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Abstract
The acquisition of English lexical stress by Mandarin L2 learners was examined
through production and perception studies. An acoustic study focusing on the
implementation of mean FO, max FO, duration, intensity, and F2 in stressed and
unstressed vowels in noun-verb word pairs contrasting in stress location (e.g. object
and object) was conducted. The results from native English speakers (n=10) showed
that all correlates were utilized to signal stress in nouns. In verbs, however, mean and
max FO were not utilized and duration cues were amplified. Implementation patterns
for Mandarin L2 learners (beginning=9; advanced=9) were similar to native speakers
in nouns. However, in verbs learners used mean and max FO as well. Reduction of
unstressed vowels was found to be inconsistent in learners when compared to native
speakers. A perceptual study utilizing the disyllabic nonword °‘dada’, with
resynthesized max FO, duration, and vowel quality, was conducted in order to
evaluate the perceptual relevance of those cues in stress perception. Results from an
identification task indicate that full vowels induce significantly stronger stress
perception in all listener groups. In terms of max FO and duration, beginning listeners
(n=25) relied mainly on duration, advanced listeners (n=25) focused more on max FO,
while native listeners (n=25) made use of both duration and max FO in perception.
These findings are discussed in terms of the similarities and differences in prosodic
systems between Mandarin and English, as well as the possible discrepancies in

production and perception data from second language learning research.
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CHAPTER 1: INTRODUCTION

The cognitive assembly required of a person for the production and perception of a
human language is highly sophisticated. Research in second language acquisition
provides a unique window into this complex process, in allowing an examination of
the ways in which the human brain adapts to and copes with the added complications
of a second language, and the difficulties associated with the various fundamental
differences which are likely to exist between the first and second languages. In so
doing, such research adds to our understanding of the ways in which the human mind
deals with specific languages in specific contexts, and provides insight into the nature

of language itself.

First language transfer occurs when speakers or writers carry over the knowledge
from their first language (L.1) to a second language (L2) (Ellis, 1994, Odlin, 1989).
Most research on L2 acquisition focuses on the acquisition at the segmental level, i.e.

production and perception of individual consonants or vowels (Flege, 1995).

In the past three decades, suprasegmental features (prosody) have begun to receive
more attention due to the integral role they play in foreign accentedness and their
impact on comprehensibility of L2 speech (Anderson-Hsieh et al., 1992, Munro and
Derwing, 1998, Trofimovich and Baker, 2006). Previous studies of L2 prosody
acquisition have mostly focused on its impact on communication; little research has
focused on examining the interference of L1 prosodic characteristics on second

language learning (McGory, 1998, Ueyama, 2001).

Using ‘prosodic pattern’ as the categorization criterion, the world’s languages can be
grouped into three major categories - stress, tone, and pitch accent languages
(Archibald, 1997). Stress languages adopt both segmental composition and stress
(realized through pitch, amplitude, duration, and spectral composition) to signal

different lexical meanings. Tone languages utilize pitch heights and contours lexically,
1



while pitch accent languages use pitch accent patterns. Notice that this distinction is

largely based on the pitch domain of languages.

Previous research regarding prosodic learning in L2 has mostly focused on the
interlanguage phonology of stress placement. Three primary categories of results
have been reported in these types of studies - L2 learners either apply their LI

parameters, L2 parameters, or neither (Altmann, 2006, Archibald, 1998).

The current study focuses on the learning process of people whose native language is
Mandarin (a tonal language), and who are learning English (a stress language).
Previous research in this arena has primarily focused on speech production, and has
revealed a general positive transfer effect of L1 prosody in L2 learning (see section
1.1.2 for a review). The current study adopts both production and perception
approaches to examine this issue, and considers the role of language experience in the

learning process.

The general outline of this dissertation is as follows: A literature review on the
background information regarding second language acquisition at suprasegmental
levels is provided in Chapter 1; Chapter 2 introduces two acoustic studies, which
compare lexical stress production of beginning and advanced second language
learners with that of native speakers, in order to explore the influence of a tonal first
language background on the stress features of a second language. A rating experiment
was conducted in order to assign the proficiency levels of the learners, and is also
included in this chapter. A perceptual identification study, with resynthesized max FO,
duration, and spectral composition stimuli, is described in Chapter 3. Chapter 4
contains a general discussion of findings from the production and perception studies
and relates the findings from the current study to existing perceptual models for L2

learning.



1.1 Literature review

In the study of second language learning, it is recognized that learners start with their
first language (L1) system and establish a correspondence between L1 and second

language (L2) phonological systems (Ioup, 1984).

1.1.1 Second language learning

In the study of second language learning, it is recognized that at the phonological
level second language learners start with the system of their first language and
establish a correspondence between it and the new phonological system (Ioup, 1984).
The acquisition process is very likely to be influenced by the first language, which is
generally referred to as language transfer, and which can be either positive or
negative. Positive transfer takes place when the first language facilitates second

language learning, while negative transfer interferes with L2 learning.

First language transfer has been demonstrated in numerous studies, but has been
primarily focused on segmental acquisition (for a detailed review, see Flege, 1987).
Several models have been proposed to account for the transfer phenomenon (Bohn

and Flege, 1992, Bohn and Flege, 1993).

The Speech Learning Model proposed by Flege and colleagues (1987, 1988, 1992,
1995) posits that acquiring a new phonetic category in L2 depends highly on the
perceptual distance of the new sound from the sound inventory of L1. They argue that
L1 and L2 categories exist in the same phonetic system, and that three possible
relationships between L2 and L1 sounds occur in the shared system. First, when the
L2 sound is distinctly different from the counterpart in L1 (this is referred to as the
‘new’ condition), learners have no difficulties in adding a new sound in their phonetic
system. Second, an L2 sound could be identical to an existing sound in L1, and is

therefore ‘old’ to the phonetic system. The third possible relationship, and the one



which causes the greatest difficulty for learners, is when an L2 sound is perceptually
similar to an L1 sound, but not identical to it. This is referred as the ‘similar’
condition. In the similar condition, learners are most likely to identify the L2 sound as
its counterpart in their L1. In production, they are also more likely to use the L1

sound to replace the L2 sound.

The Perceptual Assimilation Model proposed by Best and colleagues (1994, 2007)
posits that perception of an L2 sound is highly affected by the articulatory-gesture
similarity between the new phoneme and native phonemes. That is, when an L2
sound is similar to an L1 sound in its articulatory properties, learners will mostly
assimilate the L2 sound to its counterpart in L1 sound inventory. Four types of
similarities are proposed by this model. “Two categories’ refers to a pair of L2 sounds
that assimilate two L1 categories respectively. This is posited to be least problematic
for the L2 learners since each new sound has its own counterpart to assimilate to in
the learners’” L1. ‘Category goodness’ refers to a pair of L2 sounds assimilating to one
L1 category, but one is better assimilated to the L1 sound than the other.
‘Nonassimilable type’ refers to the situation in which an L2 sound is too distinct from
L1 categories to be assimilated to any category in L1. Finally, ‘single category’ refers
to when a pair of L2 sounds assimilate to one L1 category. It is this situation which

causes the greatest difficulty for the learners.

The Native Language Magnet model proposed by Kuhl and colleagues (1989, 1991,
1992, 1994, 1998) was established to account for the development of the perception
system during the early period of first language acquisition. This model proposes that
L1 speech perception goes from a language-universal to a language-specific
developmental sequence. To be more specific, L1 phonetic categories function like
prototypes, which become perceptual magnets and attract nearby members of the

same phonetic category. This model was further applied to account for perceptual



learning in second languages- an L2 sound is posited to be pulled to the magnet of its

counterpart in the learners’ L1 which makes it difficult for the learners to perceive.

While the Speech Learning Model, Perceptual Assimilation Model, and Native
Language Magnet Model are the three leading models of L2 sound acquisition, they
all focus on the acquisition of segmental distinctions. It is not clear if and to what
extent, any of these models can account for the acquisition of suprasegmental

distinctions.

It has been shown that stress involves a complex interaction of at least four basic
physical properties of the acoustic signal: fundamental frequency (FO), duration,
amplitude, and vowel quality. Typically, stress refers to the prominence given to a
syllable in a word (lexical stress), or to a word in a sentence (sentential stress). A
stressed syllable/word generally has higher FO, longer duration, greater amplitude and
non-reduced vowels (Lehiste, 1970). However, the relative importance of these
correlates is tuned to the phonological structures of different languages. For example,
duration is frequently employed to signal stress, such that stressed syllables tend to be
longer than unstressed syllables. However, in some languages, unstressed syllables
are longer than stressed syllables (i.e. Estonian, Lehiste (1970). The acoustic
correlates mentioned above give rise to the perceptual parameters of pitch, duration
loudness, and vowel quality, respectively. Nevertheless, there is no one-to-one
correspondence between perceived stress and any single correlate. As a result,
listeners perceive stress as a complex configuration of these correlates (Lieberman,

1960).

The use of different acoustic cues to signal lexical stress becomes especially
interesting in second language acquisition when a speaker adopts acoustic
correlates/perceptual cues to signal stress/pitch accent/tone that are different from

those in the first language. In these cases one might expect prosodic transfer in both



the production and perception of suprasegmental features when acquiring a second

language.

1.1.2 Prosodic features of the target languages in the present study
American English

Word stress refers to the prominence of syllables within a word. As a stress language,
English has primary stress on one syllable in each content word. This prosodic
information, however, is mostly not contrastive except in noun-verb word pairs such
as ‘object - ob’ject, which have near-identical segmental composition and only
contrast in stress location, which affects the lexical category of the word. Word pairs
of this nature have been utilized in earlier studies on the acoustic correlates of English
word stress (Beckman, 1986, Fry, 1955, Lieberman, 1960). The results from these
studies suggest that higher FO, longer duration, greater amplitude, and full vowel
quality are associated with the syllable receiving primary stress. Perception results
from Fry (1958) further pointed out that stimuli with linear fall or late fall FO patterns

are more likely to be perceived as stressed syllables.

Mandarin Chinese
There are four tones in Mandarin: Tone 1 — high level, tone 2 - mid rising, tone 3 —
low dipping, and tone 4 — high falling. The FO contours of the four tones, produced in

isolation, are provided in Figure 1.1.
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Figure 1. 1 Mandarin tones produced by a female native speaker. Tone 1 - high level,
tone 2 - mid rising, tone 3 - low dipping, and tone 4 - high falling.

Research by Gandour (1983) has shown that five aspects are relevant for tone
perception: 1.) average FO/FO height; 2.) FO contour; 3.) FO slope; 4.) extreme
endpoints; and 5.) tone duration. Previous research has shown that the primary
acoustic parameters of Mandarin tones are FO height and contour shape (Howie,
1976). Duration also differs among the four tones: Tone 2 and Tone 3 are the longest,
while Tone 4 is the shortest (Nordenhake and Svantesson, 1983). Moore and Jongman
(1997) have also shown that Tone 2 has an earlier turning point and a smaller FO

change between the onset and turning point than Tone 3.

Lin (1988) studied the production and perception of Mandarin tones in 20 native
speakers. He found five patterns among the intensity contours: level, higher at onset,
higher at offset, higher in the middle, and a double-peak amplitude contour. Duration
also varied among tones, with production data showing tones 2 and 3 being the
longest, while tone 4 was generally the shortest (see Jongman et al. (2006) for a

detailed overview).



Studdert-Kennedy and Shankweiler (1970) proposed the notion that people can
differentially tune their auditory systems to certain physical properties of a sound as a
function of their linguistic experience. Stragray and Downs (1993) conducted a
perception study to investigate whether differential sensitivity for frequency (125 Hz
range and 1000 Hz range) differed between tone language speakers (Mandarin) and
non-tone language speakers (English). In their study, subjects listened to two level
tones for which the FO difference was systematically manipulated, and performed a
discrimination task on the presented tones. The results indicate that the limens for
frequency were significantly larger for Mandarin speakers than for English speakers.
They concluded that Mandarin speakers might have poorer differential sensitivity
because they had learned to categorize sounds of similar frequency together to

enhance their perception of tones.

1.3.2 Mandarin stress

A production study by Xu (1999) investigated how lexical tone and sentential stress
contribute to the formation and alignment of FO contours in Mandarin. The results
from FO contour and syllable alignment indicate that the intrinsic tone of a given
syllable defines the local FO contour. However, sentential stresses shape the global
profile of the FO contour of the entire sentence, which in turn affects FO range and

shape of local FO contours.

The perception of Mandarin stress was investigated by Shen (1993). The results
indicate that duration is the dominant cue for Mandarin speakers when perceiving
sentential stress. Shen inferred that this phenomenon is the result of the “functional
load” hypothesis, which claims that phonetic resources are available for indicating

stress if and only if they are not used up in signaling lexical contrasts.



1.1.3 Comparison between American English and Mandarin Chinese.

Although American English and Mandarin both have lexically specified accents, they
differ in terms of how they manipulate the acoustic correlates of stress (in English)
and tone (in Chinese). American English utilizes all four acoustic correlates to cue
word stress: FO, duration, amplitude, as well as vowel formant composition, while

Mandarin tones are distinguished mainly by FO height and contour.

Mandarin is also a more syllable-timed language and is generally thought of as
showing no strong patterns of stress, with syllable duration remaining relatively
constant across a sentence (van Santen and Shih, 2000). English, on the other hand, is
categorized as a stress-timed language, in which the duration of inter-stress intervals
is more consistent (Ramus et al., 1999). Given the rhythmic differences between these
two languages, acquisition of the lexical stress correlates in English by Mandarin

speakers may involve learning to reduce or shorten unstressed syllables.

Differences between these two languages in the perception of stress have also been
found in previous research. Perception studies of English stress (Beckman, 1986, Fry,
1958, Lea, 1977) all show that listeners rely on differences in syllable duration,
amplitude of the syllable, and the pitch of the syllable as cues for stress. On the other
hand, Mandarin speakers rely on FO height and contour tonal perception (for a

detailed review, cf. Jongman et al. 2006).

1.1.4 Acquisition of English lexical stress by non-native speakers

French LI to English L2

The perception of English lexical stress by native speakers and second language
learners with French as their first language was investigated by (Fry, 1955, Fry, 1972)
using synthesized stimuli. The stimuli consisted of word pairs contrasting in stress
assignment — subject (noun) and subject (verb). The duration and intensity of the first

syllable were resynthesized. The participants’ task was to identify if they had heard a
9



noun or a verb. The results from the native English speakers indicated that their noun
judgment changed from 19% to 90% as duration in the first syllable became greater.
Their noun judgment changed from 46% to 75% when intensity in the first syllable
became greater. French speakers less proficient in learning English as a second
language were found to be equally sensitive to duration (32% to 75%) and intensity
(33% to 77%), while more proficient learners patterned more like native English
speakers, utilizing duration cues (13% to 90%) more than intensity cues (48% to
78%). Fry concluded that duration plays less of a role in French speakers’ perception
of English stress when they are less proficient in English. As proficiency advances,
listeners acquire a native-like perception pattern.

Japanese L1 to English L2

The prosodic transfer between English and Japanese was examined thoroughly in a
bidirectional second language learning study by Beckman (1986). The stress
correlates in each language were investigated using word pairs contrasting in stress
location, for example, English - subject and subject, and Japanese - iken (differing
view) and iken (opinion). The results from first language users’ production indicate
that English native speakers utilize max FO, duration, and intensity to signal stress,

while Japanese speakers only adopt max FO to signal pitch accent.

Beckman (1986) then conducted a perception experiment to examine the perceptual
salience of these cues in second language learning. Recordings from the production
study were re-synthesized and manipulated in duration, FO, intensity, and spectral
composition to serve as the stimuli. The participants were Japanese listeners (basic
and advanced learners of English), as well as English listeners (basic and advanced
learners of Japanese). All participants performed identification tasks to detect the

stressed/pitch accented syllable in their native language and second language.

The results from first language perception indicate that native English listeners are

sensitive to duration, FO, intensity, and spectral composition, with FO being the most

10



important cue when listening to English tokens. Japanese listeners, on the other hand,
were only sensitive to FO cues when listening to Japanese stimuli. In the second
language perception study, English learners of Japanese were found to be sensitive to
FO changes, while Japanese learners of English were only sensitive to FO (and not

duration, intensity, or spectral composition).

Japanese L1 and Korean LI to English L2

The implementation of unstressed vowels by Japanese and Korean L2 learners of
English was investigated in Lee et al. (2006). The participants included early and late
bilinguals of Japanese (n=20; 10 early, 10 late) and Korean (n=20; 10 early, 10 late),
as well as native English speakers (n=10). The early bilinguals in the study were
exposed to an English speaking environment before age 6, and have resided in the
United States on an average of 20 years, while late bilinguals have had English

exposure after the age of 15, and on average lived in the United States for 10 years.

The recording stimuli included 10 trisyllabic English words featuring unstressed
vowels in initial, medial, or final positions. They were produced in a carrier phrase “I
said ___this time” by all the speakers. Care was taken to ensure that the bilingual
were aware of the correct stress placement for the target words. The acoustic
measurements included max FO, max intensity, duration, as well as F1 and F2 of both

the stressed and unstressed vowels.

The duration results indicate that native English speakers produced unstressed vowels
with nearly half of the duration of the stressed vowels (stressed-to-unstressed
ratio .45). Both Japanese bilingual groups have similar ratios to the English speakers,
while Korean bilingual groups have significantly less duration differences between

the stressed and unstressed vowels (greater ratios).
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The results from max FO yielded no differences in the utilization of max FO between
the bilingual groups and the native speakers. Results from intensity (calculated by the
decibel differences between the stressed and unstressed vowels) showed that Japanese
bilinguals’ performance is similar to native speakers, while the Korean bilinguals,
although having greater intensity in the stressed vowels, showed significantly smaller

intensity differences.

Vietnamese L1 to English L2

A similar study was conducted on native speakers of Vietnamese learning English as
a second language (Nguyen and Ingram, 2005). Once again, word pairs contrasting in
stress location were chosen as stimuli, but the location of stress in this study was
marked on the stressed syllable. Beginning learners (n=10), advanced learners (n=10),
and native English speakers (n=2) participated in the acoustic study targeting FO,
vowel duration, syllable duration, and intensity. Nguyen and Ingram adopted a series
of one-way ANOVAs to investigate the effect of speaker groups on the ratios of
stressed-to-unstressed syllables. The results indicated that Vietnamese learners of
English (both proficiencies) utilized FO and intensity correlates similarly to native
English speakers. A major difference was the lack of vowel and syllable duration cues
in the beginning learners’ production. The authors concluded that the learners’ ability
to encode FO and intensity cues in English stress production originated from the tonal
feature in their L1, i.e. positive L1 transfer. They also claimed that the beginning
learners failed to incorporate duration due to negative L1 transfer, since duration is

not phonemic in Vietnamese tonal distinctions.

Mandarin L1 to English L2

The acquisition of English sentential stress by Mandarin learners was examined in an
acoustic study by Chen et al. (2001). In their experiment, participants read the
sentence “I bought a cat there,” in which sentential stress was assigned to either “I,”

“bought,” “cat,” or “there.” The results from forty Mandarin learners of English and
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forty English native speakers indicate that all speakers (learners and native speakers
alike) differentiate stressed and unstressed words through FO, duration, and
intensity — there are significantly greater values in these correlates when a word is
stressed. However, learners showed a greater FO difference and a smaller duration
difference between stressed and unstressed words than native speakers. The results

are interpreted as interference from the speakers’ tonal L1.

A handful of previous studies have examined the realization of stress correlates in
second language learners with tonal native languages. Zhang et al. (2008) compared
the realization of mean FO, max FO location, intensity, duration, and spectral
composition in word pairs contrasting in stress locations (e.g. contract-contract)
between 10 Mandarin speakers and 10 native English speakers. The study adopted a
long practice section to ensure that speakers placed stress on the correct syllable of
the target word. Speakers were asked to produce the target words in context sentences
which cue their lexical category, and then produce the target word in the carrier
sentence “I said ____ this time” afterward. In addition, the experimenter explained the
stress shift pattern of noun and verb readings for the target words. The speakers were
then recorded producing the target words in isolation (with the context sentences as
references). Only the word in isolation was analyzed. The statistical analysis
conducted used native language and gender as between-subjects factors, and stressed
vs. unstressed as the within-subjects factor. The results from Zhang et al. (2008)
indicate that the learners and the native speakers behave similarly in their use of
duration and intensity, but that learners produce stressed syllables with a higher FO

than native speakers.

1.2 The present study

The acquisition of English lexical stress by Mandarin L2 learners was examined
through a series of production and perception studies. Mandarin Chinese is a tone

language which adopts FO height and contour to signal lexical meanings, and English
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is a stress language which utilizes duration, FO, intensity, and formant composition to
signal stress. Given the suprasegmental differences between the two target languages,
I predict that Mandarin L2 learners may differ from native English speakers not only
in acoustic realization of English lexical stress, but in perceptual relevance as well.
Previous studies on acquisition at the suprasegmental level have focused on either
production or perception. There is no study examining how the perception and
production of these correlates affect one another. The present study includes a series
of acoustic and perception experiments in order to more thoroughly explore the
acquisition of English lexical stress by Mandarin learners at different proficiencies.

Te three experiments included in the current study are outlined below.

1.2.1 Acoustic study 1: acoustic realization of English stress in word pairs

In this production experiment, disyllabic word pairs (e.g. contract and contract) with
similar segmental composition but contrasting in stress location were recorded by
Mandarin learners of English with different proficiencies. Mean FO, max FO0, intensity,
duration, and F2 of stressed and unstressed vowels are measured and compared to the
production of native English speakers. The phonemic feature of FO in Mandarin is
predicted to have an effect on the acoustic correlate implementation of English lexical

stress by Mandarin second language learners.

Results from a few previous studies on English stress have shown that second
language learners have difficulty modulating the inter-stress interval — the time
interval between stressed syllables (e.g. Japanese, Anderson (1993); Korean, Koo
(1997). Mandarin has been found to have syllable durations remaining relatively
constant across a sentence (van Santen and Shih, 2000). In addition, Mandarin L2
learners of English have been shown to have smaller duration differences between
stressed and unstressed words than native English speakers (Chen et al. 2001). Taken

together, the Mandarin L2 learners are predicted to experience difficulty in reducing
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the durations of unstressed vowels in English. As a result, they use duration cues to a

lesser extent than native speakers.

Another correlate concerns the vowel quality of stressed and unstressed vowels. It has
been shown that unstressed vowels are more reduced than stressed vowels (Gay,
1978). Reduction usually involves shifting F1 and F2 values for the vowels to mid-
range frequencies, and is also known as vowel centralization. In this study I use F2
measurements as the main cue for vowel reduction. Given that vowel reduction
patterns does not exist in Mandarin, I predict that Mandarin learners may not reduce

unstressed English vowels.

1.2.2 Acoustic study 2: FO contour realization in English stress

The goal of the second acoustic study is to examine the realization of FO movements
in English lexical stress by Mandarin L2 learners of English. The construction of
word pairs as stimuli in the previous acoustic study provides well-controlled
segmental conditions for the investigation of mean FO, max FO, intensity, duration
and F2. However, most of the syllables in these stimuli do not comply with Mandarin
syllable phonotactics. In order to better evaluate the realization of FO contours in
speakers’ production, stimuli which comply with Mandarin syllable structures should

be compiled.

The same speakers in the word-pair acoustic study participated in this experiment.
The FO contours of the target syllables in the stressed and unstressed positions were
compared between native and second language learners. Mandarin L2 learners of
English are predicted to use FO in signaling stressed vowels. In addition, given that
there are four phonemic FO contour patterns in Mandarin (high-level, mid-rising, low-
dipping and high-falling), it is predicted that learners may use the two high tones
(high-level and high-falling) to implement stressed syllables in English. Native
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English speakers, on the other hand, will have more diverse FO contours in stressed

syllables.

1.2.3 Perception study: Roles of max FO, duration, and vowel quality in stress
perception

The results from the previous two acoustic studies will serve as the blueprint for
stimulus construction in the perception study. The goal of this perception study is to
compare the relative importance of perceptual cues for English stress between the
Mandarin L2 learners of English and native English speakers. The target perceptual
cues are going to be selected based on the most diverse utilization patterns between
learners and native speakers in the acoustic studies. The stimuli for the perception
study will be resynthesized from a naturally produced nonword ‘dada’. The target
cues will be resynthesized so that there are stepwise ratios of first-to-second vowels
for those cues. A stress localization task, in which the listeners have to identify the
stressed syllable, will be adopted to test the perceptual relevance of the selected cues.
Cue weighting in stress perception by learner groups will be compared to that of

native listeners.
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CHAPTER 2: ACOUSTIC STUDIES

The acoustic implementation of English lexical stress by Mandarin L2 learners and
native English speakers was examined through two acoustic studies. The first acoustic
study aims to examine the realization of mean FO, max FO0, intensity, duration, and F2
in disyllabic minimal word pairs contrasting in stress location (e.g. contract-contract).
The near-identical segmental composition of these word pairs provides for a high
degree of control, making it easier to compare a given syllable in stressed and

unstressed positions.

The second acoustic experiment aims to investigate FO contour patterns in English
stressed syllables. Due to the fact that syllables in the first acoustic study mostly do
not comply with Mandarin phonotactics, I utilized word pairs in the second study
which contain CV(N) syllables, and which conform to legal syllable structures in
Mandarin. Given the phonemic roles of F0 patterns (tones) in Mandarin, I predict that
the learners may use FO patterns with which they are most familiar in their native
language when producing English syllables. I also predict that high tones (high-level
and high-falling) are the most likely to be adopted by the beginning learners to signal
stressed syllables in English. A rating experiment was also conducted to determine

the proficiency levels of participants.

2.1 Rating experiment

The main goal of this dissertation is to investigate the influence of L1 on the prosody
acquisition process in L2 production. In addition, I am also interested in how the L1
effect transforms as proficiency increases. As standard proficiency tests can
sometimes prove to be unreliable indicators of speaking proficiency, a rating
experiment was conducted, in which native English listeners determined the

proficiency of the Mandarin L2 learners.
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2.1.1 Methodology

Participants

Speakers — Twenty-six (10 males and 16 females) adult native speakers of Mandarin
who learned English as a second language were recruited from Taiwan and the
University of Kansas. All the speakers are Taiwanese/Mandarin bilinguals. They all
started learning English at the age of 12 (in junior high) with the Grammar
Translation method, which focuses mainly on vocabulary and grammar learning.
Among them, some continued more communicative English education in college, and
some are currently studying in America for postgraduate degrees. Ten adult native
speakers of English (7 males, 3 females) were also recruited from the University of
Kansas as the control group. None of the speakers have a history of hearing or speech

difficulties.

Stimuli

All speakers were asked to read a short paragraph (see below) aloud. One long
sentence (underlined in the paragraph) was chosen to be the stimulus for the rating
experiment. This sentence was selected due to its length, content, and its medial

position in the paragraph.

“Learning to speak a foreign language fluently and without an accent isn’t easy. In

most educational systems, students spend many vears studying grammatical rules, but

they don’t get much of a chance to speak. Arriving in a new country can be a

frustrating experience. Although they may be able to read and write very well, they

often find that they can’t understand what people say to them. English is especially
difficult because the pronunciation of words is not clearly shown by how they’re
written. But the major problem is being able to listen, think, and respond in another

language at a natural speed. This takes time and practice.”
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Procedure

Each speaker was recorded separately in the anechoic chamber of the University of
Kansas, or in a quiet room in Taiwan. All recordings were conducted with a Marantz
PMD671 solid state recorder and Electro-Voice RE20 microphone, with a sampling
rate of 22.05 kHz. The recording was then transferred to Praat. The target sentences
from each speaker’s recording were then extracted, to be the tokens for the rating

experiment.

The raters were tested individually in a sound-treated room in the Kansas University
Phonetics and Psycholinguistics Laboratory. The stimuli from all thirty-six speakers
(26 learners and 10 native speakers) were presented to the raters in random order
using SuperLab (Cedrus Corporation). During the experiment, the raters listened to
each stimulus and were asked to use a 5-point scale to rate each production by
pressing buttons on a response box. Four rating criteria were included in the
experiment: foreign accentedness, on a scale ranging from “native” (1) to “heavily
accented” (5); speaking rate, from “fast” (1) to slow (5); intonation, from “native-
like” (1) to “not-at-all native-like” (5); and finally articulation, from “clear” (1) to
“unclear” (5). Before beginning the rating session, four stimuli (2 from non-native

and 2 from native speakers) were presented to the raters for practice.

2.1.2 Results

The inter-rater reliability was calculated using the Average Measure intra-class
correlation coefficient. The absolute agreement correlation coefficient showed a high
agreement among the raters: 0.842. Four one-way ANOV As using speaker groups as
a between subjects factor indicate that the native speakers receive significantly lower
ratings (more native-like) in foreign accentedness, speaking rate, intonation, and

articulation. These results are presented in Figure 2.1.
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Figure 2. 1. Ratings on foreign accentedness, speaking rate, intonation, and
articulation for native and non-native speakers, on a scale from 1 (native) to 5
(heavily accented).

A correlation analysis was also conducted on all four criteria, and yielded a positive
correlation between accent, rate, intonation, and articulation. The statistical results are

summarized in Table 2.1.

Correlations
accent rate intonation | articulation
kendalls tau_h  accert Corelation Coefficient 1.000 B3 B LBE 2
Sig. (2-tailed) . oo .0a0 .ooa
M g7z 472 a7z 72
rate Corelation Coefficient B37H 1.000 Rl 24
Sig. (2-tailed) .0oo ) .0a0 .ooa
M a7l a7 a7l a7l
irtonation Corelation Coefficient B2 AHG 1.000 .26
Sig. (2-tailed) oo ] . .ooa
M 472 a7 a7l a7l
aticulation  Carelation Coefficient BB A4 (G267 1.000
Sig. (2-tailed) .0oo ] .0a0 .
M 472 a7 a7l a7l

* Comelation is sionificant at the 0.01 level (Mtailed).

Table 2. 1. Correlations between foreign accent rating, speaking rate, intonation, and
articulation.
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Given the high correlations between the four criteria, the foreign accentedness rating
was chosen to be the key criterion in proficiency placement for its encompassing
nature. The 95% confidence interval data from the ratings for non-native speakers are
plotted in the order of native (1) to heavily accented (5) in Figure 2.2. Based on the
confidence interval error bars, the top nine ranked speakers were found to be
significantly higher than the bottom nine ranked speakers (there was no overlap in the
error bar ranges). The top nine participants were thus placed in the advanced learners
group (green box), and the bottom nine participants in the beginning group (blue box).
The beginning learners include speakers 1, 2, 5, 6, 8, 9, 20, 21, and 24. The advanced
learners are speakers 7, 13, 14, 15, 17, 18, 22, 23, and 25.

5 ' beginning +

JHHHMHHH

advanced

me

|

Foreign accented rating
T

Figure 2. 2. The confidence intervals for foreign accentedness rating. The non-native
speakers are sorted according to the received rating. In this graph, ‘1’ is native-like,
and ‘5’ is heavily accented.
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2.2 Acoustic study I — lexical stress produced in contract-contract word pairs

In this acoustic experiment, disyllabic word pairs (e.g. contract and contract) with
similar segmental composition but contrastive stress location were recorded by
Mandarin learners of English with different proficiencies. Mean FO, max FO0, intensity,
duration, and F2 of stressed and unstressed vowels are measured and compared to
those in native English speakers’ production. It is predicted that the tonal L1 will
have a positive transfer effect on the stress L2, through facilitating the use of FO
correlates. As a result, Mandarin learners of English will utilize FO to a greater extent
than native English speakers to signal stressed syllables in English. As the proficiency

level increases, learners will use FO more similarly to native speakers.

In terms of duration, it is predicted that stressed and unstressed syllables will be
similar in duration for beginning learners, due to the more syllable-timed rhythm
pattern of Mandarin. The advanced learners, however, will perform more like native
speakers, in showing greater duration differences between stressed and unstressed
vowels. No difference in the use of intensity is predicted between native and
nonnative speakers. Finally, no spectral composition change (vowel reduction) is
expected in unstressed vowels for beginning learners, however advanced learners

may pattern like native English speakers and exhibit vowel reduction.

2.2.1 Methodology

Participants

The data of those L2 learners who were placed in the advanced (2 males and 7
females) and beginning (5 males and 4 and females) groups by the rating experiment
were included, as well as those of ten native English speakers (7 males and 3 females)
who acted as a control group. None of the speakers have a history of hearing or

speech difficulties.
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Stimuli

The stimuli consist of 14 disyllabic word pairs with identical segmental construction,
contrasting in stress location, and embedded in context sentences balanced for
number of syllables in order to avoid possible rhythmic differences. Word pairs of this
nature often correspond to nouns (trochaic stress pattern) and verbs (iambic stress
pattern) — therefore the trochaic and iambic target words are labeled as nouns and
verbs, respectively in the current study. A complete list of target words and their

carrier sentences can be found in Appendix A.

Procedure

When presenting English words in isolation, second language learners and native
speakers alike are sometimes unable to consistently produce the correct stress pattern
for the target word’s lexical category. Since the goal of this experiment is to examine
the acoustic realization of stress, and not stress placement strategy, steps were taken
to ensure that participants were well-informed of the stress locations of the target
words. Information regarding the lexical categories of the target words was conveyed
to the subjects by embedding the words in context sentences, with the target word
highlighted and the stressed syllable underlined. For example, the noun contract:
“The new contract needs to be signed.” And the verb contract: “Steel will contract

when it is cooled.”

The new contract needs to be signed.

Figure 2. 3. Example of stimulus presented on computer screen.

Several recent acoustic studies on English stress correlates have demonstrated that the

acoustic realization of stress varies as the pitch accent position changes (Beckman
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and Edwards, 1994, Okobi, 2006). Furthermore, nouns and verbs occupy different
phrase positions in sentences, and are subject to the influence of phrasal/sentential
prosody. In order to minimize the effects of these two extrinsic factors on the
implementation of the target words, the subjects were instructed to first read the entire
sentence aloud, and then repeat the highlighted word in exactly the way it was read in
the sentence. For example, the sentence in Figure 2.3 was read as “The new contract
needs to be signed. contract.” Only the target word produced in isolation was
analyzed. This method ensures that the syntactic category and stress pattern of the
target word are known to the speaker, while reading the target word in isolation

minimizes the effects of accentual positions and phrasal prosodic patterns.

Each speaker was recorded separately in the anechoic chamber of the University of
Kansas, or in a quiet room in Taiwan. All recordings were conducted with a Marantz
PMD671 solid state recorder, Electro-Voice RE20 microphone with a sampling rate
of 22.05 kHz. The sentences were randomized and presented on a laptop screen one
sentence at a time using Microsoft PowerPoint. The speakers were seated in front of
the laptop during the recording. They controlled the speed of the slide transition by
pressing the space bar. The recordings were arranged in three sections, each with one
repetition of the stimuli, and a break between each section. Before the recording
session began, the participants were presented with the list and asked to practice each

sentence and the target word within until they were comfortable with the list.

Acoustic analyses

Acoustic analyses of the stimuli were performed using the speech analysis software
program Praat 4.3.04 (By Paul Boersma and David Weenink) at the Phonetics and
Psycholinguistics Laboratory at the University of Kansas. Only the target words
produced in isolation were analyzed. The measurements were done through Praat
scripts which measured mean FO, max FO, intensity, duration, and F2 for the vowels.

For each production of each subject, a textgrid was generated and four interval
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boundaries (onsets and offsets of stressed and unstressed vowels) were determined
and set with the help of waveform, spectrogram, pitch contour, and intensity contour
displays. A total of 2352 tokens were analyzed in this experiment (28 words x 3

repetitions x 28 speakers).

FO measurements included ‘mean FO’- averaging the FO measurements across each
vowel, as well as ‘max FO’- the highest FO measurement of each vowel. The duration
of each vowel was measured from the F1 onset to the F2 offset. When syllable-final
sonorants could not be reliably separated from the vowel, they were included in the
duration measurement for both members of the minimal pair. The intensity of the

vowel was measured by averaging the intensity measurements across each vowel.

Absolute acoustic measurements are sensitive to differences in speaking rate (affects
duration), intrinsic FO (affects FO), and amplitude (affects intensity) across different
speakers. Therefore, I used the ratios of these measurements between stressed and
unstressed vowels in the statistical analysis. Two types of vowel ratios were
computed for different types of comparisons: first-to-second vowel ratios and

stressed-to-unstressed ratios. Their roles are described below.

In order to examine if the speakers utilize the target correlates (mean FO, max FO,
intensity, and duration) to differentiate noun (trochaic pattern) and verb (iambic
pattern) readings, the first-to-second vowel ratios for each correlate were calculated.
In theory, if a given correlate is encoded to signal stress in noun readings, the ratio for
first-to-second vowel should be above 1, which is the assumed base line when the cue
remains the same between the first and second vowels. The first-to-second vowel

ratio should be below 1 if the cue is utilized in signaling stress in verb readings.

Ratios for stressed-to-unstressed vowels were computed in order to compare the

extent to which a given correlate was utilized in signaling stress in nouns and verbs.
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This ratio was computed from vowel 1 over vowel 2 ratio (V1/V2) in nouns, while in

verbs it was calculated from vowel 2 over vowel 1 (V2/V1).

The second formant (F2) was measured at the midpoint of the vowel (midpoint of the
interval between vowel onset and offset). Examples of the segmentation criteria for
noun (object) and verb (object) readings are shown in Figures 2.4 and 2.5.

Noun reading

vowel 1 vowel 2

o) 0.8054
Time (s)

Figure 2. 4. An example of the acoustic measurements for the noun reading - object.
The labeled intervals mark the duration of the stressed and unstressed vowels. Blue
lines stand for FO and red lines stand for intensity.

Verb reading

i i e

owe 1 vowel 2

o 0.8923
Time (s)

Figure 2. 5. An example of the acoustic measurements for the verb reading - object.
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2.2.2 Results

In order to examine if speakers utilize mean FO, max FO, intensity, and duration to
signal the difference between noun (trochaic pattern) and verb (iambic pattern)
readings, the first to second vowel ratios for the acoustic correlates mentioned above
were examined. After the implementation patterns for first-to-second vowel ratios
were established, the vowel ratios for stressed-to-unstressed vowels were used as the
dependent variables for the statistical analysis. Again, for noun readings, stressed-to-
unstressed ratio refers to the ratio of vowel 1 over vowel 2, while in verb readings it is

computed by vowel 2 over vowel 1.

Mean FO

First-to-second ratios

The 95% confidence interval graphs for the distribution of first-to-second vowel
mean FO ratios are plotted in Figure 2.6. The x axis lists the three proficiency levels -
beginning, advanced, and native. The y axis represents the first-to-second vowel ratio.
The dotted reference line, 1.0, is the assumed baseline for which mean FO values are
identical in the first and second syllables. The noun readings are coded in blue, and
verb readings in green. As shown in the graph, noun ratios across all speaker groups
are above 1. The distribution of mean FO ratios for native English speakers, however,

overlaps with the base line value 1.

A series of one-sample T-tests confirmed that the ratios for nouns are significantly
greater than 1 for all speaker groups. The ratios for verbs are significantly smaller
than 1, except for native speakers. These findings indicate that mean FO in stressed
vowels is significantly higher than in unstressed vowels in beginning and advanced
learners’ stress production. This pattern is consistent when learners produce both
noun (trochees) and verb (iambs) readings. Native English speakers used greater
mean FO for stressed vowels in noun readings; however mean FO was nearly identical

between syllables in verb readings.
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Figure 2. 6. Error bars at 95% confidence interval for first-to-second vowel mean FO
ratio across proficiencies.
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Stressed to unstressed ratios

In order to evaluate how mean FO is implemented in nouns and verbs in productions
from different speaker groups, the stressed-to-unstressed ratios were calculated as the
dependent variable for a two-way repeated measures analysis of variance (ANOVA).
The within-subject factor is the stress pattern (noun and verb), the between-subject
factor is the proficiency level (beginning, advanced, and native), while the dependent

variable is the stressed-to-unstressed vowel ratio.

The statistical results are tallied in Table 2.2. The main effect of stress was significant
- nouns (1.18) have greater ratios than verbs (1.03), indicating that the mean FO cue is
greater in nouns than in verbs. The main effect of proficiency was also significant. A
posthoc analysis showed that beginning learners have a significantly greater mean FO

ratio (1.14) than advanced (1.09) and native speakers (1.09) (Figure 2.7).

mean F(0 significance  F value p value
stress * (1,342) =183.01 <.001
proficiency * (1,342)=9.92 <.001
stress x proficiency * (1,342)=4.93 =.008

Table 2. 2. The significance, F and p values for ANOVAs on mean FO.

1.2 1 Mean FO

14 1.09 1.09

beginning advanced native

Figure 2. 7. Stressed-to-unstressed vowel ratios for mean FO across three
proficiencies.
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The significant interaction of stress and proficiency is shown in Figure 2.8. Further
analysis indicated that the effect of proficiency was not significant in nouns [F (2, 345)
= .18, p=.835], but the effect was significant in verbs [F (2, 388) = 22.6, p <.001].
The results suggest that the speaker groups are similar in their use of mean FO in noun
readings but different in verb readings. The posthoc analysis on verb readings
indicated that beginning learners have a greater ratio (1.09) than advanced (1.02) and
native speakers (1.0). There was no significant difference between advanced learners
and native speakers. In sum, all speaker groups utilize mean FO cues similarly in noun

readings, but in verb readings beginning learners show a greater use of mean FO.

Mean FO

1 2 proficiency

= beginning
— advanced
native

_1
T

stressed/unstressed ratio
n

=
o=
3]

|

noun verb

Figure 2. 8. The interaction between stress location and proficiency.
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Max FO

The first-to-second max FO ratios for nouns and verbs across different speaker groups
are plotted in Figure 2.9. The x axis lists the three proficiency levels - beginning,
advanced, and native. The y axis represents the first-to-second vowel ratio. The
dotted reference line, 1.0, is the assumed base line for which max FO values are
identical in the first and second syllable. A series of one-sample t-tests confirmed that
the ratios for nouns are significantly larger than 1.0 for all speaker groups. The ratios

for verbs are significantly smaller than 1.0 in all learners, but not in native speakers.

1.3 I maxfO_n | maxfo_v
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first-to-second vowel ratio
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T T T
beginning advanced native

proficiency

Figure 2. 9. Error bars at 95% confidence interval for first-to-second vowel max FO
across proficiencies.

Stressed-to-unstressed vowel ratios

In order to evaluate how max FO is implemented in nouns and verbs in production
from different speaker groups, the stressed-to-unstressed ratios were calculated as the
dependent variable for a two-way repeated measures analysis of variance (ANOVA).

The results are shown in Table 2.3.
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There is a significant main effect of stress - nouns (1.16) have greater ratios than
verbs (1.05), indicating that the max FO cue is utilized to a greater extent in nouns
than in verbs. The main effect of proficiency was also significant. As shown in Figure
2.10, native speakers have significantly greater max FO than advanced learners, but

not beginning learners. No difference between beginning and advanced learners was

found.
max F0 significance  F value p value
stress * (1,377)=159.37 <.001
proficiency * (1,377)= 5.55 =.004
stress x proficiency * (1,377)=32.8 <.001

Table 2.3. The significance, F and p values for the ANOVA on max FO.

1.2 7 Max FO

1.11

1.1

1.09

beginning advanced native

Figure 2. 10. Stressed-to-unstressed vowel ratios for max FO across the three
proficiencies.
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The interaction of stress and proficiency is also significant (Figure 2.11). Further
analysis indicated that the effect of proficiency was significant in nouns [F (2, 379) =
18.96, p<.001]. Native speakers use a greater max FO ratio (1.23) than both beginning

(1.12) and advanced learners (1.14) in nouns.

The effect of proficiency in verb readings is also significant [F (2, 389) = 19.78,
p< .001]. The max FO ratio for beginning learners (1.09) is significantly greater than
that for both advanced learners (1.03) and native speakers (1.02). There is no

significant difference between advanced learners and native speakers.

To summarize, native English speakers utilize max FO to a significantly greater extent
than both learner groups in noun readings. In verb readings however, max FO plays no
role in stress realization in native speakers’ productions. Beginning learners, on the
other hand, adopt a consistent max FO difference in both noun (1.12) and verb

readings (1.09).
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Figure 2. 11. The interaction between stress location and proficiency level for max
FO.
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Intensity

The first-to-second vowel intensity ratios for nouns and verbs across different speaker
groups are plotted in Figure 2.12. The x axis lists the three proficiency levels -
beginning, advanced, and native. The y axis represents the first-to-second vowel ratio.
The dotted reference line, 1.0, is the assumed baseline for which intensity values are
identical in the first and second syllables. A series of one-sample t-tests confirmed
that the ratios for nouns are significantly larger than 1.0 for all speaker groups. The

ratios for verbs are significantly smaller than 1.0.
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Figure 2. 12. Error bars at 95% confidence interval for intensity across the three
speaker groups.

Stressed to unstressed ratios
Results from a two-way repeated measures ANOVA using the stressed-to-unstressed

vowel intensity ratio as the dependent variable are shown in Table 2.4.
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There is a significant main effect of stress. The ratio is greater in nouns (1.1) than
verbs (1.02). The main effect of proficiency is also significant (see Figure 2.13). A
posthoc analysis indicated that native speakers have a significantly greater ratio than
advanced and beginning learners. The difference between advanced and beginning

learners was not significant.

intensity significance  F value p value
stress * (1,389)=352.11 <.001
proficiency * (2,389)=41.5 <.001
stress x proficiency * (2,389)=63.15 <.001

Table 2. 4. The significance, F and p values for the ANOVA on intensity.

12 7 Intensity

1.1 -

1.08

1.05 1.04

beginning advanced native

Figure 2. 13.  Stressed-to-unstressed vowel ratios for intensity across three
proficiencies.

The interaction between stress and proficiency is significant (Figure 2.14). Further
analysis indicated that the effect of proficiency for noun readings is significant [F (2,

389) = 77.93, p<.001]. Native speakers have a greater ratio (1.15) than beginning
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(1.07) and advanced learners (1.07). The difference between advanced and beginning

learners was not significant.

The effect of proficiency in verb readings is also significant [F (2, 389) = 3.07,
p= .048]. Beginning learners have a significantly greater intensity ratio (1.03) than
advanced learners (1.01) but not native speakers (1.02). No difference was found

between advanced learners and native speakers.
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Figure 2. 14. The interaction between stress location and proficiency levels for
intensity.
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Duration

The first-to-second vowel duration ratios for nouns and verbs across different speaker
groups are plotted in Figure 2.15. The x axis lists the three proficiency levels -
beginning, advanced, and native. The y axis represents the first-to-second vowel ratio.
The dotted reference line, 1.0, is the assumed baseline for which duration values are
identical in the first and second syllables. A series of one-sample t-tests confirmed
that the ratios for nouns are significantly larger than 1.0 for all speaker groups. The

ratios for verbs are significantly smaller than 1.0.
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Figure 2. 15. Error bars at 95% confidence interval for duration ratios across three
speaker groups.
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Stressed to unstressed ratios

The stressed-to-unstressed ratios were calculated as the dependent variable for a two-
way repeated measures analysis of variance (ANOVA). The results are shown in
Table 2.5. The main effect of stress is significant - the duration ratio is greater in
verbs (2.17) than nouns (1.23). The effect of proficiency is also significant (see
Figure 2.16). A posthoc analysis indicated that native speakers have a significantly
greater duration ratio than advanced learners, which have a significantly greater ratio

than beginning learners.

duration significance  F value p value
stress * (1,389)=176.81 <.001
proficiency * (2,389)=25.37 <.001
stress x proficiency * (2,389)=68.80 <.001

Table 2. 5. The significance, F and p values for the ANOVA on duration.

22 1 Duration 204
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14 | 1.38
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Figure 2. 16. Stressed-to-unstressed vowel ratios for intensity across three
proficiencies.
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The interaction between stress location and proficiency is also significant. Further
analysis indicated that the effect of proficiency in noun readings is close to being
significant [F (2, 389) = 2.89, p= .057]. The ratios are: native speakers (1.24),

advanced learners (1.31), and beginning learners (1.13).

The effect of proficiency is also significant in verb readings [F (2, 389) = 50.52,
p<.001]. Native speakers have a significantly greater duration ratio (2.84) than
advanced speakers (1.97), who have a significantly greater duration ratio than

beginning learners (1.63).
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Figure 2. 17. The interaction between stress location and proficiency for duration.



Formant analysis

Previous acoustic studies on English vowels (e.g., Peterson and Barney, (1952)
established that back vowels have a lower F2 than front vowels. Furthermore, the
process of unstressed vowel reduction involves the centralization of F2(Lindblom,
1963). This centralization induces formant composition change in opposing
directions for front and back vowels — a reduced front vowel has a lower F2 than the
full vowel, while a reduced back vowel has a higher F2 than the full vowel. Due to
this intrinsic F2 difference, and the different directions of formant shift reduction,

the data from front and back vowels were analyzed separately.

The second formants of the stressed and unstressed vowels were measured to
evaluate the degree of vowel reduction. The results from max FO, intensity, and
duration have suggested that these correlates are not utilized in the same way in

noun and verb readings.

The data from syllable 1 are plotted in Figure 2.18. Syllable 1 is stressed in noun
readings, but is unstressed in verb readings. The stressed noun reading data are
represented by the solid blue line, while the unstressed verb reading data are
represented by the dotted green line. The arrows refer to the direction of formant shift
for native speakers. The unstressed vowels in syllable 1 position (i.e. in verb readings)
in native speaker productions demonstrate a classic vowel reduction - F2 is lower in
unstressed front vowels (arrow goes down) but higher (arrow goes up) in unstressed
back vowels. The degree of centralization is greater in back vowels, and relatively
smaller in front vowels. Unstressed vowels for both learner groups, however, did not
show any centralization in back vowels, and have opposite formant changes in front

vowels when compared to native speakers.

40



syllable1 2 v
front back
225607
2000
™
L
& 1750
1500 //\ >
1250

1 1 T 1 I 1
beginning advanced native beginning adwvanced native

proficiency

Figure 2. 18. Second formant for the first syllable in stressed (noun) and unstressed
(verb) positions.

The data from syllable 2 are plotted in Figure 2.19. Syllable 2 is stressed in verb
readings but is unstressed in noun readings. The stressed verb reading data are
represented by the solid green line, while the unstressed verb reading data are
represented by the dotted blue line. The arrows refer to the direction of formant shift
for native speakers. The F2 of the unstressed vowels is centralized in all speakers’
productions - lower in front vowels and higher in back vowels when compared to the
same vowel in stressed position. The degree of centralization is again greater in back

vowels, and relatively smaller in front vowels.
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Figure 2. 19. Second formant at mid point of syllable 2 in stressed (verb) and
unstressed (noun) position. The green solid line represents verbs while the blue dotted
line represents nouns.

The results from both syllable 1 and syllable 2 across front and back vowels are
further summarized in Figure 2.20. In this figure noun readings are in blue, while
verb readings are in green. Syllable 1 is stressed in noun readings, while syllable 2 is

stressed in noun readings
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Figure 2. 20. Second formant across syllable positions, vowel types, and speaker
groups.

As shown in Figures 2.18-2.19, native speakers centralized the unstressed syllable
regardless of both word category and vowels backness. Learners patterned similarly
to native speakers in syllable 2. However, in syllable 1 both advanced and basic
learners exhibit higher F2 for unstressed position - the opposite of the native

speakers’ pattern.

2.2.3 Summary

Mean FO, max FO0, intensity, and duration
In this acoustic study, disyllabic noun-verb word pairs (e.g. contract and contract)
with similar segmental composition but contrasting in stress location were recorded

by Mandarin learners of English with different proficiencies. Mean FO, max FO,
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intensity, duration, and F2 of stressed and unstressed vowels were measured and
compared to the production of native English speakers. Two types of dependent
variables were computed from the acoustic measurements for the statistical analysis
(cf. section 2.2.1). The first-to-second vowel ratios were used to evaluate if the
speakers utilized the target correlates (mean FO, max FO, intensity, and duration) to
signal the difference between nouns (trochaic pattern) and verbs (iambic pattern). On
the other hand, stressed-to-unstressed vowel ratios were adopted to compare the

magnitude of the acoustic correlates used to signal stressed vowels.

Results from first-to-second vowel ratios showed that, in general, all the target
correlates were utilized to distinguish the stress contrast between nouns and verbs
across the three proficiencies - the ratios are all significantly greater than 1.0 in noun
readings (Figure 2.21), and mostly smaller than 1.0 in verb readings (Figure 2.22).
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Figure 2. 21. 95% confidence interval of first-to-second vowel ratios for mean FO,
max FO, intensity, and duration for nouns. The reference line (1.0) is the assumed
baseline when a given correlate is identical in both syllables.
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Figure 2. 22. 95% confidence interval of first-to-second vowel ratios for mean FO,
max FO, intensity, and duration for verbs. The reference line (1.0) is the assumed
baseline when a given correlate is identical in both syllables.

The magnitude of difference in the use of these correlates was evaluated through the
statistical analysis, using stressed-to-unstressed vowel ratios as the dependent variable.
This ratio was computed from vowel 1 over vowel 2 (V1/V2) in nouns, while in verbs
it was from vowel 2 over vowel 1 (V2/V1). The results show that the implementation
of these correlates was extremely different in noun and verb readings in native
speakers. They utilized mean FO, max FO, intensity, and duration to signal stressed
syllables in noun readings, but used only duration as the major cue for stressed
syllables in verb readings. Mandarin L2 learners on the other hand showed a more
consistent use of both correlates in noun and verb readings in two ways: the four
correlates are all adopted in both conditions, and the magnitudes (differences between

stressed and unstressed syllables) used were consistent across noun and verbs.
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Formant analysis

The unstressed vowels in syllable 1 position (i.e. verb readings) as well as unstressed
vowels in syllable 2 position (i.e. noun readings) were reduced/centralized in native
speakers’ production. This pattern was observed in both front and back vowels;
however the degree of centralization (magnitude of reducing) is always greater in

back vowels than in front vowels.

Unstressed vowel reduction is not as clear in the learner groups. The unstressed
vowels in syllable 1 position (verb readings) were not reduced in either front or back
vowels. However, when located in the second syllable, both beginning and advanced
learners performed vowel reduction in both front and back vowels. The degree of
centralization is again greater in back vowels and relatively smaller in front vowels.

The magnitude of centralization is the smallest for beginning learners.
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2.3 Acoustic study II - FO contours in stressed syllables

The findings from the first acoustic study established that learners are less flexible in
the use of FO when compared to native English speakers. This effect may be triggered
by the phonemic role of FO in the learners’ tonal L1 (Mandarin). To further examine
the effect Mandarin L1 has on implementing FO in stressed syllables in English, the
second acoustic study was conducted using target syllables which are legal in
Mandarin. The hypothesis is that the learners are less flexible in their realization of
FO contours, and will apply more fixed contours in stressed syllables. Based on the
results in the first word pair experiment, in which Mandarin L2 learners of English
produced higher FO in stressed syllables, I hypothesize that learners will adopt the
pattern of either of the high tones in Mandarin (high-level tone 1 and high-falling tone

4) to signal stress in stressed syllables.

2.3.1 Methodology

In this experiment, English syllables which obey Mandarin phonotactics - CV(N) -
were chosen as stimuli to compare the FO contours of the stressed and unstressed
syllables in the production of Mandarin L2 learners of English. In addition, while
stimuli in the first acoustic study provide a nice mapping of near-exact segmental
composition of the minimal pairs, some of the target words may not be familiar to the
second language learners. The present experiment included familiar words pairs,
consisting of a monosyllabic word (e.g., key or knee), and a disyllabic word in which

the monosyllabic word is embedded in unstressed position (e.g., monkey or money).

The target words are always located at the end of the sentence. All three types of
syllables in the word pair were analyzed — the target syllable in stressed (e.g., 'key in
‘key’) and unstressed position (e.g., -key in ‘monkey’), as well as the non-target
syllable in a disyllabic word (e.g., mon- in ‘monkey’). A complete list can be found in

Appendix A.
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The same speakers that were analyzed in the first experiment were also used in this
experiment. The recording procedure is identical to the procedure in the first acoustic
study. The participants read the entire sentence aloud and repeated the final target
word. The FO of rimes for stressed and unstressed syllables was measured at every
10% of the contours, yielding 10 measurements for each rime. The contours were

then plotted using SPSS for further comparisons.

2.3.2 Results

Given that gender was not balanced in the three groups (more females in the
advanced group, more males in the native group), the contours for males and females
were plotted separately for this comparison. The FO contours for the stressed and
unstressed syllables are compared across three proficiencies. The FO contour of

individual speaker across all syllable types can be found in Appendix F.

Stressed syllables

First, monosyllables in stressed position (e.g. key) were examined. Results for the FO
contours are plotted in Figure 2.31 (top — females; bottom — males). The results from
the females showed that both beginning and advanced speakers’ productions showed
high falling tonal contours with great FO differences between the onset and offset
(beginning learners particularly). In addition, their contours showed a rise/plateau at
the onset, which resembles the profile of the Mandarin high falling tone. Native
speakers, however, produced a relatively level contour. A similar pattern was also
found in male data - both learner groups showed a greater FO drop between the onset

and offset, while native speakers produced more flattened contours.
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Figure 2. 23. FO contours for ‘key in stressed position across three proficiencies. Top
— females. Bottom — males.
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Unstressed syllables
The FO contours on unstressed syllable (e.g. -key as in monkey) are plotted in Figure
2.24. The contours are more similar across proficiencies than in stressed syllables,

and the contours all showed a gradual falling trend.
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Figure 2. 24. FO contours for -key in unstressed position across three proficiencies.
Top — females. Bottom — males.

As the contours for key in the stressed position were found to resemble the high-

falling tone 4 in Mandarin, stressed syllables in the disyllabic words in the stimuli list
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(e.g. mon in monkey) were examined. FO contours of the stressed syllables in non-
final position are plotted in Figure 2.33. Results from both genders showed that
learners at both proficiency levels utilize high level FO contours to signal stressed
syllables (females show a slight rising profile). The contours from the native speakers

are relatively flat with a gradual fall.

'mon. - female

2207 //

--.__________k__________.__-—--—"'__—*-\

200

™
L 150+
o
[
1607 proficiency
—bkeginning
—advanced
native
140+
T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10
contour measurements
‘mon. - male
150
140
— __-——-'-_.__-—_—___—
1307
£
= 1207
(=]
[T
1107
proficiency
1007 —beginning
—advanced
90+ native
T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10

contour measurements

Figure 2. 25. FO contours for mon (as in monkey) in stressed position across three
proficiencies. Top — females. Bottom — males.
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As shown in the previous section, the beginning and advanced learners’ contours for
stressed final syllables showed a high falling tonal contour, while the stressed non-
final syllable carries a high level contour. The patterns are quite consistent across
different speakers. The contour patterns of the native speakers are, on the other hand,
more diverse. The FO contours from the syllables examined are plotted for each

proficiency separately in Figures 2.26-28.
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Figure 2. 26. FO contours of three types of syllables from native speakers.
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Figure 2. 27. The merged FO contours of three types of syllables from advanced
learners.
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Figure 2. 28. The merged FO contours (across male and female) of three types of
syllables from beginning learners.
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In sum, the beginning and advanced learners’ contours for stressed final syllables
showed a high falling tonal contour, while the stressed non-final syllable carries a
high level contour. The patterns are quite consistent across different speakers. The

contour patterns of native speakers are much more diverse (cf. Appendix F).

2.3.3 Summary

This experiment examined Mandarin L2 learners producing English stressed syllables
which match Mandarin phonotactics, in order to examine the FO contours in learners’
productions. Although the stimuli in the previous acoustic study provide well-
controlled segmental conditions for the investigation of mean FO, max FO, intensity,
duration, and F2, most of the syllables in those stimuli are illegal according to
Mandarin phonotactics. In order to better evaluate the realization of FO contours in
speakers’ productions, stimuli which comply with Mandarin syllable structures were

utilized.

In this experiment, the same participants who participated in the first acoustic study
recorded four word pairs, such as key-monkey, D-daddy, knee-money, and bee-baby.
These word pairs target the same syllable, in stressed position as a monosyllabic word,
and in unstressed position in a disyllabic word. The FO contour patterns for the two
types of syllables in these two contexts were examined. The results indicate that FO in
unstressed syllables is lower when compared to stressed syllables. Interestingly, the
FO contours for stressed syllables in both beginning and advanced learners’
productions resemble that of the high-falling tone 4 in Mandarin. Further examination
of stressed syllables in the disyllabic words (e.g. mon-, da-, mon-, ba-) also showed
that their FO contours are similar to the high-level tone 1 in Mandarin. FO contour

results from native English speakers were, however, rather more diverse.

Mandarin learners of English, when utilizing higher FO to signal stressed syllables,

use the FO patterns they are most familiar with in their first language. The two tones

54



in the high register region (high-level tone 1 and high-falling tone 4) fulfill the high
FO requirement for the purpose of signaling stressed syllables, and are thus

appropriated by the learners.

These results are in line with the findings from the first acoustic study, which
suggested that having FO as a phonemic feature in their first language causes learners
to demonstrate a more fixed/inflexible use of FO as a stress cue. In the first acoustic
study, learners demonstrated an inflexible use of FO across stress locations while
native speakers incorporated other prosodic cues, and adjusted their use of all the

correlates.
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2.4 General discussion
2.4.1 Overall summary

Experiment 1

In the first acoustic experiment, disyllabic word pairs (e.g. contract and contract) with
similar segmental composition but contrastive stress location were recorded by
Mandarin learners of English with different proficiencies. Mean FO, max FO0, intensity,
duration, and F2 of stressed and unstressed vowels were measured and compared to
those of native English speakers. Learners use the mean FO, max FO, intensity, and
duration similarly to native speakers in noun readings. When producing stressed
vowels in verb readings (2" syllable stressed) however, native speakers encoded only
duration to signal stress, while beginning and advanced learners utilized all of the
correlates. Mandarin L2 learners demonstrated a more consistent use of these
correlates in noun and verb readings in two specific ways: the four correlates were all
adopted in both conditions, and the magnitudes (differences between stressed and
unstressed syllables) used were also consistent across conditions. Results from
formant analysis also indicate that the learners’ vowel reduction patterns are much
more similar to native English speakers in noun readings than in verb readings. This
difference in the relative importance of acoustic correlates in different stress locations

seems to have been overlooked in previous studies.

Experiment 2

The second acoustic experiment focused on the FO contour patterns in English
stressed and unstressed vowels produced by Mandarin L2 learners. The results
revealed that learners at both proficiencies adopt a high-level FO contour (when stress
is located in non-final vowels) and a high-falling contour (when stress is located in
the final syllable) to signal stressed syllables, while native speakers exhibit more
diverse contour patterns. This effect may be triggered by the phonemic role of FO in

Mandarin.
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2.4.2 Comparison among speaker groups

As stated in 2.4.1, the results from the minimal word pair experiment indicate that the
acoustic correlates were implemented differently across speaker groups. Native
speakers utilize mean FO, max FO, intensity, and duration to signal stressed syllables
in noun readings, but used only duration as the major cue for stressed syllables in
verb readings, while learners consistently used all correlates in both noun and verb
readings. This divergence is also supported by the formant analysis data: vowel
reduction patterns in the learner groups are more similar to native speakers when the
unstressed vowel is located in the second syllable (noun readings) than when the

unstressed vowel is located in the first syllable (verb readings).

Closer examination of this divergence shows that in verb readings, native speakers
reduce the duration of the unstressed vowel markedly, generating a greater duration
difference between the stressed and unstressed vowels. Mandarin L2 learners on the
other hand use more consistent (fixed) differences between stressed and unstressed
vowels to signal stress in both nouns and verbs. FO contour patterns are also more
fixed in the Mandarin L2 learners’ production. I propose that this divergence may
originate from the learners’ inflexible use of FO cues in Mandarin, i.e., the tone
patterns are fixed in Mandarin; each syllable can only have one of the four tone
patterns. As a result, Mandarin speakers are better at controlling features in producing
FO. In addition, the phonemic status of FO triggers a more consistent use of the cue.
Consequently, Mandarin L2 learners are hypothesized to adopt a more fixed
magnitude of FO difference to signal the stressed vowel. Unlike the magnitude used

by native English speakers which varies according to other prosodic cues.

Extrinsic factors at play
The statistical analysis of stressed-to-unstressed vowel ratios revealed another
asymmetry. The magnitude of mean FO, max FO, and intensity was found to be

greater in nouns than verbs. When averaged across all speaker groups, the ratios for
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nouns and verbs respectively are mean FO (1.18, 1.03), max FO (1.16, 1.05), and
intensity (1.1, 1.02). On the contrary, duration is used to a greater extent in verb
readings (2.17) than noun readings (1.23). I believe that magnitudes of mean F0O, max
FO, and intensity for stressed syllables in nouns are reduced by down-stepping, while
duration cues for stressed syllables in verbs are augmented by final lengthening.
Down-stepping is known as the general trend of energy declination (which usually
involves pitch and intensity) in natural speech (Ladefoged, 1982). Final lengthening

refers to the elongation of the domain-final unit in utterances.

Down-stepping and mean FO, max FO, and intensity

Figure 2.29 below demonstrates the hypothetical interaction between the down-
stepping effect and FO and intensity. Assuming speakers adopt the same FO/intensity
magnitudes to signal stressed vowels, the absolute difference between P1 and P2
should be identical in noun and verb readings. As shown in section (a), the
FO/intensity peak of the first vowel (henceforth P1) is greater than P2 in nouns, while
P2 is higher in verbs. The dotted lines in section (b) depict the end result after down-
stepping. As a result of down-stepping, the FO/intensity differences are enhanced in

noun readings but diminished in verb readings. This is in line with the acoustic data.

Noun Verb
P, P,
I
P “ N
(a) P " S
RN /\f AN
P1 P2

Figure 2. 29. Hypothetical scheme of how down-stepping interacts with FO/intensity
in noun and verb readings.
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The realization of mean FO, max FO, and intensity across three proficiencies was also
further examined. The stressed-to-unstressed vowel ratios (V1/V2 for nouns and
V2/V1 for verbs) for these correlates are plotted again in Figures 2.30-32. As shown
in the figures, all speaker groups have greater ratios for nouns than for verbs, i.e. the
difference in magnitude is greater in nouns than verbs. However, native English
speakers (golden line) exhibit the greatest ratio differences between nouns and verbs
(demonstrated by the greatest slope among the three proficiencies). Beginning
learners, on the other hand, have closer stressed-to-unstressed vowel ratios between
nouns and verbs. The ratio differences between nouns and verbs from the advanced

learners are consistently in between those of native speakers and beginning learners.
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Figure 2. 30. The interaction between stress location and proficiency.
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Figure 2. 31. The interaction between stress location and proficiency level for max
FO.

Intensity
proficiency
beginning
~—— adwvanced
native

1.2
2
=
=
=
@
w
“
F=4
B
=
=
AR
w
rd
@ :
= e
1

\
1.0

T T
noun werb

Figure 2. 32. The interaction between stress location and proficiency level for
intensity.
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Final lengthening and duration

I propose that final lengthening can account for the greater use of duration in verb
readings. The effect of final lengthening is simulated in Figure 2.24. As shown in
section (a), the duration of the first vowel (henceforth V1) is longer than V2 in nouns,
while V2 is longer than V1 in verbs. Again, assuming the speakers adopt the same
duration difference to distinguish stressed and unstressed vowels, the absolute

difference between V1 and V2 should be identical in noun and verb readings.

The dotted lines in section (b) were added to the end of V2 to represent the final
lengthening effect. It is shown that final lengthening reduces the duration difference
between V1 and V2 in noun readings (Figure 2.33b), i.e. final lengthening increase
the duration V2 hence reduced the duration differences V1 and V2. In verb readings,
however, it increases the duration difference between V1 and V2. Consequently, final
lengthening would predict that the duration differences between V1 and V2 in noun
readings will be smaller when compared to those of verb readings, which is consistent
with the acoustic results- when comparing stressed-to-unstressed vowel ratios, verb
readings have significant greater duration ratios than noun readings (cf. ANOVA

results in Table 2.5).

Noun Verb
Vi V2 Vi1 V2

(o)) e

Figure 2. 33. Hypothesized final lengthening interaction with duration cues in nouns
and verbs.
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I further examine the interaction of duration cue with final lengthening in all three
proficiencies. As shown in Figure 2.34, all speaker groups have greater stressed-to-
unstressed vowel ratios for verbs than for nouns, i.e. the difference in magnitude is
greater in verbs than in nouns. This confirmed our hypothesis that final lengthening
enhanced the duration cue in general. However, compared to the learners, native
English speakers use a significantly greater duration ratio for verb readings (as
indicated by the steep slope of the golden line for native speakers and flatter lines for

beginning and advanced learners).

Duration

3 0 proficiency

= beginning

— adwvanced
native

stressedlunstressed ratio
8] i8]
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1 |

=
m
|

T T
noun wverb

Figure 2. 34. The interaction between stress location and proficiency levels for
duration.

Based on the discussion above, I propose that native English speakers’ realization of
FO cues for word stress seems to interact with extrinsic prosodic factors, while the
learners, beginning learners particularly, show a consistent use of FO across different
stress conditions. I argue that this is derived from the contrastive characteristic of FO
in the learners’ L1, Mandarin. It appears that when the feature is phonemic in the L1,
the speakers have more consistent control of utilizing the feature during production in
a second language. I will discuss these results again in the general discussion (section

2.4).

62



Other factors

The fact that Mandarin has a similar prosodic template to the stress readings for
nouns in English may contribute to the observed pattern between native English
speakers and Mandarin L2 learners of English. Apart from the four lexical tones in
Mandarin, there is also a neutral tone, which occurs mostly in utterance/phrase-final
positions. Syllables carrying this tone are either grammatical particles or reduplicated
syllables. Phonetically speaking, these syllables have been found to be lower in FO, or
resemble the underlying tonal contours. The domain-final feature of neutral tone
familiarizes Mandarin speakers with the semi-trochaic stress pattern in English, and
further facilitates their acquisition of English trochaic words. The iambic stress

pattern, however, has no similar prosodic structure existing in Mandarin.

Results from previous studies have shown that Mandarin speakers learning English as
a second language have issues in the temporal domain. More specifically, the syllable
durations in their production are not as varied as native speakers, which originate
from their lack of reducing the unstressed vowels (Tseng, 2001). Furthermore, it has
been reported that the sentential stress in Mandarin is manifested mostly by FO
followed by intensity. Duration was not found to be an important correlate for stress

in Mandarin (Coster and Kratochvil, 1984).

The present study has established that stressed vowel realization in native English
speakers is altered in different prosodic positions. I believe that this is due to the
native speakers’ flexibility in incorporating other extrinsic factors, such as down-
stepping and final lengthening, in the implementation of stress. Mandarin L2 learners
show a much more fixed utilization (fixed difference magnitude in nouns and verbs)

of FO. I believe that this is due to the phonemic feature of FO in Mandarin.
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2.4.3 Comparison with previous studies

In previous research on the phonetic realization of stress at the word level by second
language learners, researchers often merged the data from noun and verb readings,
and overlooked the differences in initial and final stress. These differences have been

revealed by the results of the current study.

These findings are supported by research at the sentential level - the phonetic
realizations of a target word alter when located in different accentual positions in a
sentence. McGory (1998) investigated FO and duration realization in word pairs
contrasting in the location of stress (e.g. memorize-memorial) in the production of
native English speakers, Mandarin L2 learners of English, and Korean L2 learners of
English. The target words were produced in statements and questions, as well as
different sentence focus locations (nuclear, prenuclear, and postnuclear unaccented).
Results indicated that native English speakers produce different FO pitch patterns
depending on the sentence type and accentual position. Both Mandarin and Korean
L2 learners, however, produce the same FO pitch patterns across sentence types and

accentual positions.

Zhang et al. (2008) compared the realization of mean FO, max FO location, intensity,
duration, and spectral composition in word pairs contrasting in stress locations (e.g.
contract-contract) between 10 Mandarin speakers and 10 native English speakers.
Their results showed that the learners and the native speakers behave similarly in
their use of duration and intensity, but that learners produce stressed syllables with a
higher FO than native speakers. A major issue arises from their statistical analysis:
they used absolute measurements for each correlate as dependent variables. This
makes the results more susceptible to differences in speaking rate and intrinsic FO
across speakers. The results of greater FO from Mandarin learners’ production could

be due to the smaller laryngeal structure of Asian speakers (similar results were found

64



in Yang, 1996 and Chen et al., 2001). Secondly, the difference between nouns and

verbs were overlooked.

Based on the differences in acoustic realization in this study, as well as the contextual
effect found in McGory (1998), I believe that native speakers adjust their
implementation of stress to contextual factors- location of the stress and extrinsic
intonation patterns. To evaluate the degree of resemblance between between
performance by second language learners and native speakers, more contextual
factors need to be incorporated in the experimental design. Most importantly, these
measures need to be analyzed separately in order to evaluate the performance of
second language learners. A design with multiple sentence types and accentual

positions would allow for a more controlled comparison across different contexts.

In addition, for researchers who are interested in the implementation of stress at the
phonetic level, care should be taken to ensure the speakers are indeed placing the
stress in the correct location. Several methods have been utilized to accomplish this:
informing speakers about the stressed syllables (extended practice in Lee et al. 2006,
highlighting stressed syllables in the current study); adopting native listener ratings
on correct stress placement, and eliminating those tokens rated as having the wrong
stress placement (Zuraig, 2005). The results from this rating are greatly affected by
the listeners’ perceptual strategies, and may result in accidentally eliminating tokens
which speakers produce with correct stress placement but with weaker perceptual

cues for the listeners.

The results from the two acoustic studies described in this chapter provide a good
grounding for selecting the cues which will be resynthesized as the stimuli for the
following perception study. FO (especially Max FO) and duration are selected due to
the divergent use of these two correlates by different speaker groups. Intensity,

although also adopted in all speaker groups, seems to correlate with max FO in noun
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readings, and is not significantly different between speaker groups in verb readings.
Therefore, intensity will not be included as a cue. Finally, given the differences in the
realization of vowel quality in stressed and unstressed vowels between speaker
groups, vowel quality will also be included as one of the cues to be tested in the

perception study.
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CHAPTER 3: PERCEPTION STUDY

This chapter describes a perception experiment designed to explore the relative
importance of max F0, duration, and vowel quality in stress perception by Mandarin
L2 learners of English. These particular target cues were chosen based on their
diverse roles in stress realization, and were determined by the previous two acoustic
studies. Max FO is realized differently by native English speakers and learners in both
nouns and verbs, and the role FO cues play in stress perception by Mandarin L2
learners of English, due to its phonemic characteristics in Mandarin, is of particular
interest. Duration plays a primary role in native English verb production, but not in

the production of beginning learners, and is therefore also of interest.

Unstressed vowel reduction has been shown to be difficult for second language
learners. Vowel quality was chosen as the final cue, therefore, in order to determine if
it affects the perception of stress for second language listeners as it does for native
speakers of English. It is predicted that full vowels will attract stress localization
responses in native English listeners, but not in beginning learners. Advanced learners
may be quite sensitive to vowel quality, and may identify full vowels as stressed

vowels more than learners.

Max FO was chosen instead of mean FO, because mean FO does not differ across
speaker groups in noun readings (cf Figure 2.6). In addition, mean FO is the mean of
all FO measurements within the vowel, and characteristics which might show up
through FO analysis could diminish or disappear in averaging. The implementation of
intensity was found to diverge between speaker groups. However, due to its high
correlation with max FO (similar trends in stress implementation), it is not considered

in the current study.

Beginning learners are predicted to be the most sensitive to max FO cues, and the least

sensitive to duration cues, while native listeners are expected to be sensitive to both
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duration, and to a somewhat lesser extent, max FO. Advanced learners are predicted to

pattern somewhere in between these two groups.
3.1. Methodology

3.1.1 Stimulus construction

The stimuli were resynthesized versions of the naturally produced, non-word
disyllable “dada.” The non-word “dada” was chosen over real words to help ensure
that responses were not biased by the frequency of occurrence of a frequent noun or
verb form in a minimal pair. Two types of stimuli were synthesized: the first type is
‘dada’ with full vowels in both syllables, and the second type has a reduced vowel in
the first syllable and a full vowel in the second syllable. These two types of stimuli
are designed to investigate the listeners’ sensitivity to the reduced vowel quality of

the first syllable. The resynthesis procedure for each type is described below.

Vowel quality

The source stimuli were first recorded in the anechoic chamber at the University of
Kansas by a female native English speaker producing ['dadu] and [da'du]. The
recording was conducted with a Marantz PMD671 solid state recorder and Electro-
Voice RE20 microphone, with a sampling rate of 22.05 kHz. The recording was then
transferred to Praat (v. 4.3.04, © P. Boersma and D. Weenink) for PSOLA resynthesis.

The stressed and unstressed [da] were then extracted to become the bases for further
stimulus construction. To ensure that the reduced [da] (henceforth [da]) has the same
acoustic attributes as the [da] syllable except spectral composition, the duration, FO
tier, and intensity tier of [o] were rescaled to match those of the full vowel [a]. This
procedure is shown in the flow chart in Figure 3.1. Numbers were attached to the
tokens to encode the steps of resynthesis. [da0] and [do0] refer to the unprocessed

tokens extracted from the recording.
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The vowel durations of [da0] and [do0O] were measured first. As expected, the
duration of the reduced vowel in [do0] was found to be shorter (144 ms) than the full
vowel in [da0] (197ms). Therefore, the duration of the reduced vowel in [do0] was

lengthened to 197 ms.

197 ms | dal) da0 144 ms

duration | - -

pitch
tier

]
L4

intensity
tier

da3

Figure 3. 1. Procedure of duration, pitch tier, and intensity tier rescaling on [da0] and
[do0] syllables to generate the bases [dal] and [do3] for further stimulus
manipulation.

Results from the second acoustic study on FO contour realization in stressed syllables
indicated that Mandarin L2 learners of English use different FO contour patterns than
native English speakers. It is reasonable to hypothesize that FO contours may affect
the stress perception of Mandarin L2 learners as well. Although the current study
does not include FO contour patterns as one of the testing correlates, care was taken to

create target tokens with identical FO contours, as described below.

The pitch points for onset (216 Hz) and offset (193 Hz) of the pitch tier of [da0] were
first measured, and then all the pitch points on the pitch tier of [da0] were removed. A
new pitch tier was generated by resetting the onset and offset pitch points to 216 Hz
and 193 Hz respectively, and interpolating a new tier between the onset and offset

pitch points. This pitch tier was then combined with the original sound and to
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generate [dal]. The same procedure was applied to [dol] to generate [do2], which
has the same FO contour as [dal]. Intensity rescaling was done by replacing the

intensity tier of [do2] with that of [dal].

’
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Formant frequency (Hz)
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Figure 3. 2. The spectrograms and formants for the full vowel [dal] (top) and the
reduced vowel [do3] (bottom).

Two disyllabic non-words were generated for the contrast of spectral composition.

The first set of stimuli has full vowels in both syllables. This was accomplished by
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appending [dal] after another [dal], generating the word ‘“dada.” The interval
between the offset of the first vowel and the release of closure in the second syllable
was adjusted to be 60 ms, to simulate the closure of the second [d] sound in natural
production. Similarly, [da3] was appended with a [dal], creating the second non-word

[dada], which has a reduced first vowel and a full second vowel.

Max FO and duration resynthesis

The resynthesis values for max FO and duration were determined based on the
measurements obtained from the natural production data in the word pair acoustic
experiment. The greatest absolute ratios for max FO and duration across noun and
verb readings in all speaker groups were calculated first. This ratio, as well as its
reciprocal, became the end points for the resynthesis. For max FO0, the greatest ratio is
from the noun reading of native speakers, at 1.23. This ratio and its reciprocal, .813,
became the end points of resynthesis. For duration, the greatest ratio is from the
native speakers’ verb readings, at .45. This ratio and its reciprocal, 2.22, serve as the
end points for duration resynthesis. After the endpoints were obtained, the
intermediate ratios between the endpoints and the baseline ratio of 1.0 were
calculated, in order to generate five target first-to-second syllable ratios for max FO as
well as duration. The resynthesis ratios for max FO are (1.23, 1.115, 1, .897, and .813),
and the ratios for duration are (2.22, 1.11, 1, .901, and .45).

In addition, the findings from the acoustic study indicated that when stressing a
syllable, native speakers modify the max FO and duration of both syllables, i.e., they
not only raise the magnitude of these cues in the stressed syllable, but also lower the
same cues in the unstressed syllable. In order to simulate actual production, the target
ratios were achieved by modifying max FO and duration for both syllables. The
absolute values for syllables 1 and 2, as well as the corresponding ratios are shown in

Figure 3.3 (max FO) and Figure 3.4 (duration).
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The ratios were also assigned codes — a combination of a letter (F for max FO ratios
and D for duration ratios) and a numeral (‘5 for the greatest 1*-t0-2" vowel ratio,
and ‘1’ for the smallest ratio) to facilitate further description. Ratios for max FO are
1.23 (F5), 1.115 (F4), 1 (F3), .897 (F2), and .813 (F1). Ratios for duration are 2.22
(DS), 1.11(D4), 1 (D3), .901 (D2), and .45 (D1). Notice that, in general, greater
numerals should induce greater trochee responses (1* syllable stressed, noun readings)
in stress perception (e.g. F5 and D5 refer to the greatest first-to-second vowel ratios in
max FO and duration). The first syllable, then, should have a greater chance of being
perceived as stressed. In addition, F3 and D3 both have ratios of 1, in which absolute

measures of max FO and duration are equal between first and second vowels

respectively.
Wist [Oond
260
240
T 2201
e
S 200
= 240 249
180 215 216
199
1607
1230 (F5) 1115 (F4) 1(F3)  0897(F2) 0813 (F1)

Max FO ratios

Figure 3. 3. The first-to-second syllable max FO ratios and the absolute measures.
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duration ratios

Figure 3. 4. The first-to-second syllable duration ratios and the absolute measures.

Further resynthesis used the dada and dada disyllables (cf. vowel quality section) as
the bases of duration and max FO manipulation. Firstly, duration was resynthesized
using Time-Domain Pitch-Synchronous Overlap-and Add (TD-PSOLA) manipulation
method. The manipulation window of TD-PSOLA contains sound, pulses, pitch tier
and duration tier. The duration ratios were implemented by adjusting the durations of
syllables in the disyllabic words using duration manipulation (see Appendix B for a
thorough manual). Figure 3.5 shows an example for duration tier manipulation. The
adjusted duration tier was then combined with the original sound to generate a new

disyllable which will have the target first-to-second vowel duration ratio.
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m—) ] 1

Figure 3. 5. Duration resynthesis using TD-PSOLA. From top to bottom:
sound/pulses, pitch tier and duration tier.

Max FO resynthesis was done by reassigning pitch points of the syllables. Figure 3.6
shows the procedure of the resynthesis. The old pitch points (as shown in grey dots)
were first removed. The onset pitch point was assigned based on the target max FO
calculated in the previous section. Noted that max FO in natural production by the
native English speaker happen to locate at the beginning of the syllable, hence the
resynthesis target max FO point in onset position. The offset pitch point is always set

to be identical as the original sound.

Figure 3. 6. Max FO resynthesis using TD-PSOLA. From top to bottom: sound/pulses,
pitch tier and duration tier.
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3.1.2 Participants

Fifty native speakers of Mandarin who learned English as a second language were
recruited from the University of Kansas, National Taiwan University, and Richmond,
Virginia. They are grouped into two proficiency levels - beginning and advanced -
based on a language background questionnaire (in Mandarin, see Appendix C). The
questionnaire elicited biographical information including age, gender, age when the
participant first started learning English, number of years of English learning, daily
usage of English, immersion in an English-speaking environment, and the self-rating
of their English speaking and listening proficiency. Twenty-five native English
speakers from the University of Kansas participated in this experiment as the control
group. They also filled out a questionnaire (Appendix C) regarding their exposure to

other languages.

3.1.3 Procedure

The perceptual reliance of Mandarin L2 learners of English was tested through a
stress localization experiment administered using Paradigm software (Perception
Research Systems Inc.). The participants were tested in a quiet room. The instructions
and prompts were presented on a computer monitor, and the stimuli were presented
over headphones. Each participant listened to 150 tokens [max FO ratios (5) x
duration ratios (5) x vowel type (2) x 3 repetitions] in one block in randomized order.
The listeners were instructed to first click a circle on the screen to center the mouse
and to initiate stimuli. A latency of 250ms occurred between clicking the circle and
the onset of the target stimulus. After listening to the token, the listeners’ task was to
indicate which syllable was stressed (syllable 1 or syllable 2) by clicking the
corresponding text - DAda (first syllable stressed) or daDA (second syllable stressed)
on the screen. There was a practice session composed of 16 trials before the
experiment. The experiment took about 15-20 minutes per subject. Due to the high
attention demand of the task, the participants could take breaks during the experiment

by delaying clicking the circle at the beginning of each trial.
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3.2 Results

3.2.1 Overall analysis

To examine the effect of all the factors included in the current study, a four-way
ANOVA with vowel quality (full and reduced in the first syllable), max FO (5 ratios),
duration (5 ratios), and proficiency (3 levels), was performed. The dependent variable
is the responses provided by the listeners: ‘1°- first syllable is stressed or ‘2’- second
syllable is stressed. A lower response (closer to 1) refers to a more noun-like
perception, while a higher response (closer to 2) refers to a more verb-like perception.

The significance, F and p values of the ANOVA are tallied in Table 3.1.

significance F P

Vowel * (1, 3600)=101.7 <.001
max FO * (4, 3600)=204.58 <.001
Duration * (4, 3600)=195.39 <.001
Proficiency * (2,3600)=11.83 <.001
vowel*duration n.s. (4, 3600)=1.43 221
vowel*max FO * (4, 3600)=2.67 .030
vowel*proficiency n.s. (2, 3600)=.27 759
duration*max FO n.s. (16,3600)=.60 .881
duration*proficiency * (8, 3600)=39.47 <.001
max FO*proficiency * (8,3600)=104.37 <.001
vowel*duration*max FO n.s. (16, 3600)=.572 907
vowel*duration*proficiency n.s. (8,3600)=1.51 .148
vowel*max FO*proficiency n.s. (8,3600)=1.44 174
duration*max FO*proficiency n.s. (32, 3600)=.85 15
vowel*duration*max n.s. (32, 3600)=.66 929
FO*proficiency

Table 3. 1 The significance, F, and p values for the four-way ANOVA testing the
effect of vowel quality, max FO, duration, and proficiency on stress identification.

The results indicated that the main effect of vowel quality is significant. The response
for words with a full vowel in the first syllable (1.42) is lower than for words with a
reduced vowel (1.52), which indicates that a reduced first vowel triggers more verb-

like responses (values closer to 2). Surprisingly, the interaction between vowel
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quality and proficiency is not significant, which indicates that the three proficiency
levels do not differ in their utilization of the vowel quality cue. Further analysis of the
two sets of vowel type words confirmed that the three groups are very similar to each
other in both sets. In order to more closely examine the effect of proficiency, max FO,
and duration, further discussion will focus on a three-way ANOVA on the full vowel

set - dada. (see Appendix E for the results of the four-way ANOVA).
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3.2.2 Max FO0, duration, and proficiency

Main effects

A 5 (max FO) x 5 (duration) x 3 (proficiency) analysis of variance (ANOVA) of the
responses showed a main effect of max FO [F (4, 1800) = 93.76, p <.001] (see Figure
3.7). Note that a greater first-to-second syllable ratio should induce more noun (1%
syllable stressed- smaller mean) responses. The posthoc analysis indicated that the
mean response for ratios F5 and F4 was smaller than for F3, which was smaller than
F2 and F1. In other words, ratios FS and F4 received significantly more noun
responses than others. The ratios F2 and F1 received more verb responses. F3 (ratio 1)
was found to have more noun responses, which indicates that there may be a noun

bias when no other cues are provided.

dada

daDA (verb) i— 2.07

Stressed syllable

DAda (noun) ——» 1.07

123(F5) 1115(F4)  1(F3)  B9T(F2)  BI3(F1)

max fO ratios
Figure 3. 7. Responses for first-to-second max FO ratios. The response ‘1’ refers to

Ist syllable stressed (noun response) while ‘2’ refers to 2nd syllable stressed (verb
response). The dotted reference line, 1.5, is the assumed chance level performance.
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The main effect of duration was found to be significant [F (4, 1800) = 111.42, p
< .001] (Figure 3.8). The posthoc analysis showed that responses for ratios D5 and
D4 were significantly smaller than those for other ratios, but were not significantly
different from each other. Responses for the baseline D3 were significantly smaller

than both D2 and D1. Responses for D1 were significantly higher than all other ratios.

dada

daDA (verb) i—» 2.07

Stressed syllable

DAda (noun) ——» 101

2.22'([]5) 1_11'([14) 1([']3) _901'(02) _45('01)

duration ratios

Figure 3. 8. Responses for first-to-second vowel duration ratios. The response ‘1’
refers to 1st syllable stressed (noun response) while ‘2’ refers to 2nd syllable stressed
(verb response). The dotted reference line, 1.5, is the assumed chance level
performance.
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The main effect of proficiency is also significant [F (2, 1800) = 7.55, p =.001] (Figure
3.9). The post hoc analysis indicated that there were significantly more noun
responses from advanced learners and native speakers than from beginning learners.

No significant differences were found between advanced learners and native speakers.

dada

daDA (verb) — 2.0

1]
)
]
B
-0 1
e 1.40 1.41
in
DAda (noun) = 101
T T T
beginning advanced native
proficiency

Figure 3. 9. Responses from beginning and advanced learners as well as native
speakers of English. The response ‘1’ refers to Ist syllable stressed (noun response)
while ‘2 refers to 2nd syllable stressed (verb response). The dotted reference line,
1.5, is the assumed chance level performance.

Interactions

The interaction between max FO and proficiency was found to be significant [F (8,
1800) = 51.39, p <.001] (Figure 3.8). Responses from the beginning learners do not
differ much across the five max FO ratios. The max FO ratios have a gradual effect on
the native speakers’ responses — a greater max FO ratio entails more noun responses,
while a smaller max FO ratio entails more verb responses. Results from the advanced
learners show a near-categorical pattern across the ratios. More noun responses were
associated with ratios F5 and F4, while more verb responses were associated with
ratios F2 and F1.
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max f0 ratios

Figure 3. 10. Responses for five max FO ratios from three proficiencies. The response
‘1’ refers to 1st syllable stressed (noun response), while ‘2’ refers to 2nd syllable
stressed (verb response).

Impact degree

The first-to-second max FO vowel ratios have a gradient effect on the responses of
native speakers — a greater max FO ratio means more noun responses. Native speaker
responses to different max FO ratios changed from 1.28 (for F5) to 1.54 (for F1).
Advanced learners exhibit a near-categorical effect across max FO ratios. Their
responses changed from a high percentage of noun responses (1.05 for F5), to a high
percentage of verb responses (1.81 for F1). Finally, beginning learners’ stress
perception did not seem to be affected by different max FO ratios - their responses

remain near chance level across all five ratios.

The max FO cue has the greatest impact on advanced learners, followed by native

speakers, with no discernible effect on the stress perception of beginning learners.
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The interaction between duration and proficiency was also significant [F (8, 1800) =
20.41, p<.001] (Figure 3.9). The results from the beginning learners demonstrate a
near-categorical effect of the duration ratio on their responses: ratios D5 and D4
received a high percentage of noun responses, while D2 and D1 received a high
percentage of verb responses. The results from the advanced learners and native
speakers showed a more gradient effect of duration ratios - verb responses gradually

increase as the first-to-second vowel ratio decreases.
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Figure 3. 11. Responses for five duration ratios from beginning learners, advanced
learners and native listeners. The response ‘1’ refers to 1st syllable stressed (noun
response) while ‘2’ refers to 2nd syllable stressed (verb response).

Apart from vowel quality, duration was also found to play a role in stress perception
in all listener groups, in which greater first-to-second vowel ratios entailed more noun
responses (Figure 3.14). Nevertheless, the magnitude of the effect from each listener

group is different: results from the beginning learners demonstrate a near-categorical
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effect of duration ratio. Their responses changed from 1.19 (for D5) to 1.78 (for D1).
The magnitude of change is smaller for native speakers. Their responses changed
from 1.24 (for D5) to 1.64 (for D1). Finally, the responses of advanced learners
changed from 1.31 (for D5) to 1.51 (for D1).

In short, the duration cue has the greatest impact on the responses of beginning

learners, followed by native speakers and then advanced learners.

3.2.3. Cue weighting in each listener group

To further examine the consistency of the effect of max FO for each duration ratio
(and vice versa), the responses for five first-to-second vowel max FO ratios (x-axis)
across five duration ratios (separate lines) are plotted for each proficiency level.
Parallel graphs show first-to-second vowel duration ratios along the x-axis and max
FO as separate lines (see Figures 3.12). Results from individual listeners can be found
in appendix G. Responses for all cue combinations across all speaker groups are

plotted in appendix H.
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Native speakers
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Figure 3. 12. Responses from native listeners plotted with max FO ratios along the x-
axis (top) and duration ratios along the x-axis (bottom). The response ‘1’ refers to 1st
syllable stressed (noun response), while ‘2’ refers to 2nd syllable stressed (verb
response).
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As shown in Figure 3.12, both graphs demonstrate that the smaller the first-to-second
vowel ratios (D5 to D1) are, the more verb responses are elicited from native speakers.
In order to evaluate the relative importance of max FO and duration, native listener
responses for each max FO and duration ratio combination are plotted in Figure 3.13.
The responses for the following combinations were compared to evaluate the effects
of max FO and duration: 1.) max FO and duration signal the same syntactic category,
2.) max FO and duration signal opposite syntactic categories, 3.) max FO cue present

only, and 4.) duration cue present only.
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Figure 3. 13. Responses from native English speakers for all cue combinations.
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Matched cues
When duration and max FO both signal nouns (F5, F4) x (D5, D4) or both signal
verbs (F2, F1) x (D2, DI), the responses generally match the cues - more noun

responses for (F5, F4) x (D5, D4), and more verb responses for (F2, F1) x (D2, D1).

Conflicting cues

When duration and max FO are in conflict with each other, in the combinations of (F5,
F4) x (D2, D1), in which FO cues noun but duration cues verb, only F5D2 and F4D2
have more noun responses. FSD1 has close to chance level performance, and F4D1
has more verb responses. The results indicate that duration cues can cancel out FO

cues (F5D1), or outweigh FO cues (F4D1).

In other cue-conflicting combinations - (F2, F1) x (D5, D4), in which FO cues verb
but duration cues noun, native speakers have more noun responses in all four

conditions, indicating that duration cues outweigh FO cues in these contexts.

Max FO cue-only and duration cue-only

In duration cue-only conditions (F3 column), native speakers have more noun
responses for D5 and F4, close to chance level for D3 and D2, and more verb
responses for D1. In max FO cue-only conditions (D3 row), native speakers have
more noun responses for F5 and F4, but performed at chance level for F3, F2, and F1.
The results suggest that when duration is not present, even though FO cues verb, the

tokens were still not perceived as verbs.
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Advanced learners
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Figure 3. 14. Responses from advanced learners plotted with max FO ratios along the
x-axis (top) and duration ratios along the x-axis (bottom).
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In Figure 3.14, both graphs demonstrate that as the first-to-second vowel ratios
decrease (D5 to DI1), advanced Mandarin L2 learners of English have more verb
responses. The categorical effect found across max FO suggested that max FO plays a

major role in stress location judgment.

To further confirm this observation, the responses for each max FO and duration ratio
combination are plotted in Figure 3.15. The responses for the following combinations
were compared to evaluate the effects of max FO and duration: 1.) max FO and
duration signal the same syntactic category, 2.) max FO and duration signal opposite

syntactic categories, 3.) max FO cue present only, and 4.) duration cue present only.
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Figure 3. 15. Responses from advanced Mandarin L2 learners of English for all cue
combinations.
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Matched cues
When duration and max FO both signal nouns (F5, F4) x (D5, D4) or both signal
verbs (F2, F1) x (D2, DI), the responses generally match the cues - more noun

responses for (F5, F4) x (D5, D4) and more verb responses for (F2, F1) x (D2, D1).

Conflicting cues

When duration and max FO are in conflict with each other, in the combinations of (F5,
F4) x (D2, D1), in which FO cues noun but duration cues verb, advanced learners
have more noun responses, suggesting that FO plays a more important role in
perception. In parallel, results from (F2, F1) x (D5, D4), in which FO cue verb but
duration cues noun, advanced learners have more verb responses in all four

conditions, indicating that FO cues outweigh duration cues in these contexts.

Max FO cue-only and duration cue-only

In duration cue-only conditions (F3 column), advanced learners have noun responses
in almost all duration ratios, however the deviation from 1.5 decreases from D5 to D1.
Responses for D1 are close to chance level. Interestingly, for F3D3 (all cues neutral),
advanced learners have more noun responses, suggesting that their responses may be

noun-biased.
In max FO cue-only conditions (D3 row), advanced learners have more noun

responses for F5 and F4, and more verb responses for F2 and F1. The results suggest

that the judgments of advanced learners are primarily based on FO cues.
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Beginning learners
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Figure 3. 16. Responses from the beginning learners plotted with max FO ratios along
the x-axis (top) and duration ratios along the x-axis (bottom).
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In Figure 3.16, the top graph with the max FO ratios along the x-axis demonstrates
that the responses from the beginning Mandarin L2 learners of English do not change
across different max FO ratios (as seen by the flat lines for all duration ratios). On the
other hand, the bottom graph demonstrates a near-categorical effect across different
duration ratios, which suggests that duration plays a major role in stress location

judgment.

To further confirm this observation, the responses for each max F0O and duration ratio
combination are plotted in Figure 3.17. The responses for the following combinations
were compared to evaluate the effects of max FO and duration: 1.) max FO and
duration signal the same syntactic category, 2.) max FO and duration signal opposite

syntactic categories, 3.) max FO cue present only, and 4.) duration cue present only.
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Figure 3. 17. Responses from beginning Mandarin L2 learners of English for all cue
combinations.
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When duration and max FO both signal nouns (F5, F4) x (D5, D4) or both signal
verbs (F2, F1) x (D2, D1), responses from the beginning learners match the cues -

more noun responses for (F5, F4) x (DS, D4) and more verb responses for (F2, F1) x

(D2, D1).

Conflicting cues

When duration and max FO are in conflict with each other, in the combinations of (F5,
F4) x (D2, D1), in which FO cues noun but duration cues verb, beginning learners
have more verb responses, suggesting that duration plays a more significant role in
the perception of stress. In parallel, results from (F2, F1) x (D5, D4), in which FO
cues verb but duration cues noun, beginning speakers have more noun responses in all

four conditions, indicating that duration cues outweigh FO cues in these contexts.

Max FO cue-only and duration cue-only

In duration cue-only conditions (F3 column), beginning learners have more noun
responses in D5 and D4, and more verb responses for D2 and D1. Results from F3D3
(all cues neutral) have more noun responses, suggesting that beginning learners may
also be noun-biased. In max FO cue-only conditions (D3 row), beginning learners
show close to chance level responses, which suggests that their stress perception is

not affected by max FO ratios.
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3.3 Discussion

3.3.1 Summary

This perception study compared the relative importance of perceptual cues for
English stress between the Mandarin L2 learners of English and native English
speakers. The stimuli were resynthesized versions of a naturally produced non-word
disyllable, “dada.” The target perceptual cues tested were max FO, duration, and
vowel quality. Vowel quality in the first vowel of the disyllable was resynthesized to
be either full or reduced. Resynthesis first-to-second vowel ratios for max FO
[(1.23(F5), 1.115(F4), 1(F3), .897(F2), and .813(F1)] and duration [2.22(D5),
1.11(D4), 1(D3), .901(D2), and .45(D1)] were generated based on the results of the

word pair experiment (see section 2.2).

The results from a stress localization test indicate that all three proficiency levels of
listeners - beginning, advanced, and native speakers - are sensitive to the vowel
quality of the first vowel, i.e. full vowels in the first syllable attracted more noun
responses, while reduced vowels in the same location received significantly more
verb responses. No significant difference was found between the three groups of

speakers.

Results from ANOVA (section 3.2.2) and cue weighting analysis (3.2.3) indicate that
native speakers are sensitive to both duration and max FO cues, but focus more on
duration. The advanced learners’ data suggest that they are primarily affected by max
FO cues, while still reacting to duration cues in stress perception to some extent. In
addition, different max FO ratios have a near-categorical effect on advanced learners’
responses: a high percentage of noun response for ratios FS and F4, and a high
percentage of verb response for ratios F2 and F1. Beginning learners are very
sensitive to duration cues, and do not seem to react to max FO cues at all. A near-
categorical effect from different duration ratios was also observed in beginning

learners’ responses.
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3.3.2 The roles of vowel quality, max F0O, and duration in stress perception

Vowel quality

The formant analysis data from the first acoustic study on minimal word pairs
indicated that native English speakers reduced unstressed vowels, while no strong
effect of unstressed vowel reduction was found in Mandarin L2 learners (beginning
learners particularly). Based on this finding, as well as the fact that vowel reduction
does not exist in Mandarin, I hypothesized that vowel quality might not play a role in
the learners’ perception of English. Results from the perception study, however, do
not support this hypothesis. All listener groups had more noun responses (1st syllable
stressed) when the first vowel was full, and more verb responses when the first vowel

was reduced.

This could originate from intensity rescaling for the stimuli. Although the mean
intensity, as well as the intensity tier were recalled to match those of the full vowel
[a]’s, there may still have been some intensity differences between the reduced and
full vowels in specific frequency bands. Results from Sluijter and van Heuven (1996)
on stressed and unstressed Dutch syllables indicate that in natural production, the
intensity differences are concentrated in the higher parts of the spectrum, i.e. intensity
differences in the lower part of the spectrum (< S00Hz) were negligible. Sluijter et al.
(1997) later conducted a perception study using stimuli in which intensity differences
were concentrated in the higher frequency bands. These stimuli were found to provide
stronger stress cues than uniformly increased intensity difference stimuli. When
manipulating intensity then, care should be taken to consider not only the mean
intensity and intensity tier, but also the distribution of intensity in different frequency

ranges.

94



Duration and max FO weighting in stress perception

Results from the statistical analysis and cue weighting analysis suggest that when
perceiving word-level stress, native English speakers utilize duration as the primary
cue, and max FO as a lesser cue in identifying the stressed syllable in non-words.
Advanced Mandarin L2 learners of English rely mainly on max FO cues, while

beginning learners focus more on duration cues.

The results of the current study differ from the findings of previous studies in that
duration was found to be more important than FO. Previous studies had claimed that
FO is the most salient cue in English stress perception. A short review of these studies

is provided below.

A series of experiments was conducted to test the perceptual cues for stress in English
by Fry (1955, 1958). In Fry (1955), the duration and intensity of the first syllable
were resynthesized in word pairs contrasting in stress assignment — subject (noun)
and subject (verb). The participants’ task was to identify if they had heard a noun or a
verb. Results from native English speakers indicated that duration provided an
overriding cue for stress in native speakers’ perception. In a follow-up study, Fry
(1958) compared the roles of duration and FO in stimuli with these two cues
manipulated in a step-wise manner. His findings suggested that a syllable higher in FO
was more likely to be perceived as stressed, and in some cases can override duration

cues.

Bolinger also used both natural and synthesized tokens to test the perceptual cues for
English word stress in a series of experiments (see Bolinger (1958) for a detailed
review). He concluded that pitch prominence is the primary cue for stress.
Furthermore, Morton and Jassem (1965) adopted synthetic non-words (e.g. /sisi/,

/sasa/) to explore the role of FO, intensity, and duration in stress perception. Their
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results indicated that FO differences play a far greater role than duration and intensity

in stress perception.

Beckman (1986) also conducted a perception experiment in order to examine the
perceptual salience of these cues in English stress perception. She used a hybrid
resynthesis process which manipulated subject-subject word pairs in duration, FO,
intensity, and spectral composition. Native English speakers performed an
identification task to detect the stressed syllable. The results indicated that native
English listeners are sensitive to duration, FO, intensity, and spectral composition,

with FO being the most important cue.

One possible reason for the discrepancy between the current study and previous
studies may be due to the fact that the target FO cue manipulated in the current study
is the max FO, while previous studies manipulated the mean FO of the syllables. It
may be the case that mean FO provides stronger perceptual salience than max FO, thus
generating a stronger effect of stress perception. The present study selected max FO
instead of mean FO for two reasons. Firstly, it was observed that the acoustic
realization of mean FO is more similar between native English speakers and Mandarin
L2 learners of English, while max FO data are more diverse between these two groups.
The assumption was that the effect of max FO in the perception of stress would also

be more diverse between the two groups.

On the other hand, Fry (1958) has pointed out that stimuli with linear fall or late fall
FO patterns are more likely to be perceived as stressed syllables. Since FO movement
is not a target factor of the current study, it was important to control FO movement in
the target syllables. Precision in controlling the location of max FO can exclude FO
alignment as a possible cue. This was done by consistently placing max FO at the
beginning of the syllables for all tokens (as a simulation of the naturally produced

base for resynthesis, see 3.1.1 for the details of max FO resynthesis).
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Asymmetry
To investigate if the same absolute magnitude of max FO and duration across first and
second syllables would generate the same degree of noun and verb responses, some

cue combination conditions were plotted in Figure 3.18, and will be discussed below.

2 O Native B Advanced M Beginning
1.5
1
F3D5 F3D1 F5D3 F1D3
O Native 1.23 1.6 1.2 1.51
B Advanced 1.15 1.52 1.05 1.79
B Beginning 1.24 1.85 1.51 1.41

Figure 3. 18. Responses for duration-neutral (F3D1, F3D5), and max FO-neutral
(F1D3, and F5D3) cue combinations.

Results from native speakers indicate that in duration cue-only contexts, the same
absolute duration differences between the two vowels in the disyllable induce more
noun responses than verb responses, as can be seen by the greater deviation from 1.5
in F3D5, and the smaller deviation in F3D1. In addition, native speakers display
another asymmetry in utilizing max F0O. In max FO cue-only conditions (e.g. F1D3
and F5D3), the same absolute max FO differences between the two vowels in the
disyllable induce a large percentage of noun responses in F5D3, but significantly

fewer verb responses in F1D3.

Interestingly, results from both native and advanced listeners show a strong noun bias.
This effect can be observed through the max FO F3 (ratio of 1), for which responses

from both listener groups are mostly below chance level 1.5. In addition, responses
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for ratios D5 and D4 for both groups are much closer to 1 (noun responses) than

ratios D2 and D1.

3.3.3 Conclusion

The current study is, to the author’s knowledge, the first attempt at testing stress
perception in Mandarin L2 learners of English. A systematic resynthesis approach
was established to ensure that the only differences between the two vowels in the
disyllabic non-words were in vowel quality, max FO, and duration. Results from
native English speakers indicate that duration is the primary cue is stress perception
in non-words, followed by max FO. Advanced Mandarin L2 learners of English rely
mainly on max FO cues, and exhibit a near-categorical pattern across max FO ratios.
Beginning learners focus mostly on duration cues, and are not affected by max FO

cues.

98



CHAPTER 4: GENERAL DISCUSSION

The current study aimed to explore the effect of FO on the acoustic realization and
perception of English lexical stress in second language learners. More specifically,
the focus has been on the acquisition of English lexical stress by Mandarin L2
learners of differing proficiencies. The research goals were to examine the acoustic
realization of stress, as well as the perceptual relevance of the stress. Sixty-eight
Mandarin L2 learners of English and thirty five native English speakers participated

in two acoustic studies and one perception study.

4.1 Summaries

4.1.1 Experiment 1: Acoustic study on minimal word pairs

In this acoustic experiment, disyllabic word pairs with similar segmental composition
but contrastive stress location (e.g. contract and contract) were recorded by Mandarin
learners of English with two proficiencies (beginning and advanced learners). Mean
FO, max FO, intensity, duration, and F2 of stressed and unstressed vowels were

measured and compared to those in the production of native speakers of English.

The results of this experiment demonstrate that the implementation of these correlates
varies greatly between noun and verb readings in the production of native English
speakers. Native speakers utilize mean FO, max FO, intensity, and duration to signal
stressed syllables in noun readings (Figure 4.1), but use only duration as a major cue
for stressed syllables in verb readings(Figure 4.2). Mandarin L2 learners, on the other
hand, demonstrate a more consistent use of correlates in noun and verb readings in
two ways: the four correlates are all adopted in both conditions, and the magnitudes
(difference between stressed and unstressed syllables) used were consistent across

nouns and verbs.
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Figure 4. 1. 95% confidence interval of first-to-second vowel ratios for mean FO, max
FO, intensity, and duration for nouns. The reference line (1.0) is the assumed baseline
when a given correlate is identical in both syllables.
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Figure 4. 2. 95% confidence interval of first-to-second vowel ratios for mean F0O, max
FO, intensity, and duration for verbs. The reference line (1.0) is the assumed baseline
when a given correlate is identical in both syllables.
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Furthermore, the results from formant analysis demonstrate that unstressed vowel
reduction was also affected by the location of stress. Native speakers exhibit a greater
degree of reduction when the first vowel is unstressed. In addition, this result is in
line with the duration results- there is a greater duration difference across stressed and

unstressed vowel when the first vowel is unstressed.

The results from the first acoustic study demonstrate that different stress locations
cast different levels of challenge for learners. When the stress is located on the first
syllable, learners showed a similar-to-native utilization pattern of the four correlates.
The major differences across the three groups were found when stress was located on
the second syllable. Beginning learners demonstrated significantly smaller duration
differences (Figure 4.3), but greater FO differences (Figure 4.4) when compared to
native speakers. Advanced learners, unsurprisingly, were found to pattern in between

beginning learners and native speakers.
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Figure 4. 3. The interaction between stress location and proficiency level for duration.
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Figure 4. 4. The interaction between stress location and proficiency level for max FO.

4.1.2 Experiment 2: FO contours in English stressed syllables

This experiment utilized English syllables which obey Mandarin phonotactics, in
order to more closely examine FO contours in learner production. While the stimuli in
the previous acoustic study provide well-controlled segmental conditions for the
investigation of mean FO, max FO0, intensity, duration and F2, however most of the
syllables are illegal according to Mandarin phonotactics. In order to better evaluate
the realization of FO contours in speakers’ production, stimuli which comply with

Mandarin syllable structures were compiled.

Learners at both proficiencies adopt a high-level FO contour (when stress is located in
non-final vowels) and a high-falling contour (when stress is located in the final
syllable) to signal stressed syllables, while native speakers exhibit more diverse
contour patterns (an example from female speakers was shown in Figure 4.5). This

effect may be triggered by the phonemic role of FO in Mandarin.
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Figure 4. 5. FO contours for key in stressed position across three proficiencies.

Based on the results from the acoustic study, I believe that this difference across
stress locations has been overlooked by previous studies, and is crucial in

investigating the effect of tone in L1 on L2 stress realization.

4.1.3 Experiment 3: Perception study

This perception study compared the relative importance of perceptual cues for
English stress between Mandarin L2 learners of English and native English speakers.
The stimuli were resynthesized versions of a naturally produced non-word disyllable,
“dada.” The target perceptual cues tested were max FO, duration, and vowel quality.
Vowel quality in the first vowel of the disyllable was resynthesized to be either full or
reduced. Resynthesized first-to-second vowel ratios for max FO [(1.23(F5), 1.115(F4),
1(F3), .897(F2), and .813(F1)] and duration [2.22(D5), 1.11(D4), 1(D3), .901(D2),
and .45(D1)] were generated based on the results of the word pair experiment (see

section 2.2).

The results from a stress localization test indicate that all three proficiency levels of
listeners - beginning, advanced, and native speakers - are sensitive to the spectral

composition of the first vowel, i.e. full vowels in the first syllable attracted more noun
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responses, while reduced vowels in the same location received significantly more

verb responses.
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Figure 4. 6. Responses for five max FO ratios from three proficiencies. The response
‘1’ refers to 1st syllable stressed (noun response) while ‘2’ refers to 2nd syllable
stressed (verb response).
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Figure 4. 7. Responses for five duration ratios from beginning learners, advanced
learners, and native listeners. The response ‘1’ refers to Ist syllable stressed (noun
response) while ‘2’ refers to 2nd syllable stressed (verb response).

The results indicate that native speakers are sensitive to both duration and max FO
cues, but focus more on duration than max FO. Advanced learners’ responses are
more affected by the max FO cue, but to a lesser extent are still affected by the
duration cue. Beginning learners are highly sensitive to duration cue, and do not seem
to be affected by max FO in any way.
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4.2 Bridging stress production and perception

4.2.1 Native production and perception

An asymmetry of acoustic correlate realization in nouns and verbs was found in
native speakers’ production: native speakers utilize mean FO, max FO, intensity, and
duration to signal stressed syllables in noun readings, but use only duration in cueing
stressed syllables in verb readings. I believe this production asymmetry originates
from the flexibility of native speakers in incorporating extrinsic prosodic factors in

stress implementation (cf. 2.4.2).

Perceptual results from native English speakers indicate that their stress perception is
affected by vowel quality, duration, and max FO cues, but that duration sometimes
outweighs max FO, and affects the perception of stress to a relatively greater extent.
Inspired by the asymmetry of correlate realization in native speakers’ production, I

further investigated the perceptual roles of max FO and duration in nouns and verbs.

Max FO in production and perception

The responses for each max FO ratio when the duration cue is neutral were closely
examined. Two pairs of cue combinations (F4D3 and F2D3; F5D3 and F1D3) were
compared (Figure 4.8). These two pairs both have neutral duration cues and the same
absolute max FO difference between vowel 1 and vowel 2 (cf 3.1.1 for manipulation
of max FO). If max FO has the same effect in noun and verb contexts, the same max
FO difference should induce the same response deviations from the 1.5 chance level

performance.
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Figure 4. 8. Responses from native English speakers for all cue combination
conditions.

The responses for F4D3 & F2D3 are marked with orange boxes, and F5D3 & F1D3
are in green boxes in Figure 4.8. Results from both comparisons showed that
responses in noun contexts FS and F4 are much greater than in the verb contexts F2
and F1 (both close to chance level 1.5). In other words, the perceptual role of max FO

is greater in noun perception, and plays almost no role in verb perception.
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When further compared with the production data, a striking pattern emerges: the role
of max FO is parallel in production and perception in native speakers’ performance.
That is, in production, native speakers utilize max FO to encode stress in noun
readings but not in verb readings. In perception, they can perceive the max FO
difference in the noun context but in the verb context the same magnitude of
difference does not induce the same degree of verb responses. Taken together, max
FO data from stress production and perception seem to imply that when an acoustic
correlate is utilized in a certain context in production, the perceptual system will most

likely only be sensitive to that cue in the same context.

Duration in production and perception

The perception patterns for same absolute duration differences in noun and verb
contexts are examined through Figure 4.19; the orange boxes show the results for
F3D5 & F3DI1 and F3D4 & F3D2 in which two pairs, max FO cue is neutral but the
same duration difference cues nouns for F3D5 and F3D4 but cues verbs for F3D1 and
F3D2. The comparisons of these two pairs revealed that the same absolute duration
difference induces greater responses in the noun context compared to the verb context:

greater noun responses in F3D5 and F3D4 than the responses in F3D2 and F3D1.

Different from max FO, duration was encoded to signal stress in both noun and verb
readings in native speakers’ production. Following the hypothesis built upon the role
of max FO in production and perception, duration should play a role in stress
perception for noun and verb contexts. The asymmetry observed here may correlate
with the magnitude of the duration difference between stressed and unstressed vowel

in production.

In production, duration is manifested in both noun and verb readings but with a
substantially greater magnitude in verb readings (Figure 4.1-2). Compared to the

greater noun responses results from the perception study, the magnitude used in
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production in different prosodic positions (initial or final) seems to affect the
magnitude required to perceive stress in the corresponding context. In other words, if
a greater magnitude is used for a given context in stress production, a greater
magnitude is required for the stress perception in that context (hence the greater noun

responses for F3D5 than verb responses for F3D1).

max f0 ratio
F5 F4 F3 F2 F1
2.0
. ol beeeee— e Rl __ Ds
1.5 I:I |:] L ] —
I =
n
“Ef (2 e s e e | [ s i |l ===---D4
I [= 8
S 25 . £
= =3
i o R s RO Rt et Mt Sy i ===oee| D3 §
2 ] ] B :
@ 3= _ o
i
bt S Y [ TSNS S| S— S I T— [ ... D2
B 1.5 [ —
5:8_ l—
1.5.—.______ ___________ : __________ e .... ‘ ...... : .......... : ..... D1
1.0 | I ] | T I
native native native native native

proficiency

* production: use duration in nouns and verbs, verbs with greater difference
* perception: verbs require a greater duration difference,

1.e. the same degree of duration causes more responses in

noun than in verb contexts

Figure 4. 9. Responses from native English speakers for all cue combination
conditions.
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Congruence between acoustic correlates and perceptual cues

Taken together, results from max FO revealed that perception seems to be parallel to
production cue realization- when a cue is utilized in production, it will be used in
perception in the same prosodic position (e.g. initial or final stress). Results from
duration data carry the observation even further and showed that the greater the
magnitude of a cue in production, the greater the magnitude required for that cue to

be perceived.

Based on these findings from max FO and duration, I propose that the acoustic
correlates and perceptual cues native speakers adopt are parallel in their production
and perception. That is, the magnitude of a correlate required to obtain stressed
syllable perception is parallel to the magnitude of its realization in production. Also,

this pattern appears to be position-specific.
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4.2.2 Mandarin L2 learners of English

Beginning learners
Results from the perception study showed that beginning learners focus exclusively
on duration (Figure 4.10). As shown in the figure, nearly in all cue combinations,

beginning learners were observed to rely mostly on duration cue.
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Figure 4. 10. Responses from beginning learners for all cue combination conditions.

In production, beginning learners are found to be not as flexible as native English
speakers in shifting the relative weight of correlates in stress implementation. As a
result, they use the same cue combinations (mean FO, max FO0, intensity, and duration
all used in nouns and verbs) and the same cue magnitudes to signal stressed syllables
in different prosodic positions. The data from FO contour analysis also support the
inflexibility of FO cue - learners use fixed FO contours to signal stressed syllables. It is

110



argued that the ‘inflexibility’ of modifying the magnitudes and shapes of FO

originates from the tonal feature of the learners’ L1- Mandarin.

It is concluded that Mandarin L2 learners’ performance is greatly influenced by the
phonemic role of FO in Mandarin. In beginning learners’ production, they are found
to consistently use the same magnitude of mean FO and max FO across noun and verb
readings (cf. Figure 4.3 as shown by the similar stressed-to-unstressed vowel ratios).
The phonemic feature of FO in the learners’ L1 forces them to use this feature in a
highly consistent manner. In term of perception, I propose that beginning learners
carry over their insensitivity to FO height (Gandour, 1983) from the perceptual habit
in Mandarin L1. Hence beginning learners are not sensitive to the max FO changes.

Instead, they rely solely on duration in identifying stress.

Advanced learners

Furthermore, 1 argue that the production and perception patterns alter when the
learners’ proficiency advances. In terms of max FO, advanced learners utilize it in
both noun and verb readings. If the congruence hypothesis proposed in 4.2.1 is
correct, a greater magnitude is required for advanced learners to perform the same
degree of responses in the noun context than in the verb context. However, the results
are not as clear as observed from native speakers (Figure 4.10). Comparisons between
F5D3 &F1D3 as well as F4D3 & F2D3 showed that the same max FO triggers more
noun responses in the noun context (FSD3 and F4D3) than verb responses in the verb

context (F2D3 and F1D3).
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Figure 4. 11. Responses from advanced learners for all cue combinations.

I propose these results are possibly caused by three factors. Firstly, the max FO
magnitude differences between nouns and verbs in advanced learners’ productions are
not as large as in those of native speakers. Hence the congruence phenomenon may
not be shown as clearly. Secondly, advanced learners were found to have the

strongest noun-biased response pattern (see Figure 3.7). The noun-biased pattern may

enhance the noun response in F5 and F4, generating more noun responses.

Finally and most importantly, I argue that the phonemic feature of FO in Mandarin

might affect the advanced learners’ perception.
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4.2.3 Prosodic transfer from Mandarin L1

For Mandarin L2 learners, no production asymmetry was observed in the learners’
production data hence no parallel perceptual asymmetry can be claimed. Secondly,
L2 learners’ prosodic acquisition is believed to be affected by their first language
hence the prosodic features of their L1 need to be taken into consideration in addition

to the parallel pattern between productions and perception.

It has been shown that the perceptual weight of FO height and FO contour is correlated
with the listeners’ linguistic experience and that tone language users have been shown
to be more sensitive to FO contours instead of FO height (Gandour, 1983). Based on
this finding, I argue that beginning Mandarin L2 learners are not sensitive to the max
FO register changes due to their perceptual weight in Mandarin L1. They instead
focus more on duration. Furthermore, advanced learners, once aware of FO as a
relevant perceptual cue in English, are capable of utilizing this cue to a great extent
and base their stress perception on FO cues, which can be seen from the categorical

perception across max FO ratios (cf. Figure 4.6).

Mandarin L2 learners’ performance is greatly influenced by the phonemic role of FO
in Mandarin. In beginning learners’ production, they are found to consistently use the
same magnitude of mean FO and max FO across noun and verb readings (cf. Figure
4.3 as shown by the similar stressed-to-unstressed vowel ratios). 1 argue that the
phonemic feature of FO in the learners’ L1 forces them to use this feature in a very
consistent manner. In terms of perception, I propose that beginning learners carry
over their insensitivity to FO height (Gandour, 1983) from the perceptual habit in
Mandarin L1 and hence are not sensitive to the max FO changes. They then rely solely

on duration in identifying stress.

With more English exposure, learners may become aware that FO is one of the

correlates utilized in stress production and perception and begin to use it differently
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from the beginning learners. Results from the production study suggested that
advanced learners, although utilizing FO cues in verb readings, can successfully
control the magnitude of these cues to match that of native speakers’ (cf. Figure 4.2
advanced learners’ mean FO and max FO ratios are between the beginning learners

and native speakers).

4.2.4 The present study and current theoretical framework

The three perceptual models mentioned in section 1.1.1 - the Speech Learning Model,
Perceptual Assimilation Model, and Native Language Magnet Model - all base their
arguments on L2 perception and from this base make inferences about the production
of second language learners. The production and perception results uncovered by the
present study demonstrate a discrepancy between these two aspects - beginning
learners are not sensitive to max FO cues in perception, but are nevertheless capable
of utilizing this cue in production. It is therefore proposed that second language
production and perception may not be as well-aligned as in first language acquisition.
Such a discrepancy raises serious questions about the reliability of using perception to
predict the production of second language learners, and warrants a thorough

reexamination of the topic.

In addition, the three models under discussion are primarily directed at accounting for
learning at the segmental level, and may not be appropriately applied to
suprasegmental learning. It is argued that prosody is utilized in linguistic and non-
linguistic domains (emotion, music among others) of nearly all languages, and that as
a result neither the production nor the perception of prosody is entirely novel to
second language learners. For instance, the ‘new’ condition proposed in the Speech
Learning Model and the ‘Nonassimilable type’ proposed by the Perceptual

Assimilation Model may never occur in the learning process.
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Furthermore, while stress (and pitch accent in a loose sense) is implemented by the
relative magnitude differences between FO, intensity, and duration between stressed
and unstressed syllables, tone is realized in the syllable domain. None of the three
perceptual models mentioned above can account for learning across different domains.
Hence, it is difficult to define the relationship between the target L2 attribute (in the
present study, acquiring relative magnitude differences between stressed and

unstressed syllables) and that of learners’ L1 (tone implemented in each syllable).

In sum, L2 prosodic learning seems to present a complex of challenges for the
existing perception models, some or all of which may be insurmountable. It is
suggested that level-specific (segmental or suprasegmental) models should be

proposed for these two types of learning.

4.2.5 An alternative view

An alternative view for lexical stress acquisition is to consider stressed and unstressed
vowels as allophones of the same vowel. Learners need to learn that when located in
an unstressed position the vowel needs to be implemented with less duration and
intensity, lower FO, and with reduced vowel quality. It is proposed that once L2
learners recognize the existence of lexical stress, they can utilize duration, FO, and
intensity to signal the difference between stressed and unstressed vowels. This
phenomenon may have been overlooked by previous studies due to the fact that data

analyses were performed with data merged across contexts.

It is argued that the magnitude of FO, duration, and intensity utilized by L2 learners is
greatly affected by the prosodic attributes of learners’ L1. The phonemic feature of FO
in Mandarin gives rise to a consistent use of FO magnitude differences across
different contexts when Mandarin speakers produce English lexical stress. It is further

predicted that under the same condition (lack of overt lexical stress in L1), L2
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learners with duration as a phonemic attribute in their L1 will utilize the duration

correlate with a more fixed magnitude across contexts.

The difficulty in modifying vowel quality is argued to be based on three different
levels. First, the learners need to acquire the concept of reducing unstressed vowels.
Second, they need to correctly identify the unstressed vowel and produce it with
reduction. Finally, upon reducing the vowels, the prosodic context (in the current
study, initial or final position) may cause different levels of difficulty for the learners
(more reduction for unstressed vowels in final position). Furthermore, due to the
strong correlation between vowel duration and reduced vowels, it is predicted that
learners who have acquired near-native duration differences between stressed and

unstressed vowels should perform near-native vowel quality changes.

Taken together, it is argued that existing models, which were established for L2
segmental acquisition, cannot sufficiently account for L2 suprasegmental learning,
and that an encompassing model for the production and perception of suprasegmental
learning is necessary. This model should incorporate the phonemic features of FO,
duration, and intensity as well as syllable structure and stress metricality in learners’
L1, as well as L2. In addition, it needs to be able to account for the possibility of re-

attunement as learner proficiency improves, as shown in the present study.
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4.3. Conclusion

The acoustic correlates and perceptual cues for English stress have been widely
discussed but the relationship between acoustic correlates and perceptual cues has not
been thoroughly studied. The current study discovered an asymmetry in correlates
realization of noun and verb pairs (e.g. contract and contract) which has been
overlooked in previous studies. Results from a production and perception study
revealed a congruence pattern between the utilization of acoustic correlates and the
sensitivity of the perceptual system to the given cue. More specifically, the magnitude
of a correlate required to obtain stressed syllable perception is parallel to the
magnitude of its realization in production. Also, this pattern appears to be position-

specific.

The relationship between production and perception in Mandarin L2 learners’
performance are not affected by the general congruence pattern for the noun and verb
due to the lack of clear asymmetry in their stress realization. However, the phonemic
role of FO in Mandarin as well as the learners’ English proficiencies both play a role

in stress perception.

The current study also provides some suggestions for pedagogical application and
further L2 studies of prosodic transfer. Firstly, I propose that it is necessary to define
the term ‘“native-like” more specifically. Nearly all the second language studies
reviewed claim that their participants’ use of a certain correlate “native-like” when it
has a greater magnitude in stressed than in unstressed vowels. Although in some cases,
the magnitude ranges don’t quite match those of the native speakers closely.
Furthermore, I suggest that further studies should aim to explore the implementation
of stress in various contextual positions but analyze them with caution. As shown in
this dissertation, native English speakers demonstrate different implementation
patterns in noun (iambic) and verb (trochaic) readings. Neglecting the contextual

differences in native speakers may result in setting the incorrect norm to be compared
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with the second language learners’ productions. Finally, based on an understanding of
the contextual differences in native norms, second language teaching should reveal
this diverse pattern in English production and provide training for stressed domains in

various prosodic positions.
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Appendices
Appendix A - Target words in context sentences.

Experiment 1

WORD | ¢' | NOUN VERB
1 conflict | 8 | There is a conflict between them. | This does not conflict with her plan.
2 contract | 8 | The new contract is much better. Steel will contract when it is cooled.
3 desert 7 | This desert is very hot. It is bad to desert pets.
4 digest 8 | Reader’s Digest is popular. It is hard to digest this book.
5 import 10 | Bananas are an import for Japan. We import apples from America.
6 insult 8 | That is the worst insult I know. It is mean to insult people.
7 object 9 | The object of this game is to win. | I object this proposal strongly.
8 permit 9 | I got my learner’s permit this year. | I will not permit you to go there.
9 present 9 |Jack gave me a present for | We will present our project today.
Christmas.
10 | progress | 9 | I am making progress on my book. | Children learn as they progress in
school.
11 | project 10 | Mary started her project yesterday. | He likes to project photos on big
screens.
12 | rebel 10 | He is a rebel in his own country. It is unwise to rebel against him.
13 | record 8 | Itis arecord of your grades. We record ten native speakers.
14 | subject | 11 | It is an easy subject for him to | It makes no sense to subject yourself to
learn. this.

Table A- 1. The stimuli and the carrier sentences for experiment 1.

Experiment 2

SYLLABLE STRESSED UNSTRESSED
[di] The word dog starts with the letter “D”. That man is a wonderful daddy.
[ki] Uncle Tom lost his car key. The zoo has a white monkey.
[bi] Sue caught a bumble bee. She is a quiet baby.
[ni] My brother hurt his knee. I gave her some money.

Table A- 2. The stimuli and the carrier sentences for experiment 2.

! Number of syllable in the sentence

123




Appendix B - Duration resynthesis

select the source sound and click Manipulation

JRp—

DObijects: Time step () [0.01

1 i Minimum pitch (Hz): [75

| SOUNHERGMa Pt o ﬂ
J
]
J

Masimum pitsh [Hz): [B00

Help | Standads | Cancel | dpply ok |

Analyss
Periodicity -
Spectium -
Formnants & LPC -
Points -
Ta Intensity

Haripulate
Ta Manipulation |—

Wi ¢

The manipulation

Cre durstion points

Set duration cursors at the onset and offset of the segment intend to modify
Set one cursor at the onset of the segment and another cursor at the offset.
Set one extra cursor a fraction of a second to the left of the onset

Set one extra cursor a fraction of a second to the right of the offset
cf  httn//swww lino rachecter edin/neanle/crocc/intro-to-nraat ndf for further detaile

Lion AGAG=1EL10000, M= .
y View Select Pulse Pitch Syrith Help onset offse
0.240934 : T T 1
Add duration point at... M
3 : Remove duration point(s)  Cirl-Al-D I
! Set duration range...
—mA Mew duration f - SN —e——
Forget duration i
I' no duration poThisT II9-25D ||| B
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Extract the duration tier and write the duration tier to a text file

you may change rename the duration tier in Praat and then save it.
Rename the file in the “write to” process will make the connect
between the duration tier with the source manipulation

mPraat OhjEcts:

Praat MNew Read \Write

- o]}

Dhbjects: Manipulation help
Sound ADA0-1a Edit m Praatiobjects = E:
Play [PSOLA] Praat New Read Help
Objects: iet help
Play LPT) SoundAOADTa | Write to short text file.. &
Get resynthesiz [PSOLA] Maripulation ADAD-1a Write o binary file... ound?
4 Giet resynthesis (LPC) T Manipulaton: Replace?
. Query
Extract ariginal sound FE
Extract pulses Convert
Extract pitch tier | DownwPonProcess |
q Extract duration tier
Feplace pitch tier?
Replace duration tier?

Open the text file in Notepad. You may specify the ratio here.

Example shown here will increase the vowel duration from 547 ms to 1094 ms

If you move the duration cursor up or down during setting them and results in slight
value change in irrelevant points, you may adjust their values here back to “1”

CluntitledDurationTier=Not... |- [O]X|

File Edit Format ‘iew Help

T untitled.Duration... |- |O]X]

File Edit Farmat “Yiew Help

File type = "ooTextrile" File type = "ooTextFile"
object’ class = "DurationTier” chject class = "DurationTier"
amin = 0 min = 0
max = 0.3993650?93650794 ¥max = 0,8993650793a50794
points: size = 4 points: size = 4
points [1]: points [1]:
time = 0.2375549074 5347703 Time = 0.23755499745307793
value =1 value = 1
points [2]: points [2]:
time = 0.2412253071009625 time = 0.2412253071009625
value =1 . = 7
points [3]: points [3]:
time = 0, 758%427161502092 time = 0, 7889427161302092
value =1 il = 7
points [4]: points [E]:
'E'IY_TE = 0.7933838034055%09 time = 0.79358583034055900
value = 1
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Read the modified duration tier file to Praat object window

Read Objeck(s)fromfile]
Y] Bk

TimeNormalizeF0.praat
Lnitied. DurationTier
) YoxU Fa normalization. bt

Deskiop.

= 2
% duration resynthesis.ppt
DurationTier

6 MyDocumerts |2 i) it ot

formula for gatin s
3 Lingfeng conversation.
Corpuer | FLingeng_r
MY COTt g s i blogphy 100606 1

esynthesis_manipulation

Highlight both the manipulation and the duration tier

) PPN [ o IS USSR IS SRS S

m Praat objects
Praat HMew Read Write

Highlight the manipulation and click Get resynthesis (PSOLA)

Praat Mew Read \Write Hi
b anipulation help
Sound ADAO-1 E dit
b atipl: 401 ; Play [PSOLA]
Play [LPC]

ﬁ Get resynthesis [PS 0LA)

Get rezpnthesiz [LPLC)

E xtract original sound

Extract pulses

Emtract pitch tier

E stract duration tier

Replace pitch tier?

FReplace duration tier?

A new sound will be generated. Save the new sound file.

= Praat objects

Praat Mew Read

Wirite to text file...
VWirite 1o short text file..,
Write to binary file. ..

| Wirite to AIFF file...
Write to AIFC file...
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Appendix C - Questionnaires

1: Questionnaire for native English speakers

Questionnaire for personal information and language information

Date: Email: Name:

Gender: Female  Male

1. Year of birth: Where were you
(city) (country)

2. Where have you lived most of your life?

(country) For how long?

3. What is your native language(s):

4. What is the language you feel most comfortable using?

5. What languages can you speak?

6. What foreign speaking countries have you lived/traveled in? For how long?

born?

(city)

8. Do you have a lot of contact with people who do not speak English as their native

languages? if Yes, what languages do they use?

How much time do you spend with them per week? hours
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2: Questionnaire for Mandarin L2 learners of English (in Mandarin)

Ffr*‘ [EHEH prJ aﬂﬁ;{{@ = (U S IR IES glgl 2R g%é'gh,aﬂs[ T R AT R e
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3: Questionnaire for Mandarin L2 learners of English (English translation)

All personal information you will provide is confidential. Feel free to use the back of

the sheet if you need more room.

10.

1.

12.

13

14.

. Name (e.g. Christina Lin) Email:

Age: Sex: [Jmale []female City/Country of birth:

Are you a student currently? []yes []no

If yes, please indicate your current level of education: ...........ccceeeveeevveennneennee.
(For example: high school- first year; college-third year)

What’s your native language? '} Mandarin '] Taiwanese 0

Taiwanese/Mandarin bilingual [ | Mandarin/Taiwanese bilingual

. What’s the language you feel most comfortable using to communicate with others?

') Mandarin [ Taiwanese [ | Taiwanese and Mandarin with dominant Taiwanese
'] Mandarin and Taiwanese with Mandarin dominance

What language do you use to talk with your parents? [| Mandarin [| Taiwanese [
Taiwanese and Mandarin with dominant Taiwanese [ | Mandarin and Taiwanese
with Mandarin dominance

What language(s) does your mother speak? your father?

How old were you when you started to learn English?

How many years have you studied English? ..........ccccccevvvvinnnnnn.

Have you ever study English from a teacher who speaks English as his/her native
language? [l yes [l no

If yes, which country is he/she from? How old were you when this
happened? ____ How long did s/he teach you? ______

How do you think of your speaking and listening ability in English?

] very fluent [ somewhat good [ so  somewhat poor [ ] very poor

. How would you rate your overall speaking and listening ability in English on a

scale of 1 to 10, 1 being very poor and 10 being very fluent

Which of the below activities do you engage in at least once a week?
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15.

16.

17.

18.

19.

"] read magazine/book in English

] watch television/movie in English

"] listen to music in English

L1 Other ..eeeeeeeiceieeiceecs

Do you speak English outside of English classes? [ yes [ ] no
If yes, how many hours do you speak English in a week?

Who do you speak English with?

"] friends who are native speakers of English

"] friends who are not native speakers of English

"] boss or other people at work

Do you currently have a job that requires you to use English on a daily basis?
‘Jyes [1no If yes, what job do you have? .........ccccevervieeninennn.

Do you know any additional language? []yes []no

If yes, what language is it? .......ccccceeevueenne. Please rate your proficiency in that
language: (] very fluent [] somewhat good [] soso [| somewhat poor [] very poor
Have you spent any time longer than a month living in an environment where a
language other than English or Japanese is the majority language?

'] No. [] Yes. Describe briefly where, when, and for how long:

Thanks for your cooperation! Please take a moment now to make sure that you have

filled in all the blanks.
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Appendix D - Sample mean test

Statistical results of the one-sample t-tests comparing the first-to-second ratios of
mean FO, max FO, intensity, and duration with 1.0

Native speakers

One-Sample Test

Test Value = 1
95% Confidence
Interval of the
Mean Difference
t df Sig. (2-tailed) Difference Lower Upper
fo_n 10.636 114 .000 1749 142 .207
fO_max_n 13.578 130 .000 .22694 1939 .2600
inte_n 28.114 139 .000 1458 136 156
dur_n 5.280 139 .000 2414 151 .332
fo_v .398 138 .691 .0034 -.013 .020
fo_max_v -137 139 .891 -.00146 -.0224 .0195
inte_v -2.916 139 .004 -.0127 -.021 -.004
dur_v -28.997 139 .000 -.5554 -.593 -518

Advanced learners of English

One-Sample Test

Test Value = 1
95% Confidence
Interval of the
Mean Difference
t df Sig. (2-tailed) Difference Lower Upper
fo_n 14.505 122 .000 1706 147 194
fO_max_n 13.232 125 .000 14287 1215 1642
inte_n 18.841 125 .000 .0733 .066 .081
dur_n 5.354 125 .000 .3059 .193 419
fo_v -3.115 125 .002 -.0152 -.025 -.006
fO_max_v -4.267 125 .000 -.02495 -.0365 -.0134
inte_v -3.152 125 .002 -.0098 -.016 -.004
dur_v -14.413 125 .000 -.3989 -.454 -.344

Beginning learners of English

One-Sample Test

Test Value = 1
95% Confidence
Interval of the
Mean Difference
t df Sig. (2-tailed) Difference Lower Upper
fo_n 12.153 107 .000 .1827 153 .213
fO_max_n 12.349 122 .000 12059 1013 1399
inte_n 11.822 125 .000 .0677 .056 .079
dur_n 2.764 125 .007 1335 .038 229
fo_v -7.363 123 .000 -.0687 -.087 -.050
f0_max_v -9.903 125 .000 -.07729 -.0927 -.0618
inte_v -5.637 125 .000 -.0223 -.030 -.014
dur_v -11.375 125 .000 -.2903 -.341 -.240
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Appendix E - Results overall analysis (four-way ANOVA)
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Figure A- 1. Responses for first-to-second duration ratios.
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Figure A- 2. Responses for first-to-second max FO ratios.
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Figure A- 3. Responses across proficiency groups.
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Figure A- 4. Responses for full and reduced vowel across five duration ratios.
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Figure A- 5. Responses for full and reduced vowel across five max FO ratios.
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Figure A- 6. Responses for full and reduced vowel across three proficiencies.
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Figure A- 7. Responses for five duration ratios from three proficiencies
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Figure A- 8. Responses for five max FO ratios from three proficiencies

2.00—

stressed syllable
i
o
I

1.00—]

duration

Figure A- 9. Responses with duration ratios along the x-axis and max FO ratios along
the x-axis (bottom).
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Appendix F - FO contour from each individual speaker
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Figure A- 10. FO contours from each native speaker across three syllable types.
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Figure A- 11. FO contours from each advanced learners across three syllable types.
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Figure A- 12. FO contours from each beginning learners across three syllable types.
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Appendix G - Results of perception study from individual participant

Native English listeners

Mean response
[4]
1

1.0
1
maxfo
Footnote
Advanced learners
2.07

Mean response
[
1

Beginning learners

Mean response
m
|

T T T
1.23 1.115 1 897 813
maxf0o

136



Mean response

Mean response

Mean response

Native English listeners

2.0

duration

Advanced learners

2.0

T T T T T
222 1.1 1 901 A5

duration

Beginning learners

2.00—

1.607]

1.00-

duration

137




Appendix H - Perception results in all cue combinations across three proficiencies
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