striking features of the resultdlie prominence placement experiment
(Exp. 4) is that the native English speakers ganexpected answers so often. The mean
accuracy score for English participants was 64%is $uggests that the task may tap into meta-

linguistic knowledge that even native English sgaldo not necessarily possess. However, the



English participants, like participants in the atheo language groups, greatly lowered their
accuracy scores through their preference for tl@NR’ answer in the SBF context. In the SBF
context, all of an utterance’s constituents aregtt], so there is no contrast between [+focus]
and [-focus] constituents. Participants’ answerdlie SBF context may reflect this fact, rather
than a complete lack of knowledge of its informatsructure. Despite these unexpected results
and complications, the prominence placement exgarirfExp. 4) can still provide insights into
native and non-native English speakers’ knowledgklkzeliefs about accent placement in
various contexts.

All three language groups were very successfdesrmining the correct accent location
for the SUNF context, with 99% accuracy for eaddugr Participants in all three language
groups were significantly more accurate on SuNmst¢han on items in the broad focus
contexts. This result could support either onthefTransfer Models, or the Relationship or
Hybrid L2 Challenge Models of prosody acquisitiddoth Transfer Models predict that the
learner will most accurately place pitch accentemvtheir L1 dictates prominence on the same
word for a particular information structure. Bdtbrean and Mandarin provide the option of
marking narrow focus on the subject by making thigect prosodically prominent. The
Relationship factor of the L2 Challenge Model pogsithat the learner will find it easier to
correctly place pitch accents in English narronufosentences than in broad focus sentences. In
narrow focus, there is a one-to-one correspondeetveeen focus and accent: only one word is
focused and it is accented. As a final note, wetrba cautious of over-interpreting the results
of this experiment, because native English speaksosstruggled with the VPBF and SBF
contexts in this task. Still, it is clear that then-native participants have learned that theesiibj

should be prominent when it is in narrow focus.



While participants in all three language groupsgiled with the broad focus items, they
were all more successful at placing prominencetfer’PBF items than the SBF items. This
result is also predicted by the Relationship faofahe L2 Challenge Model. This can be
attributed to the common belief (at least amongéehgarticipants) that items in the SBF context
do not have any prominent word. This was the rmostmon response for SBF items, and it was
much more common for SBF items than for VPBF iteffibe Relationship factor predicts that
VPBF items should be easier than SBF items bedaudBBF contexts participants mark focus
on a phrase that provides new information (in @sitto the old information in the rest of the
sentence). In SBF contexts, the whole sentenceda® new information, so it does not contrast
with any given constituent, making its focusedistdéss clear.

There were no significant differences betweenghglish and Korean groups on this
task, and their pattern of responses were surghssimilar. However, the Mandarin group was
significantly less accurate than both the Englistug and the Korean group for the VPBF and
SBF contexts. Versant score was not a signifigariable in this analysis, so the difference is
unlikely to be due to lower proficiency. The diface between the Korean and Mandarin
groups supports the Any Prominence Location Hehasidfer Model. This model posits that if a
speaker’s L1 and L2 both prosodically mark focusafparticular constituent, this will help the
speaker to place and understand pitch accents mggiidcus on that constituent in their L2. The
model predicts that Korean speakers will be béfttan Mandarin speakers at placing
prominence in VPBF contexts. This is because Komearks VP broad focus prosodically,
while Mandarin does not. The model also preditét Korean speakers could be better than

Mandarin speakers at placing prominence in SBFestsit because Korean speakers mark some



kind of broad focus prosodically in their L1. Thtare Korean speakers may have a better
mental representation of broad focus than Mandgreakers.

Interestingly, general English proficiency diok 1seem to play a role in a participant’s
success at this task. This can be seen both ipabeperformance by the native English
speakers, and in the fact that Versant score wiaa significant variable in the non-native
regression model. As Figure 4.2 shows, similar loens of high proficiency and low proficiency
non-natives struggled with this task. This doeisseem to be something that language learners
pick up as they gain experience with a languagedoes it seem to be (successfully) taught in
language classes. In future work, it would bergdg@ng to investigate how explicit instruction
on prominence location in different contexts affecbn-natives’ performance on more

naturalistic perception and production tasks.
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4.3 Experiments 1 and 5: Native Perception of NeNative Production Experiment
4.3.1 Experiments 1 and 5: Native Perception ofdw-Native Production Analysis
In the native perception of non-native productigpeximent (Exp. 5), a new set of native
English speakers listened to sentences producétkehyative English, Korean, and Mandarin
speakers in the prominence production experimexp.(E). The listeners judged whether the
prosody of each sentence production was approgaagegiven context. The listeners’
judgments of the productions were analyzed usingdieffects logistic regression models. The
dependent variable in all models was productiomigmy (whether a production was judged to
be correct or incorrect by a particular listen&f)e random effects were sentence and listener.
Two types of regressions were run on the datave/adn-native and non-native. The
native/non-native regressions included all threglege groups, while the non-native
regressions included only the Mandarin and Koreanms. The native/non-native regressions
compared native English speakers to non-nativekgpea The non-native regressions compared
the two groups of non-native speakers and conttdtie proficiency with the Versant scores.
The fixed variables for each regression were choserg the model-comparison method used in

the analyses of the prominence perception, undelistg, and placement experiments.

4.3.2 Experiments 1 and 5: Native Perception ofdw-Native Production Native/Non-
Native Regressions

In the native/non-native regression, the languagam(English, Korean, Mandarin) and
context (SUNF, VPBF, SBF) variables were considésedhclusion as fixed variables. Number

of syllables in the target word was not considdrechuse this experiment only used sentences



with monosyllabic subjects and objects. Match wlas excluded from the analysis because this
only affected listener behavior, not speaker bedrawhich was the factor under investigation.
The fixed variables were selected by first buildanmodel with both main effects, and retaining
the variables that were significant in this modiel this model, both language group and context
were significant, so they were both retained. Naxhodel with only these two main effects was
compared to a model with these variables plusritezaction between them. A likelihood ratio
test showed that including the interaction sigaifity improved the fit of the model {§4)=

217.6, p<0.001).

The final regressions included language group,ednand the interaction between them
as fixed variables. For the language group vagiable English group served as a baseline, and
was compared to the Korean group and the Mandaounpg The interaction between context
and language group means that the differences batthe English group and the non-native
groups over all items cannot be determined in thegeessions. As a result, three native/non-
native regressions were run, one with SBF as th&eegbbaseline, one with VPBF as the context
baseline, and one with SuNF as the context baseline

The parameter values for the fixed variables is¢hegressions are listed in Table 4.5.
There were significant interactions between the SMRBF and SuNF/SBF context pairs and
the contrasts between both non-native groups agtidén In the SuNF context, productions by
native English speakers were judged to have apiategorosody by native listeners significantly
more often than those by Korean and Mandarin speakdéowever, in the VPBF and SBF
contexts, Mandarin productions were judged to l@miate significantly more often than
English productions. The English speakers’ SuNfepctions were judged to be appropriate

significantly more often than their VPBF producsonThese effects can be seen in Figure 4.3.



Estimate Std. Error z-value p
SBF Baseline
Intercept 1.0502 0.1040 10.096 <0.001
Korean (for SBF condition) -0.1668 0.1031 .6117 0.1058
Mandarin (for SBF condition) 0.2331 0.1078 | 2.162 <0.05
SuNF (for English group) 0.1360 0.1064 8.27 0.2013
VPBF (for English group) -0.1262 0.1033 222 0.2218
SuNF:Korean -1.0469 0.1444 -7.251 <0.001
SuNF:Mandarin -1.7236 0.1479 -11.654 <0.001
VPBF:Korean 0.2121 0.1453 1.460 0.1444
VPBF:Mandarin 0.1622 0.1519 1.067 0.2858
VPBF Baseline
Intercept 0.92405 0.10259 9.007 <0.001
Korean (for VPBF condition) 0.04527 0.10235 | 0.442 0.658275
Mandarin (for VPBF condition) 0.39541 0.10704 | 3.694 <0.001
SBF (for English group) 0.12614 0.10328 1.22 0.221936
SuNF (for English group) 0.26215 0.10504 98.4 <0.05
SBF:Korean -0.21202 0.14529 -1.459 0.14447
SBF:Mandarin -0.16233 0.15192 -1.069 0.28527
SuNF:Korean -1.25893 0.14385 -8.751 <0.001
SuNF:Mandarin -1.88606 0.14735 -12.800 <0.001
SuNF Baseline
Intercept 1.1862 0.1058 11.213 <0.001
Korean (for SUNF condition) -1.2137 0.1011 003 <0.001
Mandarin (for SUNF condition) -1.4905 0.1012 14728 <0.001
SBF (for English group) -0.1361 0.1064 -B27 0.2011
VPBF (for English group) -0.2622 0.1050 964 <0.05
SBF:Korean 1.0470 0.1444 7.251 <0.001
SBF:Mandarin 1.7236 0.1479 11.654 <0.001
VPBF:Korean 1.2590 0.1439 8.752 <0.001
VPBF:Mandarin 1.8857 0.1473 12.798 <0.001

Table 4.5Parameter values for fixed variables in the napeeception of non-native production

native/non-native regressions, with English aslamguage group baseline



Figure 4.3.Boxplots of proportion of productions perceivedh&wve context-appropriate

prosody, by talker native language and context

4.3.3 Experiments 1 and 5: Native Perception ofdw-Native Production Non-Native
Regressions

The fixed variables considered for the non-nategressions were: language group
(English, Korean, Mandarin), context (SUNF, VPBBF} and Versant score. A model with all
three main effects was built, and variables thaeveggnificant in this model were retained. In
this model, all three variables were significantflsey were all retained. Next, a series of
models with the three variables plus an interadbietween two of them was compared to a
model with only the three variables. Only the iat¢ion between language group and context
significantly improved the fit of the model {§2)= 29.599, p<0.001).

The final regressions included language group,ednVersant score, and the interaction
between language group and context as fixed vasalfor the language group variable, the
Korean group served as a baseline, and was comfzatiee Mandarin group. Two non-native
regressions were run, one with SBF as the contséline, and the other with VPBF as the

context baseline.



The parameter values for the fixed variables is¢hegressions are listed in Table 4.6.
More proficient non-native speakers (as measureddrgant score) produced more appropriate
prosody than less proficient speakers. There wispesignificant interactions between the
SuUNF/VPBF and SUNF/SBF context pairs and the cshiretween the Mandarin and Korean
groups. VPBF and SBF productions by Mandarin spesalere judged to have appropriate
prosody significantly more often than those by Kaorspeakers. However, SUNF productions
by Korean speakers were judged to have apprograsondy significantly more often than those
by Mandarin speakers. Because of the interacwiwden language and context, the regressions
in Table 4.6 only provide information on the corte#fects for the Korean group (the language
group baseline). To determine the context effemtthe Mandarin group, another two
regressions were run with Mandarin as the langgagep baseline, one with SBF as the context
baseline, and one with VPBF as the context baselline parameter values for these two
regressions are listed in Table 4.7. The regraessioTables 4.6 and 4.7 show that both Korean
and Mandarin participants were more successfulatyzing contextually appropriate prosody

in the VPBF and SBF contexts than in the SuNF odnte



)9

Estimate Std. Error | z-value p
SBF Baseline
Intercept 0.460585 0.164794 2.795 <0.01
Mandarin (for SBF condition) 0.428457 0.106591 4.020 <0.001
SuNF (for Korean group) -0.907160 0.097373 -9.316 <0.001
VPBF (for Korean group) 0.086107 0.10200% 40.8 0.39858
Versant 0.007103 0.002262 3.141 <0.005
SuNF:Mandarin -0.675857| 0.141271 -4.784 <0.001
VPBF:Mandarin -0.049954 | 0.150940 -0.331 0.74068
VPBF Baseline
Intercept 0.546675 0.164971 3.314 <0.001
Mandarin (for VPBF condition) 0.378492 0.10779% 3.511 <0.001
SBF (for Korean group) -0.086103 0.102005 -0.844 0.398611
SuNF (for Korean group) -0.993247 0.098087 -10.126 <0.001
Versant 0.007103 0.002262 3.141 <0.005
SBF:Mandarin 0.049950 0.150940 0.331 0.7406¢
SuNF:Mandarin -0.626007| 0.142197 -4.402 <0.001
SuNF Baseline
Intercept -0.446571| 0.162815 -2.743 <0.01
Mandarin (for SUNF condition) -0.247428 0.093630 -2.643 <0.01
SBF (for Korean group) 0.907145 0.097373 6.31 | <0.001
VPBF (for Korean group) 0.993248 0.098087 26.1 | <0.001
Versant 0.007103 0.002262 3.141 <0.005
SBF:Mandarin 0.675869 0.141271 4.784 <0.001
VPBF:Mandarin 0.625816 0.142195 4.401 <0.001

Table 4.6 Parameter values for fixed variables in the nappegception of non-native production

non-native regressions, with Korean as the langugrgeip baseline



)

Estimate Std. Error | z-value p
SBF Baseline
Intercept 0.889013 0.159966 5.557 <0.001
Korean (for SBF condition) -0.428441 0.106591 -4.019 <0.001
SuNF (for Mandarin group) -1.583013 0.102542 -15.438 <0.001
VPBF (for Mandarin group) 0.036153 0.111256 .326 0.74522
Versant 0.007103 0.002262 3.141 <0.005
SuNF:Korean 0.675868 0.141271 4.784 <0.001
VPBF:Korean 0.049851 0.150939 0.330 0.7411¢
VPBF Baseline
Intercept 0.925162 0.160341 5.770 <0.001
Korean (for VPBF condition) -0.378490 0.107795 -3.511 <0.001
SBF (for Mandarin group) -0.036151 0.111256 -0.325 0.745229
SuNF (for Mandarin group) -1.619165 0.103167 -15.695 <0.001
Versant 0.007103 0.002262 3.141 <0.005
SBF:Korean -0.049950(| 0.150940 -0.331 0.740698
SuNF:Korean 0.625831 0.142197 4.401 <0.001

Table 4.7Parameter values for fixed variables in the napeeception of non-native production

non-native regressions, with Mandarin as the largrigroup baseline

4.3.4 Experiments 1 and 5: Native Perception ofdw-Native Production Discussion

Both groups of non-native English speakers wereersaccessful at producing prosody

that was perceived to be appropriate by nativerists in the broad focus contexts than in the

SuNF context. This pattern did not appear fortagve English speakers. In fact, the native

English speakers’ SUNF productions were judgecetagpropriate more often than their VPBF

productions. SuUNF productions by native Englisbadgrs were perceived to have significantly

more appropriate prosody than SuNF productionsdbly Korean and Mandarin speakers. The

difficulty that non-native speakers had in prodggmosody that was perceived to be appropriate

for the SUNF context may be due to their over-ajapion of broad focus prosody to the narrow

focus context. This supports the L2 Challenge NBIdgequency factor prediction that a

common pitch accent pattern will be over-applieddnguage learners.



A non-native English speaker’s native language sésms to play a role in the
appropriateness of the prosody that they prodéoe.SuNF items, Korean speakers’
productions were perceived as more appropriate Memdarin speakers’ productions.
However, for the VPBF and SBF items, Mandarin spesiproductions were perceived as more
appropriate than Korean speakers’ productions. @fthese three results can be explained by
the Different Locations Hurt Transfer Model. Thi®del predicts that Korean speakers will be
better than Mandarin speakers at appropriatelyiqeimal pitch accents in narrow focus. This
is because Korean always marks narrow focus proalhgdi(Jun and Lee 1998), while Mandarin
can mark it either prosodically or syntacticallyy(2004). Therefore, Korean speakers should
transfer their habit of always marking narrow foeuth prosodic cues like expanding the pitch
range and lengthening parts of the focused woltds Model also predicts that Mandarin
speakers will be better at placing final pitch adsen VPBF contexts because, unlike Korean
speakers, they do not have to overcome an L1 teydermake the first word in a focused VP
prosodically prominent. However, this model, lldemodels set out in Chapter 1, fails to
predict that Mandarin speakers will be better tkanean speakers at placing pitch accents in
SBF contexts.

One possible explanation for the superior Mandaeiriormance in both the SBF and the
VPBF conditions can be found in the poorer perfaroeeof Mandarin speakers in the SUNF
condition. The Mandarin speakers’ inappropriat®lSproductions may have pitch accent
placement that is more appropriate for VPBF and 8&Kexts, as predicted by the L2
Challenge Models’ Frequency factor. If so, the Bl speakers would be producing more
sentences with this pattern of pitch accents thare&n speakers. The extra repetitions could

reinforce VPBF/SBF accent pattern, leading the Naindparticipants to produce it more



consistently or realize it with stronger acoustieg than the Korean speakers, who were
switching to SUNF-appropriate accent patterns rsaceessfully. This hypothesis is supported
by the fact that the Mandarin participants evemperdbrmed the native English participants in
the SBF and VPBF conditions. The English langugrgeip’s relative success in the SUNF
condition shows that they were switching betweeNSappropriate and VPBF/SBF-
appropriate accent patterns.

The significance of the Versant variable in the-mative regressions indicates that a
language learner’s proficiency influences theitigbio produce context-appropriate prosody.
Specifically, native English listeners were mokely to judge utterances produced by more
proficient speakers (as determined by the Versst} to have appropriate prosody than those
produced by less proficient speakers. This sugdghat context-appropriate pitch accent

placement and realization can improve with incrdasegerience with a non-native language.

4.4 Prominence Placement and Realization GenerBiscussion

In this chapter, non-native prosodic prominencealpotion was examined in several
ways. The participants’ ability to determine tlogrect placement of a pitch accent for a given
context was tested in the prominence placementrempst (Exp. 4). Their ability to place and
realize pitch accents in actual speech productias t@sted in the prominence production
experiment (Exp. 1). Recordings of sentences fittarprominence production experiment were
played for native English listeners, who judged thike their prosody was context-appropriate in
the native perception of non-native production expent (Exp. 5).

The results of the production and listening expents (Exp. 1 and 5) provide support

for one prediction made by both Transfer Modelbese models correctly predicted that Korean



participants would be better at producing contgprapriate prosody in the SuNF context than
Mandarin participants. The models predict that gtiould be the case because narrow focus is
always marked prosodically in Korean, but is ordyngtimes marked prosodically in Mandarin.
Problematically, the prominence placement experir{exp. 4) and the
production/listening experiments (Exp. 1 and 5nsé@ support conflicting predictions made by
the two Transfer Models. The Any Prominence Lawatielps Transfer Model correctly
predicted that Korean speakers would be better Memdarin speakers at placing prominence in
the VPBF context in Exp. 4, because VPBF is magkedodically in Korean, but not in
Mandarin. However, the Different Prominence Lomasi Hurt Transfer Model correctly
predicted that Mandarin speakers would be bettar Korean speakers at producing context-
appropriate prosody in the VPBF context in Expghdcause Koreans have to overcome their L1
tendency to make the first word in a focused VFspdically prominent. Fortunately, there is
another possible explanation for the Mandarin pigoadints’ superior prosody production in
VPBF contexts. This alternative explanation isgagged by the fact that Mandarin participants
were better than Koreans at producing context-gpate VPBF and SBF prosody, but were
worse than Koreans at producing context-approp8ateF prosody. Therefore, the Mandarin
speakers may have produced more sentences wittl ftmoas-appropriate patterns of pitch
accents than Korean speakers. The extra repatitiomd have reinforced the VPBF/SBF accent
patterns, leading the Mandarin participants to poedthem more consistently or realize them
with stronger acoustic cues than the Korean pa#giuis, who were switching to SUNF-
appropriate accent patterns more successfully. e explanation is taken into account, the

production results support the Any Prominence Liocdtelps Transfer Model. The hypothesis



that inappropriate SUNF productions have prosodyithappropriate for VPBF and SBF
contexts will be tested in the acoustic analysi€lmapter 5.

The results of the production/listening and placethexperiments (Exp. 1, 4, and 5) also
support the Hybrid L2 Challenge Model. Particiganwere most successful at correctly placing
pitch accents in the SUNF context of the promingrlaeement experiment (Exp. 4). However,
they were most successful at correctly producinged-appropriate prosody in the VPBF and
SBF contexts of the prominence production expeririexp. 1 and 5). It seems that language
learners are both especially bad and especiallg gbpitch accent placement in SUNF contexts.
The Hybrid L2 Challenge Model predicts such contaaly results, as it posits two opposing
forces that can influence language learner behavibe first is the relationship between focus
and prosodic prominence (the Relationship factdbis relationship is the most direct in narrow
focus contexts, making it easier for language leto acquire appropriate focus marking in
such contexts. The second is the frequency witlelwé pattern of prominence is used (the
Frequency factor). In SUNF contexts an unusuaépabf prominence is used, so language
learners may incorrectly produce a more commorepatif prominence in this context. In order
to be predictive, the Hybrid L2 Challenge Modell steeds a criterion for determining when the
Relationship factor is more important and whenRheguency factor is more important. This
criterion is discussed in Chapter 7.

Proficiency played a role in non-native particifguability to produce context-
appropriate prosody (Exp. 1 and 5). Non-nativeakpes with higher general English
proficiency were more likely to have their utteraagudged to have appropriate prosody. In
contrast, proficiency did not play a role in a gapant’s ability to say which word should be

accented for a given context in the prominencegutent experiment (Exp. 4). Even native



English speakers often provided unexpected answeinss task. Clearly, speakers can produce
context-appropriate English prosody without congsip knowing which words they are
accenting. What is not yet known is whether sunbvldedge can help non-native speakers

produce more appropriate prosody.



Chapter 5
Acoustic Analysis of Production Recordings - Expement 1
5.1 Purpose of Acoustic Analysis

The acoustic analysis of the recordings made iptbhminence production experiment
(Exp. 1) had two goals. First, it was used to tiesthypothesis that the non-native SUNF
productions that were judged to have inapproppatsody had pitch accent placement patterns
that were appropriate for VPBF or SBF contextsegathan SuNF contexts. To test this
hypothesis, the non-native productions of sentemctdge SuNF context that had been judged to
have inappropriate prosody were compared to norenptoductions in all three contexts that
were judged to have appropriate prosody. Sectiedadoustic analysis was used to determine
whether there is more than one way to produce pro@at will be judged appropriate by native
listeners. To answer this question, acoustic featof native productions that had been judged
to have appropriate prosody were compared to ntimenproductions with appropriate prosody,
within each context. The acoustic analysis invdliseth labeling selected recordings for accent
location, and making acoustic measurements of them.

The remainder of Chapter 5 explores the methods insthe acoustic analysis and its
results. Section 5.2 describes how recordings selexted for acoustic analysis. Section 5.3
describes the procedure used for labeling and memsmt. Section 5.4 describes the results of
the analysis of non-native SuNF productions thaewedged to be inappropriate by native
listeners. Section 5.5 presents the results ofdingparison between native productions and non-
native productions judged to have appropriate mhps&@ection 5.6 summarizes the findings in

this chapter and discusses their implications.



5.2 Selection of Recordings for Acoustic Analysis

Recordings were only acoustically analyzed if aste7 out of the 8 native listeners
judged them to be either appropriate or inapprogrid his criterion was used to ensure that the
recordings analyzed had prosody that was unambsgiyappropriate or inappropriate. Table
5.1 shows the breakdown of the 356 recordingsviiea¢ judged to have unambiguously
appropriate prosody. Table 5.2 shows the breakduime 42 recordings that were judged to

have unambiguously inappropriate prosody.

SuNF VPBF SBF Total
English 56 42 42 140
Korean 18 34 38 90
Mandarin 12 58 56 126
Total 86 134 136 356
Table 5.1. Number of productions classified as pdosally appropriate, by language group and
context

SuNF VPBF SBF Total
English 0 1 1 2
Korean 13 0 0 13
Mandarin 27 0 0 27
Total 40 1 1 42

Table 5.2. Number of productions classified as pdosally inappropriate, by language group

and context

The recordings judged to have unambiguously ingppate prosody included 40
sentences produced by non-native English speakéhg iISUNF context, and two sentences
produced by native English speakers, one in the &&l on in the VPBF context. Because of
the very small number of recordings by native spesakhat were judged to be inappropriate, the

analyses of inappropriate prosody focused excliysime the non-native SUNF recordings.



5.3 Acoustic Labeling and Measurements

The acoustic analysis had two components, phontdbgnd phonetic. In the
phonological component, the location of the acagmterd(s) was determined by the
experimenter (a native English speaker and trairedl labeler), who was blind to the
recordings’ contexts and native listener judgmef&rds were labeled as accented or
unaccented based on the ToBI labeling guidelineskBian and Ayers Elam 1997), using
auditory perception and examination of the pitchtoar, displayed in Praat (Boersma and
Weenink 2009). In the phonetic component, searalistic features were extracted for the
subject, verb, and object of each sentence. Awoigsttures of each sentence as a whole were
also extracted to allow for normalization of thdiindual words’ acoustic values. The acoustic
features extracted were the duration, RMS ampljtadd FO maximum and range for each word.
These features were chosen because of the impootastthey play in prosodic focus marking
in English, Korean, and Mandarin. (Narrow) focusemtds tend to have longer durations in all
three languages (Beckman 1986; Jun and Lee 19@&rid Xu 2005). They also tend to have
greater amplitudes in English and Korean (Beckn@861Lee and Xu 2010). They have higher
FO peaks and expanded FO ranges in Korean and Maridan and Lee 1998; Liu and Xu
2005). The high and low pitch targets in Engligichpaccents can also lead to more extreme FO
values on accented words than unaccented wordifizec1986; Shue et al. 2007).

The acoustic feature extraction involved seveepst First, the selected recordings were
automatically aligned with their transcriptionsngthe NU-Aligner program. NU-Aligner
(http://groups.linguistics.northwestern.edu/docutagon/nualigner_home.htmig a program

developed by Chun Chan as an add-on to the SONd€ckprecognition system



(http://cslr.colorado.edu/beginweb/speech_recagmisionic.html). It takes as input a sound file
and a transcription, and outputs a Praat textgrighich the transcription is aligned with the
sound file. Next, these textgrids were hand-caectby the experimenter, based on features of
the waveform and spectrogram. Finally, the acoustiues for the subject, verb, object, and
entire sentence in each recording were automatieatracted using a Praat script. The Praat
script was run separately on recordings of malefandle speakers because of the differences in
their typical FO ranges. For male participantspteh range was set to 75-350 Hz, and for
female participants the pitch range was set tod@MHz. These ranges were chosen by testing
the ranges recommended in the Praat manual ortegtlecordings, and adjusting them to
produce the most accurate pitch contours. TheuttdPaaat values were used for all other

variables.

5.4 Non-Native SUNF Sentences with Inappropriate Prosod
5.4.1 Phonological Features

The goal of this analysis was to determine whetiveinappropriate non-native SUNF
productions were prosodically similar to appromiabn-native broad focus productions. Forty
SuNF productions by non-native English speakerk witambiguously inappropriate prosody
were compared to the 30 non-native SuNF product@ason-native VPBF productions, and 94
non-native SBF productions with unambiguously apgede prosody. As discussed in Section
1.3.2.2, the predicted accent pattern for the Sadifeext is an accented subject and unaccented

verb and object. Sentences in the VPBF and SBfextscan have several pitch accent



patterns, as long as they have a pitch accenteatiject’, although in Gussenhoven’s model
SBF productions are also required to have pitclersoon the subject.

Non-native SUNF productions that were judged tcehaappropriate prosody had
patterns of accent placement that are predictedeotences in VPBF contexts. Figure 5.1
shows how the inappropriate non-native SUNF acgattérns differ from the appropriate non-
native SUNF patterns, and overlap with the appad@mon-native VPBF and SBF patterns. For
ease of reference, pitch accent patterns will belé based on whether each content word was
accented. The labels all have three slots, fojestibverb, and object, and these slots contain a
‘Y’ (yes) if the word is accented, and an ‘n’ (nbjhe word is unaccented. Under this system, a
sentence with an accented subject and unaccentiedne object will be labeled ‘“Ynn'. Out of
the non-native SUNF productions that were judgdubtee appropriate prosody, 100% had the
predicted Ynn pattern of pitch accents. Howevenenof the non-native SUNF productions that
were judged inappropriate had the Ynn patterntelds the inappropriate productions had YnY
(53%), YYY (43%), and nYY (5%) accent patterns.| d#fithese accent patterns are predicted to
be appropriate for sentences produced in VPBF g®)tand the YnY and YYY patterns are
predicted to be appropriate for sentences in SBiests. Section 5.4.2 will explore the acoustic

associated with these accent patterns.

™ This prediction applies to the sentences withsitare verbs, of the type used in this study.



Figure 5.1.Barplots showing proportions of non-native SUNHReeoes perceived to have
context-inappropriate prosody and non-native SUMIPBF, and SBF sentences perceived to
have context-appropriate prosody. Bars in darkygrapresent accent patterns that are
predicted to be acceptable for VPBF contexts, lratght gray represent accent patterns that

are predicted to be acceptable for SUNF contexts.



5.4.2 Phonetic Features
5.4.2.1 Statistical Analysis

The goal of the phonetic comparisons was to detegitiie acoustic differences (if any)
between the inappropriate non-native SUNF prodostand appropriate non-native SuNF,
VPBF, and SBF productions. The productions wesdyaed with a series of mixed-effect linear
regressions. These regressions all had speakeseatehce as random effects. The dependent
variable was always an acoustic feature (e.g. aumator a particular word position (subject,
verb, or object). The fixed variable of interegtsaan appropriateness/context variable, with
inappropriate SUNF, appropriate SUNF, appropri®8W, and appropriate SBF as possible
values. Inappropriate SUNF productions serveth@baseline, so that they could be compared
to the three types of appropriate productions.

One challenge that arose from only using recordihgswere unambiguously judged to
have appropriate or inappropriate prosody wasttteasame speakers and the same sentences
were not necessarily included in the sets of appatgand inappropriate productions.
Theoretically, this could lead to inaccurate resufor example, if all the appropriate SUNF
recordings happened to be produced by speakersnitsually large FO ranges, it would give
the impression that words in appropriate SUNF pcodos generally have large FO ranges.
Fortunately, the regressions allow us to statiyicantrol for features particular to each speaker
or the words in each sentence. The speakers’ v&uearious acoustic features (e.g. FO range)
over the course of a particular production weretrmdied by including as a fixed variable the
sentence-level values (either over the entire serter averaging the values for each word in the
sentence) for the acoustic feature under investigatFor example, in a regression with object

FO range as the dependent variable, the mean &ithanges for the subject, verb, and object in



that sentence production was included as a fixedea. Features of individual words were
controlled by including as a fixed variable in tiegression the mean value of the feature under
investigation for each word in the position beingdstigated. For example, in a regression with
object duration as the dependent variable, the rdaeations for each of the six objects were
included as a fixed variable. The value of thigalae for items withMaine as the object, for
instance, would be the mean duration of all pradastofMaine that were being analyzed in the
regression. Because there was only one fixed Mariat interest, all of the regressions in this
section included the appropriateness/context viaj@nd the sentence and mean word control
variables as fixed variables. The dependent anttaovariables for each acoustic feature

regression are discussed in more detail in thdteesection for that feature.

5.4.2.2 Analysis of Duration

In the duration regressions, the dependent variabk word duration in seconds. The
sentence control variable was speech rate (sydgeond) for the sentence. The word control
variable was the mean duration of the word in #rget position (subject, verb, or object) over
all productions of that sentence in the analyfigt example, in the subject duration regression,
the word control variable had six possible valdlee:mean durations for each of the six
sentences’ subjects. The parameter values fdixdie variables in the subject, verb, and object
duration regressions are provided in Tables 548,dnd 5.5, respectively. Speech rate was not a

significant variable in the verb duration regressigo it was removed from the final regression.



Estimate 95% CI — lower 95% CI - upper p
Intercept 0.0739 0.0132 0.1757 <0.05
Appropriate SUNF 0.0105 -0.0285 0.0375 6630
Appropriate VPBF -0.0281 -0.0536 -0.0048 €0.0
Appropriate SBF -0.0085 -0.0351 0.0137 03107
Speech Rate -0.0119 -0.0260 -0.0054 <0.005
Mean Subject Dur. 0.9126 0.6879 1.0965 6D.0

Table 5.3. Parameter values for fixed variablethia subject duration regression for

appropriate and inappropriate productions by nortima speakers, with inappropriate SUNF as

the appropriateness/context baseline

Estimate 95% CI — lower 95% CI - upper p
Intercept -0.0389 -0.1091 0.0345 0.2616
Appropriate SUNF 0.0040 -0.0498 0.0345 06743
Appropriate VPBF 0.0591 0.0251 0.0858 <0.00
Appropriate SBF 0.0463 0.0163 0.0770 <0.005
Mean Verb Dur. 1.0069 0.8514 1.1745 <0.001

Table 5.4. Parameter values for fixed variablethia verb duration regression for appropriate
and inappropriate productions by non-native speakeiith inappropriate SUNF as the

appropriateness/context baseline

Estimate 95% CI — lower 95% CI - upper P
Intercept 0.1558 0.0476 0.3195 <0.01
Appropriate SUNF -0.0705 -0.1239 -0.0420 00.0
Appropriate VPBF 0.0302 -0.0070 0.0529 082
Appropriate SBF 0.0037 -0.0333 0.0261 0.8380
Speech Rate -0.0234 -0.0415 -0.0165 <0.001
Mean Object Dur. 0.8164 0.5597 1.0247 <6.00

Table 5.5. Parameter values for fixed variablethi® object duration regression for appropriate
and inappropriate productions by non-native speakeiith inappropriate SUNF as the

appropriateness/context baseline



The analyses of durational differences betweengpi@te and inappropriate non-native
productions show that inappropriate SUNF produstimed significantly longer object durations
than appropriate SUNF productions. The longeratlgjarations for inappropriate SUNF
productions signal pitch accents on the objecte plmonological prosodic analysis showed that
none of the appropriate SUNF productions had aedestjects, but all of the inappropriate ones
did. Because sentences in SUNF contexts are peddi have final pitch accents on the subject,
a pitch accent on the object would lead to inappatg prosody for the context. This difference

is illustrated in Figure 5.2.

Figure 5.2. Line graph showing the mean durationseconds for the subject, verb, and object
in inappropriate SUNF productions and appropriatéN&, VPBF, and SBF productions by non-

native speakers



However, the inappropriate SUNF productions al§ferdid durationally from the
appropriate VPBF and SBF productions. The inappaig SuNF productions had significantly
longer subject durations than appropriate VPBF pctdns, shorter verb durations than
appropriate VPBF and SBF productions. This paytiaflects differences in accent patterns
revealed in the phonological analysis. Non-nasipeakers were more likely to accent the verb
in the appropriate VPBF and SBF productions thahéninappropriate SUNF productions,
leading to longer verb durations in these appro@t@oad focus productions. Accenting the
subject was quite common in both the inapprop$atsF productions (95%) and the
appropriate VPBF productions (91%). The longejjexttdurations in the inappropriate SUNF
productions than in the appropriate VPBF produdionght reflect this small difference in the

percentage of accented subjects.

5.4.2.3 Analysis of RMS Amplitude

In the RMS amplitude regressions, the dependerdhia was RMS amplitude of the
word. Praat returns RMS amplitude in Pascals, vhiere converted to decibels, with the RMS
amplitude for the entire sentence (in Pascalshasaference value. This method of conversion
controlled for differences in overall amplitudesass recordings, SO no separate sentence
control variable was needed in the RMS amplitudgessions. The word control variable was
the mean RMS amplitude of the word in the targsitpm, after conversion to dB (averaging
over all productions of that sentence). The patamalues for the fixed variables in the
subject, verb, and object RMS amplitude regressamagprovided in Tables 5.6, 5.7, and 5.8,

respectively.



Estimate 95% CI - lowerl 95% CI - upper p
Intercept -0.3597 -1.1513 0.3633 0.3312
Appropriate SUNF 1.6742 0.9656 2.3635 <0.00
Appropriate VPBF 0.1426 -0.4080 0.6494 066
Appropriate SBF 0.1441 -0.4101 0.6506 00621
Mean Subject RMS | 1.0350 0.7883 1.2966 <D.00

Table 5.6. Parameter values for fixed variablethia subject RMS amplitude regression for

appropriate and inappropriate productions by nortima speakers, with inappropriate SUNF as

the appropriateness/context baseline

Estimate 95% CI - lowerl 95% CI - upper p
Intercept -0.2541 -0.8193 0.2524 0.2864
Appropriate SUNF -1.1706 -1.8546 -0.4237 €6.0
Appropriate VPBF 0.6341 0.1137 1.2080 <0.05
Appropriate SBF 0.5229 0.0229 1.1018 <0.05
Mean Verb RMS 0.9847 0.5973 1.3305 <0.005

Table 5.7. Parameter values for fixed variablethia verb RMS amplitude regression for

appropriate and inappropriate productions by nortinma speakers, with inappropriate SUNF as

the appropriateness/context baseline

Estimate 95% CI - lowerl 95% CI - upper p
Intercept 0.5861 -0.2470 1.3359 0.1290
Appropriate SUNF -3.1342 -4.0793 -2.3517 €0.0
Appropriate VPBF -0.3493 -0.9420 0.3377 035
Appropriate SBF 0.0295 -0.5783 0.6876 00893
Mean Object RMS 1.0834 0.7985 1.3547 <0.001

Table 5.8. Parameter values for fixed variablethia object RMS amplitude regression for
appropriate and inappropriate productions by nortima speakers, with inappropriate SUNF as

the appropriateness/context baseline



The analyses of RMS amplitude revealed that noivaapeakers’ inappropriate SUNF
productions had significantly lower subject RMS &impes and higher verb and object RMS
amplitudes than appropriate SUNF productions. ghéi RMS amplitude on the subject can
signal a pitch accent on the subject, which isipted to be required in the SUNF context.
However, the phonological analysis showed that @#appropriate SUNF productions had
accented subjects (compared with 100% of apprappedductions). The higher RMS
amplitude for subjects in appropriate SUNF produngicould reflect this small difference in
accentuation. Alternatively, the non-native speskeay be producing final pitch accents with
higher RMS amplitudes than pre-final pitch accemtshigher RMS amplitude on verbs and
objects can signal pitch accents on these wordshwé predicted to be inappropriate for
sentences in the SUNF context. The phonologicalais showed that 48% of inappropriate
SuNF productions had accented verbs all had aatehjects, but none of the appropriate SUNF

productions had accented verbs or objects. The Bif#Sts can be seen in Figure 5.3.



Figure 5.3. Line graph showing the mean RMS angisuin dB for the subject, verb, and object
in inappropriate SUNF productions and appropriatéN&, VPBF, and SBF productions by non-

native speakers

Non-native speakers’ inappropriate SUNF productales had lower verb RMS
amplitudes than appropriate VPBF and SBF produstidnke the longer durations for verbs in
the appropriate VPBF and SBF productions, thiseoil the greater number of pitch accents on

the verb in the appropriate VPBF and SBF produstion

5.4.2.4 Analysis of FO Maximum
In the FO maximum regressions, the dependent uanahs the maximum FO in Hz for

the word. The sentence control variable was thamnaé the FO maxima for the subject, verb,



and object in the sentence. The word control bé&ivas the mean FO maximum for the word

in the target position (averaging over all prodoiesi of that sentence). The parameter values for
the fixed variables in the subject, verb, and df€cmaximum regressions are provided in
Tables 5.9, 5.10, and 5.11, respectively. The neaet word maximum FO variables (e.g.
mean subject FO maximum) were not significant in ainthe three FO maximum regressions, so

they were excluded from the final subject, verld ahject regressions.

Estimate | 95% CI - lower| 95% CI — upp p
Intercept -0.8979 -19.778 12.367 0.7146
Appropriate SUNF 27.0624| 16.226 38.283 <0.001
Appropriate VPBF -9.3053 -16.910 -0.706 080.
Appropriate SBF -6.6820 -15.186 1.196 089
Mean Sentence FO Max 1.0867 1.032 1.163 0.04

Table 5.9. Parameter values for fixed variablethia subject FO maximum regression for

appropriate and inappropriate productions by nortima speakers, with inappropriate SUNF as

the appropriateness/context baseline

Estimate | 95% CI - lower| 95% CI — upp p
Intercept 7.3848 -9.2799 25.231 0.3586
Appropriate SUNF -11.6443  -22.9930 0.356 P05
Appropriate VPBF 4.0071 -4.3295 13.564 0B7
Appropriate SBF -2.5204 -11.9830 6.392 06460
Mean Sentence FO Max 0.9957 0.9321 1.051 0.04

Table 5.10. Parameter values for fixed variableshie verb FO maximum regression for
appropriate and inappropriate productions by nortima speakers, with inappropriate SUNF as

the appropriateness/context baseline



Estimate | 95% CI - lower] 95% CIl — upper p
Intercept -0.2858 -20.9588 18.4894 0.8914
Appropriate SUNF -16.7465 -29.7365 -2.6877 50.0
Appropriate VPBF 5.3019 -5.1422 15.1019 082
Appropriate SBF 9.5387 -0.7340 19.8365 00066
Mean Sentence FO Max 0.8874 0.8133 0.9661 0.00&

Table 5.11. Parameter values for fixed variablethie object FO maximum regression for
appropriate and inappropriate productions by nortima speakers, with inappropriate SUNF as

the appropriateness/context baseline

The analyses of FO maxima revealed that non-n&uiNF productions with
inappropriate prosody had significantly lower FOximza on subjects and higher FO maxima on
objects than SuUNF productions with appropriate gags As discussed for the RMS amplitude
regression, the phonological analysis showed 6%t 8f inappropriate SUNF productions had
accented subjects (compared with 100% of appr@ppaiductions). This suggests three
possibilities. First, the small difference in aatieg may be adequate to explain the phonetic
differences. Second, the pre-final subject pitoteats in the inappropriate SUNF productions
may be reduced acoustically relative to the finddjsct pitch accents in the appropriate SUNF
productions. Third, the speakers could be usingerhd pitch accents, which do not contain an
H tone. All of the inappropriate SUNF productidragl accented objects, but none of the
appropriate SUNF productions had accented objédiss reflects the fact that SUNF sentences
are predicted not to have pitch accents on verbohjects. The higher FO maxima on
inappropriate SUNF objects are likely to be cuggitith accents containing an H tone (H* or

L+H*), inappropriately placed on these words.



Figure 5.4. Line graph showing the mean FO maximiz for the subject, verb, and object in
inappropriate SUNF productions and appropriate SUNPBF, and SBF productions by non-

native speakers

Non-native inappropriate SUNF productions also sigdificantly higher FO maxima on
subjects than appropriate VPBF productions. Téusslilt is parallel to the longer subject
durations in inappropriate SUNF productions thgorayriate VPBF productions. The subject
was accented in 95% of inappropriate SUNF prodastand 91% of appropriate VPBF
productions. The longer subject durations in ttepropriate SUNF productions than in the

appropriate VPBF productions might reflect this Brdéference in accenting rate.



5.4.2.5 Analysis of FO Range

In the FO range regressions, the dependent vanesehe range in FO values in Hz for
each target word. The sentence control variabethe mean of the FO range values for the
subject, verb, and object in each sentence. Thd wantrol variable was the mean FO range for
the word in the target position (averaging ovepatiductions of that sentence). The parameter
values for the fixed variables in the subject, yarid object FO range regressions are provided in
Tables 5.12, 5.13, and 5.14, respectively. Themobgect FO range control variable was not

significant in the object FO range regression}seass not included in the final version of this

regression.

Estimate 95% CI - lower| 95% CI - upper p
Intercept -33.8711 | -59.2024 -7.154 <0.05
Appropriate SUNF 21.7669 8.6847 33.894 <D.00
Appropriate VPBF -8.0689 -17.1007 2.058 2604
Appropriate SBF -6.5834 -16.0340 2.915 paL7
Mean Sentence FO Range  0.9233 0.7953 1.059 <0.001
Mean Subject FO Range 0.6946 0.2040 1.154 <0.05

Table 5.12. Parameter values for fixed variablethie subject FO range regression for
appropriate and inappropriate productions by nortina speakers, with inappropriate SUNF as

the appropriateness/context baseline



Estimate 95% CI - lower| 95% CI - upper p
Intercept -33.7486 | -64.4882 -1.449 <0.05
Appropriate SUNF -2.3515 15.9627 10.160 98%
Appropriate VPBF -0.7364 -10.9964 9.079 983
Appropriate SBF -7.4660 -17.6464 2.560 B414
Mean Sentence FO Range 1.0579 0.9325 1.208 <0.001
Mean Verb FO Range 0.6110 0.1012 1.124 05<0.

Table 5.13. Parameter values for fixed variablethie verb FO range regression for
appropriate and inappropriate productions by nortima speakers, with inappropriate SUNF as

the appropriateness/context baseline

Estimate 95% CI - lower| 95% CI - upper p
Intercept 1.9784 -16.1338 16.920 0.9388
Appropriate SUNF -18.7625| -34.0800 -4.485 50.0
Appropriate VPBF 7.8254 -3.7750 19.615 Q0
Appropriate SBF 13.0438 2.1741 25.298 <0.05
Mean Sentence FO Range  0.9345 0.7972 1.124 <0.001

Table 5.14. Parameter values for fixed variableshie object FO range regression for
appropriate and inappropriate productions by nortima speakers, with inappropriate SUNF as

the appropriateness/context baseline

The analyses of FO range revealed that non-nati=Sentences with inappropriate
prosody had significantly smaller FO ranges onetisjand larger FO ranges on objects than
those with appropriate prosody. The smaller F@earon subjects in inappropriate SUNF
productions are closely linked to the lower FO maion subjects in inappropriate SUNF
productions. If the FO maximum is lowered, thiduees the FO range (unless the FO minimum
is similarly lowered). In the FO maximum discussia was suggested that the lower FO maxima
on inappropriate SUNF subjects may be due to thesdinal pitch accents being reduced
acoustically relative to the final subject pitclttents in the appropriate SUNF productions, or

due to the speakers using more L* pitch accentg;wdio not contain an H tone. The fact that



the FO range was also reduced on these subjegisrgsiphat former hypothesis, because a low
pitch target associated with an L* pitch accentidalrag down the FO minimum, thereby
increasing the FO range. The larger FO ranged@tis in SUNF productions with inappropriate
prosody are likely to represent the pitch movemass®ciated with pitch accents. Recall that all
of the inappropriate productions had accented tdyjéct none of the appropriate productions
did. Sentences in SUNF contexts are not preditctédve pitch accents on objects. These

differences are illustrated in Figure 5.5.

Figure 5.5. Line graph showing the mean FO rangeldz for the subject, verb, and object in
inappropriate SUNF productions and appropriate SUNPBF, and SBF productions by non-

native speakers



The inappropriate SUNF productions also had sicguifily smaller object FO ranges than
appropriate SBF productions. The object was aeckint 100% of inappropriate SUNF
productions, and in 99% of appropriate SBF produnsti Therefore, it seems that the
unpredicted final object pitch accent in the inagpiate SUNF productions is acoustically
reduced (with a reduced FO range) relative to tiedipted final object pitch accent in the

appropriate SBF productions.

5.5 Acoustic Differences between Native and Nonalve Productions with Appropriate
Prosody
5.5.1 Phonological Features

Prosodically appropriate sentence productions liyeand non-native speakers
consistently had the pitch accent patterns prediiictetheir context. Recall that the predicted
accent pattern for the SuUNF context is an accesubgbct and unaccented verb and object.
SuNF recordings judged to have appropriate proswdywhelming had the Ynn accent pattern.
An unpredicted pitch accent pattern (YYn) was useahly one out of 86 SUNF recordings with
appropriate prosody.

As discussed in Section 1.3.2.2, several pattdrpgah accent placements are
acceptable in VPBF and SBF contexts, as long ashijeet is accented. Each of the four
acceptable patterns for VPBF productions (nYY, YYiY, YnY) was produced by some
speaker in the VPBF context. Gussenhoven pretiatonly YYY and YnY should be
acceptable in the SBF context. However, all faattgrns with an accented subject were
produced in acceptable SBF productions. Thisuis éven if non-native speakers are excluded.

Still, accent patterns with unaccented subject®wauch less common than patterns with



accented subjects in both VPBF and SBF productiém&oth of the broad focus contexts, the
most popular pattern was YYY, followed by YnY. Anpredicted pitch accent pattern was
used in only one out of 134 VPBF recordings (Y Yar)d only one out of 136 SBF recordings
(Ynn). The proportions of recordings with eacheat@attern produced in each context by

native and non-native English speakers can beiasdégure 5.6.

Figure 5.6.Barplots showing proportions of prosodically appnape sentences in each context
produced with each accent pattern by native andmative English speakers. Bars in dark gray
represent accent patterns that are predicted tadmeptable for VPBF contexts, bars in light
gray represent accent patterns that are predictelde acceptable for SUNF contexts, bars in

black represent patterns that are not predictetiéacceptable in any of these three contexts.

The distribution of pitch accent patterns acrossthinee contexts was remarkably similar
for native and non-native English speakers. InSbBIF context, the Ynn pattern was used in

99% of native recordings, and 100% of non-nativ®rgings. Despite the greater number of



pitch accent pattern options available in the VRIBE SBF contexts, the patterns were again
consistent across the native and non-native grolpthe VPBF context, the most common
pattern (YYY) was used in 71% of native recordiags 73% of non-native recordings; the
second most common pattern (YnY) was used in 21#@twe recordings and 18% of non-
native recordings. In the SBF context, the mostroon pattern (YYY) was used in 60% of
native recordings and 73% of non-native recorditigs;second most common pattern (YnY)
was used in 33% of native recordings and 19% ofmatdive recordings. The main difference
between the native and non-native groups is thenabine speakers’ slightly greater preference

for accenting all of the content words in a VPBFS&F sentence, relative to native speakers.

5.5.2 Phonetic Features
5.5.2.1 Statistical Analysis

The phonetic features of the recordings judgedubtce appropriate prosody were
analyzed with a series of mixed-effect linear regi@ns, one for each acoustic feature on each
word. These regressions all had speaker and senssirandom effects. The dependent
variable was always an acoustic feature (e.qg. sumator a particular word (subject, verb, or
object).

The fixed variables of interest were whether theager was a native English speaker
(native, non-native) and the sentence context (SM®PBF, SBF). In order to examine all three
pairs of contexts, two regressions were run, ol ®UNF as the context baseline, and one with
VPBF as the context baseline. The native Engligaking group served as the nativeness
baseline. When the interaction between nativeaedontext is included, it allows us to

examine whether there is any difference betweeraanhd non-native speakers in the degree to



which a particular acoustic feature is used toaigime difference between contexts in sentence
productions with acceptable prosody.

Just like in the comparison of appropriate and pmapriate non-native productions, these
regressions controlled for features of individys¢akers and words by including control
variables. The speakers’ values for the acoustitufe under investigation (e.g. FO range) over
the course of a particular production were congbby including sentence-level values for that
acoustic feature as fixed variable. FeaturesdifZidual words were controlled by including as a
fixed variable the mean value of the feature umokagstigation for the word in the target
position (averaging over all productions of thattsace). Details of the control and dependent
variables for each regression are included in tiayais results sections.

The fixed variables for the regressions were seteasing essentially the same process
used in the other experiments. First, a no-intevacegression was run on the two fixed
variables of interest and the two control variabl@d variables that were significant in this
regression were retained. If both variables afnesgt were retained, a second regression was
built that included the original significant varlab plus the interaction between the two
variables of interest. This regression was contpren identical regression without the
interaction, using a likelihood ratio test. If imteraction significantly improved the fit of the

model, then it was retrained in the final regressio

5.5.2.2 Analysis of Duration
In the duration regressions, the dependent variabteword duration in seconds. The

sentence control variable was speech rate (syi&ddeond) for the sentence. The word control



variable was the mean duration for the word inténget position (averaging over all productions

of that sentence).

In the first subject duration regression model,rthveness variable was not significant,

so it was not retained. No interactions were teberause only one variable of interest

remained. The final model included context, speabth, and mean subject duration as fixed

variables. The parameter values for the SUNF @PBF/baseline subject duration regressions

are listed in Table 5.15.

Estimate | 95% CI —lower 95% CI - uppep
SuNF Baseline
Intercept 0.2520 0.1260 0.4247 <0.00b
SBF -0.0170 -0.0342 -0.0015 <0.05
VPBF -0.0276 -0.0447 -0.0119 <0.00%
Speech Rate -0.0488 -0.0642 -0.0394 <0.001
Mean Subject Dur. 0.7236 0.2555 1.1707 50.0
VPBF Baseline
Intercept 0.2244 0.0929 0.3853 <0.01
SBF 0.0106 -0.0039 0.0230 <0.05
SuNF 0.0276 0.0118 0.0441 <0.001L
Speech Rate -0.0488 -0.0646 -0.0401 <0.001
Mean Subiject Dur. 0.7236 0.2711 1.1688 X0.0

Table 5.15. Parameter values for fixed variablethie subject duration regressions on

prosodically appropriate productions

In the first verb duration regression model, allifgariables were significant, so they

were all retained. Because both variables of @siewere retained, a model containing all four

original variables was compared to a model witls¢éheariables plus the interaction between

nativeness and context with a likelihood ratio.tddbwever, adding the interaction did not

significantly improve the fit of the model {§2)=2.282, p=0.32). The final model included



context, nativeness, speech rate, and mean vealtialuas fixed variables. The parameter

values for these regressions are listed in Talle.5.

Estimate 95% CI — lower 95% CI - upper p
SuNF Baseline
Intercept 0.1260 -0.0788 0.3366 0.1524
Non-Native 0.0288 0.0030 0.0484 <0.05
SBF 0.0145 -0.0017 0.0371 0.0722
VPBF 0.0276 0.0105 0.0485 <0.005
Speech Rate -0.0516 -0.0713 -0.0417 <0.001
Mean Verb Dur. 1.0113 0.4985 1.4905 <0.005
VPBF Baseline
Intercept 0.1535 -0.0484 0.3777 0.1000
Non-Native 0.0288 0.0037 0.0490 <0.05
SBF -0.0131 -0.0269 0.0041 0.1510
SuNF -0.0276 -0.0481 -0.0102 <0.005
Speech Rate -0.0516 -0.0718 -0.0420 <0.001
Mean Verb Dur. 1.0113 0.5140 1.5537 <0.005

Table 5.16. Parameter values for fixed variableshie verb duration regressions on

prosodically appropriate productions, with native e nativeness baseline

In the first object duration regression model, itiean object duration variable was not

significant, so it was not retained. Including thieraction between the two variables of interest

significantly improved the fit of the model {2)=9.6731, p<0.01). The final model included

context, nativeness, and speech rate, plus theaatien between context and nativeness, as fixed
variables. In order to determine the nature ofsiaificant interaction between the SBF/VPBF
and SUNF/VPBF context contrasts and the nativehaiive contrast, a third regression was run

with SBF as the baseline. The parameter valuethése three regressions are listed in Table

5.17.




Estimate| 95% Cl —lower 95% CI—upper p
SuNF Baseline
Intercept 0.6078 0.5651 0.6962 <0.001
Non-Native (for SUNF condition) | 0.0250 -0.0162 0.0526 0.3172
SBF (for native group) 0.0445 0.0170 0.0709 <0.001
VPBF (for native group) 0.0351 0.0074 0.060 <0.05
Speech Rate -0.0686 -0.0892 -0.0606 <0.001
Non-Native:SBF 0.0149 -0.0223 0.0562 0.3660
Non-Native:VPBF 0.0535 0.0195 0.0967 <0.005
VPBF Baseline
Intercept 0.6429 0.6027 0.7282 <0.001
Non-Native (for VPBF condition) | 0.0786 0.0458 0.1045 <0.001
SBF (for native group) 0.0094 -0.0173 0D39 0.4570
SuNF (for native group) -0.0351 -0.0608 -0.0085 <0.05
Speech Rate -0.0686 -0.0887 -0.0609 <0.001
Non-Native:SBF -0.0387| -0.0735 -0.0058 <0.05
Non-Native:SuNF -0.0535| -0.0990 -0.0209 <0.005
SBF Baseline
Intercept 0.6523 0.6113 0.7416 <0.001
Non-Native (for SBF condition) 0.0399 0.0059 0.0652 <0.05
SuNF (for native group) -0.0445 -0.0722 -0.0185 <0.001
VPBF (for native group) -0.0094 -0.0378 0.0180 0.4414
Speech Rate -0.0686 -0.0887 -0.0597 <0.001
Non-Native:SuNF -0.0149| -0.0568 0.0215 0.3718
Non-Native:VPBF 0.0387 0.0055 0.0743 <0.05

Table 5.17. Parameter values for fixed variableshie object duration regressions on

prosodically appropriate productions, with native e nativeness baseline

The validity of the duration measure is confirmegdle findings that verb durations

were significantly longer in VPBF productions tHaaNF productions, and object durations

were significantly longer in native VPBF and SBBguctions than in native SUNF productions.

The longer verb durations in the VPBF context amajer object durations in VPBF and SBF

contexts are due to the fact that the object shanttithe verb can receive pitch accents in the

VPBF and SBF conditions, but the object and vedukhnot receive pitch accents in the SUNF

condition. The phonological analysis showed tl&& of the VPBF verbs were accented, while

only 1% of the SuNF verbs were accented. Similalyost 100% of native VPBF and SBF



objects were accented, while none of the nativeFSolects were accented. Accented words
tend to have longer durations than unaccented words

Interestingly, although subjects can be accented hree contexts, the subject durations
were longest in the SUNF context, followed by tiB#Sontext, and were shortest in the VPBF
context. The longer subject durations for the SebiRtext relative to the broad focus contexts
might reflect the higher percentage of accentegestgin the SUNF context (100%) than in the
broad focus contexts (both 93%). The longer sulojeations in the SBF context than the
VPBF context are worthy of note because Gussenh®{£833a, 1999) model predicts that
subjects should be obligatorily accented in the $&ftext, but not the VPBF context. This
prediction does not seem to be supported by thagdbgical analysis, although at the phonetic
level this distinction may be leading to the longebject durations in SBF productions.

Non-native speakers did produce longer verb duratiban native speakers, even after
speech rate was statistically controlled. Thised#nce may have led to the perception of a non-
native accent, but it did not affect the contexprapriateness of the non-native prosody.

Most importantly for this study, there were sigeadint interactions between nativeness
and the VPBF/SuNF and the VPBF/SBF context corgrfastobject durations. These
regressions reveal that object durations are sogmifly longer for non-native productions than
native productions in the VPBF and SBF conditidng,there is no significant difference
between native and non-native productions in tHgFScondition. Recall that in the VPBF and
SBF conditions the object receives an obligatamglfpitch accent. In the phonological analysis
of VPBF sentences, 98% of native VPBF productiarg E00% of non-native VPBF
productions native had accented objects. Simildad0% of native SBF productions and 99% of

non-native SBF productions had accented objecitgenGhe high degree of accentuation for



VPBF and SBF objects, the longer object durationtiese contexts for non-native speakers
relative to native speakers suggests that the atimes may be using duration as a more
important cue to accentuation than the nativemay be providing stronger cues to accentuation
in general. The differences between native andrrative object durations across the three

contexts can be seen in Figure 5.7.

Figure 5.7. Boxplots showing the object duratiamseconds in appropriate SuNF, VPBF and

SBF productions by native and non-native speakers

Whatever their source, these durational differefet®een native and non-native
speakers did not lead native listeners to judgentimenative prosody to be inappropriate. This is
likely to be because duration is a cue to pitcleattocation, and the non-native speakers
lengthened the word containing the obligatory fipig¢h accent in VPBF and SBF productions.
Therefore, native listeners would be more likelyp&vceive the obligatory object pitch accents
produced by non-native speakers. This would lbadisteners to judge the non-native

productions to have appropriate prosody.



5.5.2.3 Analysis of RMS Amplitude

In the RMS amplitude regressions, the dependerdbhlarwas RMS amplitude for each
target word. Praat returns RMS amplitude in Pasedhich were converted to decibels, with the
RMS amplitude for the entire sentence (in Pas@ashe reference value. This method of
conversion controlled for differences in overall RMmplitudes across recordings, so no
separate sentence control variable was needeé IRMS amplitude regressions. The word
control variable was the mean RMS amplitude fornvitloed in the target position, after
conversion to dB (averaging over all productionshatt sentence).

In the first subject RMS amplitude regression mpdativeness was not significant, so it
was not retained. Because of this, the interadigiween nativeness and context was not
explored. The final model included context and m&abject RMS as fixed variables. The
parameter values for the final subject RMS regoesswith SUNF and VPBF baselines are listed

in Table 5.18.

Estimate 95% CI - lowerr, 95% CIl —upper p

SuNF Baseline

Intercept 1.277 0.6702 1.837 <0.01
SBF -1.715 -2.0810 -1.389 <0.001
VPBF -1.815 -2.1876 -1.498 <0.001
Mean Subject RMS| 1.034 0.8396 1.227 <D.00
VPBF Baseline

Intercept -0.5382 -1.1509 -0.0213 <0.05
SBF 0.1004 -0.1619 0.4242 0.4362
SuNF 1.8153 1.4928 2.1810 <0.001
Mean Subject RMS| 1.0344 0.8435 1.2329 <D.00

Table 5.18. Parameter values for fixed variablethie subject RMS amplitude regressions on

prosodically appropriate productions



In the first verb RMS regression model, nativengas not significant, so it was not
retained. Because of this, the interaction betwesiveness and context was not explored. The
final model included context and mean verb RMSyesifvariables. The parameter values for

the final verb RMS regressions with SUNF and VPBEdbines are listed in Table 5.19.

Estimate 95% CI - lowerl 95% CI — upper p

SuNF Baseline

Intercept -1.5630 -2.1740 -1.030 <0.001
SBF 1.9780 1.5773 2.449 <0.001
VPBF 1.9738 1.5649 2.434 <0.001
Mean Verb RMS 0.9065 0.3567 1.504 <0.05
VPBF Baseline

Intercept 0.4108 -0.0966 0.9284 0.1112
SBF 0.0042 -0.3650 0.3954 0.9424
SuNF -1.9738 -2.4347 -1.5534 <0.001
Mean Verb RMS 0.9065 0.3818 1.4721 <0.05

Table 5.19. Parameter values for fixed variablethie verb RMS amplitude regressions on

prosodically appropriate productions

In the first object RMS regression model, all thveeables were significant, so they
were all retained. A model containing these tluigaificant variables was compared to a model
that contained the three variables plus the intenadetween context and nativeness with a
likelihood ratio test. The addition of the inteiaa did not significantly improve the fit of the
model (X(2)=2.032, p=0.3620). Therefore, the final model included canteativeness, and
mean object RMS as fixed variables. The paranvetieles for the final object RMS regressions

with SUNF and VPBF baselines are listed in Tah?®5.



Estimate 95% CI - lowerr, 95% CIl — upper p

SuNF Baseline

Intercept -3.323 -4.2616 -2.378 <0.001
Non-Native 1.331 0.7201 1.903 <0.001
SBF 3.478 2.9540 4.102 <0.001
VPBF 3.252 2.7289 3.897 <0.001
Mean Object RMS | 1.025 0.7836 1.298 <0.001
VPBF Baseline

Intercept -0.0710 -0.9382 0.8925 0.9874
Non-Native 1.3305 0.7694 1.9562 <0.001
SBF 0.2263 -0.2559 0.6923 0.3726
SuNF -3.2522 -3.8773 -2.7274 <0.001
Mean Object RMS | 1.0249 0.7796 1.2697 <0.001

Table 5.20. Parameter values for fixed variablethie object RMS amplitude regressions on

prosodically appropriate productions, with native the nativeness baseline

The RMS amplitude analysis revealed that amplisgtged as a cue to accent location in
these productions. RMS amplitude was higher fojesais in the SUNF context than in the
VPBF and SBF contexts. Gussenhoven predicts hieatubject should have a final pitch accent
in the SUNF context, while the VPBF and SBF corst@xe predicted to have final pitch accents
on the object. As a result, pre-final subjectip#ccents are optional, rather than required, for
the VPBF context, although pre-final subject pigcitents are predicted to be required in SBF
contexts. The phonological analysis shows thajestdbreceived pitch accents in 100% of SUNF
productions and 93% of VPBF and SBF productionise Righer RMS values for subjects in
SuNF contexts have two possible causes. Thedithat subjects were accented more
frequently in SUNF contexts, and these accents sigraled by higher RMS values. The
second is that subject accents in SUNF contextBree while subject accents in VPBF and SBF
contexts are pre-final, and final accents could tenhave higher RMS values than pre-final
accents. Of course, these possibilities are noaatly exclusive, and both may be playing a role

in these results.



RMS amplitude was higher for verbs and objecte&n3BF and VPBF contexts than in
the SUNF context. Sentences in SUNF contextsratbgbed to have final pitch accents on the
subject, so the verb and object are not predictdabtaccented in this context. In the VPBF and
SBF contexts, pre-final pitch accents are allowedhe verb and final pitch accents are required
on the object. In the phonological analysis, tedbwvas accented in only 1% of SUNF
productions, but it was accented in 78% of VPBF &t of SBF productions. The object was
accented in 0% of SuNF productions, but in 99% BB¥ and SBF productions. The higher
RMS amplitudes for verbs in the VPBF and SBF castexe likely to be due to higher RMS
amplitudes on accented verbs and objects, whick westly more common in these contexts
than in the SUNF context.

There was a difference between native and none&MS values in the object
regression. Non-native English speakers had higB$ values on the object than native
speakers, even after controlling for RMS over thi&re sentence by using it as a reference when
calculating dBs. Despite this difference betweative and non-native productions, native
English listeners judged these non-native produstio have appropriate prosody. These
listeners may not have noticed the difference inRdrhplitude, or may not have judged it to be

an adequate cue for object accentuation in the Sioxext.

5.5.2.4 Analysis of FO Maximum

In the FO maximum regressions, the dependent danais maximum FO in Hz for each
target word. The sentence control variable wasrtban of the FO maxima for the subject, verb,
and object in the sentence. The word control bégiavas the mean FO maximum for the word

in the target position (averaging over all prodmasi of that sentence).



In the first subject FO maximum regression modativeness and mean subject FO
maximum were not significant, so they were notingd. Because of this, the interaction
between nativeness and context was not exploréé.fillal model included context and mean
sentence FO maximum as fixed variables. The pasanalues for the final subject FO

maximum regressions with SUNF and VPBF baseline$isted in Table 5.21.

Estimate 95% CI - lower] 95% Cl—upper p

SuNF Baseline

Intercept 26.591 13.4952 39.042 <0.001
SBF -24.266 -30.6055 -17.293 <0.001
VPBF -26.767 -33.0500 -19.685 <0.001
Mean Sentence FO Maximufrl.039 0.9854 1.094 <0.001
VPBF Baseline

Intercept -0.1756 -14.1174 11.673 0.8944
SBF 2.5008 -3.2743 7.996 0.3996
SuNF 26.7671 19.9248 33.306 <0.001
Mean Sentence FO Maximufml.0386 0.9889 1.098 <0.001

Table 5.21. Parameter values for fixed variablethie subject FO maximum regressions on

prosodically appropriate productions

In the first verb FO maximum regression modelf@llr variables were significant, so
they were all retained. A model containing these Kignificant variables was compared to a
model that contained the four variables plus theraction between context and nativeness, with
a likelihood ratio test. The addition of the iratetion did not significantly improve the fit of the
model (¢(2)=0.4119, p=0.8139). The final model includediveness, context, mean sentence
FO maximum, and mean verb FO maximum as fixed bbega The parameter values for the final

verb FO maximum regressions with SUNF and VPBFllmeseare listed in Table 5.22.



Estimate | 95% CI - lower| 95% CIl— upper p
SuNF Baseline
Intercept -151.2671 -286.3381 -25.347 <0.05
Non-Native 7.1390 0.9787 13.292 <0.05
SBF 10.1887 2.7984 17.595 <0.01
VPBF 15.1626 7.6751 22.743 <0.001
Mean Sentence FO Maximum  0.9993 0.9409 0481. <0.001
Mean Verb FO Maximum 0.6478 0.0465 1.261 <0.05
VPBF Baseline
Intercept -136.1038 -271.5696 -8.8910 <0.05
Non-Native 7.1391 1.0966 13.3930 <0.05
SBF -4.9740 -11.3880 0.7068 0.0834
SuNF -15.1626 -22.4963 -8.0204 <0.001
Mean Sentence FO Maximum  0.9993 0.9408 45170 <0.001
Mean Verb FO Maximum 0.6478 0.0260 1.2526 <0.05

Table 5.22. Parameter values for fixed variablethie verb FO maximum regressions on

prosodically appropriate productions, with native the nativeness baseline

In the first object FO maximum regression modelamebject FO maximum was not
significant, so it was not retained. Because Inaiiveness and context were retained, a model
containing only the three significant variables wampared to a model with these variables plus
the interaction between nativeness and contextveder, a likelihood ratio test showed that
adding the interaction did not significantly impeothe fit of the model (32)= 3.5577,
p=0.1688), so the interaction was not retainedéfinal model. The final model included
nativeness, context, and mean sentence FO maximadixed variables. The parameter values
for the final object FO maximum regressions witiN&Ewand VPBF baselines are listed in Table

5.23.



Estimate | 95% Cl —lower 95% Cl—upper p

SuNF Baseline

Intercept -8.597 -26.9495 5.096 0.1982
Non-Native -11.964 -19.8339 -4.128 <0.005
SBF 16.387 8.5300 24.905 <0.001
VPBF 13.992 5.5950 21.918 <0.005
Mean Sentence FO Maximum 0.940 0.8811 4.01 <0.001
VPBF Baseline

Intercept 5.395 -13.0403 20.314 0.6886
Non-Native -11.964 -19.7837 -3.861 <0.005
SBF 2.395 -4.0410 9.605 0.4340
SuNF -13.992 -21.7044 -5.377 <0.005
Mean Sentence FO Maximum 0.940 0.8829 4.01 <0.001

Table 5.23. Parameter values for fixed variablethie object FO maximum regressions on

prosodically appropriate productions, with native e nativeness baseline

The FO maximum analysis showed that the maximuw&®significantly lower for
subjects and higher for verbs and objects in thie &8l VPBF contexts relative to the SUNF
context. Like the higher RMS values, the highenkkima for verbs and objects in the broad
focus contexts are likely due to the much highecgmtage of pitch accents on verbs and objects
in SBF and VPBF conditions. If these pitch acceotstain an H (high) target (e.g. H* or
L+H*), this high pitch target would raise the maxim FO. The high accentuation rate for
subjects in VPBF and SBF contexts means that Sessgpéanations for the difference in FO
maxima are possible. The first possible explamagdhat the slightly higher accentuation rate
for subjects in the SUNF contexts led to more Idipiargets and therefore generally higher FO
maxima. The second is that the final pitch accémtsubjects in the SUNF context were realized
with stronger acoustic cues, including higher F&ima for H pitch accent targets. The third is
that the subject pitch accents in SUNF contextsatoed an H target more often than the subject
pitch accents in the VPBF and SBF contexts. Furémsearch is needed to tease apart these

possibilities.



The verb and object FO maximum regressions sholatchbn-native speakers had
significantly higher FO maxima on verbs and low8rmkaxima on objects than native speakers.
This could reflect a sharper FO declination formaive speakers than native speakers. Despite
these differences between native and non-nativéyatemns, native English listeners judged
these non-native productions to have appropriaiequly. It is possible that these listeners did
not notice the difference in FO maxima, or that whembined with other pitch accent cues, it

did not lead to misinterpretation.

5.5.2.5 Analysis of FO Range

In the FO range regressions, the dependent vamedsdehe range in FO values in Hz for
each target word. The sentence control variabethe mean of the FO range values for the
subject, verb, and object in the sentence. Thelwontrol variable was the mean FO range for
the word in the target position (averaging ovepatiductions of that sentence).

In the first subject FO range regression modelntiean subject FO range and both
variables of interest were not significant, so & meodel was built that did not include mean
subject FO range. The two variables of interesevedso not significant in this model. The final
model included context, nativeness, and sentencarkfe as fixed variables. The parameter
values for the final subject FO range regressioitts 8uNF and VPBF baselines are listed in

Table 5.24.



Estimate | 95% Cl —lower| 95% CIl-upper p

SuNF Baseline

Intercept 1.4217 -7.9091 15.6952 0.5634
Non-Native 42718 -3.3363 11.9100 0.2812
SBF -5.7473 -14.7852 2.8461 0.1718
VPBF -6.3085 -15.8938 1.8124 0.1396
Mean Sentence FO Range 0.8831 0.7381 0.9866 <0.001
VPBF Baseline

Intercept -4.8881 -14.6750 8.6535 0.5738
Non-Native 4.2719 -3.2457 11.7642 0.2656
SBF 0.5612 -6.6628 8.2514 0.8966
SuNF 6.3085 -2.6106 15.3420 0.1396
Mean Sentence FO Range 0.8831 0.7276 0.9747 <0.001

Table 5.24. Parameter values for fixed variablethie subject FO range regressions on

prosodically appropriate productions, with native e nativeness baseline

In the first verb FO range regression model, alr feariables were significant, so they
were all retained. Because both nativeness anigxtowere both retained, a model containing
only the four original variables was compared ta@dlel with these variables plus the interaction
between nativeness and context. However, a li@etiiratio test showed that adding the
interaction did not significantly improve the fit the model (X(2)=4.44, p=0.1086), so the
interaction was not retained in the final modeheTinal model included context, nativeness,
mean sentence FO range, and mean verb FO rangedsdriables. The parameter values for

the final verb FO range regressions with SUNF aR8N baselines are listed in Table 5.25.



Estimate 95% CI — lower| 95% CI - upper p
SuNF Baseline
Intercept -29.1108 | -53.3360 -6.625 <0.05
Non-Native 8.3998 2.1632 14.851 <0.01
SBF -9.3939 -17.3518 -1.617 <0.05
VPBF -5.8029 -14.1312 1.626 0.1406
Mean Sentence FO Range 0.9047 0.7979 1.010 <0.001
Mean Verb FO Range 0.6015 0.2324 1.011 05<0.
VPBF Baseline
Intercept -34.9137 | -58.5081 -13.338 <0.01
Non-Native 8.3998 2.2671 14.913 <0.01
SBF -3.5910 -10.2453 3.012 0.2914
SuNF 5.8029 -1.7813 14.052 0.1432
Mean Sentence FO Range 0.9047 0.8031 1.015 <0.001
Mean Verb FO Range 0.6015 0.2513 1.008 0XkO0.

Table 5.25. Parameter values for fixed variableshie verb FO range regressions on

prosodically appropriate productions, with native the nativeness baseline

In the first object FO range regression model, angan object FO range was not
significant, so it was not retained. Because Inaiiveness and context were retained, a model
containing only the three significant variables wampared to a model with these variables plus
the interaction between nativeness and conteXtkelihood ratio test showed that adding the
interaction significantly improved the fit of theoutel (X4(2)=8.3606 p<0.05), so the interaction
was retained in the final model. The final moawllided nativeness, context, mean sentence FO
range, and the interaction between nativeness @mext as fixed variables. In order to
determine the nature of the significant interactietween the SBF/SuNF context contrast and
the native/non-native contrast, a third regressias run with SBF as the baseline. The

parameter values for the three final object FO earegressions are listed in Table 5.26.



Estimate| 95% CI —lower| 95% CI - uppep
SuNF Baseline
Intercept 0.4454 -15.439 13.185 0.886b
Non-Native (for SUNF condition)] -31.435146.209 -16.659 <0.001
SBF (for native group) 4.1600 -9.493 16.839 0.5462
VPBF (for native group) 5.9567 -7.018 1925 0.3976
Mean Sentence FO Range 1.1945 1.089 1.350 <0.001
Non-Native:SBF 27.3401] 9.031 46.678 <0.005
Non-Native:VPBF 20.2910| 2.308 40.088 <0.05
VPBF Baseline
Intercept 6.402 -10.220 19.682 0.527p
Non-Native (for VPBF condition) -11.144 -11.144 1.128 0.0818
SBF (for native group) -1.797 -15.685 1501 0.7986
SuNF (for native group) -5.957 -18.796 5B6.4 0.4044
Mean Sentence FO Range 1.194 1.097 1.351 <0.001
Non-Native:SBF 7.049 -10.135 24.063 0.380
Non-Native:SuNF -20.291| -39.211 -1.261 <0.05
SBF Baseline
Intercept 4.605 -11.115 17.574 0.694
Non-Native (for SBF condition) -4.095 -15.483 8.950 0.5584
SuNF (for native group) -4.160 -17.488 3.7 0.5512
VPBF (for native group) 1.797 -12.432 4 0.7972
Sentence FO range 1.194 1.088 1.349 40.0
Non-Native:SuNF -27.340| -46.407 -8.485 <0.01
Non-Native:VPBF -7.049 -23.822 9.854 0380

Table 5.26. Parameter values for fixed variablethie object FO range regressions on

prosodically appropriate productions, with native e nativeness baseline

Surprisingly, SUNF productions had larger FO rarggeserbs than SBF productions.
The verb FO maximum regression showed that SBFyatazhs had higher maximum FOs than
SuNF productions, so the larger ranges for SuUNBs/erust be due to lower FO minima. Verbs
were almost never accented in SUNF productionsnsgossible explanation is that the end of
an H tone from the subject accent continued intoviérb. This would result in FOs on the verb
that ranged from mid values (due to a pitch fallfiger the preceding accent) to low values from
the L- intermediate phrase accent that is commateatarative sentences. In contrast, in SBF

productions, 93% of accented verbs were surroubgiextcented subjects and objects, and the



remaining accented verbs were adjacent to accemjedts. If all the pitch accents in a sentence
were of the same type (e.g. H*), and there wersamtence-internal phrase boundaries, then
there would not need for much pitch movement betvibe accents. This would result in a
small FO range on these SBF verbs.

Non-native speakers produced larger FO ranges idos viean native speakers. This could
be related to the higher FO maxima found for notiveaverbs in the previous analysis. That
analysis also revealed lower FO maxima for nonveatbjects, which pointed to the possibility
that non-native speakers had steeper FO declirsatiam native speakers. This explanation is
also compatible with the larger FO ranges on ndiv@aerbs. If the FO in a non-native
utterance is moving from a higher point during ¥ieeb to a lower point during the object
(relative to a native utterance), we would expédetrger FO range on the verb, resulting from this
FO movement.

There was a significant interaction between natgsrand the SUNF/SBF and
SuUNF/VPBF contrasts in the object regression. dgarison of the three regressions shows that
in the SUNF condition, objects in native producsitvad significantly larger FO ranges than those
in non-native productions, but there were no sigairft differences between native and non-
native object FO ranges in the VPBF or SBF condgioThe non-natives’ tendencies to produce
smaller FO ranges on SuNF objects can help lissethetermine that they are unaccented. All of
the SUNF productions had unaccented objects. Bredsing the FO ranges on these SuNF
objects, non-native speakers are making the digiimbetween accented and unaccented words
more acoustically apparent. This difference betwestive and non-native productions is

illustrated in Figure 5.8.



Figure 5.8. Boxplots showing the object FO rangki@a in Hz in appropriate SUNF, VPBF and

SBF productions by native and non-native speakers

5.6 Acoustic Analysis of Production Discussion

The acoustic analyses of the production recordiagktwo goals. The first goal was to
test the hypothesis that the non-native SUNF prochic which were judged to have
inappropriate prosody had pitch accent placemettenns that were appropriate for VPBF or
SBF rather than SUNF contexts. The second goatavdstermine whether there is more than

one way to produce prosody that will be consideqggropriate by native listeners.

5.6.1 Discussion of Inappropriate Non-Native SulNProductions

The phonological prosodic analysis of the appadprand inappropriate productions by
non-native speakers revealed that the SUNF prazhgcthat had been judged inappropriate had
very different patterns of accent placement th@nStNF productions that had been judged
appropriate. The inappropriate SUNF productiohba final pitch accents on the object, which
is predicted to be appropriate for VPBF and SBRIpotions. In contrast, the appropriate SUNF

productions all had final pitch accents on the safyja pattern that is predicted for sentences in



SuNF contexts. These differences in perceivedragdacement were tied to a number of
prosodic differences at the phonetic level. Inappate SuNF productions had subjects with
lower RMS amplitudes, lower FO maxima, and smat@ranges, verbs with higher RMS
amplitudes, and objects with longer durations, @igRMS amplitudes, higher FO maxima, and
larger FO ranges than appropriate SUNF productidigese analyses show that the non-native
SuNF productions that were judged to have inapptgprosody differed from those with
appropriate prosody at the phonological and phonetiels.

The analysis of non-native productions also comgbdine inappropriate SUNF
productions to appropriate VPBF and SBF productitmsee if they were indeed identical. The
phonological analysis revealed some differencdse Most common accent pattern for the
inappropriate SUNF productions was YnY (53%), fakal by YYY (43%). These preferences
were reversed for the appropriate VPBF and SBFynthohs: YYY was the most common
pattern (VPBF: 73%, SBF: 73%), followed by YnY (VPBL8%, SBF: 19%). This difference is
logical if we consider that YnY is closer than YX& the appropriate SUNF pattern of Ynn.
Therefore, even speakers who did not mark subgatow focus correctly may be moving in the
right direction. The phonetic analysis also regdalcoustic differences between inappropriate
SuNF productions and appropriate VPBF and SBF mtooiis. The inappropriate SUNF
productions had subjects with longer durationslagtler FO maxima, and verbs with shorter
durations and lower RMS amplitudes than approph@BF productions. The inappropriate
SuNF productions also had verbs with shorter domatand lower RMS amplitudes, and objects
with smaller FO ranges than appropriate SBF prodnst

All of these acoustic analysis results show thappropriate SUNF productions fall

somewhere between appropriate SUNF productiongjgmapriate VPBF and SBF productions,



although they are closer to the broad focus proedost At the phonological level, the
inappropriate SUNF accent patterns are predictbée @mppropriate for broad focus, but not
subject narrow focus. At the phonetic level, th@eze more significant acoustic feature
differences between the inappropriate and apprgp8aNF productions than between the

inappropriate SUNF productions and the two typdsro&d focus productions combined.

5.6.2 Discussion of Appropriate Native and Non-&tive Productions

The phonological prosodic analysis of the appedprproductions by native and non-
native speakers revealed striking similaritieshi@a patterns of pitch accent placement that the
two groups used across the three contexts. Howthesphonetic analysis showed that there
were still some significant prosodic differencesa@en productions by native and non-native
speakers. Thus, the data support the RelaxeddNRawception Model described in Chapter 1.

The analysis of productions judged to have conggxiropriate prosody showed that non-
native prosody did differ from native prosody at fthonetic level, in ways that did not always
interact with context. Non-native productions haager durations, higher maximum FOs and
larger FO ranges on the verb, as well as higher RM§litudes and lower FO maxima on the
object, relative to native productions. Theseaidhces were either not noticed, or not deemed
to affect the context-appropriateness of the prodaos. It would be interesting to run a follow-
up experiment in which native listeners gave lilsmale ratings of the appropriateness of the
prosody, rather than making a binary appropriaéfomopriate decision. In such an experiment,
these types of general differences between natidenan-native productions may lower the

ratings for non-native prosody.



Interestingly, in both of the context-specific pletin differences found between native
and non-native productions, the non-native speak@nanced the acoustic cues signaling the
presence or absence of a pitch accent, relatiaatioe speakers. SuNF productions should not
(and did not) have pitch accents on objects, amdnadive speakers produced SuNF objects with
smaller FO ranges than native speakers. VPBF BidpBoductions have obligatory final pitch
accents on objects, which the non-native speakedtuped with longer durations that native
speakers. As long as pitch accents are placeldeocorrect words, such an increase in the
acoustic differences between accented and unaccemiels should make the prosody of a
production easier to interpret, and therefore nhikedy to be judged appropriate. These results
demonstrate that non-native speakers can use peasgeb differently from native speakers and
still be understood, as long as the non-nativelsgreacues still allow listeners to distinguish
between accented and unaccented words and thetaecemplaced on the correct word or words
for the context. These results raise the questiavhether non-native speakers have to produce
stronger cues to accentuation in order to havedyation judged to be as appropriate as a

native speaker’s production. This possibility sldoe explored in future work.

5.6.3 Acoustic Analysis of Production Summary

Taken together, the two acoustic analyses shovadrtborrect accent placement was the
main problem with non-native productions that wjedged to have inappropriate prosody.
Some non-native speakers produced utterances BUlRE context that had inappropriate accent
patterns for that context, but appropriate accattems for the broad focus contexts. However,
when non-native speakers did use context-apprepaiatent patterns, they seemed to have a

good mastery of the acoustic cues used to sigtal pccents. When non-native productions



with appropriate accent patterns differed acoulyié@m native productions in context-specific
ways, the non-native speakers actually increaseddbustic distinction between accented words

and unaccented words, relative to native speakers.



Chapter 6

Relationship between Perception and Production inhe Prosodic Prominence of Non-
Native English Speakers

6.1 Introduction

One goal of this dissertation was to determine trean English learner’s ability to
place a final pitch accent on the appropriate wordh particular information structure and to
produce this accent in a native-like manner dependseir ability to accurately perceive and
understand such accents. This is an under-stuessrch area (Chun 2002), although a better
understanding of the relationship between the pti@e and production of second language
prosody is crucial for developing useful traininggrams. For example, information on this
topic would help English teachers determine whepleeception or production training would be
most useful for helping students use pitch accdent®mmunicate effectively.

This chapter explores the relationship betweenqgyaants’ perceptual and production
skills, explored through a series of correlatioBgction 6.2 discusses the correlations between
participants’ accuracy in the prominence placenegperiment (Exp. 4) and the prominence
understanding experiment (Exp. 3). Section 6.8utises the correlations between accuracy in
the prominence production experiment (Exp. 1, dggd by native listeners in Exp. 5), and the
prominence understanding experiment (Exp. 3). i@eé.4 discusses the correlation between
accuracy in the prominence production experimerp(E and 5) and the prominence perception
experiment (Exp. 2). Finally, Section 6.5 offergemeral discussion of all of these correlations

and provides suggestions for future experimentsdabiald be used to explore this topic.



6.2 Correlations between Prominence PlacementXg. 4) and Understanding (Exp. 3)

Spearman correlations were used to compare novenairticipants’ accuracy on the
computer-based prominence placement task (Exp. #heir accuracy on the prominence
understanding task (Exp. 3). Non-parametric Spaaroorrelations were used because of the
non-normal distributions of the data. Participaaterall performance on these tasks was
compared, as well as their performance for indigldwontexts (SuNF, VPBF, SBF). There were
no significant correlations between an Englishrieds ability to accurately place prominence
and their ability to understand the meaning of gr@nce placement (Overall=0.2716, S =
7765, p = 0.09; SuUNF:=0.0513, S =10113, p = 0.7534; VPBE 0.1807, S =8733,p =

0.2644; SBF: =0.0156, S = 10494, p = 0.924). These resultdeaseen in Figure 6.1.



Figure 6.1. Scatterplots comparing individual Esgliearners’ accuracy at placing prominence
(Exp. 4) to their accuracy at understanding the mieg of prominence location (Exp. 3), both

overall and for the SuNF, VPBF, and SBF contexts



6.3 Correlations between Prominence ProductiorEkp. 1 and 5) and Understanding
(Exp. 3)

Spearman correlations were used to compare nowvenadirticipants’ accuracy on the
spoken prominence production task (Exp. 1, as jddyenative listener in Exp. 5) to their
accuracy on the prominence understanding task @xpOnce again, participants’ overall
performance on these tasks was compared, as wakkiaperformance for individual contexts
(SuNF, VPBF, SBF). There were no significant clatiens between an English learner’s ability
to produce prosody that was perceived as contgxtapate and their ability to understand the
meaning of prominence placement (Overat0.1320, S = 9252, p = 0.4167; SUNED.0375, S
=10260, p = 0.8184; VPBF=-0.1721, S = 12494, p = 0.2884; SBED.0511, S =10115,p =

0.7541). These results can be seen in Figure 6.2.



Figure 6.2. Scatterplots comparing individual Esgliearners’ accuracy at producing context-
appropriate prosody (Exp. 1 and 5) to their accyramderstanding the meaning of prominence

location (Exp. 3), both overall and for the SUNIPBF, and SBF contexts



6.4 Correlation between Prominence Production (Expl and 5) and Perception (Exp. 2)

A Spearman correlation was used to compare nomenpérticipants’ accuracy at the
spoken prominence production task (Exp. 1, as jddyenative listeners in Exp. 5) to their
accuracy at the prominence perception task (ExpFay this correlation, only participants’
overall performance on these tasks was compargaréisipants were not made aware of the
different discourse contexts in the prominence g@ion experiment (in this experiment they
were presented with single sentences with no cogigstion). There was no significant
correlation between an English learner’s abilitptoduce prosody that was perceived as
context-appropriate and their ability to perceilve location of prosodic prominence (Overall:

=0.0214, S = 10432, p-value = 0.896). This resaitt be seen in Figure 6.3.

Figure 6.3. Scatterplot comparing individual Engliearners’ overall accuracy at producing
context-appropriate prosody (Exp. 1 and 5) to tlaicuracy at perceiving the location of

prominence (Exp. 2)



6.5 Discussion of Prominence Placement, Produati, Understanding, and Perception
Correlations

The lack of correlations between any of the perca@nd production-related tasks
provides some support for the Perception/Produdtidependence Model. This model assumes
that different skills are required for pitch accpetception and understanding on the one hand,
and for realization and placement on the othemé&tanguage learners may find accurately
placing pitch accents while producing speech mbedlenging than understanding pitch accents
while listening to speech, because during speeatiyation they have to focus on segment
pronunciation in addition to prosody. Other langgidearners may find understanding pitch
accents more challenging because of the unconsttaiature of the task: the speaker may use
unfamiliar words or unusual segment pronunciatioifishe language learner finds one of these
tasks more challenging than the other, her pitcemtcuse in the more challenging task could
degrade. Differences between pitch accent pearepid realization abilities could arise
because some language learners may have develppexpaate representations of pitch
accents, but not the motor skills needed to prottuem accurately (Bradlow, Pisoni et al. 1997).
Other language learners may find realization edmeause they have determined the
articulatory movements necessary to produce pitckrats well enough to be understood by
native speakers, but cannot use acoustic cuegrecty identify native productions of pitch
accents.

The correlation results reported in this chapteusth be interpreted with a certain
amount of caution. For one thing, these are mglliits, and therefore could simply be due to
inadequate power. The scatterplots in Figure6&81do not reveal striking relationships

between perceptual and production-related tastguagh the non-natives who were most



successful at placing and producing prominenceetid to be in the upper half of the non-native
spectrum for understanding prominence (Figurea6dL6.2).

Differences between the tasks and features ofttlestthemselves also make these
results challenging to interpret. For instance,ghominence production data are not directly
based on the utterances produced by the non-rejiaakers (Exp. 1), but instead are based on
the judgments of these recordings by native liste(iexp. 5). The listeners may have been
influenced by features of the non-natives’ recogdiapart from prosody, such as their segmental
pronunciation, even though they were instructefb¢os on the prosody. Listeners may also
have made mistakes due to lack of attention duhegelatively long judgment task. In
addition, the production task (Exp. 1) combineswurence placement and realization in a way
that makes it hard to determine the influence cheamponent in the data. Along the same
lines, the prominence understanding task (Expe@®ired listeners to both perceive prominence
location and interpret it. Finally, the prominenmacement task (Exp. 4) required meta-
linguistic knowledge that even many native Engpkeakers did not possess.

Some of the difficulties described in the previpasagraph are hard to overcome
because of the nature of language use. Futuraragsm this area should use experiments
explicitly designed to be maximally comparable asrperception and production and to
distinguish as much as possible between the peood@alization aspects and the
understanding/placement aspects of prominencéelourrent study, the prominence
understanding experiment (Exp. 3) is a good maiclhie prominence production experiment
(Exp. 1) because both experiments require knowledgeominence placement in different
contexts and the acoustic cues used to mark proxweneThe prominence placement experiment

(Exp. 4) is being treated as a production expertiiscause participants are asked what they



would do if they were producing a sentence in éi@dar context. However, it is unclear what
the perceptual correlate of this experiment coeld Ib is unlikely that language learners would
provide different responses if they were askedetecs the location of prominence that they
would expect if they were listening to an answea fmarticular question. One possible correlate
would be an experiment in which they were showardence with one of the words marked as
prominent, and they would have to select the appatgpcontext from a set of options. The
prominence perception experiment does not haveeatdiealization correlate in the current
study. In order to focus on the perception/resimacomponent, data from the prominence
perception experiment (Exp. 2) should be compavathta from a realization only experiment.
Such an experiment could involve participants negdientences in which different words were
underlined. The instructions would ask the pgraaits to make the underlined words sound
prominent or important. This experiment would rieguo knowledge of accent placement, and
would therefore be a closer match to the promin@aceeption experiment.

Training studies have been used to examine tkebktween segmental perception and
production (e.g. Bradlow, Pisoni et al. 1997; Boad| Akahane-Yamada et al. 1999; Rochet
1995). This type of study could also be informativhen examining acquisition of prosodic
prominence. By allowing researchers to compaiag@esparticipant’s performance before and
after training, this type of study may reveal relaships between perception and production that
are not clear when comparing across participastthecorrelations in the current study do.
While ‘tHart and Collier (1975) and De Bot and Meit (1982) researched the effect of general
prosody perception training on prosody producteomore focused study examining a particular
aspect of prosody (in this case, prosodic promiegnould test the transfer of specific

information from one domain to the other.



Multiple versions of the prosodic prominence traqstudy are possible. One study
could focus on the perception and realization camepo of pitch accent use. This study would
include a pre-test and a post-test in which pgaicts were asked to produce sentences with
prominence on underlined words. During the trajriomponent, participants would hear
productions of sentences with prominence on diffeveords spoken by native English speakers.
After hearing each production, they would see temresentations of the sentence written on the
screen, one with the prominent word underlined @melwith a different word underlined. They
would be instructed to select the version of theesgce with the prominent word underlined.
The pre- and post-test productions could be evadlladsed on acoustic measurements or
perceptual judgments of pitch accent locationthédf pitch accents in the post-test productions
were clearer than those in the pre-test productibmsuld indicate that the pitch accent
perception training transferred to improved pitchemnt realization ability. Another study might
evaluate pitch accent understanding and placerkélst 3his experiment would also include a
production pre-test and a post-test, which re@ithé prominence production experiment in the
current study. During the training portion of #&eeriment, participants would once again hear
productions of sentences spoken by native Enghshlgers with prominence on different words.
They would see two questions on the screen, oneding the correct context for the spoken
sentence, and the other providing the incorrecteodn They would be instructed to select the
guestion that provided the correct context fordmetence they heard. The pre- and post-test
productions could be evaluated based on acoustsunements or perceptual judgments of pitch
accent location. If the pitch accents in the gest-productions were placed in the appropriate
location for the context more often than thosehm ppre-test productions, it would show that the

perceptual training transferred to production &hiliBoth experiments could vary whether the



participants received feedback on their respongaagithe training phase. These types of
training experiments can provide important infonmaton the question of how pitch accent

perception relates to pitch accent production.



Chapter 7
Conclusions and Applications
7.1 Introduction

In the final chapter of this dissertation | wikstribe a predictive framework for future
research into second language acquisition of piogodus marking. This framework is based
on the results of the experiments covered in Chgf@@nd 4. | will also discuss how the results
can be used to answer the questions posed in CHapgarding native listeners’ perception of
non-native pitch accent production, and the refeligp between language learners’ perception
and production abilities. Finally, | will make semecommendations for how these results can
be applied to improving second language prosodyuason.

The chapter will begin with a summary of the resfriom all experiments and analyses
(Section 7.2). In Section 7.3, the predictive feavork for the acquisition of prosodic focus
marking will be laid out, with a discussion of htlre results of the experiments support this
framework. Native listeners’ perception of nonimaipitch accent production are covered in
Section 7.4. The relationship between languagaées’ perception and production is discussed
in Section 7.5. Section 7.6 has a discussion of the results could be used to teach second
language prosody more effectively. The chapteckmes with some brief statements about the

implications of this research project (Section 7.7)

7.2. Summary of Results
7.2.1 Summary of Results for Experiment 2: The®minence Perception Experiment

In the prominence perception experiment (Exp. 2glish and Korean participants were
both more accurate at perceiving pitch accent ioocahan Mandarin participants. There were

no significant differences in accuracy for recogdirproduced in different contexts.



7.2.2 Summary of Results for Experiment 3: Thef®minence Understanding Experiment

In the prominence understanding experiment (ExpEBYlish participants were more
accurate at determining whether a sentence haéxtesppropriate prosody than Mandarin and
Korean participants. Versant score was a sigmfipaedictor of non-native accuracy, with more
proficient participants interpreting prosody mocewrately than less proficient participants. In
general, participants were more accurate on matitbed than mismatched items, but they also
showed different patterns of performance for the isem types. For matched items, non-native
participants were more accurate in the SuUNF camdithan SBF or VPBF conditions. However,
for mismatched items, non-native participants weost accurate in the VPBF condition,
followed by the SBF condition, then the SuNF coindit Finally, participants were more

accurate on productions with accented subjectshaauctions with accented objects.

7.2.3 Summary of Results for Experiment 4: The®minence Placement Experiment

In the prominence placement experiment (Exp. 4h Bmglish and Korean participants
were more accurate than Mandarin participantsedipting the correct pitch accent location for
the VPBF and SBF contexts. All three groups ofip@ants were most accurate at placing pitch
accents for sentences in SUNF contexts, followedPBF contexts, and were least accurate in

SBF contexts.

7.2.4 Summary of Results for Experiment 1: The®®minence Production Experiment
The production experiment (Exp. 1) data were aeyn two ways. The first was by
having native English listeners judge the contexaygropriateness of the productions in Exp. 5.

The second was by labeling the accent locationgraaldng acoustic measurements on the



productions that were judged to be most and lggstogriate. In the native perception of non-
native production experiment (Exp. 5), broad fokladarin productions were judged to be
more appropriate than English and Korean produstidtowever, in the SUNF context, English
productions were judged to be most appropriatéovi@d by Korean productions, and Mandarin
productions were judged least appropriate. Versamte was a significant predictor of non-
native accuracy on this task, with more proficipatticipants producing more appropriate
prosody than less proficient participants. Botbugps of non-native speakers produced more
appropriate prosody in the VPBF and SBF contexs th the SUNF context.

All of the non-native productions that were judgedhave inappropriate prosody by at
least seven out of eight native listeners in Expebe in the SUNF context. The accent labeling
and phonetic analysis indicated that these prodnsthad prosody that was more appropriate for
the VPBF or SBF context than the SuNF context. [gVinone of the non-native SuNF
productions that were judged appropriate by sewgrobeight listeners had accented verbs or
objects, 48% of inappropriate productions had aecewerbs and 100% had accented objects.
Inappropriate SUNF productions had subjects witteloRMS amplitudes, lower FO maxima,
and smaller FO ranges, verbs with higher RMS annbdis, and objects with longer durations,
higher RMS amplitudes, higher FO maxima, and laFferanges than appropriate SUNF
productions. However, the inappropriate SUNF petidas also differed from the appropriate
VPBF and SBF productions at the phonological arahplic levels. The inappropriate SUNF
productions were less likely to have accented viras appropriate broad focus productions. In
addition, the inappropriate SUNF productions hdgestis with longer durations and higher FO

maxima, and verbs with shorter durations and IdRMIS amplitudes than appropriate VPBF



productions. The inappropriate SUNF productioss &lad verbs with shorter durations and
lower RMS amplitudes, and objects with smaller &figes than appropriate SBF productions.
Non-native and native productions that were judigelsave appropriate prosody by seven
out of eight listeners in Exp. 5 had very similattprns of accent placement within each context.
However, there were some acoustic differences legtwative and non-native productions.
Relative to native productions, non-native produtsi had longer object durations in VPBF and
SBF contexts, and smaller FO ranges on objectsiNFSontexts. These differences served to

increase acoustic distinctions between accentediaaccented words.

7.2.5 Summary of Perception/Production Correlabns

A number of correlation tests were carried oudd@termine whether there was a
relationship between accuracy in perceptual taslisaacuracy in production-related tasks.
Separate correlations compared participant accunatythe prominence placement (Exp. 4)
and understanding (Exp. 3) experiments, 2) the prente production (Exp. 1) and
understanding (Exp. 3) experiments, and 3) the prente production (Exp. 1) and perception

(Exp. 2) experiments. None of these correlatioagevsignificant.

7.3. Predictive Framework for Studying Prosodidrominence Acquisition
7.3.1 Predictive Framework for Studying Prosodid®®rominence Acquisition: Perception
and Realization
Two main types of language acquisition models waescribed in Chapter 1. Transfer
Models are the most commonly studied type of phagywhcquisition model. They focus on the

effect that a language learner’s L1 has on their E@r example, the SLM model (Flege, Munro



et al. 1995) predicts that if a learner’s L1 andha¥e identical categories, then positive transfer
from the L1 to the L2 should lead to easy acqusitf these categories. If the two categories
are similar, but not identical, in the L1 and Listehould make it harder for the learner to
acquire the L2 category. The Transfer Model fachpaccent perception and realization
described in the introduction correctly predictedttKorean speakers would be better than
Mandarin speakers at perceiving English pitch aiscelt made this prediction because Korean,
like English and unlike Mandarin, uses pitch onbgplexically. This means that native Korean
speakers learning English may link intonationalresevith prosodic categories like pitch
accents more easily than native Mandarin speakers.

L2 Challenge Models were the second type of modstdbed in Chapter 1. The L2
Challenge Model for pitch accent perception andlzation predicted that some types of pitch
accents should be easier to perceive and reabredtiners because of their features within the
L2, regardless of their relationships to categanes learner’s L1. It predicted that pitch acsent
in SUNF productions should be easier to perceiaa ghtch accents in broad focus, because pitch
accents in narrow focus and earlier pitch accemd to have stronger acoustic cues. If these
differences between native speakers’ productioreadf/ and late pitch accents and between
pitch accents in broad and narrow focus are retglithy non-native speakers, then non-native
speakers’ realizations of late pitch accents irairfmcus may be less perceptible than their
realizations of early pitch accents in narrow foclifie prominence perception experiment (Exp.
2) results did not support this prediction. Howetke fact that in the prominence
understanding experiment (Exp. 3), non-native pigints were more accurate on items with
final pitch accents on the subject than those fini#l pitch accents on the object does support

this prediction. The final pitch accents on sutgeeere produced in narrow focus and were



placed at the start of the utterance, while thal foitch accents on objects were produced in
broad focus and were placed at the end of theamter. It is possible that the differences in
perceptibility between early narrow focus accents late broad focus accents only affect
performance during more challenging tasks, likegitaninence understanding task (Exp. 3).
This hypothesis can be tested by having particgdattasks with varying degrees of difficulty

that require them to recognize early and late pamtents produced in broad and narrow focus.

7.3.2 Predictive Framework for Studying Prosodid®rominence Acquisition:
Understanding and Placement

Two Transfer Models and three L2 Challenge Mo#edse described in Chapter 1, each
with specific predictions for non-native acquisitiof pitch accent understanding and placement.
The Any Prominence Location Helps Transfer Modepoises that the abstract knowledge of a
category, based on experience with this categotiyaim L1, will help a language learner to
acquire similar categories in their L2. The Di#fiet Prominence Locations Hurt Transfer Model
proposes that having categories that are simitdarslghtly different, in a language learner’s L1
and L2 will lead to the L1 category interfering vihe L2 category, making it harder to learn.

The L2 Challenge Models focus on features of amsgtanguage that might be
particularly difficult to learn, regardless of tlearner's L1. Two factors were proposed which
may influence the ease with which knowledge of pdisfocus marking is acquired. The
Relationship factor states that it is easier taiaegprosodic focus marking for information
structures in which there is a more direct relafop between focus and prominence. This
factor predicts that it should be easiest to aegpiosodic focus marking for narrow focus

sentences because only one word in these sentsrfoesised, and it is also accented, leading to



a direct relationship between focus and accente Rélationship factor also predicts that it
should be easier to acquire prosodic focus markinyYPBF sentences than SBF sentences,
because in the VPBF sentences the focused comgtitugmaller. In contrast, the Frequency
factor states that it is easier to acquire prostmias marking for information structures that use
common accent patterns, such as putting a fingh giccent on the object in English. Therefore,
this factor predicts that prosodic marking of bréaclis should be easier to acquire than narrow
focus, because broad focus (on sentences withtiv@ngerbs) is marked with a final pitch
accent on the object.

In the Relationship L2 Challenge Model, only thda@®enship factor affects
performance. This would make narrow focus theesasnformation structure and sentence
broad focus the hardest information structure tmr-natives to use in all situations. In the
Frequency L2 Challenge Model, only the Frequencyofaaffects performance, making broad
focus easiest in all situations because the proaedg to mark it is so common. In the Hybrid
L2 Challenge Model, the two factors interact, soma focus is easiest in some contexts and
broad focus is easiest in others.

The two main types of models (Transfer Models BadChallenge Models) are not
contradictory because they make different typgsredlictions. Transfer Models make
predictions about the relative ease with which kpesaof different L1s will acquire particular
features of an L2. L2 Challenge Models make ptexhs about which structures in an L2 will
be acquired most easily by all language learnkliawvever, different versions of the two model
types do make contradictory predictions. The teseflthe experiments in this dissertation were
used to see whether both types of model made aegoredictions, and which version of each

model was supported by the data.



| propose that the acquisition of prosodic promaeeis best explained by a combination
of the Any Prominence Location Helps Transfer Magladl the Hybrid L2 Challenge model. A
number of the Any Prominence Location Helps Modptadictions were realized in the
experimental results. This model correctly presticthat Korean participants would be more
accurate than Mandarin participants at determittiegcorrect accent placement for sentences in
VPBF and SBF contexts (Exp. 4). The model makisspitediction because broad focus is
marked prosodically in Korean, but not in MandarBoth Transfer Models also correctly
predicted that Korean participants would be momigate than Mandarin participants at
producing pitch accents on the appropriate worgémtences in the SuNF context (Exp. 1).
This is because Korean always marks narrow focosagglically, while prosodic narrow focus
marking is optional in Mandarin.

The Hybrid L2 Challenge Model is supported by thet that there were some tasks for
which both groups of non-native participants parfed better in the SUNF context than the
broad focus contexts and better in the VPBF coritextt the SBF context, and other tasks for
which both groups performed best in the broad fatugexts. | propose that task difficulty is
the criterion that determines whether prosodic mgrkf narrow focus will be easier or harder
than broad focus. As predicted by the Relationfdfor, non-native participants were more
accurate in the SuNF condition than the broad faomslitions in the prominence placement
experiment (Exp. 4) and for matched items in th@pnence understanding experiment (Exp.
3). They were also more accurate in the VPBF ¢mwdthan the SBF condition in the
prominence placement experiment (Exp. 4). Bothptioeninence understanding experiment for
matched items (Exp. 3) and the prominence placemqdriment (Exp. 4) could be considered

‘easy’ tasks. The non-native participants prefitoeaccept prosody as appropriate than to



reject it as inappropriate in the prominence urtdeding task (Exp. 3), so the matched items (in
which accepting the prosody was the correct resgjaculd be considered easier than the
mismatched items. In the prominence placementrarpat (Exp. 4), participants had unlimited
time to concentrate only on prosodic prominencatioq, freeing them from the other aspects of
language, such as segment pronunciation, whichdisttact them in more naturalistic tasks.

In contrast to the results discussed in the pregeparagraph, results from harder tasks
supported the predictions of the Frequency facktwn-native participants were more successful
in the broad focus conditions than the SuNF cooniiin the prominence production experiment
(Exp. 1) and for mismatched items in the prominamuderstanding experiment (Exp. 3). Both
of these could be considered ‘hard’ tasks. Notvaatarticipants dispreferred rejecting prosody
in the prominence understanding task (Exp. 3), aq@stbecause it was like saying that a native
English speaker was making a mistake. This maeleniematched items harder to respond to
than the matched items. The prominence produetkperiment (Exp. 1) required participants to
read the answers in question-answer pairs asyifileee having an actual conversation. This
task was difficult because participants not onlyehtb make accent placement decisions, but
also realize that accent placement with supraseieatures while simultaneously trying to
correctly produce the segments that make up eacth. wadding to the challenge was the fact
that some of the words may have been unfamiliasreahe short training session. They also
had to role-play half of a conversation with anisiiMe partner, which is hard even for native
speakers. It seems that when a task is simplendesaof English are able to make the
connection between prominence location and fochg;wis necessary for correct performance
on SuNF items. However, when the task is morel@hging, learners of English fall back on a

commonly-used prominence patterns, and treatatasptable in an SUNF context.



One result did not fit into this pattern of the &ednship factor predicting behavior for
easy tasks and the Frequency factor predictingwi@hir hard tasks. As predicted by the
Relationship factor, participants were more aceurathe VPBF condition than the SBF
condition for mismatched items in the prominencdaratanding experiment (Exp. 3), which has
been classified as a hard task. One explanatiothi®anomaly is that the Relationship and
Frequency factors do not have conflicting preditsiabout the relative ease with which
participants will acquire prosodic focus marking ¥a°BF and SBF contexts. The Relationship
factor predicts that VPBF will be easier than SB#, the Frequency factor makes no prediction
either way. As a result, participants may gengffatld focus marking in VPBF contexts easier
than SBF contexts, as both VPBF and SBF contefes thfe advantage of a commonly used
pitch accent pattern, but VPBF contexts offer tthdeal advantage of a closer relationship
between focus and accent placement.

One final predicted result needs to be considerdidght of related results that were not
predicted by any of the proposed models. Mandaaiticipants produced more appropriate
prosody than Korean participants in the VPBF cont&his was predicted by the Different
Prominence Locations Hurt Transfer Model because&wo and English make different words
prominent in VP broad focus. However, this regudly not be reliable because Mandarin
participants also produced more appropriate prosioaly Korean participants in the SBF
context. The SBF result was not predicted by theei2nt Prominence Locations Hurt Model or
any other model. Another surprise was that Mamdaairticipants produced more appropriate
prosody than English participants in the VPBF aB# $ontexts. These results, combined with
the fact that Mandarin participants produced Iggs@priate prosody than Korean and English

participants in the SUNF context, suggest that Mandspeakers may be producing such



appropriate prosody in the broad focus contextalmee they were switching between different
patterns of pitch accents less than the KorearEagtish participants. As a result, they may
have produced the broad focus pitch accent pattene strongly or consistently than the Korean
and English participants. This explanation cowdddsted with an experiment that compared the
prosody produced by speakers who were only askprbtiuce one pitch accent pattern in a
recording session to the prosody of speakers whie agked to produce two or three different
patterns.

As noted above, Mandarin participants in this stsitiyggled with prominence
perception, placement, and production more thare#&woparticipants, even after controlling for
proficiency using individuals’ Versant scores. fénhare two possible explanations for this
difference. The first, discussed extensively is thssertation, is that there are some salient
differences between Mandarin and Korean, suchtthasfer of Mandarin features into English
is more detrimental than transfer of Korean featurddowever, another possible explanation
might be found in differences between the Chineskkioorean educational systems. This
confound is inherent in almost all research conmgagroups of language learners with different
L1s. Still, it would be interesting to investigathat, if anything, English learners are taught
about prosodic prominence in China and Korea. dDfse, even if differences in education are
found, L1 and educational factors may both havieiémiced the performance of the participants
in this study.

In light of the possible effects of education aifel €xperience on participant
performance, future research should test the Teamébdel of perception and realization, and
the Any Prominence Location Helps Transfer Modgblatement and understanding, with a

wider variety of L1s and L2s. For example, thenbfar Model of perception and realization



predicts that speakers of languages without lexara will more easily perceive and realize
English pitch accents than speakers of languageslexical tone. This prediction could be
tested by comparing the performance of Englismiear with tone language L1s (e.g. Mandarin,
Cantonese, Thai, Viethamese, Ewe, and Igho) toigintgarners with non-tone language L1s
(e.g. Hindi, Turkish, Finnish, Hungarian, Hebrewddersian) on pitch accent perception and
realization tasks. The Any Prominence Locationpdé¥lodel of placement and understanding
predicts that speakers of languages that mark fomsodically for a particular structure will
more easily learn to prosodically mark focus fattstructure in English than speakers of
languages that do not prosodically mark focusterdtructure. Therefore, this prediction could
be tested by comparing the performance of Engdamiers with L1s that do not use prosody to
mark focus (e.g. Hungarian, Wolof, Buli, Hausa,leeT swana, and Zulu) to learners with L1s
that do use prosody to mark focus (e.g. Akan, JeggrRomani, and Greek) on pitch accent
understanding and placement tasks.

Confirmations of the L2 Challenge Model of peréaptand realization and the Hybrid
L2 Challenge Model of placement and understandmgat require the careful selection of
speakers with particular L1s. This is becausearibdels predict that all language learners should
be affected by features of L2 prosodic focus maykike the acoustic salience of pitch accent
cues, the relationship between focus and prominemzkthe frequency with which prominence
patterns are used. Therefore, re-running the @xpets from the current study using
participants with a wider variety of L1s would téis¢ predictions of these models. An
interesting extension of this research would examhether L1 prosodic focus marking
acquisition is affected by the same features aadqiisition. This could be investigated by

having native English speaking children of variages participate in these experiments.



7.4. Native Perception of Non-Native Pitch AccérProductions

The following question was posed in the introductiGan an English learner deviate
from native-like pitch accent realization and digive his pitch accents accurately perceived by
native listeners? The results of the acousticyasislcombined with native listener judgments,
show that the answer is yes. Both native and radivespeakers had productions that were
judged to have context-appropriate prosody byamstleeven out of eight native listeners. These
productions had very similar patterns of pitch atsecross native and non-native speakers,
indicating that correct pitch accent placemeniriportant for prosodic appropriateness.
However, there were some phonetic differences lerilee prosodically appropriate native and
non-native productions. Non-native speakers predwtterances with longer durations, higher
FO maxima, and larger FO ranges on verbs, andegrBaS amplitudes and lower FO maxima
on objects. They also produced some stronger pitcknt cues than native speakers (longer
object durations in VPBF and SBF contexts), andemeduction on unaccented words (smaller
pitch ranges on objects in SUNF contexts).

The context-general phonetic differences in thespdy produced by native and non-
native speakers may not be perceived by nativenigt, or may not affect listener judgments of
the context-appropriateness of their prosody. ddrdext-specific differences between native
and non-native prosody could make the non-natiedymctions sound more appropriate by
making some prosodic distinctions clearer (i.e.diffierence between accented and unaccented
words). This raises the question of whether nan«agroductions have to have stronger
acoustic cues marking pitch accent than nativeymrtiohs in order to be judged equally
appropriate. General prosodic and segmental diffegs between native and non-native speech

may result in fewer listeners judging these proiust appropriate. The other possibility is that



non-native speakers generally provide strongergatioscues marking pitch accents. Further
research is required to distinguish between theseatternatives.

The combined results of the native perception of-native production experiment and
the acoustic analyses illustrate an exciting negnae of research into non-native prosody
production. This research program adds the eleofdigtener judgments to the commonly used
phonetic measurements and phonological prosodetdaliistener judgments can help
researchers determine which differences betweevenand non-native productions are

important, and which are unimportant.

7.5. Perception and Production in Prosodic Promence Acquisition

The introduction also posed the question: Doesragligh learner’s ability to accent the
appropriate word for a particular information stire and to produce this accent in a native-like
manner depend on the ability to accurately percanceunderstand such accents? The non-
significant perception/production correlations @adrout in Chapter 5 did not indicate that pitch
accent placement and realization abilities dependnalerstanding and perception abilities.
However, as a null result, this finding is incorstie. The discussion at the end of Chapter 5

describes a number of experiments that might sher@ fight on this complex question.

7.6 General Implications for English Prosodic Psminence Education
7.6.1 The Role of L1 in Prosodic Prominence Edation

Assuming that L1 transfer plays a part in theett#ghces between native Korean and
Mandarin speakers, the most likely cause is tHeriice between the two languages in their use

of pitch and their methods of focus marking. Mamndases pitch both lexically and post-



lexically, while Korean, like English, uses pitchlyp post-lexically. Mandarin can mark only
narrow focus prosodically, while Korean, like Esgli can mark both narrow focus and VP
broad focus prosodically.

The generally poorer performance of Mandarin pgdicts on the prominence perception
task seems most likely to be related to the diffetses of pitch in Mandarin, Korean, and
English. This suggests that native speakers @& kamguages, in which pitch is used lexically,
will have greater difficulty perceiving English pit accents than native speakers of non-tone
languages. From a pedagogical perspective, it snwt English teachers should focus more on
low-level pitch accent perception when teachinglstiis who speak tone languages, such as
Mandarin, Cantonese, Thai, Vietnamese, Ewe, anadl Iglbname just a few.

The generally poorer performance of Mandarin spesae the prominence placement
task and their particular difficulty with broad feitems in this task are likely to be due to the
different scopes of prosodic focus marking in Mamg&orean, and English. This suggests that
if a language has the means to mark broad focusogdrcally, native speakers of this language
will have an advantage when learning to use Engilisisodic marking of broad focus.
Interestingly, this seems to be true even if tigleage learners would place prominence in a
different part of the focused phrase in their IEkom a pedagogical perspective, English
teachers whose students speak languages, like Mantfet do not mark broad focus
prosodically should spend more time teaching theepss of prosodic prominence used to mark
broad focus in English.

The particularly poor performance of Mandarin sggakproducing sentences in the
SuNF context may be due to the fact that proso@ickmng of narrow focus is not required in

Mandarin, as it is in Korean and English. As ailieshe Korean speakers had a slight advantage



when asked to produce a less common pattern ofipemte to indicate narrow focus. From a
pedagogical perspective, English teachers whoskests speak languages that do not require or
do not allow prosodic marking of focus (i.e. fo@as be marked through syntactic or
morphological means alone) should spend more taehing all levels of focus marking
(narrow and broad). This includes students witmdiéain, Hungarian, Wolof, Buli, Hausa,
Sotho-Tswana, and Zulu, as native languages.

The one significant difference between the nonwedinguage groups that was not
explained in the preceding discussion is Mandgreagkers’ slightly more acceptable
productions of sentences in the two broad focuslitions. | hypothesized that this result is due
to Mandarin speakers being more comfortable pradpaicommonly used accent pattern across
all contexts, because they are not required tooglioally mark narrow focus in their native
language. This accent pattern happened to be @axdefor sentences in VP and sentence broad
focus. In contrast, Korean speakers may have siggtely more of an effort to produce
different prosodic patterns in the different comsevecause they consistently mark narrow focus
and VP broad focus prosodically in their nativegiaage. This could have led to some
productions in the broad focus conditions with pirence incorrectly placed on the subject or
verb. From a pedagogical perspective, this higitdighe importance of ensuring that learning
appropriate prosody for one context does not halegaading effect on the prosody used in a

different context.



7.6.2 The Relationship between Perception and éduction in English Prominence
Education

The results of these experiments suggest thathitieydo produce context-appropriate
prosodic prominence in English and the ability balerstand it are not closely linked. These
results do not necessarily mean that perceptuairigacould not improve production of prosodic
prominence. As this project did not involve argjiniing studies, this remains an open question.
Therefore, future work is needed to determine #tterg to which such training could improve

the use of prosodic prominence across both moekliti

7.6.3 Teaching English Prominence Understanding

Non-native participants in general had less difficdetermining the location of English
final pitch accents than understanding the meaoirigjose accents. This means that education
should focus on the connection between prosodyraahing more than the acoustic cues
signaling accent location. Non-native participamas difficulty understanding accent placement
in broad focus (for the matched items). They &dsmled to accept accent placement on the
object in the SUNF context and accept accents glacgwhere within a focused constituent (for
the mismatched items). To correct these mistdkeglish learners need to be explicitly taught
the correct accent placement for both broad andwaiocus contexts. The two important
points to communicate are: 1) When the VP or s@et@novides new information, the last pitch
accent should go on the object (for sentencestvatisitive verbs); 2) When only one word
provides new information, the last pitch accentusth@o on that word. Once these two maxims

are mastered, English learners should be ablerteatty interpret the prosody of sentences in



both broad and narrow focus. Practice exercisesldhnvolve listening to native speakers

produce dialogues that have different types of $omu the target sentence.

7.6.4 Teaching English Prominence Production

Non-native participants, despite their apparerk tzexplicit knowledge about pitch
accent placement in broad focus contexts, managpibtiuce broad focus sentences with
acceptable prosody at least as often as nativadbngppeaking participants. This suggests that
the default prosody they were using is acceptablérioad focus sentences with transative verbs.
Their performance on this task shows that the blilrominence production education should

concentrate on narrow focus.

7.7 Conclusions

This dissertation explored second language atiquif English prosodic focus marking
by studying the complete communicative chain, freon-native perception of native production,
to non-native production, to native perception ofifmative production. The results of five
experiments support a predictive framework that lzioes two types of second language
acquisition models. This framework includes a BfanModel and an L2 Challenge Model for
both pitch accent perception and realization, atdh@accent understanding and placement. The
Transfer Model for perception and realization peegithat native speakers of non-tone languages
will perceive and realize pitch accents more adelydhan native speakers of tone languages.
The L2 Challenge Model for perception and real@apredicts that non-native speakers more
easily perceive and realize early pitch accentsimow focus than late pitch accents in broad

focus, at least during difficult tasks. The Trand¥lodel for understanding and placement



predicts that prosodic structures in the L2 willrbere easily acquired by language learners that
have similar structures in their L1 than those whaot, even if there are differences between
the L1 and L2 in how the structures are realiZ€lde L2 Challenge Model for understanding and
placement predicts that for hard tasks, languagmézs will rely on common prosodic patterns,
making them more successful at prosodically markiregad focus than narrow focus. However,
for easy tasks, language learners will more sut@gssark information structures that have a
more direct relationship between focus and acclxeement, such as narrow focus.

The next step is to expand and clarify this framéway testing it on language learners
with a wider variety of L1s and L2s, and on childeequiring their L1. It is also important to
see whether the framework can be modified to ptedéecacquisition of other prosodic features,
such as phrasing, and the meanings associatedlifféhent types of pitch events (e.g. different
pitch accent types in English). More researclesded to determine how prosody perception
relates to prosody production, and whether thisti@hship can also play a role in a more

complete framework.
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Appendix A: Experiment Stimulus Sentences

Prominence Perception Experiment:
1 syllable -

John tried some wine.
Luke watched the moon.
Ben rubbed his leg.

Dan greeted Lloyd.

Kim bought a fan.

Russ mowed his lawn.
Lon hid a key.

Lynn hugged Don.

Fay fixed a chain.

Jean carried a chair.
Tim cut a lime.

Lou punished Mo.

3 syllable -

Diana played the viola.
Natasha mentioned Korea.
Melinda served some salami.
Siena drank her Chianti.
Tobias wrote a sonata.
Teresa purchased a casino.
Evita cleaned a marina.
Anita left Chicago.

Latisha sold a kimono.
Miranda paid her admission.
Domingo baked a potato.
Melissa bypassed Toledo.

Prominence Understanding Experiment
1 syllable -

Dean grew a vine.
Wayne stole a car.
Jane cooked some rice.
Dawn took a ring.

Rick hit Wade.

Nieve painted a lake.
Reese opened a can.
Ross wiped his chin.
Ray called Joan.
Shane bent his knee.
Mac studied the law.
Roy hired Ken.



3 syllable -

Selina fed her canary.

Adina helped Vanessa.
Katinka followed the tornado.
Serena solved a dilemma.
Sophia picked a papaya.
Naomi saved a koala.

Alisha sliced a tomato.
Bianca did some addition.
Joanna planned her agenda.
Maria pictured Kentucky.
Alanis toured Morocco.
Diego rented a tuxedo.

Prominence Production and Placement Experiments
1 syllable -

Ron shouted his name.
Ann crossed the road.
Lee chose Maine.

Jan drew a line.

Jeff dropped a knife.
Rod measured a lane.
Rob made some jam.
Len scratched his shin.
Sam phoned Maud.
Ned told a lie.

May answered Sue.
Dane moved a rug.

3 syllable -

Nikita smoked some tobacco.
Elena ate her baloney.
Ramona mixed a martini.
Tameka sued her attorney.
Jemima filmed a volcano.
Oksana entered Miami.

Elijah skipped the audition.
Fiona led a committee.
Amanda researched Jamaica.
Alexis wore a bikini.

Rebecca damaged a pagoda.
Dakota fled Malawi.



Appendix B: Experiment Instructions
Prominence Production Experiment

In this experiment, you will be reading the answera series of questions. You will see both
the question and the answer on your screen. Ybue&vable to hear someone asking the
question by clicking on a button (that looks likést§- ) next to it.

When you have heard the question, you should tfeadriswer out loud, as naturally and
fluently as possible, as if you were having a oealversation. Try to keep the question you are
answering in mind as you read the answer. If yalkaera mistake, just say the answer again. If
you don’t know how to pronounce a name or word{'sh@k, just make a guess.

To move on to the next slide, hit the space baherkeyboard. If you accidentally skip a slide,
hit the ‘page up’ button to go back.

If you have any questions, ask the experimenter. nOtherwise hit the space bar to see a
practice slide.

Practice Slide:
What did Robert do with the appleg-
Robert sold the apple.

Prominence Perception Experiment

In English, some words are pronounced in a wayrttedes them sound more important or
prominent than others. A ‘prominent’ word standswhben you hear it. It may have noticeable
intonation or may be especially long. A sentencgelae more than one prominent word in it,
but today we're interested in the LAST PROMINENTréidn a sentence.

Click on the button labeled ‘PLAY Recording 1’ tedr an example sentence with one word that
is more prominent than the others. Click on thedrulabeled 'PLAY Recording 2' to hear an
example sentence with two prominent words. Youlsen to them a couple of times if you

like. '

In Recording 1, the only prominent word is ‘wroteq ‘'wrote' is the last prominent word.
In Recording 2, both '‘Adam’ and 'book’ are promipleat 'book'’ is the last prominent word.

12 Both recordings were of the sentence “Adam wrdteek.” Recording 1 had a pitch accentvenote. Recording
2 had pitch accents gkdamandbook



In this experiment, you’ll see a sentence on yougen. You can click on the ‘PLAY’ button to
hear someone saying the sentence. Below the senyendl see a question asking whether a
particular word in the sentence is the last promtineord. When you have decided, click ‘Yes’
or ‘No’. If you are not sure, make your best gué&&su can play the recording more than once if
that will help you.

You will be hearing 96 sentences in all. Work atiyown pace, and feel free to take a break at
any point.

Prominence Understanding Experiment

The word ‘prosody’ refers to the way that senteraresspoken. This includes things like the
intonation and rhythm of words in a sentence. Tiosqdy of a sentence can give information
about what the sentence means, and different piesacde appropriate in different contexts.

If someone asked you a question, you could protheesame answer with different prosodies.
Recording 1 and Recording 2 both contain the golestiow did Eric get home?" In both
recordings the answer to this question is "Erizvflome." but the answers have different
prosodies in the two recordings. Click on the ndttabeled ‘PLAY Recording 1’ and ‘PLAY
Recording 2’ to hear the differences. You can tigteeach of them a couple of times if you
like.*®

The answer in Recording 1 has appropriate prosods §entence answering the question “How
did Eric get home?”, while the answer in Recordnigas inappropriate prosody for answering
this question.

In this experiment you’ll see a series of questaolswer pairs on your screen. You should click
on the ‘PLAY’ button to hear the question-answer paing spoken. The prosody of the answer
may be appropriate for an answer to that questiort,may be inappropriate. You'll be asked
whether you think the prosody is appropriate favegring the question. When you have
decided, click “Yes’ or ‘No’. If you are not summake your best guess. You can play the
recording more than once if that will help you.

You will be hearing 72 question-answer pairs in\albrk at your own pace, and feel free to take
a break at any point.

Prominence Placement Experiment
In an earlier experiment, you learned about prontimeords in English. Recall that, in English,
some words are pronounced in a way that makes slo@md more important or prominent than

13 Both recordings were of the dialogue “How did Eg&t home? Eric flew home.” The answer in Recordirtgd
a pitch accent ofiew. The answer in Recording 2 had a pitch accerfiramn



others. A ‘prominent’ word stands out when yourhiealt may have noticeable intonation or
may be especially long.

In this experiment you'll see a series of quesaower pairs on your screen. You won't be
listening to anything. Instead, you'll be askeduatthow you would produce the answer to the
guestion. Specifically, you will be asked whichrdian the answer, if any, you would make the
most prominent. When you have decided, click @t #ord. If you would make all the words
equally prominent, click on 'NONE'. If you are rsoire, make your best guess.

You will be reading 72 question-answer pairs in &llork at your own pace, and feel free to
take a break at any point.

Native Perception of Non-Native Production Experimat

The word ‘prosody’ refers to the way that senteraresspoken. This includes things like the
intonation and rhythm of words in a sentence. Titosgdy of a sentence can give information
about what the sentence means, and different piesacde appropriate in different contexts.

If someone asked you a question, you could protheesame answer with different prosodies.
Recording 1 and Recording 2 both contain the golestiow did Eric get home?" In both
recordings the answer to this question is "Eriz/flome." but the answers have different
prosodies in the two recordings. Click on the ngttabeled ‘PLAY Recording 1’ and ‘PLAY
Recording 2’ to hear the differences. You can tigteeach of them a couple of times if you
like.™*

The answer in Recording 1 has appropriate prosods §entence answering the question “How
did Eric get home?”, while the answer in Recordnigas inappropriate prosody for answering
this question.

In this experiment you’ll see a series of questaower pairs on your screen. You should click
on the ‘PLAY’ button to hear the question-answer paing spoken. The prosody of the answer
may be appropriate for an answer to that questiort,may be inappropriate. You'll be asked
whether you think the prosody is appropriate favegring the question. When you have
decided, click “Yes’ or ‘No’. If you are not summake your best guess. You can play the
recording more than once if that will help you.

You will see the same question-answer pairs redeatny times, sometimes twice in a row.
The second one is a different item, with an anspeken by a different speaker. This
experiment includes sentences produced by botlhienatid non-native English speakers.

14 Both recordings were of the dialogue “How did Eg&t home? Eric flew home.” The answer in Recordirgd
a pitch accent ofiew. The answer in Recording 2 had a pitch accerfiramn



Sometimes these speakers make mistakes when pnguvords, but please try to overlook
these mistakes and focus on the appropriatendgbe sentence prosody.

You will be hearing 360 question-answer pairs In\&lork at your own pace, and please take a
break at any point if you are getting tired.



