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ABSTRACT

This study investigates the effect of native language (L1) stress properties on the
second language (L2) acquisition of primary word stress in light of two recent typological
hierarchical models of stress: the Stress Deafness Model (SDM) (Peperkamp & Dupoux
2002) and the Stress Typology Model (STM) (Altmann & Vogel 2002). Since research
on the L2 performance of a diverse sample of L1s with respect to both perception and
production using the same experimental design is virtually non-existent, advanced
learners of English from seven distinct L1 groups (Arabic, Chinese, French, Japanese,
Korean, Spanish, Turkish), as well as native English speakers participated in perception
and production experiments. Novel words of two, three, and four syllables length
consisting of only open syllables (CV) were used. In the perception experiment, subjects
listened to a large number of tokens of various structures and marked the most stressed
syllable; in the production experiment, subjects were asked to read aloud tokens from a
subset of the structures.

The results indicate that, on the one hand, learners with predictable stress in their
L1 (i.e., Arabic, Turkish, French) had problems perceiving the location of stress but they
performed most like the English native speakers in production, who applied a frequency-

based common strategy. On the other hand, learners without word-level stress in their L1

Xii



(i.e., Chinese, Japanese, Korean) or with unpredictable L1 stress (Spanish) showed
almost perfect perception scores; however, their productions were quite different from the
control group’s. Thus, it was found that good perception does not necessarily underlie
good production and vice versa.

While the current findings go contrary to predictions made by the SDM, the STM
can explain both the perception as well as the production results. Languages with
predictable stress, unpredictable stress, and without stress are included in this hierarchical
model with branching parameters. It was found that positive parameter settings impede
the perception of L2 stress, while the mere setting of the topmost parameter in the
hierarchy (i.e., ‘yes/no stress language’) and thus experience with stress in the L1
determines the rate of success in production, although L1s with non-predictable stress

face further challenges.
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Chapter 1

INTRODUCTION

While certain aspects of L2 acquisition, in particular syntax or morphology, have
received a lot of attention among researchers (for an overview see, among others,
Doughty & Long 2003, Hawkins 2001, White 2003), substantially less focus has been
devoted to L2 acquisition of phonology. Within this area, even less interest has been paid
to the L2 acquisition of word stress, which did not become the topic of psycholinguistic
research until recently. Despite the relative lack of research in this area, it is clear that
the acquisition of stress is an important component of second language (L2) acquisition.
That is, not only wrong sentence structure or pronunciation of individual sounds, but also
incorrect placement of primary stress in L2 words may lead to miscommunication since
the misplacement of lexical stress can “precipitate false recognition, often in defiance of
segmental evidence” (Cutler 1984:80) (cf. Benrabah (1997) for a collection of examples).
This dissertation investigates the second/foreign language acquisition of stress, and thus
contributes to this relatively understudied area of L2 acquisition.

What native speakers hear is only the production end of the L2 acquisition;
however, it is not clear what L2 learners are actually able to perceive when they are

exposed to the L2, either in the classroom or in a naturalistic L2 environment. Since the



perception of stress was found not to correlate with proficiency in other aspects of L2
(Boyle 1987), it seems that otherwise quite proficient learners may still encounter
problems with the perception and/or production of word stress. As an indication of how
big a challenge stress poses for L2 learners and instructors, it can be noted that several
teaching methods have been proposed specifically to facilitate the acquisition of L2 stress
(see, for example, Rosse 1999, James and Sherk 1993).

Not much is known about typological factors that may determine the success of
L2 acquisition of stress. While it seems obvious that the first language (L.1) has some
influence on the rate of success in acquiring stress in the L2, it remains unclear which
stress properties of the native language actually affect L2 acquisition. To be more
precise, according to Peperkamp and Dupoux (2002), the rate of success of perceiving
stress differences decreases with increasing regularity of stress assignment in the native
language. As for the production of L2 words, learners may either apply a native stress
placement strategy to the second language (Archibald 1993), or they may produce stress
in a position where it would fall neither in the native nor in the second language
(Archibald 1997, Pater 1997). What is not known, however, is if cross-linguistic
differences regarding the L2 acquisition of stress can be systematically linked to
typological stress properties of the L1 (or, for that matter, to the absence of phonological
word stress in the L1). In addition, there is no one typological model than has been tested
and can account for the rates of learners’ success for L2 stress in both perception and

production.



1.1. Perception and Production Experiments

There are no systematic studies to date that investigate both L2 perception and
production regarding word stress using a comparable set of items and a variety of L1
groups. In this dissertation, I will present two experiments that systematically investigate
(1) the perception and (2) the production of English word stress by L2 speakers of L1s
that typologically differ in how stress is assigned in these languages, or that do not have
word stress at all. I will address the following specific questions:

e How correctly can L1 speakers of typologically different languages locate
primary word stress in English?

e Are (mis)perceptions of primary word stress location correlated with prosodic
properties (stress parameter settings) of the L1?

e What strategies do English native speakers use to assign words stress to novel
words in production?

e What strategies do L2 learners use to assign stress to novel words in
production?

e s there a correlation between perception and production?

e And, most of all, can typological stress models account for the findings?

The results of the two perception and production experiments shed light on the
typological stress factors that have an effect on the L2 acquisition of stress. Most of all,
it was found that there are differential rates of success locating primary word stress for

speakers of different L1s. Furthermore, the ability to correctly perceive L2 word stress is



directly related to typological settings for stress in the L1. Crucially, there is a direct
correlation between the stress parameters of L1 and perception of word stress in L2. The
more parameters are positively set for stress in a learner’s native language, the more
difficulty the learner has with the perception of word stress in the L2. Moreover, English
native speakers apply some common strategies when assigning stress to novel words in
production, even though stress assignment in this language is generally not predictable
based on phonology alone. L2 Learners use a variety of strategies for stress placement in
the production of L2 novel words, namely, from non-target-like linear patterns over
potential L1 transfer to target-like L2 stress. Finally, good perceptibility of L2 stress
does not necessarily lead to good stress placement in production, while poor
perceptibility does not necessarily lead to poor production. Experience with word stress
and its acoustic correlates in the L1 are a crucial factor for target-like stress placement in
the L2.

Two theory-independent typological stress models are being considered: the ‘Stress
Deafness Model’ (Peperkamp & Dupoux 2002) and the ‘Stress Typology Model’
(Altmann & Vogel 2002). We will argue that while the former cannot account for the
results, the latter is able to accommodate both the perception and production results and
thus provides insight into which specific L1 stress settings have an impact on the L2

acquisition of stress.



1.2. Organization of the Dissertation

The organization of the dissertation is as follows: Chapter 1 contains a brief
introduction. Chapter 2 provides an overview of relevant previous experimental studies
regarding the perception and/or production of non-native stress. Chapter 3 presents the
experimental approach followed in the current experiments, including the theoretical
background with two recent typological models that have been proposed for the
perceptibility of (L2) stress or the acquisition thereof. Chapters 4 and 5 contain the two
experiments that I conducted on L2 perception and production of stress, respectively. I
will present the perception study first, in Chapter 4 (as Experiment 1), and then the
production study in Chapter 5 (as Experiment 2). Chapter 6 discusses and synthesizes the
results of both studies in relation to each other. The final chapter summarizes the main

points and conclusions of this dissertation.



Chapter 2

BACKGROUND: PERCEPTION AND PRODUCTION OF L2 STRESS

While both perception and production of segmental contrasts have received much
attention in the L2 literature over the past fifteen years (for an overview, see Eckman et
al. 2003, Strange 1995), there are only a small number of studies focusing on L2 stress.
Of these, although most are mainly concerned with the production of L2 English stress,
several studies also focused on the ability to perceive stress or stress differences by
speakers of different first languages.

Early investigations of L2 (English) stress in production are often based on
naturalistic or anecdotal data (e.g., Juffs 1990, Shen 1990), or focus on the performance
of learners of a single native language (see, for example, Anani 1989, Baptista 1989,
Wong 1991). The variability of this type of information, however, does not permit
substantial cross-linguistic generalizations. Even in the case of more systematic studies
(see, among others, Archibald 1993, Pater 1997 Salsignac 1998), the differences from
one study to another make cross-linguistic generalization difficult, as explained in more
detail below. Problems also arise with regard to the choice of stimuli — the use of known
words introduces the possibility that individual items are simply memorized without the

acquisition of a stress rule, while the use of nonce words involves problems related to the



spelling of English and the possible resemblance of the stimuli to morphologically
complex items that are subject to different types of stress rules. More recently, it has
been suggested that, in addition to the expected strategy of L1 transfer L2 stress
placement, we may observe strategies that occur in neither L1 nor L2.

With regard to perception, the latest studies have begun to use structurally varied
nonce items in highly structured experiments (e.g., Dupoux & Pallier 1997). Here, one
finds that properties of the L1 prosodic system may determine how effectively speakers
are able to use stress information in words to discriminate members of minimal pairs (cf.
among others Peperkamp & Dupoux 2002).

In the following sections, the most relevant previous experimental studies
regarding the production and perception of stress will be presented and put into the

context of the current study.

2.1. Production Studies

Among experimental studies regarding the production of L2 stress, differential
results can be found. While some investigations conclude that learners transfer patterns
or properties of their native language stress system onto L2 items (see, for example,
Anani 1989, Archibald 1993, Youssef & Mazurkewich 1998), other studies, mostly using
nonce words, report stress placement strategies that exist neither in the L1 nor in the L2

(cf. Pater 1997).



2.1.1. The issue of “stress transfer”

A strong case was made for L1 transfer by Anani (1989) for Jordanian Arabic
learners of English. It is reported that these speakers produced real English verbs, nouns,
adjectives, adverbs, as well as compounds, mostly in accordance with the Arabic stress
pattern and unlike the English control group. Similarly, Youssef and Mazurkewich
(1998), who also employed real English words, showed that Egyptian Arabic learners
only showed target-like behavior for items where L1 and L2 stress fell on the same
position in a word.

In Archibald’s (1993) account of Hungarian and Polish L2 learners, production
was tested for real English verbs and nouns ranging from two to four syllables with
varying syllable weight within these words. The experiment yielded basically the same
results for both L1s. That is, no statistically significant difference was found between the
two language groups, although tendencies were observed for Hungarian subjects to put
the stress closer to the beginning of the word than Polish subjects. This was taken as an
indication of transfer of L1 parameter settings onto L2, since Hungarian has regular
initial stress and Polish displays stress further to the right.

It should be noted that these claims of transfer are not supported by other studies.
Instead, it is argued that L2 learners’ misplacement of stress cannot be explained only on
the basis of L1 transfer. Data for this position come from ESL learners from a variety of
language backgrounds, including Baptista (1989) for Brazilian speakers, Wong (1991) for
Cantonese speakers, Peng and Ann (2001) for Spanish, Nigerian and Singapore speakers,

Archibald (1997) for Mandarin, Cantonese, and Japanese speakers, and Youssef and



Mazurkewich (1998) for Cairene Arabic learners of English (in cases where L2 stress did
not coincide with L1 stress).

On the basis of the parameter model (Dresher and Kaye, 1990) that had been used
to interpret the results of the majority of the above studies, these findings were labeled as
“parameter missetting”, which means that learners selected a parameter setting in their
interlanguage that did not correspond to the L1 or the L2 (see van der Pas and Zonnefeld
(2004) for a summary and reinterpretation of some of the results within this framework).
The motivation, however, for selecting a parameter setting that does not occur in either
language and, furthermore, which specific parameter would be misset remains somewhat

inconclusive.

2.1.2. The use of nonce words

Although some of the studies mentioned above included some nonce words in
addition to real words, few looked at the production of novel words in a systematic way.
In order to avoid a possible effect of the level of familiarity with a real word, or of
memorized information regarding the stress location in a lexical item, studies with nonce
words are often assumed to provide more insight into learners’ generalizations, if any,
about the phonology of a foreign language. For example, Guion (2005) reports a very
high rate of correct stress placement in Korean learners’ productions of English known
verbs and nouns, but lower correctness scores for nonce words of different lexical

classes.



Several recent studies have, therefore, focused on stress production with nonce
words of English. For example, Pater (1997) investigated the stress placement patterns
for English nonce words by both English native speakers and French learners of English.
While this study varied syllable weight within words, it used a rather small set of items.
The native English speakers exhibited a stress placement pattern that was basically
identical to the Latin stress rule (i.e., stress the penult if heavy; if the penult is light, stress
the antepenult). The French L2 learners, however, used one of two strategies: 1) stress
the leftmost syllable (quantity-insensitive approach), or 2) stress the leftmost heavy
syllable (quantity-sensitive approach). This pattern is striking in that the French learners
applied neither an L1 nor a target language strategy. That is, they preferred to stress
words closer to the beginning than English native speakers did and ignored the French
pattern which makes the final syllable prominent, thereby ‘missetting’ the stress
parameter for English which, according to the English control group, requires stress to be
placed on the rightmost possible non-final syllable.

Archibald (1998) further explored the nature of the English stress rule by
systematically testing English native speakers. He found a tendency to stress the initial
syllable for most items, which did not necessarily mean the rightmost possible non-final
syllable (e.g., aconvent, indumbine)'. In some cases, however, the majority of native
speakers favored final stress (burgee, nidus). These mixed results might have been due

to the small number of subjects (only five), or to the fact that some items used in this

! Here and henceforth, syllables in bold print indicate syllables carrying primary stress.

10



study might have been too similar to existing words and thus triggered analogous stress
patterns.

Similar challenges can also be raised in relation to Pater’s (1997) study.
Examination of his stimuli reveals that some of the words may have allowed for close
analogy to existing words, or possibly to interpretations containing derivational
morphemes (e.g., tugumster, poedektal, aklipter). In the latter case, speakers may not
have considered final stress to be an option if they assumed the presence of an unstressed
suffix at the end. Furthermore, some syllables that were classified as light because of
containing only a consonant and a lax vowel may actually have contained an
ambisyllabic coda consonant in actual production and thus would not exactly have been
‘light’ syllables like comparable CV syllables without such a coda. For example, the
item kandentala was pronounced with penultimate stress by native speakers, which
would require a closed syllable in this position in production along the lines of kan-den-
tal-la if the vowel was to be lax, thus making the penult syllable heavy. A similar issue
arises with the item paridamee, where native speakers disagreed between penultimate or
antepenultimate stress, yielding potential pronunciation structures like pa-rid-da-mee or
pa-ri-dam-mee. Finally, the number of items was not very large (twelve words) and thus
each type of syllable weight according to the given criteria (heavy or light) only occurred
once in each position in a word. Consequently, it is difficult to distinguish real patterns

from possible isolated behaviors of individual stimuli.
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2.2. Perception Studies

A similar issue arises with real words in perception studies as in production studies.
For known words, learners base their responses on stress patterns that they have learned
(correctly or incorrectly) for the test words (sometimes even indicated graphically by the
teacher), and do not make use of a particular stress rule. Thus, results reported for studies
using real words are not very conclusive with regard to the application of some stress rule

or active stress placement strategy.

2.2.1. Stress Perception in Real Words

Archibald’s (1993) study also tested Hungarian and Polish L2 learners of English
regarding their perception of stress using real words. It was found that Hungarians
tended to hear stress as being closer to the beginning than Polish subjects. This
distinction, however, did not reach statistical significance.

Youssef and Mazurkewich (1998) also investigated the ability of Egyptian Arabic
learners of English to perceive L2 stress in real words in addition to their ability to
produce stress. The subjects were required to mark stress on a pre-printed list of English
words that were presented auditorily. The stimuli consisted of words with four different
stress patterns: a) stress on a superheavy final syllable (CVVC or CVCC) (e.g.,
comprehend), b) stress on the antepenult syllable (e.g., recognize), c) stress on a heavy
penult syllable (agenda), or d) exceptional stress on the antepenult syllable (e.g.,
calendar). The L2 learners’ perception scores were well below the control group of

native speakers’, except for the one word type with stressed superheavy final syllables.

12



Thus, Arabic speakers only showed target-like or better performance for items where
stress placement in L1 and L2 was the same. It should be noted that the English control
group in this perception study did not perform very well for three out of the four
structural types used in this study, where they reached only between 66.7 per cent and
77.9 per cent. Only for stressed heavy penult syllables did English speakers display a
correctness score of 92.6 per cent. It remains unclear if the inconsistent scores for

English native speakers was due to methodological or some other factors.

2.2.2. Cross-linguistic Study

Salsignac (1998) reported a larger study that tested speakers of various native
languages (Turkish, Hungarian, Polish, Czech, Russian, Spanish, French) regarding their
ability to perceive stress in other languages. The participants listened to words from one
language that had the same criterion for primary stress pattern as their native language
(for example, Hungarian participants heard Czech and Czech participants heard
Hungarian) and one language that had a different criterion for stress assignment (for
example, Hungarian and Czech listeners heard French). French speakers were an
exception in that they were the only group who heard words from all other six languages.
Since the stimuli were from languages unknown to the subjects, they were essentially
nonce items for the listeners.

The task was to write down the words, divide them into syllables, and underline
any syllable they perceived as being stressed. It was found that the speakers of Spanish

and Russian, as well as Polish and Czech, had high correctness scores for all languages
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they listened to. By contrast, the speakers of Turkish, Hungarian, and French displayed
variable individual behaviors. It is hard to draw conclusions, however, since there were
only two participants for each language group and in the latter three languages it turned
out that one participant performed well while the other one performed more poorly.
Nevertheless, the overall tendency was that speakers of languages with predictable stress
on the right edge (Turkish, French) displayed poorer performance for the perception of
stress in general, but tended to have higher correctness scores for initial or non-final
stresses than for finally stressed words.

While one cannot make strong typological claims based on the performance of
two subjects per language group, especially given such a complex task requiring writing
down words, dividing them into syllables, and then marking stresses, Salsignac (1998)
represents an important contribution. This study avoids the problems inherent in using
stimuli that are known by the subjects, and it involves comparison of a larger number of
typologically different languages. Unfortunately, however, the items tested could not be
kept constant for all participants since the design entailed that they did not all hear the

same languages.

2.2.3. Systematic Typological Studies

Several recent studies have investigated the perceptibility of stress on a larger
scale with a variety of typologically different languages.

In a series of experiments reported in Dupoux and Pallier (1997), Dupoux et al.

(2001) and Peperkamp and Dupoux (2002), nonce words were used that could exist in all
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of the L1s of their subjects, who came from a variety of linguistic backgrounds. Strictly
speaking, these were not L2 studies since the subjects were not tested in relation to a
language they were learning, but rather a more general investigation of the role of L1 in
an individual’s aptitude to perceive stress differences.

Dupoux and Pallier (1997) reported experiments comparing the discrimination of
minimal stress pairs or triplets (e.g., fidape vs. fidape; bopelo vs. bopelo vs. bopelo) to
minimal phoneme pairs with stress location kept constant (e.g., fidape vs. lidape), using
ABX and AX paradigms with native speakers of French and Spanish. While the Spanish
speakers performed well for all tasks, the ABX task with minimal stress pairs turned out
to be significantly more difficult for French than for Spanish native speakers, even if their
correctness scores were higher than chance level. They showed, however, no problems
with an AX stress discrimination task using recordings from only one speaker (as
opposed to different speakers) and performed comparably to the Spanish group.

Dupoux et al. (2001) again tested Spanish and French subjects in a number of
experiments on minimal stress pairs (e.g., piki vs. piki, tuku vs. tupu). The members of
each minimal pair were associated with a number key on the computer keyboard (i.e., 1
and 2), and subjects then had to reproduce a randomized two- to six-word sequence
containing the members of a pair. The subjects’ performance for stress pairs was
compared to that for minimal pairs differing in one phoneme with the location of stress
kept constant (e.g., kupi vs. kuti). Dupoux et al. (2001) basically replicated the results of

the earlier study reported above using a new methodology.
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The findings of these two series of experiments indicated that French speakers
were able to detect the difference between members of a minimal pair with contrasting
stress. This ability, however, seemed to be based on subtle acoustic cues, and required
that the speaker of the items be kept constant. Once another item intervened or different
speakers were used, the French subjects performed poorly. Subsequently, Peperkamp
and Dupoux (2002) studied Finnish, Hungarian, and Polish speakers. Their experiments
compared the performance of these speakers for phonemic contrasts and for stress
contrasts using a novel paradigm. Subjects were required to memorize two non-words
that either differed in one phonological dimension with stress constant in one position
(e.g., place of articulation of one consonant, kupi vs. kuti) or in location of stress with
constant consonants (e.g., mipa vs. mipa), and associate them with different keys on a
computer keyboard. They then heard sequences of varying length created from the two
non-words and were required to transcribe them using the specified keys on the keyboard.
Every non-word within a sequence was followed by the word “OK” to prevent the use of
echoic memory. The Finnish and Hungarian subjects made significantly more errors with
the stress contrast than with the phonemic contrast. The Polish speakers also made more
errors for the stress contrast than for the phonemic contrast, but this result was only
marginally significant. The results of this set of studies gave rise to a hierarchical model
of stress ‘deafness’ (to be described in detail in Chapter 3), according to which a
speaker’s L1 either prepares him/her to perceive stress or causes him/her to fail to

perceive it.
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In a study designed to investigate L2 stress perception, Altmann and Vogel (2002)
examined the ability of L2 learners of English from different L1s to locate primary word
stress in English nonce words. In this study, 320 items were tested, consisting of words
between two and four syllables length with systematically varied syllables. The syllables
were not only classified as light or heavy, but were also distinguished with regard to the
kind of vowel (schwa, lax, tense, or diphthong) and the absence or presence of a coda
(i-e., CV(schwa), CV(schwa)Cs CV1aCy CVtense)y CV tense)Cs CV(diphthong))-  Spanish, Korean,
Turkish, Thai, and Chinese L2 learners, among others, as well as English native speakers,

listened the words one at a time (e.g., [sAm.paew], [ben.da.rek], [hal.li.do.voj]) and were

asked to indicate in the orthographically spelled word on a computer screen (e.g., sum
pow, ben de reck, hal lee da voy) where they heard stress in a word.

It was found that speakers of an L1 without stress (Chinese, Korean), either with or
without tone, did as well as English native speakers. Learners whose L1 had
phonologically predictable word stress (Turkish, Thai) performed worse than the others.
The specific syllable structures in syllables with non-schwa vowels did not appear to
influence the subjects’ perception of stress. Furthermore, stress was more correctly
identified if it was located centrally than at the left or right edge in three- and four-
syllable words. It was suggested that this last observation may be due to the presence of
secondary stress, although the focus of the study was only the placement of primary
stress. These findings were used to support a parameter based typological stress model,

which is presented in detail in Chapter 3.
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2.3. Conclusions

From the stress studies discussed above, a number of different response patterns
emerged with respect to L2 stress. In production, (a) L2 speakers could either apply their
L1 stress pattern in the L2, (b) they could exhibit target-like behavior, or (c) they could
display a strategy regarding stress placement that conforms neither to the L1 nor the L2.
In perception, (a) subjects were found to perceive L2 stresses better if they are located
where they would also fall in the L1, (b) they could display individual differential
behavior, or (c) they could perceive stresses better that do not fall where they would in
the L1. Thus, it seems that behaviors were found that supported almost different
interpretations, and it is unclear which behaviors to expect in any given set of
circumstances. Part of the problem is due to the fact that the different studies tended to
use different kinds of structures, experimental designs, and a limited number of subjects
and language groups. Furthermore, most studies tested either production or perception,
making it impossible to draw any conclusions on a potential correlation between these
two abilities.

Indeed, only two studies investigated both the perception and the production of
second language word level stress. The results of these two studies, however, could not
be more different. Archibald (1993) reported significantly better scores for Hungarian
and Polish speakers for the perception of English stress of than for the production.
Youssef and Mazurkewich (1998), however, claimed better results for the production
than for the perception of English stress by Egyptian Arabic learners of English. Thus,

even with only two studies there is no agreement regarding L2 behavior.
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It seems clear that, in order to provide some real insight into how L2 learners behave
regarding L2 stress and why, a larger and more systematic study is necessary.
Specifically, it is necessary to include (a) a variety of typologically different language
groups, (b) a somewhat large number of speakers, and (c) a larger set of structures and
items to be tested. Given the problems associated with using real words of a language, it
is crucial to use nonce words as stimuli in such a study. Moreover, to shed light on the
question of the relationship between perception and production, both types of tasks
should be carried out by the same participants. The current study regarding the
perception and production of English stress attempts to address all these concerns, as is

discussed in detail in the following chapters.
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Chapter 3

EXPERIMENTAL DESIGN

This chapter provides a detailed description of the considerations involved in the
design of the stress perception and production experiments presented in the following two
chapters. Before discussing the details of these experiments, aimed at investigating the
L2 acquisition of stress of speakers of different languages learning English, however, 1
first present two recent models pertaining to the perception of stress, since these are
crucial for the selection of the languages included in the current experiments. On the
basis of these models, as well as the findings of several previous studies, the hypotheses
to be tested in the two experiments are presented. Finally, the types of stimulus words
used in the experiments are described in detail, with focus on their structures and their

appearance in the actual experiments.

3.1. Rationale

As presented in Chapter 2, there have been a number of studies that investigated
either the perception or production of L2 stress. Unfortunately, they cannot be conflated
to provide a single conclusive picture of L2 learners’ general problems with stress due to

different experimental approaches, selection of participants, or kinds of stimuli that were
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employed. Since it is the goal of the present study to test both the perception as well as
the production of stress using a larger set of languages, the selection of languages to be
used is of crucial importance for the interpretability and generalizability of the results,
and to be able to test competing models for stress learning.

Before discussing the models of stress, it must be noted that the distinction between
predictable versus non-predictable stress languages rests on the assumption that it is not
possible for phonology alone to predict the stress patterns of all languages. The position
adopted here does not exclude the possibility that certain languages may show a greater
(or lesser) degree of regularity in stress placement, especially if morphological structure
is considered. We claim, however, that languages exist where uniquely phonological
considerations are not adequate for the determination of stress placement. In fact, since
languages seem to differ with regard to the extent to which they require lexical
specification of the location of main stress, it might ultimately be necessary to identify a
continuum of the degree of stress predictability.”

Previous work shows that different behaviors exist among speakers of different L1s
in both perception and production of stress (cf. among others, Altmann & Vogel 2002,
Archibald 1993, Pater 1997, Peperkamp & Dupoux 2002, Youssef & Mazurkewich
1998). The fundamental questions are a) what determines the observed differences, and
b) how is this information to be incorporated into our models of L2 stress acquisition.

Ultimately, the answers to these questions will also provide insight into our general

? In this case, it would be necessary to determine how to assess the degree of stress predictability of a
language, and what the relevant criteria are for placement of language on the continuum. Such
considerations, however, are beyond the scope of the present investigation.
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understanding of stress systems, including the possibility mentioned above, that stress

may actually be predictable in all languages.

3.2. Defining “stress”

Since the two models presented and discussed below crucially make reference to
language characteristics such as ‘predictable stress’, ‘non-predictable stress’, and even
‘no stress’, it 1s in order to define the term ‘stress’ in the sense that it will be used
throughout this dissertation.

First of all, the only prosodic constituent of concern for stress in this study is the
prosodic word, since primary word stress can be encountered in all stress languages.
Although “stress degrees are always purely relative and highly variable in their absolute
magnitude from speaker to speaker, and even from utterance to another in the usage of
the same speaker” (Jakobson and Halle 1956:25), it typically involves a combination of
the features pitch, duration, and intensity on a particular syllable of a word (Lehiste
1970). This combination of features causes one syllable within a word to become more
‘stressed’ or more prominent than others in the same word (Couper-Kuehlen 1986).

Word stress can furthermore be understood as a phonetic effect of foot structure.
Typically, this is manifested by greater articulatory care in the pronunciation of stressed
syllables, including more effort to produce stressed vowels, even intensity distribution

across the frequency spectrum, and longer duration for stressed vowels and consonants
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(for English see, among others, Fry 1952, 1955; Beckman 1986; de Jong 1995;
Gussenhoven 2004).

Thus identified, word stress typically serves one of two crucial linguistic functions
In some languages, stress merely demarcates a word edge, in which case the position of
the stressed syllable in a word is regular or predictable (Rietveld 1980). In other
languages, however, word stress may have a contrastive function, in which case primary
stress is not fixed to a given position and different placement of stress within a word may
result in a meaning difference (e.g., Jakobsen and Waugh 1979, Waugh and Monville-
Burston 1990).

In the following, languages in which primary word stress serves a purely
demarcative function will be labeled as ‘predictable stress languages’, which means that
primary word stress is regular and the position on which stress falls for a given word can
be predicted based on phonological characteristics of the word alone (e.g., position of a
syllable within the word, syllable weight). In the present study, French, Turkish and
Arabic fall into this category. Languages in which stress is contrastive will be labeled as
‘non-predictable stress languages’ since primary stress is not fixed in one position.
Depending on the word and the meaning associated with it, stress will surface on
syllables in different positions of a given word. English and Spanish are the languages in
the present study that are in this category. This is not to say that there is random stress
placement in such languages, but rather that the phonological shape of the word is not the
only factor determining the position of the stressed syllable, otherwise there no word

pairs contrasting in stress only would be possible.
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As opposed to languages with word-level stress as defined above, there is another
class of languages where stress does not have either a demarcative or contrastive function
on the word level. Instead, we often find that one of the three acoustic correlates of stress
mentioned above, namely pitch, is used contrastively. There are two general
subcategories among such languages: (a) tone languages (e.g., Mandarin Chinese), where
syllables within a word carry lexical tone (Gussenhoven 2004), and (b) pitch-accent
languages (e.g., Tokyo Japanese), where a pitch contour spans across the whole word and
frequency features alone are responsible for signalling prominence (Beckman 1986), with
both types of languages incurring meaning differences for contrasting word pairs.
Finally, a language may not use any of the three acoustic characteristics systematically on
the word level. This is not to say that such a language never expresses prominence on
words in production, but rather that such prominence is, not assigned on the level of the
lexical or phonological word. Instead, relative prominence may arise on certain positions
postlexically, assigned in relation to higher prosodic constituents, and may shift within
one word depending on its position within these constituents. Seoul Korean is the
language in the current study that falls in to this category, since prominence in words is
argued to be due to boundary tones from the accentual phrase or intonational phrase (e.g.,
Jun 1996, 2005).

At some abstract level, it might be suggested that all languages have
metrical structure and thus can be viewed as constituting a single category in this regard
(e.g., Halle & Vergnaud 1987, Idsardi 1992, Hayes 1995). Thus, similar mechanisms

would be used to analyze such phenomena as unpredictable stress in English, predictable
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stress in French, and tone in Chinese. There are, however, indications (anecdotal and
based on the results of the current experiments) that there are differences between
languages regarding their L2 stress behavior that cannot be accounted for if, for example,
Mandarin Chinese or Seoul Korean would be classed as having predictable word level
stress and thus fell into one group with French or Turkish speakers. As will be seen in
the discussion of the experiments in Chapters 4 and 5, languages that do not employ the
combination of the three factors pitch, duration, and loudness described above for
demarcative or contrastive stress on the word level perform differently in L2 tasks than
speakers of predictable stress languages, which will be a cross-linguistic division to be
assumed throughout this study.

The factor of potential metrical structure for all language types can be neglected
for our purposes since this does not necessarily entail that all languages have stress in the
understanding that it is used in this study. For example, an account of Tokyo Japanese
with metrical structure explaining accentual (tonal) patterns of the language as in Purnell
(1997) or Kim (1999) is not of concern to the discussion here since it is not restricted to
the word level and only affects pitch phenomena, thus does not involve stress as defined

in this dissertation.

3.3. Typological Models

Two models for the perception of word-level stress have been independently

proposed and tested in the recent (L2) acquisition literature. Both argue that there are
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typologically based differences regarding the perceptibility of stress depending on the
type of native language of the speaker.

Before commencing, it should be clarified what is being meant by ‘parameters’
and ‘typology’ as they are being used in this dissertation. The term ‘parameter’ with
regard to stress is used in a neutral sense, which means that it not only refers to the
parameters promoted by Dresher and Kaye (1990, see below) but rather some property
concerning word stress that can be either present or absent in a given language. The
models discussed here are typological in the sense that they classify and group languages
based on their word stress properties (or parameters) in a hierarchical manner.

Peperkamp and Dupoux (2002), on the one hand, investigated the level of ‘stress
deafness’ of speakers of various languages with predictable stress and promote a
hierarchy based on their findings and arguments from the procession of first language
acquisition. Altmann and Vogel (2002), on the other hand, following a proposal in Vogel
(2000), posit a stress system typology that includes various different types of languages
which specifically considers L2 settings and not merely the perceptibility of stress in
general. Both models are discussed in detail below since they provide the typological
background for the current experiments. A third model, suggested by Dresher and Kaye
(1990) will be presented since it has been used to analyze previous studies on the L2
acquisition of stress. It must be noted, however, that the model was originally proposed
to account for the L1 acquisition of stress and it involves many detailed parameters in
order to potentially generate all possible (not only primary) stress patterns found in

natural languages.
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3.3.1. “Stress Deafness” Model (SDM)

Peperkamp and Dupoux (2002) (henceforth P&D) propose a hierarchy of
languages with predictable stress, which will be referred to here as the “Stress Deafness”
Model (SDM). Specifically, P&D claim that the more predictable (along the lines
presented in section 3.1.1.) stress is in a language, the poorer is the speakers’ ability to
discriminate minimal stress pairs (hence “stress deafness”) compared to minimal
phonemic pairs. Their experiments compared the performance of Finnish (predictable
stress on the left edge of a word), Hungarian (predictable left-edge stress as well), and
Polish (a language with non-predictable stress) speakers for phonemic contrasts and for
stress contrasts using a novel paradigm. Subjects were required to memorize two non-
words that either differed in one segmental dimension (e.g., place of articulation of one
consonant, kupi vs. kuti) or in location of stress (e.g., mipa vs. mipa), and associate them
with different keys on a computer keyboard. They then heard random sequences of the
two non-words and were required to transcribe them using the specified keys on the
keyboard. Every sequence was followed by the word “OK” to prevent the use of echoic
memory. Finnish and Hungarian subjects made significantly more errors with the stress
contrast than with the phonemic contrast. By contrast, for Polish speakers this difference
turned out to be only marginally significant.

On these grounds, P&D proposed to categorize languages with predictable stress
into a hierarchical classification of ‘stress deafness’ from Class I (major problems

distinguishing stress contrasts) to Class IV (basically no problems distinguishing stress
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contrasts), as illustrated in Table 1. According to this classification, the degree of
regularity or predictability of stress at utterance edges in a language is claimed to affect
native speakers’ general ability to perceive stress. It should be noted this hierarchy is
theory-independent since it is based on surface-observable patterns and properties alone,

and also that it does not make any claims regarding secondary stress.

Table 1: Hierarchy of ‘stress deafness’ (adapted from Peperkamp & Dupoux 2002)

regular stress always at an utterance
Class I (e.g., French, Finnish): edge (no phrase-final unstressed
function words)

regular stress at an utterance edge
based on syllable weight: utterance-
final if heavy, otherwise penultimate
(no phrase-final unstressed function
words)

Class II (e.g., Fijian’?):

Class III (e.g., Hungarian): regular stress at utterance edge, except
for unstressed function words

regular stress pattern for content
Class IV (e.g., Polish): words, however, not at utterance edge
(unless monosyllabic)

P&D argue that the stress parameter (i.e., whether stress is contrastive in a
language or not) is set during first language (L1) acquisition. If the language allows
children to observe that stress is regular in their language, they will not encode stress
information in their phonological representation and thus lose the ability to use this
information in the speech stream in the course of L1 acquisition. Accordingly, languages

with regular stress that always falls on utterance edges (Class I) yield a higher degree of
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‘stress deafness’ than those that require a) knowledge about syllable weight (Class II), b)
the ability to distinguish between function and content words (Class III), or c) the
awareness of content word boundaries (Class V).

It must be noted, however, that this classification has been posited and tested for
general perceptual ability only, and is not concerned with issues of second language (L2)
acquisition. Furthermore, it is restricted to languages with predictable stress and makes
no claims regarding possible differences in behavior of speakers of other types of
languages (e.g., tone languages).

In addition, it is not necessarily clear from the hierarchy how certain other
languages with predictable stress would be classified. For example, Turkish and Arabic
are claimed to have predictable stress patterns, but probably fall into different categories
based on their prosodic properties. Turkish is most likely to be classed into the same
category as (the historically related) Hungarian (Class III), since it is postulated to have
regular stress at the (right) edge of a prosodic word (cf. Kabak & Vogel (2001)for
discussion of the stress domain in Turkish). Arabic could be classified in Class II
together with Fijian, since stress assignment in Arabic is weight-sensitive, but in the
absence of heavy syllables, stress falls at the edge of a word.

While it might be possible to refine the criteria in P&D so all languages with
predictable stress can be unambiguously placed in one of their four categories, there are
many languages that are not covered by such a model. Specifically, there is no place in

their model for stress languages that do not have (phonologically) predictable stress or for

? Fijian speakers were not tested.
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languages that may not have stress at all, such as certain tone languages. Furthermore,
since P&D’s model addresses only general perceptual ability, it does not make specific
predictions about L2 acquisition. While inferences may be made with regard to L2
learners’ ability to perceive stress, it is not clear what relationship this would have with
their production. The next model considered, by contrast, explicitly addresses the issues

of perception and production of stress in L2 acquisition.

3.3.2. Stress Typology Model (STM)

A somewhat different classification is proposed in Vogel (2000) and modified in
Altmann and Vogel (2002) (henceforth A&V). This model, the Stress Typology Model
(STM), is based on a typology of stress phenomena. While the STM also uses a notion of
a stress parameter similar to P&D, it consists of a binary branching hierarchy regarding
the use of stress or other prosodic phenomena (e.g., tone) on the word level. Similar to
P&D’s model, the STM is also based on surface-observable patterns of each language
alone and requires no additional theoretical tools. Similarly, too, it focuses only on
primary word stress, and does not address secondary stress.

It should be noted that the STM extends beyond P&D’s SDM in that it not only
includes languages with predictable stress, but also languages with non-predictable stress,
and non-stress languages. Nevertheless, it must be pointed out that this system is
compatible with the SDM, which actually provides further possibilities regarding

languages with predictable stress, one of the categories included in the STM.
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As shown in Figure 1, languages fall into two major groups depending on whether

they employ stress on the word level or not.

STRESS PARAMETERS
/\
stress language non stress language
predictable not predictable pitch no pitch
quantity quantity tone/\pitch accent

sensi}'ve\ insensitive

Left Right Left Right

Figure 1: Typology of stress parameters (A&V, following Vogel 2000)

In the case of stress languages, the location of stress within the word may either
be predictable (regular) or not. For languages where stress is not predictable in relation
to surface phonological structure, it must be lexically specified and requires encoding in
the lexical representation of words. By contrast, if stress is phonologically predictable,
such a lexical requirement does generally not arise; however, further parameter settings
become necessary. In particular, information about which edge of the word is relevant
for stress assignment must be provided, and depending on whether the regular assignment
of stress requires knowledge about syllable weight, languages are classified as quantity

sensitive or insensitive. In addition, the STM takes into consideration languages that do
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not have word level stress at all. Such languages either make use of pitch on the word
level in some other way, as tone or pitch accent, or they do not make contrastive or
demarcative use of such information on the word level at all.

The hierarchical typology presented here predicts different degrees of difficulty
regarding the acquisition of primary stress in a certain L2 by speakers of different L1s.
Negative settings for any parameter are not considered to have an effect on the success of
L2 acquisition of stress in this model. More precisely, the best performance for L2 stress,
on the one hand, would be expected by speakers of non-stress L1s, since there are no
(positive) L1 parameter settings for stress involved in this model that could possibly
interfere with L2 settings. Speakers of L1s with predictable stress, on the other hand,
should display the greatest difficulties according to this typology, since there are several
positively set stress parameters required to accommodate properties like quantity
sensitivity or edge demarcation, which may impede the ability to acquire L2 stress,
especially if the L2 has fewer positive settings than the L1. Finally, L1 groups with non-
predictable stress would also be predicted to have a higher success rate than L1s with
predictable stress.

While pilot research supports the predictions made by the STM with regard to L2
stress perception, its effectiveness in predicting L2 stress production facts has not been
previously evaluated (cf. A&V). Thus, the experiments presented below are designed to
a) further test the predictions of the STM with regard to L2 stress perception, with the

possibility of incorporating further information in the domain of languages with
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predictable stress along the lines of P&D’s work, and b) determine the relevance of the

STM in regard to L2 stress production.

3.3.3 LI Stress Parameter Model

Dresher and Kaye (1990) (henceforth: D&K) presented an approach to the acquisition of
a phonological subsystem, i.e., stress assignment as it is treated in metrical phonology.
They employed the Universal Metrical Parameters (based on Hayes 1981) presented in
Table XX in the computational model YOUPIE in order to account for the first language
acquisition of all possible natural languages as modeled by a computer program for
learning stress patterns. The available choice of settings is provided in brackets for each

parameter.

Table 2: Dresher and Kaye’s (1990) stress parameters

P1: The word tree is strong on the [left/right]
P2: Feet are [Binary/Unbounded]
P3: Feet are built from the [left/right]

P4: Feet are strong on the [left/right]

P5: Feet are quantity-sensitive (QS) [yes/no]

P6: Feet are QS to the [nucleus/rime]

P7: A strong branch of a foot must itself branch [yes/no]
P8A:  There is an extrametrical syllable [yes/no]

P8: It is extrametrical on the [left/right]

P9: A weak foot is defooted in clash [no/yes]

P10: Feet are non-iterative [no/yes]
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These parameters provide the basis for building metrical trees. For example, a
setting of P1 for ‘right’ and P2 for ‘binary’, as in English, generates languages with
primary stress on the final foot. Thus, stress on the antepenultimate syllable would not be
possible in such a language without further provision. Such a provision is made in P8A
and P8, which have to be set positively for English, since it does display antepenultimate
stress.  Furthermore, since P2 is set for ‘binary’, some more detailed parameters
regarding foot structure (P3-P7) need to be set. Accordingly, a different combination of
parameters yields different languages, however, there are interdependencies between
some parameters in the sense that the type of setting for one either suspends another (as
in the case of P5 and P6, where ‘no’ for P5 naturally does not evoke a setting for P6, as
well as a prerequisite setting of P2 for ‘binary’), or crucially requires further specification
(as in the case of setting PSA to ‘yes’, which then has to be defined in P8). The computer
model takes into account the interdependencies between different parameters and thus
yields total of 216 possible stress systems (D&K).

While such an approach may yield interesting predictions regarding how stress
systems may be learned in L1 acquisition, there is a crucial requirement on the input, the
data available to the leaner (or, in this case, the model), which is absolute transparency.
The model has no provision for conflicting data, which is, words with identical syllable
structure that contrast in stress placement. In such cases, “the learning model will be
unable to arrive at a successful setting of parameters” (186). Other modules, for
example, an exception analyzer, or a morphological component, need to be consulted,

which, however, are not implemented in the model (D&K).
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With regard to the present study, it must be noted that this parameter model has
been proposed for the production of stress patterns that can be observed in different
languages, and was not intended to account for the perception of stress. Furthermore, an
application of these parameters crucially implies claims about secondary stress due to the
involvement of foot structure that cannot always be explained by phonological factors
alone. For example, in the case of English, there are instances of otherwise similar words
that differ with respect to the use of secondary stress (e.g., Adirondacks vs. appéndix) or
with respect to the placement of secondary stress relative to primary stress (e.g.,
oxigenate vs. originate). That is, the parameter model proposed by D&K makes general
predictions about secondary stress that cannot always be supported by observation of the
surface stress patterns.

It should also be noted that secondary stress within the same word may vary from
speaker to speaker. It is, furthermore, problematic to evaluate claims about secondary
stress acoustically. That is, it is often very challenging to measure primary stress, due to
the interaction of several acoustic properties, and the measurement of secondary stress is
at present even more elusive. Thus, the D&K model involves a high level of depth and
abstractness that cannot presently be quantified experimentally.

Moreover, the motivation for extrametricality is somewhat controversial (Burzio
1994) and is definitely not easily surface-observable. For second language learners this
would be especially problematic (e.g., English underived verbs and adjectives may have

extrametrical final consonants, but nouns have extrametrical final syllables).
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Finally, as noted above, the parameters cannot account for stress irregularities
(e.g. agénda/calender), differences by syntactic category (English verb/noun pairs such as
convict/convict), or by morphological structure (e.g. analyze/analysis).

Given the lack of clarity with regard to such theoretical claims as extrametricality
and secondary stress, even in such a well-studied language as English, application of such
mechanisms to L2 acquisition raises serious problems. Indeed, there has been a lack of
clarity in interpreting cross-linguistic results based on this model where only primary
stress was considered.

While D&K’s model involves too much abstractness for a general cross-linguistic
approach regarding the L2 acquisition of stress, a number of its more generally applicable
parameters concerning primary stress that are surface-observable are being employed in
the STM, as illustrated in Table XX, where bolded parameters indicate ones that occur in

the STM as well.

Table 3: Parameters being employed by the STM

P1: The word tree is strong on the [left/right]
P2: Feet are [Binary/Unbounded]
P3: Feet are built from the [left/right]

P4: Feet are strong on the [left/right]

P5: Feet are quantity-sensitive (QS) [yes/no]

P6: Feet are QS to the [nucleus/rime]

P7: A strong branch of a foot must itself branch [yes/no]
P8A:  There is an extrametrical syllable [yes/no]

P8: It is extrametrical on the [left/right]

P9: A weak foot is defooted in clash [no/yes]

P10: Feet are non-iterative [no/yes]
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As can be seen, the most general parameters regarding primary stress are being
addressed by the STM as well. Since the current study is concerned with the L2
acquisition of English primary word stress and involves various L1s with differential
stress characteristics, only such general parameters as presented in the STM will be
addressed in this study in order to have a common denominator for all participating
languages. Naturally, no provision is made in D&K’s model for prosodic properties
other than stress (e.g., tone or pitch accent) or for the level of predictability of stress
within a language.

While it would be highly interesting to investigate in detail the applicability of all
parameters presented in D&K’s model for L2 acquisition in perception as well as in

production, this must be left for future undertakings.

3.4. Languages and L1 Stress Properties

Motivated by the classification of languages discussed in the SDM and STM,
typologically different languages were selected for the current experiments. As opposed
to earlier studies (see Chapter 2), a wide range of language types was included in order to
provide insight into the properties that affect the L2 perception and production of stress
cross-linguistically. Therefore, not only speakers of languages with predictable stress
were recruited for these experiments, but also speakers of languages with unpredictable
stress were included, as well as speakers of languages without contrastive stress.

Accordingly, speakers of Spanish, French, Arabic, Turkish, Japanese, Chinese, and
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Korean were selected for participation in the experiments discussed here. In the
following the L1 groups selected for the current study will be introduced and discussed

with respect to their stress properties.

3.4.1 Languages

On the basis of the STM, at least one language was chosen to represent each
terminal node in the hierarchy where possible.* Figure 2 shows the distribution of the
languages selected for the experiments (in bold italics) with their corresponding

parameter settings in accordance with the stress parameter hierarchy.

STRESS PARAMETERS
/\
stress language non stress language
TN T
predictable not predictable pitch no pitch
/\ English, Spanish /\ Korean
quantity quantity tone pitch accent

sensiyie\ insepsitive Chinese Japanese

Left Right Left Right
Arabic French,
Turkish

Figure 2: Stress typology model with languages selected for the experiments
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Since the experiments in this work were concerned with the perception and
production of stress by learners of English as a second language, English is the target
language and a group of native English speakers was tested to provide a baseline against
which to compare the behavior of the other subjects. One other language with essentially
the same type of stress properties as English, that is (phonologically) non-predictable
stress, was selected, namely Spanish. For the branch of languages with predictable stress,
Arabic was chosen for the quantity-sensitive setting, and French and Turkish for the
quantity-insensitive setting. It might seem unnecessary to have two languages for the
same settings in the STM; however, here the hierarchy of predictable stress languages put
forth by P&D comes into the picture. Recall that this classification, the SDM, was only
concerned with predictable stress and thus potentially provides subdivisions of this
parameter in Vogel’s typology. French, with highly regular stress, is included in Class I
in the ‘stress deafness’ hierarchy. Turkish and Arabic were not mentioned in this
hierarchy and thus it can only be speculated into which classes they would be classified
(see section 3.3.1. above). Thus, the inclusion of three languages with somewhat
different, but predictable, stress properties in the present experiments was intended to
further evaluate the predictions made by the SDM. This was felt to be especially
important in the cases of Turkish and Arabic, since their classification is not totally clear.
The question addressed here is, more precisely, whether speakers of these languages

perform in the same way as the French speakers, and thus should be classified in the

* 1t should be noted that the choice of languages was also constrained to some extent by the availability of
speakers at the University of Delaware.
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same category — or not.

In addition to the languages with different types of stress patterns, several
languages without contrastive lexical stress were considered — as these are relevant to the
STM, but not to the SDM. Specifically, speakers of Mandarin Chinese and Tokyo
Japanese were included, as these languages make crucial use of pitch information,
however not as part of stress but rather as contrastive tone or pitch accent, respectively.
Seoul Korean was also selected since it not only lacks contrastive stress, but it also fails

to exhibit contrastive tone or pitch accent.

3.4.2 Stress Properties of Speakers’ L1s

Before discussing the experimental design in more detail, I provide here more
specific information about the stress properties of the L1 of the subjects who participated
in the present research. It will be recalled from 3.2. that for the present purposes stress is
defined here as prosodic prominence on the word level consisting of a combination of the
acoustic properties pitch, loudness, and duration; furthermore, stress has a function on the

word-level, either demarcative or contrastive.

3.4.2.1 Non-predictable Stress
As already mentioned in the introductory chapter of this dissertation, the location

of English stress is not always obvious on the basis of the phonological structure of a

> These varieties constitute the standard dialect in each case. There may also be other dialects with
somewhat different prosodic phenomena that would be classified differently, however, these were not
examined in the present research.
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word. This can be seen in noun/verb and noun/adjective pairs such as suspect / suspect
and content / content, respectively. Other stress anomalies such as agenda vs. calendar,
where the crucial phonological properties of the words are the same, and morphologically
induced stress shifts such as in analyze / analysis also provide evidence that English
stress assignment is not predictable on the basis of surface-observable segmental
information. Since stress location cannot be determined on phonological properties
alone, English is classified in the typology as a language with non-predictable stress.
Spanish is similar to English in the sense that stress placement is very often
determined by the morphological structure or syntactic class of a word, and not by
phonology alone. For example, there are many pairs where nouns and adjectives have
antepenultimate stress but their corresponding verbs carry penultimate stress (catdlogo®
‘catalogue (noun, masc., sg.)’ — catalogo ‘I catalogue (verb, lpers. sg., pres., indic.)’,
legitima ‘legitimate (adj., fem., sg.)’ — legitima ‘(s)he legitimates (verb, 3pers. sg., pres.,
indic.)’, intérprete ‘interpreter’(noun, masc./fem., sg.) — interprete ‘(that) she interprete
(verb, 3pers., pres., subj.)’. Furthermore, the language contains numerous minimal pairs
that are morphologically unrelated but differ only in word stress, for example sdbana
‘bed sheet (noun, fem., sg.)’ versus sabana ‘savannah (noun, fem., sg.)’ and ’licido

‘lucid (adj., masc., sg.)’ versus lucido ‘shone (verb, perf. Participle, masc., sg.).”

% In these and the following set of examples, bold syllables indicate the location of primary stress; accent
marks are provided where they appear in Spanish orthography. I would like to thank Marc-Olivier Hinzelin
for help with the English glosses.

7 All Spanish examples are taken from Harris (1965,1992).
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Thus, in Spanish, stress has a rather high functional load, and in this respect is
comparable to English. Indeed, according to Hayes (1995:96), “main stress in Spanish is
phonemic”.

It should be noted that when other information is considered, stress can be
predicted in many cases by complex rules the character of which, however, is still under
debate (Harris 1992). In this view, Spanish is believed to have a default stress pattern
that surfaces in the absence of, or whenever it is not overruled by, morphology; however,
this is quite rare. Descriptively it can be stated as: stress falls on the penultimate syllable
if the word ends in a vowel or one of the consonants —n or —s; otherwise the final syllable
receives primary stress (Macpherson 1972). Roca (1992) draws a distinction between
verb stress and non-verb stress in Spanish and approaches verb stress as a pure lexical
system (i.e., requiring marking in the lexicon) in line with Halle and Vergnaud (1987)
with no role for foot construction, while non-verb stress is being analyzed as a covert
rhythmic system (with underlying regularity). Crucially, however, reference to the
syntactic class or tense needs to be made in the lexical representation of verbs, for
example, to make final syllables extrametrical for present tense verb forms. The point
that is relevant to the present research, however, is the fact that the location of stress in
Spanish words of all kinds cannot be successfully predicted on the grounds of (surface)
phonological structure. On these grounds, Spanish is considered to have non-predictable

stress in the STM, along with English for the purposes of the present study.
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3.4.2.2 Predictable Stress

French, Turkish, and Arabic, by contrast, have highly predictable stress patterns.
According to P&D, French is (one of) the most regular stress languages, and word stress
placement can be determined in a simple, straightforward way, regardless of the type or
length of a word or its internal structure. The following examples illustrate that stress is
on the rightmost syllable regardless of word length®: dors ‘sleep’ (1sg, pres., indic.),
dormis ‘slept’ (1sg, simple past.), dormirai ‘slept’ (1sg, fut.). (moved) The weight of the
syllable is also not crucial, so French stress is considered to be quantity insensitive. The

only condition is that stress may not fall on a final schwa; in this case it would fall on the
previous syllable instead, for example in Novembr[a] ‘November’, or champagn/a]
‘champagne’.

As a result, French word stress is non-contrastive (cf. among others Casagrande
1984, Dell 1985, Demuth& Johnson 2003, Schane 1968, Peperkamp 2004, Tranel 1987).

Instead, it can be seen to have a demarcative function, that of denoting the right edge of a

word.

In Turkish, primary stress is also very consistently word final. Furthermore, as in
French, stress assignment in Turkish is quantity insensitive, and thus serves the
demarcative function of identifying the right word edge. For example, it can be seen that

as suffixes are added, stress shifts towards the right edge of the word in items such as tani

¥ The following examples are presented in orthographic form, not in phonetic transcription.
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‘know’, tani-dik (know-Der) ‘acquaintance’, tani-dik-lar (know-Der-Pl) ‘acquaintances’,
tani-dik-lar-im (know-Der-P1-Poss1S) ‘my acquaintances’).

It should be noted that several clitic-like suffixes, however, do not follow this
pattern and it has been proposed that the relevant domain for primary stress assignment in
Turkish is the prosodic word, as opposed to the lexical word (cf. Kabak & Vogel 2001),
excluding the morphemes in question. Thus, unlike in French, there are certain
exceptional cases in which stress is not word-final (or phrase-final) (e.g., tani-dik-lar-im-
mi (know-Der-Pl-Poss1S-Que) ‘my acquaintances?’). Furthermore, it should also be
noted that there is a set of words (non-native borrowings and place names, among others)

with irregular, non-final stress, for example, penaltT ‘penalty’, lokanta ‘restaurant’, and

Avrupa ‘Europe’ (see Lewis 1967, Inkelas & Orgun 2003, Kabak & Vogel 2001, Kornfilt
1997).

There have been different approaches advanced for handling such cases, such as
Kabak & Vogel’s (2001) recent proposal they be handled simply by marking the position
of the exceptional stress in the lexicon (along the lines Roca (1992) proposes for Spanish
verbs). A different approach is found in Inkelas & Orgun (2003) and related works in
which special rules are introduced to account for such items. It should be noted,
however, that the mechanism used to treat the exceptional items does not directly bear on
the present study. What is crucial here is that lexical stress in Turkish is overwhelmingly
word final. As in French, it is non-contrastive and serves a demarcative function —
identifying the right edge of the (phonological) word. Thus, with regard to the STM,

French and Turkish fall into the same category, with predictable right-edge stress.

44



As mentioned previously, stress is acoustically a combination of pitch, duration
and loudness, although the details of how these factors combine and to what extent they
vary from one language to another. Based on impressionistic evaluation, it has been
suggested that the primary correlate of prominence on the word level in Turkish is pitch
(Lewis 1967, Konrot 1981, van der Hulst & van de Weijer 1991), although it may be that
loudness is also important (Kornfilt 1997). Duration seems to play a smaller role, if any,
as compared to a language such as English where duration is the primary cue for stress.
Systematic acoustic measurements are needed, however, in order to assess in more detail

the roles of the different physical components of stress in Turkish.

The third language considered here, Arabic has also been generally classified as a
language with a predictable stress pattern, albeit a weight-sensitive one. Specifically,
stress is assigned to a final super-heavy syllable (i.e., CVVC or CVCC). In cases where
there is no final super-heavy syllable, the rightmost heavy syllable (i.e., CVC or CVV)
receives primary stress (cf., among others, McCarthy 1979, Wright 1995). This pattern
can be restated as marking a word-final consonant as being extrasyllabic, then assigning
stress to the rightmost heavy syllable. In words with no heavy syllables, stress will be
placed on the first or last syllable, depending on the particular dialect of Arabic.

It would have been desirable to test Arabic speakers from the same geographical
region, however, this was not possible given the student population at the University of
Delaware, although it should be noted that all the participants were educated in Modern

Standard Arabic. The different backgrounds were not considered problematic in the
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present study since the primary word stress pattern does not differ in cases in which there
is at least one heavy syllable in a word — precisely the case in the stimuli used here (cf.,
among others, Holes (1984) for Gulf and Saudi Arabian Arabic; Cowell (1964) for Syrian
Arabic; McLoughlin (1982) for Levantine Arabic). Al-Ani (1992), furthermore, reports
that speakers from different regions (i.e., Sudan, Saudi Arabia, Morocco, Iraq) displayed
comparable stress placement patterns when speaking in Standard Arabic, so it was not
anticipated that the regional origin of the speakers in the present study would
compromise this L1 groups’ performance in the production experiment. Experiments
containing structures created specifically to test dialect differences, in particular with
regard to structures without heavy syllables, would be needed in order to determine

whether there might exist more subtle patterns related to a speaker’s L1 dialect.

3.4.2.3 No Stress

In Mandarin Chinese and Tokyo Japanese, we do not observe the combination of
pitch, duration, and intensity referred to previously as the manifestation of (word) stress.
Instead, pitch alone typically provides crucial word level contrasts.

For Mandarin Chinese, four different phonemic tones can be distinguished
depending on the pitch contour of a syllable (Duanmu 2000). The same segments may be
pronounced with (i) steady, (ii) rising, (iii) falling-rising, or (iv) falling pitch and have
completely different meanings (e.g., ba (i) ‘eight’, ba (ii) ‘to pull out’, ba (iii) ‘to grasp’,
ba (iv) ‘to stop’). Loudness and duration do not play an important phonological role at

the level of lexical contrast.
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It should be noted that the majority of Chinese words are monosyllabic, while
longer words result “from a grouping of monosyllables which are independent, usually
meaningful morphemes” (Shen 1993:416). Thus, in a basically monosyllabic word
inventory, there is no potentially demarcative function that stress can serve.
Consequently, it has been a commonly accepted view that rather than exhibiting word
level stress, the crucial distinction between syllables in Mandarin Chinese is more one of
the presence vs. absence of tone (Van Heuen & Sluijter 1996).

Recently, Duanmu (2000) has argued for the existence of initial stress (based on
left-headed feet) on the word level (for alternative views regarding the location of
Mandarin stress, see Chao 1968, Chen 2000, Cheng 1973). His argumentation, however,
is mainly based on toneless particles, compound or phrase facts, or on historical verse
structures that do not directly pertain to the issue of identification of word stress. (See
Dell 2004 for a review.) While it is certainly possible that Chinese makes use of metrical
structure at some level of its phonological organization, it should be noted that the
structures Duanmu focuses on involve domains larger than the word. Furthermore, we do
not observe the combination of acoustic properties defined earlier in the definition of
(word) stress. Finally, we also do not observe either a contrastive or a demarcative
function of word stress. The majority of Chinese words are monosyllabic, while longer
words result “from a grouping of monosyllables which are independent, usually
meaningful morphemes” (Shen 1993:416). It is thus still unclear what the exact stress
facts of Mandarin Chinese are. What is important for the current study is that the

potential existence of metrical structure in Mandarin Chinese does not seem to show
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stress effects (either demarcative or contrastive) on the word level that can be

consistently separated from other factors.

Similarly, in Tokyo Japanese, a specific pitch pattern can distinguish word pairs.
Unlike in Chinese, however, what is contrastive is not the pitch pattern itself, but rather
its location in a lexical item — the so-called “accented” element. For example, the
location of the HL contour distinguishes such items as iken (HLL®) ‘differing view’
versus iken (LHL) ‘opinion, and hashi ga (HLL) ‘chopsticks’ versus hashi ga (LHL)
‘bridge’ versus hashi ga (LHH) ‘edge’). Only one HL contour is allowed in a prosodic
word, and the word starts H (except for the first mora always being L unless carrying
initial HL) until it reaches the HL accent; the fundamental frequency drops then to L
(Beckman 1986, Ito & Mester 2003).

It should be noted that not every syllable has a lexically specified tone in
Japanese, as in Chinese, and some words may not have a pitch accent at all. Generally,
the pitch frequency remains H throughout if there is no lexically specified pitch-accent in
the word at all (Ito & Mester 2003). As in the case of tone in Chinese, duration and
intensity do not crucially contribute to the perceptual effects of the pitch accent in
Japanese. It should be noted that not every syllable has a lexically specified tone in
Japanese, as in Chinese, and some words may not have a pitch accent at all. Furthermore,
pitch contours may span more than one syllable in Japanese (cf. Toda 2003). While

Japanese is distinct from Chinese in its use of pitch, this is not to say that it is the same as
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the languages typically regarded as stress languages. Japanese pitch accent does share
the property of “contrast” with such languages as Spanish, Russian, and English, as
opposed to languages such as Estonian, Polish, and Turkish, however, the manifestation
of this property is fundamentally different (cf. Akamatsu 2000).

Thus, while there may be some level at which metrical structure is present in
Japanese, as is claimed for Chinese by Duanmu, what is relevant for the present study is
that duration and intensity do not crucially interact with pitch in Japanese, as in languages
such as English. On these grounds, Japanese is classified in the present study as a

language with pitch accent, as opposed to either stress or tone.

Finally, Seoul Korean differs from all of the abovementioned languages in that it
does not make contrastive or demarcative use of any of the components of stress on the
word level. McGory (2001) states that “[Seoul] Korean has neither stress nor pitch
accent” (2685). Again, this is not to say that metrical structure is absent altogether in
Korean, but that if it does exist, it is at a level that is not directly relevant to the present
study, since it would be at a level beyond that of the word.

In fact, according to Jun (1996) and Ko (1999), when prominence is observed on
Korean words does not arise from word-level stress but rather is a by-product of tonal
patterns associated with higher-level prosody, the Accentual Phrase (AP). There may be

changes in intensity and pitch within prominent (focused) words; however, they are not

? The pitch patterns for each expression can be found in parentheses, where H indicates a high tone and L a
low tone.
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associated with a particular syllable, unlike in English (McGory 1997). The prosodically
strongest syllable of a word changes depending on its position within the AP, since a
nonword mamama is stressed on the second syllable (mamama) if it is the only word in
an AP, however on the first syllable if it is preceded by a monosyllabic word in the AP
(ce mamama) (Jun 1995). Accordingly, pitch or tonal contours in standard speech “are
related to the intonation contours of utterances, and not to lexical items” (Sohn
1999:197).

Given such properties of Korean prosody, and the ways in which they crucially
differ from those of the previously described languages, in the present study Seoul
Korean is classified as a non-stress language as well as a language lacking pitch-accent or

tone on the word level.

3.4.2.4 Summary

Since the seven languages described above differ typologically regarding if and
how they use stress or one of its components as defined earlier in this dissertation, they
offer a good way of investigating the influence of the (type of) native language on the
acquisition of a second language, in this case English. As discussed in detail below, the
behavior of speakers of each of these L1s was compared with the behavior of native
English speakers which served as a baseline for the comparison and analysis of the non-
native groups in perception as well as production. Table 3 summarizes the languages
selected for the present study and provides the parameter settings they incur in the STM

as well as their L1 primary stress patterns.
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Table 3: Participating L1s and their stress properties

Language Settings in STM Stress pattern

French Stress language Final syllable of word
predictable
quantity-insensitive
right edge

Turkish Stress language Final syllable of word
predictable
Quantity-insensitive
right edge

Arabic Stress language Superheavy final syllable,
predictable otherwise rightmost heavy
Quantity-sensitive syllable

right edge

Spanish Stress language —-
Non-predictable

Mandarin Chinese Non-stress -
Pitch
tone

Tokyo Japanese Non-stress ---
Pitch
Pitch-accent

Seoul Korean Non-stress -
No pitch

3.5 Hypotheses

The main goal of the experiments in this dissertation is to investigate the possible
effects of L1 on the treatment of L2 stress by speakers of different L1 groups in both
perception and production. Constituting the null hypothesis, all language groups in the
experiments will perform alike, that is, like the native speakers of English. Such a

scenario would indicate that all of the typologically different L2 groups have successfully
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acquired the necessary knowledge regarding English stress in perception and production,
and thus there is no effect of (the type of) L1 on L2 in the area of stress.

In case the null hypothesis is not confirmed, we might either find a) individual
variation that does not exhibit patterns related to the speakers’ L1, or b) groupings of
behaviors that correspond to the speakers’ L1. If the former is found, we would again
interpret the results as showing that the speakers’ L1 does not have a specific effect on L2
stress; the only effect would be that of producing results that are non-native but not
according to any predictable pattern. If, on the other hand, we find differences in
behavior that correlate with different L1s, we may proceed to examine the nature of the
effect of the L1 on the stress behavior in L2.

In case there is an effect of (the type of) L1 on L2 stress, a number of possibilities
regarding the performance of different language groups may arise.

Regarding the perception of L2 stress, the following hypotheses in (1) can be posited.

(1) Hypotheses for Perception
a) In accordance with the SDM and the STM, speakers of predictable stress
languages will have more problems perceiving the location of stress than other
language groups. Both models predict a lower success rate for speakers of
languages with regular stress assignment in identifying the location of stress.
Furthermore, there should be a difference within the members of this type of

languages, which is where the two models make different predictions.
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b) Following the SDM, there is a hierarchy of stress ‘deafness’ involving gradient

decreasing success with increasing surface-observable regularity of a language.
In the present study, French is the most regular stress language in this hierarchy;
therefore, French speakers would be expected to perform the worst among the
predictable stress languages in this study in perception as well. Turkish and
Arabic are not explicitly mentioned in the discussion of the hierarchy; however,
their stress patterns are more complex according to the criteria spelled out in the
SDM and therefore they should perform worse than French speakers.

By contrast, according to the STM, French and Turkish are located on the
same tier of the stress hierarchy and thus share the same stress parameter settings:
they are both predictable stress languages with quantity-insensitive stress on the
right edge. Arabic, on the other hand, has quantity-sensitive stress on the right
edge, meaning that there is one more additional parameter setting involved
compared to the other two languages with predictable stress. Thus, Arabic
speakers could be expected to perform worse than French or Turkish speakers.

As predicted by both the SDM and the STM, speakers of languages with non-
predictable stress should have no problem perceiving stress. This is the
underlying assumption of the SDM, although not explicitly stated, while the STM
classifies all stress languages with non-predictable stress as sharing the same
parameter settings. Both models thus would not predict any problems for Spanish

speakers, who should perform like the English native speakers.
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d) Only the STM makes predictions regarding the performance of speakers of non-
stress languages. These languages do not involve any (positive) parameter setting
for ‘stress’ that might interfere with their perception of stress; therefore, they
should have no problem with stress, and essentially perform like the English

native speakers.

Regarding the production of stress, there is the possibility of differential rates of
success of speakers of different languages with L2 stress depending on the type of L1, as
well as various individual strategies that could be involved in the performance of the

participating language groups regardless of the type of L1, as explained in (2).

(2) Hypotheses for Production

a) Speakers might transfer an L1 strategy onto an L2 task, as described by
Archibald (1993) and Anani (1989) for the production of English words by
Hungarian or Arabic speakers, respectively. For the current study, this would
mean that Turkish, Arabic, French, and also Spanish10 speakers would be
expected to place stress on the final syllable in accordance with stress
assignment in their L1.

b) A more general, non-native but also non-target-like strategy might be applied,
as found by Pater (1997) and Youssef and Mazurkewich (1998) for the

production of English words by French and Arabic learners, respectively.
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There is no clear prediction regarding what specific strategies might occur in
the current study. Various possibilities exist, for example, the preference to
place stress at the left edge, the right edge, stressing the penultimate syllable,
and so forth. Following Hyman (1977), a more universal preference to place
stress on the right edge may be expected, since this edge is the
overwhelmingly preferred location for word stress across the world’s
languages.

C) Native English speakers pattern together as a group, although English word
stress is classified as not predictable. Based on Pater (1997) and Archibald
(1998), who found a consistent pattern for native speakers’ stress placement
for novel words, a similar strategy could be applied by the control group in the
current study as well: Stress the rightmost non-final stressable vowel (most

likely based on frequency facts in the language).

It will be the aim of the two experiments presented in the following two chapters to
determine which model (if any) accounts best for the L2 performance for the perception
and production of English stress. Furthermore, it should be noted that the SDM as well
as the STM have only been tested for perception so far, thus it will be a crucial
contribution of the current study to investigate not only the applicability of the two

models to the production of stress, but also to understand better the relationship between

1 Recall that Spanish ,default’ stress falls on the final syllable if this is open, which is the case with all
stimulus items in this study.
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perception and production of L2 stress.

3.6 Subjects

Advanced learners of English as a second language from the seven languages
presented above were recruited for this study. In order to ensure a homogenous subject
pool, participants were either (i) graduate students with a score of 50 or higher in the
standardized SPEAK test, an equivalent to the Test of Spoken English administered by
the English Language Institute (ELI) of the University of Delaware, or (ii) language
students at the ELI that had been placed in the two highest class levels (out of six) for
listening and speaking according to the Michigan Test, also administered by the ELI.

Advanced L2 subjects were chosen so as to get a better understanding of how
successful learners are able to become for a given task. Choosing less advanced students
may have yielded more L1 influence in general, however, it would not have been clear if
they can overcome this influence and become sensitive to the L2 stress pattern.
Furthermore, it was crucial that the subjects fully understood the instructions and were
able to yield somewhat native-like segmental production for novel words in order to
allow for structured analyses of stress location and vowel quality in L2.

The native English speakers were all undergraduate students in introductory
linguistics courses at the University of Delaware. Participation in the experiments was

completely voluntary.
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Ten subjects per language group participated in and were analyzed for the study.
Each L1 group was kept as homogenous as possible, which means that speakers of the
Standard variety of a language were selected where possible. For most languages, this
could be achieved: European French, Seoul Korean, Tokyo Japanese, Mandarin (Beijing)
Chinese. For three languages (Turkish, Spanish and Arabic), however, it was not
possible to find enough subjects from the same metropolitan area. With regard to
Turkish and Spanish, no speakers of regional variants with divergent stress patterns were
included in the subject pool. Thus, for Turkish, all speakers were either from Istanbul or
Izmir, and for Spanish, all speakers were Central American. The Arabic group was the
most diverse, with subjects coming from several different countries (Saudi Arabia,
Palestine, Yemen, Lebanon, and Egypt). All of the subjects, however, had attended
universities in their respective countries where only a standard variety of (Classical)
Arabic was spoken, so it is assumed here that the various subjects reflected a
homogeneous group with regard to primary stress placement in their language, and

should not affect the outcome of the experiments.

3.7.  Stimuli

A total of 125 target items for perception and 46 target items for production were
created in accordance with the criteria specified in the following sections. Both
experiments employed the same kinds of structures; however, the production experiment

employed only a subset of those used for perception, which is explained in more detail in
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Chapters 4 and 5. Although the structures are comparable for the production and

perception tasks, all the individual stimulus items were distinct from each other.

3.7.1. Structures

The words employed in both experiments were all nonce words in accordance with
English phonotactic and prosodic restrictions. English orthography was adhered to as
well (see section 3.7.2. for more details). The items contained a structured combination
of vowel types and stress positions in a word and they were constructed according to the

criteria specified in (3).

(3) Criteria for stimulus construction:
a) Each word consisted of two, three, or four syllables.
b) Only open syllables were used (i.e., those not closed by a consonantal segment).

¢) Light syllables contained an underlyingly light rhyme (i.e., schwa or lax vowel'"):

Co or CV, where V indicates a lax vowel.

d) Heavy syllables contained an underlyingly branching rhyme (i.e., tense vowel or

diphthong): CV, CVG, where V indicates a tense vowel, and CVG a diphthong.

"It should be noted that a lax vowel in a stressed open syllable tends to attract the onset of the following
syllable, “making stressed syllables heavy that would otherwise be light” (Giegerich 1992). In the spelling
used here, full lax vowels are followed by double consonants, while schwas are followed by only one
consonant.
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e) The words were consistent with English phonotactics and prosodic restrictions.
Thus, there were no instances of i) stressed schwa, ii) final CV syllables with a
full lax vowel, iii) words with two initial schwa syllables, or iii) more than two
adjacent schwa syllables within a word. Furthermore, words with three or four
syllables containing more than one diphthong were excluded because they tend to
sound unnatural in English, especially as monomorphemic items.

e) The words were constructed to appear monomorphemic, that is, with no potential
prefixes or suffixes.

f) The position of stress was systematically varied in the different types of words for

the perception experiment.

It should be noted that there are often restrictions on consonantal contact in
clusters or between syllables in different languages. It was thus decided to use only open
syllables without consonant clusters to avoid potential differences in this area among the
native languages of the L2 subjects that participated in the experiments. Since syllable
weight is one of the parameter settings addressed in the present experiments, the heavy
syllables contained either a tense vowel or a diphthong. Indeed, these are the structures
that are consistently considered to be bimoraic or heavy across languages with syllable
weight distinctions, while coda consonants tend to vary more as to whether they are
considered moraic or weight-bearing. The light syllable, by contrast, contained either a
lax vowel or a schwa.

As mentioned, the location of stress was varied systematically for the perception

experiment. In two-syllable words, there are only two possible stress locations, the first
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or second syllable. Adding additional syllables also yields additional stress possibilities,
with the longest words in this study offering four potentially stressable locations. A limit
of four syllables was placed on word length since it is very difficult to find
monomorphemic words in English containing more than four syllables. Furthermore, it
was felt that the production task would be rendered excessively difficult if the stimuli
were extremely long. It should also be noted that the number of possible combinations of
syllable type and stress location for inclusion in the perception task would have risen
dramatically with longer words. For example, only considering five syllable words with
two tense vowels, these vowels could be in (a) the first and second syllables, (b) the
second and third syllables, (c) the third and fourth syllables, (d) the fourth and the fifth
syllables, (e) the first and the third syllables, (f)the first and the fourth syllables, and so
forth. Since diphthongs and lax vowels were also part of the experimental items, the
number of possible stimulus items would quickly become unmanageable with longer
words.

Tables 3 to 5 provide exhaustive lists of the stimulus types used in this study.
Bold print indicates syllables carrying primary stress; hyphens signal syllable boundaries.
The vowel types are: V=tense vowel, V=lax vowel, VG=diphthong. Empty cells are due
to the restrictions that: (a) no more than one unstressed syllable may occur at the
beginning of a 