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Abstract
Speech style, syllable stress, and the second-language acquisition of Spanish /e/ and /o/

Justin Bland

This study examines the effects of speech style, syllable stress, and proficiency level on the
production of the second-language (L2) Spanish vowels /e/ and /o/. The study addresses
traditional descriptions of L2 Spanish (e.g. Stockwell & Bowen, 1965), which claim that
English-speaking learners, unlike native speakers (NSs), reduce vowels in unstressed syllables
and diphthongize /e/ and /o/ in stressed syllables. Additionally, it adds to previous research by
investigating how speech style affects L2 Spanish vowels, how these effects change by course
level, and how they compare to NS style-shifting. Data was gathered from 55 adult learners of
Spanish (SLs) at three course levels, as well as 10 NSs of Spanish using two elicitation tasks at
different levels of formality. A total of 7,740 word-medial tokens of /e/ and /o/ was extracted,
and vowels’ F1, F2, duration, and diphthongization were measured using Praat. ANOVA tests
were run to determine the main and interaction effects of participant group, elicitation task, and
syllable stress on these four response variables for each vowel. Significant main effects as well
as interaction effects were found for group, task, and stress on the F1 and F2 of /e/ and /o/, as
well as interaction effects, providing evidence that the SLs and NSs centralized their unstressed
vowels, that /e/ and /o/ became more raised and peripheral as course level increased, and that the

SLs at all levels peripheralized their vowels in formal speech.
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1. Introduction

The purpose of this study is to examine the effects of speech style, syllable stress, and
proficiency level on the second-language (L2) acquisition of Spanish /e/ and /o/ by native
speakers of English. Traditional descriptions of the acquisition of L2 Spanish (e.g. Stockwell &
Bowen, 1965) have suggested that English-speaking learners reduce vowels in unstressed
syllables and diphthongize /e/ and /o/ in stressed syllables, while native speakers (NSs) produce
un-reduced, monophthongal vowels in all contexts. More recent acoustic studies of L2 Spanish
vowels have shown that both learners and NSs centralize their vowels in unstressed syllables
(Cobb, 2009; Menke, 2010; Menke & Face, 2010), that vowel quality changes over the course of
acquisition (Menke & Face, 2010), and that learners produce vowels with longer durations than
NSs. To date, no acoustic study of L2 Spanish vowels has addressed the question of
diphthongization.

One aspect of L2 Spanish vowel acquisition that needs more exploration is the
relationship between speech style and L2 vowel production. Studies on native and heritage
speakers of Spanish show that the level of formality can affect vowel quality (e.g. Harmegnies &
Poch-Olivé, 1992; Ronquest, 2012) and that L2 learners shift their speech style according to
formality (Bayley & Tarone, 2012), but so far, no study has examined how speech style affects
L2 Spanish vowels. Every acoustic study on L2 Spanish vowels up until this point has examined
data from a single, usually fairly formal, speech style.

Therefore, this study seeks to address traditional assumptions about L2 Spanish vowels as
well as to discover how speech style affects L2 Spanish vowel production, whether that effect

changes over the course of acquisition, and how it compares to NS Spanish style-shifting. | focus



on the /e/ and /o/ vowels specifically in order to be able to test for vowel centralization, duration,
and diphthongization. In order to do this, | gathered data on the production of /e/ and /o/ from 55
English-speaking adult classroom-instructed learners of Spanish at three course levels, as well as
10 NSs of Spanish. Speech data was elicited using two elicitation tasks at different levels of
formality, and a total of 7,740 word-medial tokens of /e/ and /o/ in stressed and unstressed
syllables were extracted for analysis. Each token vowel was measured for four acoustic
properties—normalized first and second formants (F1 and F2), diphthongization, and duration—
and statistical analysis was used to determine the main and interaction effects of participant

group, syllable stress, and elicitation task type on the acoustic properties of Spanish /e/ and /o/.



2. Literature Review

2.1. L2 Speech Style

A primary goal of this study is to examine how speech style influences the vowel
production of learners of L2 Spanish. Labov (1972) theorized that all speakers have a range of
speech styles and that they shift their style to suit the topic of discussion and the social context.
According to Labov, style-shifting is linked to the “amount of attention paid to speech” (p. 208).
That is, the more speakers monitor their own speech, the more formal their speech will be.
Conversely, when speakers pay little attention to their speech, they will produce the vernacular,
which he considers the “most systematic” (p. 208) speech style.

Moving to L2 speech, Bayley and Tarone (2012) discuss an application of Labov’s
concept of style-shifting to the unique circumstances of second language acquisition (SLA).
They agree that L2 learners, like NSs, exhibit a range of styles in their L2 speech. However,
where Labov finds the NSs’ vernacular to be the most systematic speech style, Bayley and
Tarone find conflicting evidence about whether learners’ vernacular or formal varieties are more
systematic. For example, they cite a 1985 study by Tarone, which used two tasks at different
formality levels to elicit speech from L2 English speakers, and found that, as they went from the
more formal task to the less formal task, “the learners’ accuracy in producing articles increased
at the same time their third-person singular —s accuracy decreased” (Bayley & Tarone, 2012, p.
43). That is, for learners, one variable may be more systematic in vernacular speech, while
another may be more systematic in formal speech. Research on L2 phonetics and phonology also
shows conflicting evidence about whether formality and target-like speech are directly or

inversely related. Hansen (2006), for example, cites multiple previous phonetic and phonological



studies in which non-native speakers produced more target-like speech in more formal contexts,
but also cites a few studies that show the opposite.

Moreover, there may be challenges in eliciting vernacular speech from L2 learners. As
Geeslin and Gudmestad (2008) point out, some learners may not be “capable of producing long
stretches of discourse” (p. 140). Moreover, Geeslin (2010) suggests that even advanced learners
“may not have an informal register, given their overwhelming exposure to formal, classroom
language, rather than casual conversations” (p. 502). Indeed, she suggests that, for classroom-
based learners, their “natural” register in the L2 may simply be the instructed language they use
regularly in the classroom. Similarly, Bayley and Tarone (2012) note that it may not be clear
what speech community learners belong to, and this would affect their vernacular. Nevertheless,
despite the difficulties in eliciting vernacular or naturalistic language form learners, Geeslin
(2010) recommends using multiple elicitation tasks to research L2 speech style, arguing that
studies that only use one elicitation task may only see one aspect of language acquisition and
thus will miss out on the bigger picture.

In this study, I will use Bayley and Tarone’s (2012) application of Labov’s “attention to
speech” as a model for understanding L2 speech style. | will use two elicitation tasks at different

levels of formality in order to see how speech style affects the vowel production of learners of

L2 Spanish, and whether its effects change over the course of acquisition.

2.2. Models of L2 Phonological and Phonetic Acquisition
A variety of models have been proposed to show how learners acquire an L2 sound
system. Many of these models examine how the L1 and L2 sound systems interact to influence

learners’ speech. For example, Flege’s (1995) Speech Learning Model (SLM) predicts how



difficult it will be to learn an L2 sound based on the similarity and differences between L1 and
L2 phonetic categories. According to the SLM, if the L1 and L2 sounds are perceptually similar
enough, the preexisting L1 category will be maintained for both sounds, while if the L2 sound is
not similar to any L1 category, an entirely new category will be created for it. If an L2 sound is
different from, but similar to an L1 sound, there is a chance that it will be interpreted as
belonging to the L1 category, and the learner will fail to make a new category for it. In that case,
the learner will continue using the L1 category to represent both the L1 and L2 sound, although
that category may shift over time to accommodate the target sound in both languages.

Best’s (1995) Perceptual Assimilation Model (PAM) takes the approach of articulatory
phonology to make similar predictions. According to the PAM, when learners encounter an L2
sound, they will use its gestural similarity to L1 sounds to interpret it as either similar to an L1
category, not similar to any L1 category, or not recognizable as a speech sound. Moreover, the
PAM predicts that L2 contrasts will be more or less difficult to perceive depending on whether
they both assimilate to the same or different L1 categories, and whether they are perceived as
“good” or “deviant exemplars” of those categories (p. 194-195). Kuhl (1993) takes a perceptual
approach to these questions with her perceptual magnet effect and Native Language Magnet
(NLM) theory. According to Kuhl, speakers have prototypes for each sound and interpret sounds
similar to them as belonging to the prototype. Because of this, learners will have the most
difficulty acquiring sounds that are only slightly different from existing L1 sounds, as it will be
difficult for them to perceptually discriminate them from the L1 prototype sound.

Finally, some models have taken into account the influence of linguistic universals on L2
acquisition, in addition to the effects of L1 and L2. Eckman’s Markedness Differential

Hypothesis (MDH) suggests that the degree of typological markedness of a linguistic feature will



affect how difficult it is to acquire (cited in Ortega, 2009). Major’s (2001) Ontogeny Phylogeny
Model (OPM) combines theories of L1, L2, and universal influences into a single model.
According to the OPM, learners start out with only the influence of the L1. As they begin to
acquire the L2, the influence of L1 decreases, while the influence of the L2 and language
universals increases. At some point, the influence of universals also decreases to the ideal
endpoint of L2 acquisition, when only the L2 influences learner speech.

Although this study does not directly address questions of similarity between L1 and L2
sound categories, category shift, and category splits and mergers, these models still provide
useful ways to conceptualize how and why the L2 sound system changes over the course of

acquisition.

2.3. Properties of Vowels

VVowels are sonorant speech sounds produced with unobstructed airflow through the vocal
tract and glottal pulsing. Vowel quality may be altered by changing the position of the tongue in
the mouth, so that individual vowels are commonly described in terms of how high and how far
back the tongue is. Vowel quality may also be altered by rounding the lips to produce a rounded
vowel or opening the soft palate to allow airflow through the nasal cavity to produce a nasal
vowel. The five vowels in Spanish are described in terms of their articulation as a high front
vowel /i/, a mid-front vowel /e/, a low mid vowel /a/, a mid-back vowel /o/, and a high back
vowel /u/ (Ladefoged & Maddieson, 1996; Olive, Greenwood, & Coleman, 1993).

Acoustically, vowels feature a constant vibration originating from the glottal pulsing, and
the frequency of this vibration (f0) can be used to predict what listeners hear as vocal pitch.

Above this base frequency, vowels have a number of resonant frequencies, or formants, and



movements of the tongue and other articulators change these resonant frequencies, so that they
can be used to measure articulation. The first formant (F1) varies inversely with tongue height. A
low F1 indicates a high tongue position and a high F1 indicates a low tongue position. The
second formant (F2) varies inversely with tongue backness. A low F2 indicates a backed tongue
position and a high F2 indicates a fronted tongue position. Because of the relationship between
formants and tongue position, when formants are plotted on a vowel chart, they are typically
shown with F1 on the y-axis in descending order and F2 on the x-axis in descending order to
indicate the position of the tongue in the vocal tract of a speaker facing toward the left.

In order to visualize formant frequencies, researchers use spectrograms like the example
shown in Figure 2-1. Spectrograms are produced by acoustic analysis software such as Praat
(Boersma & Weenink, 2014) by processing audio data with a Fast Fourier Transform to
determine the energy level of a given range of sound frequencies at a given point in time
(Thomas, 2011). Figure 2-1 shows a spectrogram generated by Praat for the word costa “coast”
as spoken by one of the NSs of Spanish in this study. Dark areas on the spectrogram indicate
high-energy frequencies, and vowel formants appear as dark horizontal bands that persist
throughout the duration of a vowel, as labeled in the figure. Monophthongal vowels feature
relatively stable formants, while diphthongal vowels show movement of the formants over the
duration of the vowel. Additionally, formants often have movement at the edges of vowels due to
the influence of the surrounding phonetic context. In the sections that follow, vowels will

primarily be discussed in terms of their F1 and F2 values.
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Figure 2-1. Sample spectrogram of the word costa “coast”

2.4. Spanish Vowels

Spanish vowels form a five-vowel system consisting of /i/, /e/, /a/, /o/, and /u/ (Navarro
Tomas, 1918; Martinez Celdran, 1995). Spanish vowels are traditionally described as being
fairly stable across dialects (Navarro Tomas, 1918), although more recent authors (e.g. Lipski,
1994) suggest that there may be some regional phonetic differences among vowels. For example,
Morrison and Escudero (2007) compared the vowels of speakers from Spain and Peru and found
that they were mostly similar, with the only significant difference with a large effect size being
in the F2 of /o/. Willis (2005) examined the vowels of Spanish speakers from the southwestern
United States (US), comparing them to a 1983 multi-dialectal study by Quilis and Esgueva, and
found that the distribution of /a/ and /o/ was similar between the two studies, but there were
differences in the distribution of /i/, /e/, and /u/. And Marinescu (2013) compared the vowels of
speakers from Spain and Cuba, and found that they were fairly similar, but /i/ and /o/ were
significantly more fronted in Peninsular (European) Spanish, while /e/, /a/, and /o/ had

significantly shorter durations in Peninsular Spanish than in Cuban Spanish.



To give an initial overview of the Spanish vowel system, Figure 2-2 compares the
formant values and overall vowel space of Spanish vowels as reported in several previous
studies. For the sake of comparison, the formant values were normalized with the online NORM
software (Thomas & Kendall, 2007) using the Watt and Fabricius (2002) method, which will be
described in greater detail in the Methodology section. Together, these studies cover a range of
geographic origins. Bradlow (1995) examined speakers of Madrid Spanish, and the data
presented in Figure 2-2 come from the results of that study’s carrier-phrase task, which is a task
that elicits speech by asking participants to repeat a phrase multiple times, each time with a
different token word inserted into the phrase. Martinez Celdran (1995) also presented data on
Peninsular Spanish, and this study reported data from men and women separately due to
biological differences, so they are plotted separately in Figure 2-2. As mentioned above, Willis’s
(2005) data comes from native Spanish speakers from the southwestern US. The data from Quilis
and Esgueva’s 1983 study are as reported in Willis (2005) and come from sixteen participants
with a variety of dialect backgrounds. And the NS participants in Menke and Face (2010) were a
mixture of speakers of Peninsular and Latin American Spanish. Menke and Face (2010)
presented their data from stressed and unstressed vowels separately, and only the formants of
their stressed vowels are shown here.

The formants displayed in Figure 2-2 suggest that the Spanish vowels are similar across
these studies, although a few differences do stand out. The vowel space in Quilis and Esgueva is
larger than in the other studies, with a more fronted /i/ and /e/ and a more backed /u/, /a/, and /o/.
On the other hand, Willis’s (2005) participants’ /i/ and /e/ were more backed than in other
studies, and their /a/ was higher. Menke and Face’s (2010) participants had a fronted /o/, and

Bradlow’s (1995) participants had a fronted /u/.
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Figure 2-2. Formant values of Spanish vowels from previous studies, normalized using the Watt

and Fabricius method (Watt & Fabricius, 2002; Thomas & Kendall, 2007)

Spanish vowels are often described as having little or no reduction in unstressed vowels.
VVowel reduction can take the form of a shorter duration and/or a pronunciation that is closer to
the center of the vowel space than the stressed vowel. For example, Stockwell and Bowen (1965)
assert that Spanish vowels do not change quality between stressed and unstressed syllables. And
Delattre (1969) did a cross-linguistic comparison of vowel reduction by examining the difference
between the F1 and F2 of vowels in stressed and unstressed syllables in Spanish, English,
German, and French and found the smallest difference in Spanish and the largest in English.
Willis (2005) theorized that centralization may exist in Spanish, but he did not find a significant
difference between the F1 and F2 of stressed and unstressed /a/ in his data.

Nevertheless, as early as 1918, Navarro Tomas (1918) acknowledged that unstressed
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vowels in Spanish have a slightly shorter duration than stressed vowels, and that vowel
movement can exist between stressed and unstressed syllables. Lipski (1994, 2008) also notes
that unstressed vowels may be devoiced or elided in some varieties of Spanish in Latin America
and the United States. Several acoustic studies support the existence of vowel reduction in
Spanish. Harmegnies and Poch-Olivé (1992) found evidence of vowel centralizing in Castilian
Spanish in spontaneous speech but not in laboratory speech. In their studies of the L2 acquisition
of Spanish vowels, Cobb (2009), Menke (2010), and Menke and Face (2010) all included groups
of NSs of Spanish for comparison with the learners that were the main focus of their studies, and
all of them found evidence that NSs centralize their unstressed vowels.

Ronquest (2012) examined the influence of speech style and syllable stress on heritage
speakers of Spanish. She used three elicitation tasks to gather speech data at three levels of
formality, including a Narrative Retelling Task (NRT) in which participants had to create their
own narrative based on a video prompt, a Picture Identification Task (PIT) in which participants
had to construct a sentence based on a slide prompt, and a Carrier Phrase Task (CPT). She found
a number of style effects. Participants produced a smaller vowel space in the NRT and the PIT
and a wider one in the CPT. Specifically, /o/ was significantly farther back and /e/ was
significantly farther forward in the CPT. Vowels (including /e/ and /o/) tended to be lower in the
NRT than in the CPT, and /a/ and /o/ had a shorter duration in the NRT than in the PIT and CPT.
She also found evidence that heritage speakers reduce their unstressed vowels: in almost all
cases, there was a significant difference between stressed and unstressed vowels on the
measurements of F1, F2, duration, and the Euclidean distance from the centroid of the vowel
space.

Both Harmegnies and Poch-Olivé (1992) and Ronquest (2012) connect style-based
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changes in vowels to Lindblom’s (1990) theory of hyperarticulation and hypoarticulation
(H&H). According to this theory, speakers will overshoot their formant values, or
hyperarticulate, in self-monitored speech or when there is a possible confusion between the
words they might say, whereas they will undershoot their vowels, or hypoarticulate, in less
formal speaking contexts. Harmegnies and Poch-Olivé (1992) suggest that hypoarticulation
accounts for the fact that their speakers centralized their unstressed vowels in spontaneous
speech. Ronquest (2012) links the H&H theory to the differences she found in formant values
across tasks.

In summary, Spanish has a five-vowel system that is fairly stable across dialects and
across acoustic studies. Some traditional descriptions of Spanish suggest that it does not reduce
unstressed vowels, but other traditional descriptions and more recent acoustic studies refute that
claim. Still, as Delattre (1969) notes, rates of reduction of unstressed syllables may be lower in

Spanish than in other languages such as English.

2.5. American English Vowels

Although I am not analyzing English speech data or crosslinguistic transfer in this study,
it is useful to compare the English and Spanish vowel systems, because many of the previous
studies on L2 Spanish vowels discuss transfer from L1 English, and all of the learner participants
in the current study are speakers of American English. The most striking difference between the
Spanish and English vowel systems is the inventory size. In contrast to the five-vowel system of
Spanish, American English features as many as seventeen vowels (Wells, 1982; Olive et al.,
1993). Both the size of the English vowel inventory and the pronunciation of vowels varies

considerably by region and over time due to processes such as chain shifts, vowel mergers, and
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vowel splits. And English is well known for reducing and centralizing vowels to [2] in unstressed
syllables (Wells, 1981; Olive et al., 1993). As mentioned above, Delattre (1969) found more
centralization of unstressed vowels in English than in Spanish, German, or French. Moreover,
the English /e1/ and /ou/ vowels are often diphthongal (Olive et al., 1993), in contrast to the
monophthongal /e/ and /o/ of Spanish (Stockwell & Bowen, 1965).

In order to directly compare the vowel inventories of English and Spanish, Figure 2-3
presents the mean formant values for English and Spanish vowels from Bradlow (1995). The
Spanish vowels were produced by male NSs of Spanish from Madrid, Spain, and the English
vowels were produced by male NSs of English from Ithaca, New York, and both groups
participated in a comparable carrier phrase task in their own language. Although the two vowel
inventories are different, some of the phonemes seem to be similar. Bradlow compared the
formant values for English and Spanish /i/, /e/, /u/, and /o/ and found that, although the F1 values
were similar, the English F2 values were higher in all cases, which she theorized may be due to
differences in articulatory settings between the two languages. Bradlow also compared vowel
dispersion for each language, and found that, even though English has a more crowded vowel
inventory than Spanish, there were no differences in how tightly each language clustered

phonetic variation within a given phonemic category.
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Figure 2-3. Comparison of English and Spanish vowel inventories and formants from Bradlow

(1995)

The English vowel system differs from the Spanish system in several important ways.
First, it has a larger vowel phoneme inventory with Spanish that exhibits greater regional
variation both in the number of phonemes and in their acoustic properties. Second, vowels such
as /e1r/ and /ou/ are often diphthongs in English. And finally, English shows greater rates of

unstressed vowel reduction than Spanish.

2.6. L2 Spanish Vowels

To date, only a handful of studies have examined the L2 acquisition of Spanish vowels by
English speakers. In one early study, Stockwell and Bowen (1965) used Contrastive Analysis to
compare the sound systems of the two languages. Working under the theory that any Spanish

sound that was similar to, but not the same as, an English sound would be subject to transfer and
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thus difficult to learn, they compared the sound systems point-by-point and attempted to identify
sounds that would be particularly difficult for English speakers to master, and among these
sounds were /e/ and /o/. Stockwell and Bowen hypothesized that English-speaking learners
would produce stressed /e/ and /o/ as [e1] and [ov] in stressed and word-final syllables and as [2]
in unstressed syllables.

Building on Stockwell and Bowen’s work, Hammerly (1982) devised a similar list of
sounds that would be potentially difficult for English-speaking learners of Spanish to acquire. He
then elicited speech from learners using a word list and counted the number and types of “errors”
(i.e. non-target-like sounds) that learners produced. Of all the sounds that could be transferred
from English according to Hammerly’s hypotheses, the most common was the reduction of
vowels to [9].

Simdes (1996) used early speech analysis software to examine the speech of L2 Spanish
learners during a study-abroad program in Costa Rica, finding evidence of non-target-like vowel
centralization and lengthening in their speech. More recently, improvements in acoustic
technology and computation have allowed researchers to analyze the F1, F2, and other acoustic
properties of vowels across leaner and NS speech instead of having to rely on impressionistic
evaluations. Much of this acoustic work has shown that NSs of Spanish also reduce or centralize
unstressed vowels, which calls into question earlier evaluations of reduced learner vowels as
being simply non-target-like.

Cobb (2009) studied the pronunciation of stressed and unstressed Spanish vowels by
English-speaking learners and NSs of Spanish using a delayed-repetition task consisting of target
words in a carrier phrase. Learners were divided into two groups: university students in an

intermediate-level Spanish course and advanced learners who used Spanish daily at work. All
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vowel tokens were non-final and occurred before a coronal consonant, controlling for following-
sounds effects, and all unstressed vowels were pre-tonic. In addition to F1 and F2, Cobb
measured centralization by calculating the Euclidean Distance between the vowel and the
centroid of the vowel space. Comparing the individual vowel measurements across groups, she
found that, in stressed syllables, /a/, /e/, lo/, and /u/ differed between groups in F1, and /a/, /o/,
and /u/ differed between groups in F2. In unstressed syllables, all five vowels differed between
groups on the F2 axis. She also compared the centralization measurements and found that
stressed and unstressed vowels differed significantly in centralization for all vowels in all groups,
meaning that both the learners and the NSs showed significant centralization of unstressed
vowels.

Menke and Face (2010) examined the F1 and F2 of the stressed and unstressed Spanish
vowels of university-based learners at three course levels. They used a prepared reading task to
elicit speech data from learners at three course levels, as well as NSs. Learners at all levels were
found to centralize their unstressed vowels along the F2 axis. The NSs also centralized their
unstressed their /i/, /e/, /o/, and /u/ vowels along the F2 axis, although not to the same degree as
the learners. The learners showed differences across learner groups in the F1 and F2 values of
individual vowels, as well as differences in the overall vowel space. The least proficient learner
group had the smallest vowel space, and as course level increased, learners raised their vowels
along the F1 axis and widened their vowel space along the F2 axis, most notably with the vowels
/il and /u/. The NSs showed a similarly widened vowel space. Menke and Face (2010) also
discuss an unpublished study from 2006 by Cordero, Munson, and Face that compared the
production of Spanish and English vowels by a group of very advanced L1 English learners of

Spanish and found negligible differences between their Spanish and English vowels.
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Another study, Menke (2010), examined the L2 acquisition of Spanish vowels by
children in immersion programs. Participants included English-speaking children in a one-way
and a two-way immersion program, as well as NSs of Spanish in the two-way program, and they
were drawn from four different grade levels. Although Menke used two different tasks at two
different formality levels—a picture-sorting task that prompted participants to say token words
and a picture walk task that prompted participants to invent a story line based on picture
prompts—she was only able to analyze data from the picture sorting task. The study found
differences between the learners’ and the NSs” vowel production at each grade level. In contrast
to Menke and Face (2010), Menke (2010) found that the NSs tended to have a smaller vowel
space than the learners. She also found evidence that both the learners and the NSs centralized
their unstressed vowels. Every participant group except the first grade NSs had a significant
difference between the F1 or F2 of one or more of the five Spanish vowels.

Some work has also been done examining the duration of L2 Spanish vowels. Stevens
(2011) examined the duration of L2 Spanish vowels before and after a study abroad program in
Spain, comparing students who had participated in the program to students who had stayed in the
US and a group of NSs. Tokens consisted of utterance-final vowels in stressed and unstressed
syllables. Before the study abroad program, the two learner groups’ durations were comparable,
while the NSs’ vowel durations were significantly shorter than both learner groups’, with a
duration about half that of learners’ duration. After the study abroad program was finished, both
learner groups were given the elicitation task a second time, and the study-abroad learners’
vowel duration had shortened significantly, while the stay-at-home learners’ vowel duration had
not. In a follow-up variable rule analysis, Stevens found that, for both learner groups, syllable

stress was a significant factor influencing the production of target-like durations. Unstressed



18

vowels favored a target-like (shorter) duration and stressed vowels favored a non-target-like
(longer) duration. Unfortunately, no details were given on whether the NSs’ vowel durations
differed between stressed and unstressed syllables, so it is impossible to know whether the
learners differed from the NSs in the duration of stressed syllables, unstressed syllables, or both.
Finally, Garcia de las Bayonas (2004) took a unique approach to the study of L2 Spanish
vowels by examining learners’ perception of Spanish vowels rather than their production. She
found that L2 learners of Spanish were very accurate in their perception of Spanish vowels, with
an accuracy rate of 94.4 percent for vowels in isolation and 98.8 percent for vowels in a word
context. This suggests that inaccurate perception of Spanish vowels is not likely to be a major

reason for differences between learner and NS production.

2.7. Summary and Research Questions

Although it is well-known that L2 learners shift their speech style in response to different
elicitation tasks, to date no study of L2 Spanish vowels has addressed the question of how style
affects vowel production. Studies such as Cobb (2009), Menke (2010), and Menke and Face
(2010) have addressed traditional assumptions about what constitutes target-like Spanish vowel
production by examining learners’ vowel centralization in unstressed syllables. Moreover,
Harmegnies and Poch-Olivé (1992) and Ronquest (2012) have shown that both speech style and
syllable stress can affect vowel centralization and peripheralization for native and heritage
speakers through the processes of hypo- and hyperarticulation. It is likely that learners, too, will
show similar effects of hypo- and hyperarticulation due to both style and stress. However, it is
unclear what is the exact relationship between speech style, syllable stress, and vowel production

for L2 learners, and whether this relationship changes over the course of acquisition.
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Therefore, | hope to contribute to previous research by addressing the following research
question: How do speech style, syllable stress, and the interaction between the two affect the
production of L2 Spanish vowels, how do these effects change over the course of acquisition,
and how does learner production compare to NS production? Specifically, I will address this
question by using two elicitation tasks at different levels of formality to elicit different speech
styles, and | will focus on the vowels /e/ and /o/, examining the acoustic properties of F1, F2,

diphthongization, and duration.
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3. Methodology

3.1. Participants

The study’s participants consisted of English-speaking second-language (L2) Spanish
learners (SLs) and NSs of Spanish. The SLs were recruited from undergraduate Spanish courses
at a large public university and were divided into three learner groups by course. Group 1 SLs
were recruited from second-semester language courses, Group 2 from sixth-semester language
courses, and Group 3 from seventh- and eighth-semester literature and film courses. The SL
participants were offered extra credit in their Spanish class in exchange for their participation.

Data was collected from a total of 80 SLs. 13 SLs were excluded from the analysis
because they were native or heritage speakers of a language other than English, and 1 was
excluded because she did not produce enough speech. This left 16 participants in Group 1, 31 in
Group 2, and 19 in Group 3. In order to obtain a better balance between the number of
participants in the SL groups, the size of Group 2 was reduced. Out of the 31 participants in
Group 2 who had not already been excluded, the first 20 to participate in the study were included
in the analysis, and the remaining 11 participants were excluded. Thus, a total of 55 SLs were
included in the analysis: 16 in Group 1, 20 in Group 2, and 19 in Group 3.

In order to provide a baseline against which to compare learner speech, NSs of Spanish
were recruited from within the community of the same university. Four NSs were from Spain,
two from EIl Salvador, and one each from the Dominican Republic, Venezuela, Chile, and
Bolivia. As Gudmestad (2012) points out, comparing learners to multiple NS varieties can be
beneficial because it reflects learners’ own exposure to multiple varieties. Additionally, the NSs

were all bilinguals, having learned English as adults. The practice of comparing learners to
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bilinguals is supported by Grosjean’s (1989) observation that the end goal of an L2 learner is not
to become two monolinguals in one, but to become bilingual.

Data was initially collected from 25 NSs, but 15 NSs were excluded from the analysis.
Two were excluded due to audio equipment failure, and 13 because they were also native
speakers of a language other than Spanish, such as English or French, or because they had moved
to an English-speaking country or attended an English-language school prior to completing their
secondary education. Thus, a total of 10 NSs were included in the analysis. All of them had first
moved to an English-speaking country between the ages of 17 and 33 (M = 26.50, SD = 5.04)
and were living in the US at the time of the study. The NSs were not compensated for their
participation.

Table 3-1 gives an overview of the participants’ demographics, as well as scores from a
grammar test administered during the study (discussed in Geeslin & Gudmestad, 2010 and
Ronquest, 2012). Participants’ ages were similar across the SL groups. With the exception of two
outliers over the age of 40, all of the SLs were between 18 and 24 years old. The NSs were older,
ranging from 28 to 48 years old, which was expected, since the SLs were undergraduates, while
the NSs were graduate students or professionals. Females outnumbered males in the study
overall, and Group 2 consisted entirely of females, while Group 1 had more males than females.
In order to account for the imbalance between male and female participants and differences
between male and female speech, the formants of all vowels analyzed in this study were
normalized.

Since the SLs were divided into groups based on the course they were recruited from, and
learners’ abilities can vary within the same course, participants completed the above-mentioned

Spanish grammar test to measure whether the SL groups differed in their L2 proficiency. The test
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consisted of 25 multiple-choice questions on a range of Spanish grammatical structures, and it
has previously been used in research to verify learner proficiency (Geeslin & Gudmestad, 2010;
Ronquest, 2012). A sample question from the test is available in Appendix C. Table 3-1 shows
the results of the grammar test out of a maximum possible score of 25. An analysis of variance
(ANOVA) test showed that participant group (the three SL groups plus the NSs) had a
significant effect on test score, F(3, 64) = 68.24, p <.0001, and a follow-up Tukey’s test showed
that test scores were significantly different between all participant groups. This suggests that, in

this study at least, course level has the ability to distinguish between participant groups.

Table 3-1

Participant Demographics and Grammar Test Scores

Demographics Group 1 Group 2 Group 3 NS Group
Number of participants 16 20 19 10
Male 9 0 5
Female 7 20 14 6
Age
Mean (Standard Deviation) 21.75(7.21) 21.70(9.31) 21.05(0.78)  36.90 (6.19)
Range 18 — 48 18 -61 19 -22 28 - 48

Grammar test score
Mean (Standard Deviation)  8.94 (1.91) 12.25(2.57) 15.68(3.35) 23.20 (1.69)
Range 7-13 7-18 11-22 20-25

Participants completed a background questionnaire (Appendix D) to collect data about
their age, sex, language background, study abroad experiences, and usage of Spanish outside of
the classroom, as well as the places they have lived and the university-level Spanish classes they
have taken (Table 3-2). Of the 55 SLs, 49 spent their entire childhood in the US, and 6 spent part
of their childhood abroad, although not in a Spanish-speaking country. The age when they began

learning Spanish decreased from Group 1 to Group 3, which is unsurprising, because all learner
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groups were approximately the same age at the time of the study. From Group 1 to Group 3, both
the number of years that participants had studied Spanish and the number of university-level
courses they had taken or were currently taking increased. Participants were asked how many
hours a week they used Spanish outside of class, whether speaking with friends or family,
watching TV or movies, listening to music, reading, or engaged in another activity, and all of the
SL groups reported using similar amounts of Spanish outside of class. Nevertheless, it must be
acknowledged that there are limitations to collecting self-reported data such as the number of
hours of Spanish used per week. Dornyei (2003), for example, points out several biases that may
influence respondents’ answers t0 survey questions, such as overgeneralization, fatigue, lack of
motivation for providing accurate answers, and the desire to present oneself “in a good light” (p.
12).

Table 3-2

Previous Usage and Study of Spanish by SLs (Mean, Standard Deviation, and Range)

Usage and Study of Spanish Group 1 Group 2 Group 3
Age when started learning Spanish 15.31 (3.65) 13.95 (10.63) 12.58 (1.35)
(vears) 10 - 24 558 9-14
Length of Spanish language 2.31(1.70) 7.20 (1.79) 8.53 (1.26)
instruction (years) 0_5 3-10 6_12
Hours of Spanish used outside of class 2.56 (2.73) 2.53 (2.46) 3.21 (2.70)
per week 0-9 0-10 0-9
Number of university-level Spanish 1.88 (0.50) 3.30 (1.26) 11.32 (3.71)
courses taken or currently being taken 1-3 1-6 5_18
Participation in Spanish-language 0.00 (0.00) 0.65 (2.06) 7.55 (8.45)
study abroad programs (weeks) 0-0 0_9 0_27

The SLs were also asked whether they had participated in study abroad programs in

Spanish-speaking countries. In Group 1, no participants had studied abroad. In Group 2, 3 out of
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20 participants had studied abroad for periods ranging from two weeks to two months. In Group
3, 13 out of 19 participants had studied abroad for periods ranging from one week to six months.
The age when participants first studied abroad ranged from 13 to 59 (M = 21.69, SD = 10.15).
Most SLs who studied abroad went to Spain, but others went to Ecuador, Costa Rica, Honduras,
and the Dominican Republic. Participants who studied abroad also reported varying degrees of
interaction with NSs and fellow study abroad participants and varying degrees of usage of

Spanish and English, ranging from mostly English to mostly Spanish.

3.2. Tasks and Procedures

Each subject participated individually in an hour-long data collection session in a quiet
room on the campus of their university. In addition to the grammar test and the background
questionnaire described above, participants completed two speech-elicitation tasks in Spanish: a
narrative retelling task (NRT) and a picture identification task (PIT). Speech from the NRT and
PIT was recorded in one channel at 44.1 kHz using a Shure Beta 53 head-mounted microphone
connected to a Zoom H4n digital audio recorder. The tasks were piloted with a group of three
students recruited from a fourth-semester Spanish language class before data collection began for
the actual study. The names and initialisms for the NRT and PIT are borrowed from Ronquest
(2012), although the tasks in the current study differ somewhat from Ronquest’s tasks.

The NRT was designed to elicit semi-spontaneous speech while providing enough
structure to encourage lower-proficiency speakers who may otherwise have difficulty producing
completely spontaneous speech. Participants were shown two illustrated stories taken from a
series of children’s books often used in speech elicitation tasks: Frog goes to dinner (Mayer,

1974), which was labeled “Historia A” (“Story A”) and One frog too many (Mayer & Mayer,
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1975), labeled “Historia B” (“Story B”). The stories depict the adventures of a boy and his pets
and work well as speech prompts because they do not include captions, thus requiring
participants to describe the images in their own words. Moreover, they depict a wide range of
situations, objects, actions, characters, and emotions for participants to discuss. Each story was
presented separately as a PDF file on a computer screen one page at a time, with the page
number indicated. Participants were given time to review the story prior to narrating it and were
provided with vocabulary lists that guided them toward words including /e/ and /o/ (Appendix
A). These lists were especially necessary for the lower proficiency participants. When they were
ready, participants were asked to narrate the story in their own words with as much detail as
possible, saying the page numbers before each page. The NRT was limited to 35 minutes in order
to allow time to complete the remaining instruments within the allotted hour. If a participant was
not finished reading the stories by the end of 35 minutes, the participant was asked to stop.
Ideally, this task should elicit somewhat informal speech, because the participants will be busy
trying to develop a narrative instead of monitoring their speech.

The following task, the PIT, was designed to elicit formal speech through the production
of words in a carrier phrase. Because there is less to distract participants during a carrier phrase
task, they are free to monitor their speech and thus should produce a more formal style than in
the NRT. Bardovi-Harlig (2007) and Geeslin (2010) have argued that speech elicitation tasks for
L2 learners should be meaningful and have a communicative goal rather than being a mere
repetition of sounds. To that end, the PIT is framed as an identification task instead of a simple
word list reading. Participants were presented with a series of slides on a computer screen, each
of which displayed a picture, two Spanish words, and the carrier phrase “La palabraes  .”

(“The word is ___.”), as shown in Figure 3-1. For each slide, participants were asked to read the
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carrier phrase aloud, inserting the word that best matches the picture. The first five slides were
training slides, and the remaining slides, presented in pseudorandom order, featured a target
word and a distractor word. The word list for the PIT (Appendix B) consisted of simple and
easily depicted two- and three-syllable nouns drawn from the glossary of introductory-level
Spanish textbooks (Dominguez, Rusch, & Caycedo Garner, 2009; Heining-Boynton & Cowell,
2013), each of which featured a target vowel in non-final position: 15 each of stressed /e/,
unstressed /e/, stressed /o/, and unstressed /o/; plus 5 each of stressed /i/, /u/, and /a/ to get a
picture of the full range of participants’ vowel space. The distractor word on each slide was one
of the target words from a different slide that included the same target vowel, so that even if the
participant said the distractor word instead of the target word, he or she would still say the target

vowel.

boton conejo
La palabra es

Fgpete

Figure 3-1. Sample slide from the Picture Identification Task (The photograph on the slide is

public domain, available at: http://commons.wikimedia.org/wiki/File:Cunill.jpg.)
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3.3. Data Measurement and Coding

The current study’s dependent variables consisted of four acoustic values from each token
vowel: the normalized values of the F1 and F2 formants measured at the vowel’s midpoint, the
vowel’s duration in milliseconds, and vowel diphthongization, which was measured by
calculating the Euclidean distance between normalized F1 and F2 measured at 20 and 80 percent
of the vowel’s duration. The independent linguistic variables consisted of vowel (/e/, /o/) and
stress (stressed, unstressed). The independent extra-linguistic variables were task (NRT, PIT) and
group (Group 1, Group 2, Group 3, the NS group). All vowel tokens were coded for these four
independent variables. A total of 7,740 tokens of /e/ and /o/ were analyzed, including 3,866 from
the PIT and 3,874 from the NRT. An additional 940 tokens of /a/, /i/, and /u/ were also collected
from the PIT, but these were not included in the analysis.

Phonetic alignments for the NRT and PIT tasks were produced in a semi-automated
process using Praat (Boersma & Weenink, 2014) and the University of Pennsylvania’s Forced
Alignment and Vowel Extraction (FAVE) software (Rosenfelder, et al., 2014). Although the
FAVE automatic aligner was trained on American English speech data, there is some evidence
that the English speech model can be adapted for the alignment of other languages. Milne
(2012), for example, adapted FAVE’s English model to Quebecois French by providing a
pronunciation dictionary in the ARPAbet phonetic alphabet that mapped French phonemes to
their closest equivalent English speech models. A similar process was used here. The closest
English speech models were identified for each Spanish phoneme to create a transcription key
for spelling Spanish words phonetically in the ARPAbet, and a Python script was written that
would build a Spanish-to-ARPAbet pronunciation dictionary for any Spanish text. Thus, NRT

and PIT audio files were first transcribed, and then the audio files, transcripts, and pronunciation
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dictionaries were input into FAVE, which generated automatically-aligned Praat TextGrids.

The PIT was designed to elicit one target vowel from each target or distractor word, so
for the PIT audio files, only these predetermined target vowels were analyzed as tokens. Tokens
from distractor words were included in the analysis because they had the same vowel as the
target words, and it was noted whether each token vowel came from a target or distractor word.
Table 3-3 shows how many of the words analyzed from the PIT were distractor words. In Group
1, only 2.28 percent were distractor words, and this proportion decreased to 0.67 percent in
Group 2 and 0.35 percent in Group 3. The NSs did not choose any distractor words. In this table,
and throughout the analysis below, the symbols “a, ¢, 1, 6, U” are used to represent stressed /a, e,

i, 0, u/ and the symbols “e, 0” are used to represent unstressed /e, o/.

Table 3-3

Distractor Words over Total Words Elicited from the PIT

Vowel Group 1 Group 2 Group 3 NS Group

lel 8/233 (3.43%) 4/295 (1.36%) 3/283 (1.06%) 0/149 (0.00%)
1él 6/236 (2.54%)  1/294 (0.34%)  0/285 (0.00%)  0/150 (0.00%)
lo/ 71238 (2.94%) 2/296 (0.68%) 0/285 (0.00%) 0/150 (0.00%)
16/ 3/238 (1.26%)  2/300 (0.67%)  2/285(0.70%)  0/149 (0.00%)
lal 0/80 (0.00%) 1/100 (1.00%) 0/95 (0.00%) 0/50 (0.00%)
il 0/79 (0.00%) 0/99 (0.00%) 0/95 (0.00%) 0/50 (0.00%)
14/ 3/79 (3.80%) 0/98 (0.00%) 0/95 (0.00%) 0/50 (0.00%)
Total 27/1183 (2.28%) 10/1482 (0.67%) 5/1423 (0.35%)  0/748 (0.00%)

The FAVE-generated alignments for all token vowels were hand-checked. Occasionally,
tokens were excluded from analysis because the speech or audio quality made it difficult to
extract formants (e.g. due to vowel devoicing or interfering background noise), because neither

the target nor the distractor word were produced, because the participant produced a glide
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adjacent to the target vowel (e.g. ['mjulo] for mulo /'mulo/ “mule”), or because it was unclear
what target vowel the participant was attempting to say. For example, learners occasionally
pronounced Spanish words with vowels that were perceptually closer to another canonical
Spanish vowel (e.g. ['dido] for dedo /'dedo/ “finger”), and in these cases it would be difficult to
determine whether the participant was attempting to say /e/ or /i/. For these reasons, 17 tokens
were excluded from Group 1, 18 from Group 2, 2 from Group 3, and 2 from the NS group. Table

3-4 shows the total number of PIT and NRT tokens measured per vowel per group.

Table 3-4

Total Count of Tokens Measured from the PIT and NRT Tasks

Task Vowel Group 1 Group 2 Group 3 NS Group
NRT lel 240 300 285 150
1é/ 232 296 285 150
lo/ 235 298 285 150
16/ 233 300 285 150
PIT lel 233 295 283 149
1é/ 236 294 285 150
lo/ 238 296 285 150
16/ 238 300 285 149
1/ 80 100 95 50
lil 79 99 95 50
fal 79 98 95 50
Total 2123 2676 2563 1348
N 16 20 19 10

For the NRT, in order to balance with the number of tokens extracted from the PIT, a
random sample of fifteen tokens each of stressed and unstressed non-final /e/ and /o/ was
analyzed. Since the token words in the PIT were all nouns, an initial attempt was made to extract

NRT tokens only from nouns, but there turned out to be insufficient tokens, so adjectives were



30

also included. A pseudorandom number generator was used to select fifteen tokens of each target
vowel from the set of non-final and non-glide-adjacent vowels in nouns and adjectives. The
FAVE-generated alignments of all selected tokens were then hand-checked. If there were issues
with the audio quality of a vowel, if the vowel was devoiced or elided, if it was impossible to
define a boundary between the vowel and an adjacent segment (e.g. between the two consecutive
/o/ sounds in otro hombre /'otro ‘'ombre/, “another man™), or if it was unclear what vowel the
participant was trying to say, the token was discarded and another token was pseudorandomly
selected to replace it. Five participants (three in Group 1 and two in Group 2) did not produce
enough speech data to be able to extract fifteen tokens each of every target vowel, and this
accounts for the fact that not every NRT cell in Table 3-4 shows the expected number of tokens.

Once tokens had been extracted and alignments had been checked for both tasks, a Praat
script was used to automatically measure each vowel’s duration and F1 and F2 at 20, 50, and 80
percent of its duration. The mean and standard deviation of each vowel at each measurement
point for each participant were calculated, and any measurement that was more than two
standard deviations away from the mean was identified as an outlier. The F1 and F2 of each
outlier was hand-checked, and, if necessary, re-measured.

The vowels’ F1 and F2 measurements were normalized with the online NORM vowel
normalization and plotting tool (Thomas & Kendall, 2007) using the Watt and Fabricius (2002)
normalization method (discussed in Thomas & Kendall, 2007; Clopper, 2009; Thomas, 2011).
The Watt and Fabricius method as implemented by NORM calculates the scale factors Sr1 and
Sr2 for the F1 and F2 of each speaker based on the formant values of /i/ and /a/. For this study,
the stressed /i/ and /a/ tokens from the PIT were used to calculate scale factors. The method then

divides the F1 and F2 of each vowel by the corresponding scale factor to obtain a normalized F1
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and F2. Normalized formant values of 1.0 are close to the middle of the vowel space, while
normalized formant values above and below 1.0 correspond to higher and lower raw formant
values, respectively. The Watt and Fabricius method has the advantage of not relying on the /u/
or /o/ vowel for its calculations, which is important because many of the speakers in this study
fronted their high and mid back vowels. It also aligns the speakers’ vowel spaces, but preserves
differences in the size of vowel spaces, which is useful because the amount of vowel
centralization and peripheralization is relevant to this study. After the vowels were normalized,
the Euclidean distance was calculated between the normalized F1 and F2 at 20 and 80 percent of

the duration of each vowel token as a measurement of diphthongization.

3.4. Data Analysis

Statistical analysis was performed to determine the main and interaction effects of
participant group, task type, and syllable stress on the acoustic properties of /e/ and /o/. ANOVA
tests were used to analyze the data because they allow the use of continuous response variables
and nominal factor levels such as the ones used in this study. All statistical tests were performed
using the JMP statistical software (SAS Institute, Inc., 2013). One ANOVA test each was
performed on of the following response variables: normalized F1 of /e/, normalized F1 of /o/,
normalized F2 of /e/, normalized F2 of /o/, diphthongization of /e/, diphthongization of /o/,
duration of /e/, and duration of /o/. In the tests for normalized F1, normalized F2, and duration,
the following main factors and their interactions were included in the analysis: participant group
(Group 1, Group 2, Group 3, the NS group), task (NRT, PIT), and stress (unstressed, stressed).
The ANOVA tests on diphthongization only included stressed vowels, which was done for two

reasons. First, only stressed vowels were expected to show diphthongization. Second, unstressed
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vowels may have very short durations, meaning that measurement points at 20 and 80 percent of
their duration may be very close to the vowels’ boundaries and thus susceptible to coarticulation
effects from the surrounding phonetic context. Because of this, diphthongization measurements
on unstressed vowels may be unreliable. The ANOVA tests on diphthongization therefore only
included group and task as main effects.

In addition to the main effects, the ANOVA tests also included interaction effects. For the
normalized F1, normalized F2, and duration tests, these included the two-way group x task,
group x stress, and task x stress effects, as well as the three-way group x task x stress effect. For
the diphthongization tests, the only interaction effect was group x task. Interaction effects were
included because they showed whether a given main effect was significant across all other
effects. For example, if the main effect of stress turned out to be significant, a significant
interaction effect of group x stress would suggest that the effect of stress behaved differently in
different participant groups, and possibly that stress was a significant effect for some participant
groups, but not for others. On the other hand, if the main effect of stress were significant but the
interaction effect of group x stress were not significant, it would suggest that stress was a
significant effect for every participant group.

In order to investigate significant factors further, post-hoc pairwise comparisons were
performed using Tukey’s tests with a significance level of p < 0.05. The results of the Tukey
tests are presented as Connecting Letters Reports, in which a series of one or more letters are
displayed alongside each factor level. Any two factor levels that share a letter in common are not
significantly different from each other, while any two factor levels that have no letters in
common are significantly different from each other. An example of this report can be seen in the

Results section in Table 4-2. In this report, Groups 1 and 2 share the letter “A” and are therefore
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not significantly different; Groups 2 and 3 share the letter “B” and are therefore not significantly
different; Groups 1 and 2 do not have any letters in common and are therefore significantly
different; and the NS group has no letters in common with any other factor level, and thus is
significantly different from all other factor levels. The results of the statistical tests are presented

in the Results section below.
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4. Results

This study attempts to address the following research questions: How do speech style,
syllable stress, and the interaction between the two affect the production of L2 Spanish vowels,
how do these effects change over the course of acquisition, and how does learner production
compare to NS production? | will address this question by analyzing SL and NS production of /e/
and /o/. First, I will discuss participants’ overall vowel space, and then | will present the results
of the statistical tests on the normalized F1 and F2, diphthongization, and duration of vowels. In
addition to the statistical results presented below, the means, standard deviations, and ranges of

all response variables by group, task, and stress are also available as tables in Appendix E.

4.1. Vowel Space

Figure 4-1 shows the participants’ vowel space in terms of the vowel means within each
group. Only the stressed PIT vowels are shown in this plot, because the stressed PIT vowels were
the most peripheral for each group, making it a good indication of the maximum extent of their
vowel space. Additionally, for /i/, /a/, and /u/, only stressed PIT vowels were measured.
Comparing vowel means across groups, the SLs seem to have similar vowels, especially for /e/.
The /o/ vowels in Groups 2 and 3 seem to be slightly higher and farther back than in Group 1.
Group 3’s /u/ vowel also seem to be farther back than in Groups 1 and 2. The fronting of /o/ and
/ul by the earliest learners may be related to the tendency of some American English dialects to
front mid and high back vowels, although it is impossible to know this for certain without

analyzing their English vowels. There were also some differences in the means of the /i/ and /a/
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vowels for the SLs, particularly along the F2 axis: /a/ was farther back in Group 2 than in Groups

1 and 3, and /i/ was farther forward in Group 2 than in Groups 1 and 3.
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Figure 4-1. Stressed PIT vowels, average normalized F1 and F2 by participant group

Comparing the SLs to the NSs, there appear to be some differences and similarities. The
NSs’ /e/ vowel was similar to the SLs’ /e/, while the NSs’ /o/ and /u/ vowels were farther back
than in any SL group, including Group 3. The /a/ and /i/ vowels seemed to be the most different
from the SLs’ vowels: the NSs had an /a/ that was more fronted than the SLs’ /a/ and an /i/ that
was more backed than the SLs’ /i/.

In order to get a sense of the effect that the normalization process had on the F1 and F2
data, Figures 4-2 and 4-3 compare the formants of PIT vowels before and after normalization.
These figures only include data from the study’s female participants (7 in Group 1, 20 in Group
2, 14 in Group 3, and 6 in the NS group). Formant values generally differ between men and

women due to differences in the length of their vowel tracts, making it difficult to compare un-



normalized formant values between men and women (Thomas, 2011). For this reason,
normalization was particularly necessary in this study because the groups were not balanced

between female and male speakers.
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Figure 4-2. Un-normalized PIT vowels from female participants (formant means by group)
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Figure 4-3. Normalized PIT vowels from female participants (formant means by group)
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A possible side effect of the normalization process is that it can reduce legitimate
differences between vowel formants and in some cases suggest differences that did not exist in
the original data. However, in this case, there do not appear to be major differences between the
formant means in Figures 4-2 and 4-3. The /e/ and /o/ means seem to be similarly spread in both
plots, and in both cases, the NSs” mean /e/ and /o/ were the most peripheral, while the Group 1
SLs’ were the most centralized. The biggest difference between the two plots in terms of /e/ and
/o/ seems to be that in the un-normalized data, Group 1 was more centralized than Groups 2 or 3,
while in the normalized data, this difference appears to be smaller.

Taken together, these figures show that participants’ vowel spaces, measured by the mean
formant values of stressed vowels from the PIT, were similar across groups, particularly for /e/
and /o/. Additionally, the female participants’ vowel spaces appear to be similar before and after

normalization.

4.2. Normalized F1 and F2

4.2.1. Normalized F1 and F2 of /e/. In order to give an initial picture of how the /e/
vowel changes by participant group, elicitation task, and syllable stress, Figures 4-4 and 4-5 plot
the mean normalized formant values of /e/ from the NRT and PIT. On the NRT, the SLs’
unstressed /e/ vowels were centralized and had similar means, while their stressed /e/ vowels
were more fronted, lowered, and spread out along the F2 axis. On the PIT, the SLs’ unstressed
/el vowels were again centralized with similar mean formants. The SLs’ stressed /e/ vowels in
the PIT were more fronted and less lowered than in the NRT, and were also more similar across
SL groups. In both the NRT and the PIT, Group 1 had the lowest and most backed mean

formants, Group 2 had the highest and most fronted mean formants, and Group 3 was between
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the two. Compared to the SLs, the NSs’ /e/ vowels were more fronted and raised, particularly in

the case of their stressed /e/ from the NRT and their unstressed /e/ from both tasks.
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Figure 4-4. Normalized formants of /e/ from the NRT by group and stress
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Figure 4-5. Normalized formants of /e/ from the PIT by group and stress
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4.2.1.1. Normalized F1 of /e/. The results of the ANOVA test on the normalized F1 of /e/
are presented in Table 4-1. The overall ANOVA test was significant, F(15, 3847) = 12.1713, p <
0.0001, and it had an R? value of 0.0453, meaning that 4.53 percent of the variation observed in
the normalized F1 of /e/ was accounted for in the model. The following factors were significant

at the p < 0.05 level: group, task, stress, and the task x stress interaction.

Table 4-1

Normalized F1 of /e/—ANOVA Table

Source DF TypeISS Typelll SS F Ratio Prob > F 7>
Group 3 1.4903 1.5087 18.9578 <.0001*** 0.0139
Task 1 0.6381 0.5868 22.1220 <.0001*** 0.0060
Stress 1 1.4078 1.4847 55.9676 <.0001*** 0.0132
Group x Task 3 0.0285 0.0286 0.3590 0.7826 0.0003
Group x Stress 3 0.1454 0.1464 1.8394 0.1377 0.0014
Task x Stress 1 1.0639 0.9209 34.7137 <.0001*** 0.0100
Group x Task X Stress 3 0.0691 0.0691 0.8686 0.4566 0.0006
Error 3847  102.0499 0.9547
Total 3862  106.8930

Overall ANOVA: F(15, 3847) = 12.1713, p < 0.0001%** R2 = (.0453.
*p <.05, **p <.01, ***p <.001.

The main effect of group was significant, F(3, 3847) = 18.9578, p < 0.0001, and it had
the largest effect size of any factor at 0.0139 (measured by #?)—that is, this factor accounted for
1.39 percent of the variation in the response variable. A significant group factor means that the
height of /e/ changes by participant group, and the means and post-hoc Tukey test for group
(Table 4-2) give more information about what this change looks like. Between the SL groups, the
vowel height of /e/ was lowest in Group 1, followed by Group 3 and Group 2, and it was
significantly different between Groups 1 and 2. The NSs had a significantly higher mean /e/ than

all SL groups. This confirms the impression from Figures 4-4 and 4-5 that /e/ vowels varied in
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height by group, and that, on average, the NSs’ /e/ vowels were higher than the SLs’ /e/ vowels.
Additionally, the fact that the average height of /e/ was higher in Groups 2 and 3 than it was in
Group 1 (even though this difference did not reach significance between Groups 1 and 3) may
suggest that the SLs are in the process of acquiring a higher average vowel height for /e/.

Table 4-2

Normalized F'1 of /e/—Group Factor—Means and Tukey s Test Results

Factor Level Connecting Letters Report* Least Sq Mean  Std Error Mean
Group 1 A 1.0996 0.0053 1.0992
Group 2 B 1.0646 0.0047 1.0646
Group 3 A B 1.0817 0.0048 1.0817
NS group C 1.0393 0.0067 1.0393

*Levels not connected by same letter are significantly different.

The stress and task factors were also significant. The stress factor, F(1, 3847) = 55.9676,
p < 0.0001, had the second largest effect size at 0.0132, and /e/ was higher in unstressed syllables
(M =1.0552, SE = 0.0038) than in stressed syllables (M = 1.0932, SE = 0.0038). The task factor,
F(1, 3847) = 22.1220, p < 0.0001, had an effect size of 0.0060, and /e/ was higher in PIT (M =
1.0613, SE = 0.0038) than in NRT (M = 1.0870, SE = 0.0038). However, since the task x stress
interaction was significant, F(1, 3847) = 34.7137, p < 0.0001, and it had a larger effect size than
the task factor at 0.0100, it must be taken into account in order to fully understand the
relationship between task, stress, and vowel height. To investigate this interaction further, the
post-hoc Tukey test on task x stress (Table 4-3) showed that stressed /e/ in the NRT was
significantly lower than all other /e/ vowels. To put it another way, stressed /e/ differed
significantly in vowel height across tasks, while unstressed /e/ did not. This is visible in Figures
4-4 and 4-5, where stressed /e/ is lowered relative to unstressed /e/ in the NRT but not in the PIT.

Moreover, the lack of a three-way group x task x stress interaction showed that this task x stress
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interaction was significant across all groups, including the SLs and the NSs.
Table 4-3

Normalized F1 of /e/—Task * Stress Factor—Means and Tukey s Test Results

Factor Level Connecting Letters Report* Least Sq Mean  Std Error Mean
NRT,e B 1.0477 0.0054 1.0517
NRT,¢é A 1.1204 0.0054 1.1227
PIT,e B 1.0542 0.0055 1.0588
PIT,¢ B 1.0628 0.0054 1.0638

*Levels not connected by same letter are significantly different.

Taken together, the statistical tests for normalized F1 of /e/ suggest that the average
height of /e/ changed across the SL groups, and that the NSs had a higher /e/ than the SLs.
Additionally, for both the SL and NS groups, stressed /e/ from the NRT was significantly lower
than stressed /e/ from the PIT, while there was no significant difference in the vowel height of
unstressed /e/ between tasks.

4.2.1.2. Normalized F2 of /e/. The results of the ANOVA test on the normalized F2 of /e/
are presented in Table 4-4. The overall ANOVA test was significant, F(15, 3847) = 44.1714, p <
0.0001, and it had a higher R? value than the previous test at 0.1469. All main and interaction

effects except group x task were significant at the p < 0.05 level.
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Table 4-4

Normalized F2 of /e/—ANOVA Table

Source DF TypeISS Typelll SS F Ratio Prob > F [/
Group 3 1.7429 1.7481 22.2252 <.0001*** 0.0147
Task 1 1.6606 1.5541 59.2758 <.0001*** 0.0140
Stress 1 13.1975 114190 4355314 <.0001*** 0.1116
Group x Task 3 0.0336 0.0351 0.4466 0.7197 0.0003
Group x Stress 3 0.2495 0.2499 3.1773 0.0231*  0.0021
Task x Stress 1 0.2553 0.1773 6.7618  0.0093**  0.0022
Group x Task x Stress 3 0.2322 0.2322 2.9520 0.0314*  0.0020
Error 3847  100.8631 0.8531
Total 3862  118.2348

Overall ANOVA: F(15,3847) =44.1714, p < 0.0001*** R? = (.1469.
*p <.05, **p <.01, ***p <.001.

In this test, the factor with the largest effect size was stress, F(1, 3847), p < 0.0001, with
an n? of 0.1116. The stress factor suggested that /e/ was more fronted in stressed syllables (M =
1.4511, SE =0.0038) and more centralized in unstressed syllables (M = 1.3340, SE = 0.0038),
which was expected and is seen in the vowel plots. In this case, although there were interaction
effects involving stress, they all confirmed the basic trend that stressed /e/ was significantly more
fronted than unstressed /e/ in all contexts. For example, the group x stress interaction was
significant, F(3, 3847) = 3.1773, p =0.0231, with an effect size of 0.0021, but its post-hoc
Tukey test confirmed that, within each group, stressed /e/ was significantly more fronted than
unstressed /e/ (Table 4-5). However, this still turned out to be the result of an interaction,
because, although the stress effect was significant in each group, unstressed /e/ was significantly
less centralized for the NSs than it was for the SLs, and stressed /e/ was significantly less fronted

for Group 1 than it was for Group 2 and the NSs.
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Table 4-5

Normalized F2 of /e/—Group x Stress Factor—Means and Tukey s Test Results

Factor Level Connecting Letters Report* Least Sq Mean  Std Error Mean
Group 1,e D 1.3155 0.0074 1.3155
Group 1,¢ B C 1.4221 0.0075 1.4225
Group 2,e D 1.3385 0.0066 1.3384
Group 2,¢ A 1.4706 0.0067 1.4705
Group 3.,e D 1.3170 0.0068 1.3170
Group 3,¢ A B 1.4425 0.0068 1.4425
NS group,e C 1.3871 0.0094 1.3870
NS group,é A 1.4739 0.0093 1.4739

*Levels not connected by same letter are significantly different.

The group and task factors were also significant. The group factor, F(3, 3847) = 22.2252,
p < 0.0001, had the second-highest effect size at 0.0147, and indicated that the frontedness of /e/
changed by participant group. Specifically, Group 2 had an /e/ that was significantly more
fronted than Groups 1 and 3 (Table 4-6). Moreover, the NSs had an /e/ that was significantly
more fronted than in any SL group. This result is similar to the group effect in the normalized F1
of /e/, and the general trend is visible in the vowel plots in Figures 4-4 and 4-5. Likewise, task
was significant, F(1, 3847) = 59.2758, p < 0.0001, with an effect size of 0.0140, suggesting that
/el was more fronted in PIT (M = 1.4133, SE = 0.0038) and more centralized in NRT (M =
1.3718, SE = 0.0038). Finally, task x stress was significant, F(1, 3847) = 6.7618, p < 0.0093,
with an effect size of 0.0022. However, in this case, the presence of a three-way interaction gave
a more nuanced picture of the effects these main factors had on the normalized F2 of /e/ and

suggest that they did not hold in every context.
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Table 4-6

Normalized F2 of /e/—Group Factor—Means and Tukey s Test Results

Factor Level Connecting Letters Report* Least Sq Mean  Std Error Mean
Group 1 C 1.3688 0.0066 1.3687
Group 2 B 1.4045 0.0047 1.4042
Group 3 C 1.3798 0.0048 1.3799
NS group A 1.4305 0.0054 1.4305

*Levels not connected by same letter are significantly different.

The three-way group x task x stress was significant, F(3, 3847) = 2.9520, p = 0.0314,
with an effect size of 0.0020. The post-hoc Tukey’s test showed several important interactions
(Table 4-12). For the SL groups, it confirmed that /e/ was more centralized in unstressed
syllables than in stressed syllables. But it also showed that, within the SL groups, there were no
significant differences in the frontedness of any of the unstressed /e/ vowels. That is, for the SLs,
unstressed /e/ did not vary by task or by group. However, the SLs’ stressed /e/ did vary by task:
stressed /e/ in the PIT was significantly more fronted than stressed /e/ in the NRT. Additionally,
the SLs’ stressed /e/ in the NRT varied significantly in frontedness: it was the farthest back for
Group 1, followed by Group 3, then Group 2, and there was a significant difference between
Groups 1 and 2. This difference in stressed /e/ in the NRT along the F2 axis is clearly visible in
the plot in Figure 4-4. However, stressed /e/ in the PIT did not differ significantly in F2 between
the SL groups.

The three-way interaction also revealed some differences between the NSs and the SLs.
Like the SLs, the NSs’ unstressed /e/ vowels in each task were significantly more centralized
than their corresponding stressed /e/ vowels. And like the SLs, the NSs’ unstressed /e/ vowels
were not significantly different from each other across tasks, although the NSs’ unstressed /e/

from the PIT was significantly less centralized than all SL groups’ unstressed /e/, while their
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unstressed /e/ from the NRT was significantly less centralized than Group 3’s unstressed /e/.
However, whereas the SLs had a significant task-based difference between their two stressed /e/
vowels, the NSs did not. The NSs’ stressed /e/ in both the NRT and the PIT were fronted, but
there was no difference in F2 between the two. Additionally, in the PIT, there was no difference
in F2 between the NSs” and SLs’ stressed /e/, but in the NRT, the NSs’ stressed /e/ was more

fronted than in Group 1 and 3.

Table 4-7

Normalized F2 of /e/—Group * Task x Stress Factor—Means and Tukey s Test Results

Factor Level Connecting Letters Report* Least Sg Mean  Std Error Mean
Group 1,NRT,e G H 1.3095 0.0105 1.3095
Group 1,NRT,¢ E F 1.3772 0.0106 1.3772
Group 1,PIT,e G H 1.3216 0.0106 1.3216
Group 1,PIT,¢ A B C 1.4670 0.0105 1.4670
Group 2,NRT,e G H 1.3280 0.0093 1.3280
Group 2,NRT,¢ B CD 1.4459 0.0094 1.4459
Group 2,PIT,e F G H 1.3489 0.0094 1.3489
Group 2,PIT,¢ A 1.4953 0.0094 1.4953
Group 3,NRT,e H 1.3047 0.0096 1.3047
Group 3,NRT,¢é D E 1.4162 0.0096 1.4162
Group 3,PIT,e F G H 1.3293 0.0096 1.3293
Group 3,PIT,¢ A B C 1.4688 0.0096 1.4688
NS group,NRT,e E F G 1.3608 0.0132 1.3608
NS group,NRT,¢ A B C D 1.4585 0.0132 1.4585
NS group,PIT,e C D E 1.4133 0.0133 1.4311
NS group,PIT,é A B 1.4894 0.0132 1.4894

*Levels not connected by same letter are significantly different.

Altogether, the analysis of the normalized F2 of /e/ suggests several things. First of all,

both the SLs and NSs centralized their unstressed /e/ vowels. The amount of centralization of
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unstressed /e/ was not different across the SL groups, and while the NSs centralized their
unstressed vowels less than the SLs did, for the most part only the NSs’ unstressed /e/ from the
PIT was far enough forward to be significantly different from the SLs’ unstressed vowels.
Additionally, the SL groups all produced stressed /e/ from the NRT farther back than stressed /e/
from the PIT—and this difference was greatest in Group 1—while the NSs did not. This means
that, overall, a task effect in the normalized F2 of /e/ was only seen for the SLs on the stressed
vowels, and the NSs did not appear to show any task effect. Finally, there was evidence that the
average normalized F2 of /e/ changed by group, with the SLs varying in their average F2

between groups, and the NSs producing a more peripheral /e/ than the SLs.

4.2.2. Normalized F1 and F2 of /o/. Figures 4-6 and 4-7 show plots of the mean
normalized formants of /o/ by group and stress in the PIT and NRT tasks. A few patterns are
immediately noticeable. For all groups, /o/ from the PIT was more backed than /o/ from the
NRT, and stressed /o/ was also more backed than unstressed /o/. The result is that unstressed /o/
from the NRT was more fronted than any other mean value of /o/, while stressed /o/ from the PIT
was more backed than any other mean value of /o/. There also appear to be differences across
groups. Group 1’s unstressed /o/ was more fronted than that of any other group, while the NSs’
stressed /o/ was more backed than that of any other group. The /o/ vowel tended to vary along
the F2 axis more than along the F1 axis. However, on average, /o/ from the PIT appears to be
higher than /o/ from the NRT, and Group 2 had a higher /o/ than all other SL and NS groups.
Within Groups 1 and 2 there was little variation in vowel height, although within Group 2 and
the NS group, there seems to be some variation along the F1 axis, as stressed /o/ appears to be

lower than unstressed /o/.
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4.2.2.1. Normalized F1 of /o/. The analysis of the normalized F1 of /o/ shared much in
common with that of the normalized F1 of /e/. Both had similar R? values and a significant effect
for all three main factors plus some interaction effects, and, in both tests, group was the factor
with the largest effect size. The overall ANOVA on the normalized F1 of /o/ was significant,
F(15, 3861) = 11.3702, p < 0.0001, with an R? value of 0.0423. The following factors were
significant at the p < 0.05 level: group, task, stress, the two-way interaction group x stress, and
the three-way interaction group x task x stress. The results of the ANOVA test are presented in

Table 4-8.

Table 4-8

Normalized F'1 of /o/—ANOVA Table

Source DF TypeISS Typelll SS F Ratio Prob > F 7>
Group 3 1.9003 1.9060 27.6269 <.0001***  0.0205
Task 1 0.4975 0.5852 25.4488 <.0001***  0.0054
Stress 1 0.5817 0.7397 32.1644 <.0001*** 0.0063
Group x Task 3 0.1722 0.1718 2.4903 0.0585 0.0019
Group x Stress 3 0.4956 0.4976 7.2126  <.0001*** 0.0053
Task x Stress 1 0.0245 0.0493 2.1447 0.1431 0.0003
Group x Task X Stress 3 0.2505 0.2505 3.6303 0.0124*  0.0027
Error 3861 88.7912 0.9577
Total 3876 92.7134

Overall ANOVA: F(15,3861) = 11.3702, p < 0.0001%** R2 = 0.0423.
*p <.05, **p <.01, ***p <.001.

The group factor was significant, F(3, 3861) = 27.6269, p < 0.0001, suggesting that the
average height of /o/ varied by participant group, and, as mentioned above, it had the largest
effect size at 0.0205. The post-hoc Tukey test on group (Table 4-9) shows that, on average, /o/ is
significantly higher in Group 2 than in all the other groups, and the height of /o/ is not

significantly different between the other three groups. This confirms the impression from Figures
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4-6 and 4-7 that Group 2’s average /o/ was higher than in all other groups. Since the mean height
of /o/ was not significantly different between Groups 1 and 2 and the NS group, this test
indicated that these two SL groups on average produced /o/ with a target-like vowel height.
Table 4-9

Normalized F1 of /Jo/—Group Factor—Means and Tukey s Test Results

Factor Level Connecting Letters Report* Least Sq Mean  Std Error Mean
Group 1 A 1.0516 0.0049 1.0515
Group 2 B 1.0036 0.0044 1.0037
Group 3 A 1.0504 0.0045 1.0504
NS group A 1.0541 0.0062 1.0540

*Levels not connected by same letter are significantly different.

The main effects of stress and task were also both significant. As in the analysis of the
normalized F1 of /e/, the stress factor, F(1, 3861) = 32.1644, p < 0.0001, suggested that /o/ was
higher in unstressed syllables (M = 1.0247, SE = 0.0036) than in stressed syllables (M = 1.0490,
SE = 0.0036), and again it had the second highest effect size at 0.0063. Also as in the F1 of /e/,
the task factor, F(1, 3861) = 25.4488, p < 0.0001, 5 = 0.0054, suggested that /o/ was higher in
the PIT (M = 1.0256, SE = 0.0036) than it was in the NRT (M = 1.0482, SE = 0.0036). Moreover,
the group x stress interaction was significant, F(3, 3861) = 7.2126, p < 0.0001, with an effect
size of 0.0053.

However, the significant three-way interaction, F(3, 3861) = 3.6303, p = 0.0124, 52 =
0.0027, gave a clearer picture of how group, task, and stress relate to the height of /o/. In the
discussion of the vowel plots of /o/ above, it was noted that the height of /o/ appeared to vary
more within Group 3 and the NS group than within Groups 1 and 2. The Tukey test for the three-
way interaction seems to confirm this idea (Table 4-10). Considering the groups individually,

there was no height difference between any of the /o/ vowels in Group 1, nor was there any
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difference between the /o/ vowels in Group 2. In Group 3, however, stressed /o/ from the NRT
was significantly lower than unstressed /o/ from the PIT, and this was seen in the NS group as
well. The patterns were not exactly the same in Group 3 and the NS group, as in each group,
unstressed /o/ from the PIT and stressed /o/ from the NRT were significantly different in height
from different subsets of the other two vowels. This may suggest that both task and stress
affected the height of /o/ for both groups, but in a way that resulted in a task x stress interaction

rather than simple effects of task and stress.

Table 4-10

Normalized F'1 of /o/—Group x Task x Stress Factor—Means and Tukey's Test Results

Factor Level Connecting Letters Report* Least Sq Mean  Std Error Mean
Group LNRT,o A B C 1.0649 0.0099 1.0649
Group 1,NRT,6 B C D E 1.0477 0.0099 1.0477
Group 1,PIT,0 C DEF 1.0380 0.0098 1.0380
Group 1,PIT,6 A B CD 1.0556 0.0098 1.0556
Group 2,NRT,o D E G 1.0145 0.0088 1.0145
Group 2,NRT,6 D E F G 1.0159 0.0088 1.0159
Group 2,PIT,0 G 0.9811 0.0088 0.9811
Group 2,PIT,6 E F G 1.0032 0.0088 1.0032
Group 3,NRT,0 C DEF 1.0321 0.0090 1.0321
Group 3,NRT,6 A B 1.0866 0.0090 1.0866
Group 3,PIT,0 C DEF 1.0333 0.0090 1.0333
Group 3,PIT,6 B C D 1.0495 0.0090 1.0495
NS groupNRT,o A B C D 1.0567 0.0124 1.0567
NS group,NRT,06 A 1.1030 0.0124 1.1030
NS group,PIT,o0 F G 0.9840 0.0124 0.9840
NS group,PIT,d6 A B C 1.0726 0.0124 1.0726

*Levels not connected by same letter are significantly different.

Overall, the results of the statistical tests on the normalized F1 of /o/ suggest that average
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vowel height varied between the SL groups, with Group 2 producing a high average /o/ and
Groups 1 and 3 producing an /o/ with an NS-like average vowel height. At the same time, the
three-way interaction suggests that there was an increasing differentiation of /o/ vowels along the
F1 axis, particularly between unstressed /o/ from the PIT and stressed /o/ from the NRT, and this
difference was not significant for Groups 1 and 2, but it was for Group 3 and the NSs, with the

NSs showing a larger difference in F1 values than Group 3.

4.2.2.2. Normalized F2 of /o/. The analysis of the normalized F2 of /o/ reflected many of
the findings of the analysis of the normalized F2 of /e/. The ANOVA test was significant, F(15,
3861) = 43.2212, p < 0.0001, and it had a similar R? to the /e/ test at 0.1438. Additionally, the
same factors were significant at the p < 0.05 level: group, task, stress, the two-way interactions
of group x stress and task x stress, and the three-way interaction of group x task x stress. The

results of the ANOVA test are presented in Table 4-11.

Table 4-11

Normalized F2 of /o/—ANOVA Table

Source DF Type ISS TypelII SS F Ratio Prob > F [/
Group 3 0.7466 0.7545 15.3508 <.0001*** 0.0101
Task 1 4.3870 4.1383 252.5774 <.0001***  0.0594
Stress 1 4.7433 4.6082 281.2567 <.0001***  0.0642
Group x Task 3 0.0106 0.0108 0.2198 0.8827 0.0001
Group x Stress 3 0.1336 0.1368 2.7822 0.0395*  0.0018
Task x Stress 1 0.4269 0.4309 26.3006 <.0001***  0.0058
Group x Task x Stress 3 0.1744 0.1744 3.5478 0.0139*  0.0024
Error 3861 63.2602 0.8562
Total 3876 73.8824

Overall ANOVA: F(15,3861) =43.2212, p < 0.0001*** R>=(.1438.
*p <.05, **p <.01, ***p <.001.
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The stress factor, F(1, 3861) = 281.2567, p < 0.001, had the highest effect size of any
factor at 0.0642. As in the analysis of the F2 of /o/, the stress factor suggested that unstressed /o/
was more centralized (which for /o/ means fronted) (M = 0.8532, SE = 0.0030), while stressed /o/
was more peripheral (backed) (M =0.7832, SE = 0.0030). Although there were two- and three-
way interactions involving stress, they all confirmed that the normalized F2 was significantly
different in stressed and unstressed /o/ in all contexts. The task factor was also significant, F(1,
252.5774), p < 0.0001, with the second-highest effect size at 0.0594, suggesting as in the
analysis of /e/ that /o/ was on average more centralized in the NRT (M = 0.8518, SE = 0.0030)
and more peripheral in the PIT (M = 0.7846, SE = 0.0030). In this case, the interactions
involving task confirmed the presence of the task effect in most contexts.

The group factor was significant, F(3, 3861) = 15.3508, p < 0.0001, ? = 0.0101, and the
follow-up Tukey test (Table 4-12) showed that, on average, /o/ became more backed as course
level increased. Of the SL groups, Group 1 had the most centralized /o/, followed by Group 2,
then Group 3, and there was a significant difference between Group 1 and Groups 2 and 3. The
NSs’ /o/ was more backed than in all SL groups, and this reached the level of significance
between the NSs and Groups 1 and 2.

Table 4-12

Normalized F2 of /o/—Group Factor—Means and Tukeys Test Results

Factor Level Connecting Letters Report* Least Sq Mean Std Error Mean
Group 1 A 0.8397 0.0042 0.8395
Group 2 B 0.8188 0.0037 0.8187
Group 3 B C 0.8104 0.0038 0.8104
NS group C 0.7978 0.0052 0.7979

*Levels not connected by same letter are significantly different.

The ANOVA test revealed two- and three-way interactions for the normalized F2 of /o/.
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The two-way interactions of task x stress, F(1, 3861) = 26.3006, p < 0.0001, #?=0.0058, and
group x stress, F(3, 3861) = 2.7822, p = 0.0395, #2 = 0.0018, were significant, but both of these
effects are best explained by the three-way interaction. The three-way group x task x stress
interaction was significant, F(3, 3861) = 3.5478, p = 0.0139, with an effect size of 0.0024. First
of all, the post-hoc Tukey test (Table 4-13) confirmed the presence of a main effect of stress: in
each group, unstressed /o/ was significantly more centralized than stressed /o/ in both the NRT
and the PIT. The three-way interaction also confirmed the presence of a task effect everywhere
expect in the stressed /o/ vowels in Group 1. That is, it was only in the stressed /o/ vowels in
Group 1 that /o/ was not significantly more centralized in the NRT than in the PIT. In Group 1,
unstressed /o/ in the NRT was also significantly more centralized than the corresponding vowel
from other groups, while in Groups 2 and 3 and the NS group, the means of the /o/ vowels did
not change significantly from group to group. In all, this means that Group 1 was the only group
that showed a task x stress interaction, while all of the other groups had an additive main effect
for task and for stress without an interaction, and Group 1 was the only group that had an /o/

vowel that was significantly different from any other group.
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Table 4-13

Normalized F2 of /o/—Group *x Task x Stress Factor—Means and Tukey's Test Results

Factor Level Connecting Letters Report* Least Sg Mean  Std Error Mean
Group I,NRT,o A 0.9366 0.0083 0.9366
Group 1,NRT,6 C D 0.8058 0.0084 0.8058
Group 1,PIT,0 C 0.8313 0.0083 0.8313
Group 1,PIT,6 D E 0.7849 0.0083 0.7849
Group 2,NRT,0 B 0.8943 0.0074 0.8943
Group 2,NRT,6 C D 0.8115 0.0074 0.8115
Group 2,PIT,0 C D 0.8072 0.0074 0.8072
Group 2,PIT,6 E F 0.7624 0.0074 0.7624
Group 3,NRT,o B 0.8756 0.0076 0.8756
Group 3,NRT,6 C D 0.8116 0.0076 0.8116
Group 3,PIT,0 C D 0.8036 0.0076 0.8036
Group 3,PIT,6 E F 0.7510 0.0076 0.7510
NS group,NRT,0 B 0.8827 0.0105 0.8827
NS group,NRT,6 C D E 0.7866 0.0105 0.7866
NS group,PIT,o C D E 0.7883 0.0105 0.7883
NS group,PIT,0 F 0.7335 0.0105 0.7335

*Levels not connected by same letter are significantly different.

The analysis of the normalized F2 of /o/ shows several trends. First, speakers in all
groups centralized unstressed /o/ along the F2 axis and the three-way interaction showed that
Group 1 centralized the unstressed /o/ in the NRT much more than any other group. Second, all
groups centralized their /o/ vowels more in the NRT and backed them more in the PIT, although
this difference was not significant in stressed /o/ in Group 1. Group 1 also showed an interaction
effect for task x stress, whereas for Groups 2 and 3 and the NSs, task and stress existed as
additive main effects. Finally, the main effect of group suggests that the /o/ vowels became more

backed as course level increased.
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4.2.3. Summary: Normalized F1 and F2. The results of the tests on the normalized F1
and F2 of /e/ and /o/ showed a number of trends. First, they demonstrated a significant effect of
stress, showing that all groups centralized their unstressed vowels. Second, the tests on F1 and
F2 showed significant main effects for task, suggesting that the SLs at all levels peripheralized
their /e/ and /o/ in the more formal PIT, although these main effects often interacted in complex
ways with the main effects of stress and group. Third, the main effect of group showed that on
average, the vowel quality differed between the SL groups, with a tendency toward more
peripheral /e/ and /o/ as course level increased.

All groups, including the SLs and the NSs, centralized their unstressed /e/ and /o/ vowels,
and in both tests on F2, stress had the largest effect size. Vowel centralization differed somewhat
between groups and between vowels. For the /e/ vowel, the SLs’ unstressed /e/ was similar
across groups and tasks. The SL’s stressed /e/ was more fronted than their unstressed /e/, and
their stressed /e/ was lower and less fronted in the NRT than in the PIT. There were also
differences between the SL groups in the F2 of stressed /e/ from the NRT.

The SLs centralized their unstressed /e/ more than the NSs did. On the PIT, the NSs’
unstressed /e/ was significantly less centralized than the SLs’. On the NRT, the NSs’ unstressed
/el was only significantly less centralized than Group 3’s. The NSs also produced stressed /e/
significantly farther forward than unstressed /e/. The NSs did produce a stressed /e/ in the NRT
that was significantly lower than stressed /e/ in the PIT, but it was not significantly less fronted,
meaning that the NSs’ stressed /e/ from the NRT was further forward than the SLs’, and this
difference reached significance between the NSs and Groups 2 and 3.

The /o/ vowel also showed significant evidence of centralization for all groups in both

tasks. For this vowel, centralization along the F2 axis was similar for all groups, with the
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exception of Group 1, which centralized its unstressed /o/ from the NRT more than any other
group did. What was interesting about /o/ was that both task and stress acted additively to
influence the F1 and F2 of /o/. The main effect of stress meant that, on average, stressed /o/ was
more peripheral and lower, while unstressed /o/ was more centralized and higher. On the other
hand, the main effect of task meant that, on average, /o/ in the PIT was more peripheral and
higher, while /o/ in the NRT was more centralized and lower. These two main effects were
clearly visible in F2, where they were confirmed by the Tukey test on the three-way interaction
for F2, and they had the result that stressed /o/ in the PIT was the most peripheral mean /o/ value
for all groups, while unstressed /o/ in the NRT was the most centralized mean /o/ value for all
groups. This trend appeared to cause interaction effects in F1 in Group 3 and in the NS group.

In many ways, the task and stress effects worked similarly in /e/ and /o/. Both vowels had
main effects on F1 and F2 for task, suggesting that /e/ and /o/ were more peripheral and higher in
the PIT and more centralized and lower in the NRT. And both vowels had main effects on F1
and F2 for stress, suggesting that /e/ and /o/ were more peripheral and lower in stressed syllables
and more centralized and higher in unstressed syllables. In both vowels, the stressed vowel from
the PIT was the most peripheral, and the unstressed vowel from the NRT was the most
centralized. The stressed vowel from the PIT was also higher and more peripheral than the
stressed vowel from the NRT in many cases. The difference between these vowels was
significant in F2 in all cases except in /e/ for the NSs and in /o/ for Group 1. However, the F1
difference was only significant in /e/. Unstressed vowels behaved differently in /e/ and /o/. In /e,
unstressed vowels did not differ significantly between tasks for any given group. In /o/, on the

other hand, unstressed vowels differed by task on the F2 axis in all groups, and, in the case of
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Group 3, on the F1 axis. Thus, with some exceptions, similar main effects for task and stress
were present in both /e/ and /o/.

Finally, the average quality of /e/ and /o/ varied by participant group. Group 1 had on
average the lowest and most centralized /e/ vowel, followed by Group 3 and Group 2, while the
NSs had on average the highest and most peripheral /e/ vowel. As for the /o/ vowel, Group 2 had
a significantly higher /o/ than all other groups. The peripheralization of /o/ increased with course
level. Group 1°s /o/ was significantly more centralized than that of all other groups, and the NSs’
/o/ was more backed than any of the SL groups’ /o/.

All together, the results of the tests on the normalized F1 and F2 of /e/ and /o/ show a
number of things. All groups, including the NSs, were found to centralize their unstressed
vowels, although there were some differences in the way the SLs and the NSs centralized them.
There was evidence of a task effect for both /e/ and /o/, in which vowels were produced higher
and more peripherally in the PIT and lower and more centrally in the NRT. Lastly, the average
height and backness of /e/ and /o/ varied by participant, with the general trend that /e/ and /o/

became more peripheral as course level increased.

4.3. Diphthongization

4.3.1. Diphthongization of /e/. The results of the statistical analysis of diphthongization
were less revealing than the results for any other response variable. Diphthongization values are
presented as a boxplot in Figure 4-8, and the results of the ANOVA test on the diphthongization
of /e/ are presented in Table 4-14. This test only included stressed /e/ vowels, with a total sample
size of 1,928. Mean diphthongization values of unstressed vowels are available in Appendix E.

The ANOVA test was significant, F(7, 1920), p < 0.0001, but the R? was low at 0.0231. The only
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significant factor was group, F(3, 1927) = 13.0192, p < 0.0001, with an effect size of 0.0199.
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Figure 4-8. Diphthongization of /e/ by group and task (stressed vowels only)
Table 4-14
Diphthongization of /e/—ANOVA Table (Stressed Vowels Only)
Source DF Type ISS TypellISS FRatio Prob>F n
Group 3 0.4484 0.4479 13.0192 <.0001*** 0.0199
Task 1 0.0065 0.0125 1.0863 0.2974 0.0003
Group x Task 3 0.0652 0.0652 1.8940 0.1285 0.0029
Error 1920 22.0182
Total 1927 22.5384

Overall ANOVA: F(7, 1920) = 6.4794, p < 0.0001*** R>=(.0231.
*p <.05, *¥*p <.01, ***p <.001.

The post-hoc Tukey test for group (Table 4-15) showed that Group 2 had a significantly
higher diphthongization rate than any other group, while there was no significant difference

between the diphthongization of Group 1, Group 2, or the NSs. It may be true that Group 2
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diphthongizes their /e/ vowels more than any other group, but it is difficult to be sure without
more information and a baseline against which to compare the diphthongization rates.
Table 4-15

Diphthongization of /e/—Group Factor—Means and Tukey s Test Results (Stressed Vowels
Only)

Factor Level Connecting Letters Report* Least Sq Mean  Std Error Mean

Group 1 B 0.14896 0.00495 0.14894
Group 2 A 0.17966 0.00441 0.17967
Group 3 B 0.14727 0.00449 0.14727
NS group B 0.14277 0.00618 0.14277

*Levels not connected by same letter are significantly different.

4.3.2. Diphthongization of /o/. Like the analysis of the diphthongization of /e/, the
diphthongization of /o/ was inconclusive. The analysis excluded unstressed tokens, so the sample
consisted of 1,940 stressed /o/ tokens. The ANOVA test was significant, F(1, 1932) = 4.6953, p
< 0.0001, although it had the smallest R? value of any test in the study at 0.0167. Significant
factors at the p < 0.05 level included group and group x task. Diphthongization values are
presented as a boxplot in Figure 4-9, and the results of the ANOVA test are presented in Table 4-

16. Mean diphthongization values of unstressed /o/ are also available in Appendix E.
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Figure 4-9. Diphthongization of /o/ by group and task (stressed vowels only)

Table 4-16

Diphthongization of /o/—ANOVA Table (Stressed Vowels Only)

60

Source DF TypeISS Typelll SS F Ratio Prob > F
Group 3 0.2415 0.2410 7.9938  <.0001***
Task 1 0.0000 0.0007 0.0707 0.7903
Group x Task 3 0.0887 0.0887 2.9432 0.0319*
Error 1932 19.4154

Total 1939 19.7457

0.0122
0.0000
0.0045
0.9833

Overall ANOVA: F(7, 1932) =4.6953, p < 0.0001*** R*>=0.0167.
*p <.05, **p <.01, ***p <.001.

The group factor was significant, F(3, 1932) = 7.9938, with an effect size of 0.0122,

suggesting that diphthongization varied by participant group. The means and post-hoc Tukey test

on group (Table 4-17) show that Group 2 had the most diphthongized /o/ vowel, followed by the

NSs, then Group 1, then Group 3. Group 2 was significantly different from Groups 1 and 3, and
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Group 3 was significantly different from Group 2 and the NSs.

Table 4-17

Diphthongization of /o/—Group Factor—Means and Tukey s Test Results (Stressed Vowels
Only)

Factor Level Connecting Letters Report* Least Sq Mean  Std Error Mean
Group 1 B C 0.1502 0.0046 0.1501
Group 2 A 0.1695 0.0041 0.1695
Group 3 C 0.1443 0.0042 0.1443
NS group A B 0.1676 0.0058 0.1675

*Levels not connected by same letter are significantly different.

Although the main effect of task was not significant, group x task was significant, F(3,
1932) = 2.9432, p = 0.0319, #2 = 0.0045. The post-hoc Tukey test (Table 4-18) confirmed that,
within each group, there was no significant difference in diphthongization between tasks.
However, the means in Table 4-18 and the medians and ranges in Figure 4-12 show that, for
some tasks, diphthongization was (non-significantly) higher in the NRT than in the PIT, and in
others, it was higher in the PIT than in the NRT, which is probably why the analysis identified
this as an interaction effect. Again, it is difficult to draw clear patterns from this analysis, but
these results indicate that, within the SL groups, Group 2 diphthongizes its vowels significantly

more than Groups 1 and 3, and Groups 1 and 2 have NS-like diphthongization rates.
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Table 4-18

Diphthongization of /o/—Group x Task Factor—Means and Tukey s Test Results (Stressed
Vowels Only)

Factor Level Connecting Letters Report* Least Sq Mean Std Error
Group 1,NRT A B C 0.1608 0.0066
Group 1,PIT C 0.1396 0.0065
Group 2,NRT A B 0.1674 0.0058
Group 2,PIT A 0.1717 0.0058
Group 3,NRT B C 0.1438 0.0059
Group 3,PIT B C 0.1448 0.0059
NS group,NRT A B C 0.1571 0.0082
NS group,PIT A 0.1781 0.0082

*Levels not connected by same letter are significantly different.

4.3.3. Summary: Diphthongization. The results of the tests on diphthongization only
showed main effects for the group factor, and it was difficult to draw a clear pattern out of these
group differences. For /e/, Group 2 had a significantly higher diphthongization rate than the other
groups. For /o/, Group 2 again had the highest diphthongization rate, followed by the NSs, then
Group 1, then Group 3. Task did not have a main effect in these tests, and unstressed tokens were
excluded from this analysis, so stress and its interactions were not included as factors. The lack
of a clear pattern, coupled with low R? values, may mean that there were lurking variables that
better explained this variability, or it may mean that the method used to calculate
diphthongization picked up coarticulation effects. Follow-up analysis could use different
measurement points for diphthongization, such as 30 and 70 percent of the vowel’s duration, or

vowel nucleus and off-glide.
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4.4. Duration

4.4.1. Duration of /e/. The ANOVA Table for the duration of /e/ is presented in Table 4-
19, and the duration values are displayed as a boxplot in Figure 4-10. The overall ANOVA test
was significant, F(15, 3847) = 68.3697, p < 0.0001, and this particular test had the highest R?
value of any test in the study at 0.2105. Factors with significant effects included group, stress,
and the two-way group X task and group x stress effects. In contrast to the tests on the

normalized F1 and F2 of /e/ and /o/, no main effect was found for task.
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Figure 4-10. Duration of /e/ by group, task, and stress (in milliseconds)



Table 4-19

Duration of /e/—ANOVA Table

Source DF TypeISS Typelll SS F Ratio Prob > F
Group 3 196203 47.8849  <.0001%***
Task 1 66 0.0465 0.8294
Stress 1 1181179 805.9546 <.0001***
Group x Task 3 12365 2.9539 0.0313*
Group x Stress 3 23584 5.6923 0.0007**
Task x Stress 1 1287 1.4752 0.2246
Group x Task X Stress 3 1759 0.4244 0.7355
Error 3847 5313322

Total 3862 6729765

Overall ANOVA: F(15, 3847) = 68.3697, p < 0.0001*** R*=(.2105.

*p <.05, **p <.01, ***p <.001.
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0.0000
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The stress factor was significant, F(1, 3847) = 805.9546, p < 0.0001, and it had the

highest effect size of any factor at 0.1755. This suggests that speakers’ stressed /e/ (M =

103.3570 ms, SE = 0.8775) was significantly longer than their unstressed /e/ (M = 68.4250 ms,

SE = 0.8765), on average by 35 ms. The group factor was also significant, F(3, 3847) = 47.8849,

p < 0.0001, with an effect size of 0.0292. The post-hoc Tukey test for group (Table 4-20)

indicated that the average duration of /e/ was significantly different for each group, with Group 2

at 95 ms, followed by Group 1 at 88 ms and Group 3 at 81 ms. The NSs had a shorter average

duration than any SL group at 75 ms.
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Table 4-20

Duration of /e/—Group Factor—Means and Tukey s Test Results

Factor Level Connecting Letters Report* Least Sq Mean  Std Error Mean

Group 1 B 88.1082 1.2116 87.9851
Group 2 A 94.7074 1.0796 94.6540
Group 3 C 80.5451 1.1017 80.5721
NS group D 75.1458 1.5185 75.1669

*Levels not connected by same letter are significantly different.

In addition, the group x stress factor was significant, F(3, 3847) = 5.6923, p = 0.0007, #?
= 0.0035, and although the Tukey test on this interaction (Table 4-21) confirmed a significant
difference in duration between stressed and unstressed /e/ within each group, it did not confirm
the difference between groups in all cases. Specifically, the interaction showed that Group 2
produced their unstressed /e/ with a longer duration than all other groups, while Groups 1 and 2
produced their stressed /e/ with a longer duration than Group 3 and the NSs. Group 3 and the
NSs had similar durations for both stressed and unstressed /e/. The difference in the duration of
stressed and unstressed /e/ was greatest in Group 1 at 44 ms, followed by the NS group at 34 ms,
Group 2 at 32 ms, and Group 3 at 31 ms.

Finally, although the main effect of task was not significant, the group x task interaction
was significant, F(3, 3847) = 2.9539, p = 0.0313, #2 = 0.0018. The post-hoc Tukey test (Table 4-
22) confirmed that, within each group, there was no significant difference between the duration
of /e/ in the NRT and the PIT. However, the means show that, although they were not
significantly different, in some groups, /e/ was longer in the NRT, while in others, /e/ was longer

in the PIT, which was probably why this interaction was significant.
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Table 4-21

Duration of /e/—Group % Stress Factor—Means and Tukey s Test Results

Factor Level Connecting Letters Report* Least Sq Mean Std Error
Group 1,e D 66.3320 1.7090
Group 1,¢ A 109.8845 1.7180
Group 2,e C 78.4847 1.5236
Group 2,¢ A 110.9301 1.5300
Group 3,e D 64.9639 1.5594
Group 3,¢ B 96.1263 1.5566
NS group,e D 58.3050 2.1493
NS group,¢é B 91.9867 2.1457

*Levels not connected by same letter are significantly different.

Table 4-22

Duration of /e/—Group % Task Factor—Means and Tukey s Test Results

Factor Level Connecting Letters Report* Least Sq Mean Std Error
Group 1,NRT B C 87.0061 1.7109
Group 1,PIT B 89.2104 1.7161
Group 2,NRT A 97.4253 1.5223
Group 2,PIT A B 91.9895 1.5313
Group 3,NRT C D 80.4439 1.5566
Group 3,PIT C D 80.6464 1.5594
NS group,NRT D 73.0967 2.1457
NS group,PIT D 77.1950 2.1493

*Levels not connected by same letter are significantly different.

Overall, the results of this analysis suggest that all groups produced /e/ with a longer
duration in stressed syllables than in unstressed syllables, although the difference in duration
between stressed and unstressed syllables differed from group to group. The average duration of

/el changed significantly from group to group. The NSs produced /e/ with the shortest duration,
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but the difference in duration between the NSs and some of the SL groups disappears when the

group x task and group x stress interactions are taken into account.

4.4.2. Duration of /o/. The analysis of the duration of /o/ was similar to the analysis of
the duration of /e/ in several ways. The R? values were similar, both analyses found significant
main effects for stress and group but not task, and in both cases, stress had the largest effect size.
The overall ANOVA was significant, F(15, 3861) = 39.6335, p < 0.0001, with an R? value of
0.1334. The following effects were significant: group, stress, group x task, and task x stress. The
results of the ANOVA test are presented in Table 4-23, and durations are displayed as a boxplot

in Figure 4-11.
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Figure 4-11. Duration of /o/ by group, task, and stress (in milliseconds)
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Table 4-23

Duration of /o/—ANOVA Table

Source DF TypeISS Typelll SS F Ratio Prob > F [/
Group 3 279923 278881 56.7103  <.0001*** 0.0383
Task 1 14250 5532 3.3745 0.0663 0.0020
Stress 1 618973 604383  368.7034 <.0001*** 0.0847
Group x Task 3 25280 25191 5.1226  0.0015**  0.0035
Group x Stress 3 10858 10902 2.2170 0.0841 0.0015
Task x Stress 1 23049 23443 14.3011  0.0002**  0.0032
Group x Task X Stress 3 2183 2183 0.4440 0.7216 0.0003
Error 3861 6329002 0.8666
Total 3876 7303518

Overall ANOVA: F(15, 3861) = 39.6335, p < 0.0001*** R>=(.1334.
*p <.05, **p <.01, ***p <.001.

As mentioned above, the significant stress factor, F(1, 3861) = 386.7034, p < 0.0001, had
the largest effect size of any factor at 0.0847. The stress factor suggests that, on average,
speakers’ stressed /o/ (M = 100.5720, SE = 0.9543) was 25 ms longer than their unstressed /o/ (M
= 75.2780, SE = 0.9541). Moreover, the task x stress factor, F(1, 3861), p = 0.0002, #> = 0.0032,
suggested that, although unstressed /o/ had about the same duration in the NRT and in the PIT,
stressed /o/ had a longer duration in the NRT than in the PIT, with the result that the difference
between stressed and unstressed /o/ was greater in the NRT at 30 ms than in the PIT at 20 ms

(Table 4-24).
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Table 4-24

Duration of /o/—Task x Stress Factor—Means and Tukey’s Test Results

Factor Level Connecting Letters Report* Least Sq Mean Std Error
NRT,o0 C 72.5073 1.3499
NRT,6 A 103.5221 1.3504
PIT,0 C 75.1316 1.3487
PIT,6 B 95.9400 1.3487

*Levels not connected by same letter are significantly different.

The group factor was also significant, F(3, 3861) = 56.7103, p < 0.0001, with an effect
size of 0.0383. The post-hoc Tukey test showed that the duration of /o/ was significantly longer
in Groups 1 and 2 than it was in Group 3 and the NS group (Table 4-25). And finally, the group
x task factor was significant, F(3, 3861) = 5.1226, p = 0.0015, #2 = 0.0035, and the post-hoc
Tukey test showed that Group 2 participants produced /o/ with a significantly longer duration in
the NRT than in the PIT, while the durations of /o/ were the same across tasks for all other

groups (Table 4-26).

Table 4-25

Duration of /o/—Group Factor—Means and Tukey s Test Results

Factor Level Connecting Letters Report* Least Sq Mean Std Error Mean

Group 1 A 94.1612 1.3178 94.1070
Group 2 A 96.5526 1.1717 96.6173
Group 3 B 79.6026 1.1991 79.6026
NS group B 76.7846 1.6543 76.7596

*Levels not connected by same letter are significantly different.
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Table 4-26

Duration of /o/—Group * Task Factor—Means and Tukey s Test Results

Factor Level Connecting Letters Report* Least Sq Mean Std Error
Group 1,NRT A B 96.4338 1.8715
Group 1,PIT B 91.8887 1.8557
Group 2,NRT A 100.6121 1.6557
Group 2,PIT B 92.4931 1.6585
Group 3,NRT C 81.9930 1.6958
Group 3,PIT C D 77.2123 1.6958
NS group,NRT D 73.0200 2.3375
NS group,PIT C D 80.5492 2.3414

*Levels not connected by same letter are significantly different.

The results of this analysis are that all participants produced /o/ with a shorter duration in
unstressed syllables, that stressed /o/ was longer in the NRT than in the PIT, and that the overall
duration of /o/ varied by participant, with Group 3 and the NSs producing a shorter /o/ than

Group 1 or Group 2 speakers.

4.4.3. Summary: Duration. The tests on the duration of /e/ and /o/ showed evidence that
both the SLs and the NSs reduced the duration of their unstressed vowels. The R? values of the
ANOVA tests on duration were among the highest in the study, and in both tests, the stress factor
was significant and had the highest effect size. For both /e/ and /o/, vowel duration was
significantly shorter in unstressed vowels than in stressed vowels, and this was true across
groups and tasks.

The tests also showed significant differences between the durations of vowels across
groups, but this may be an unreliable result. Overall speaking rate affects vowel duration, so it is

impossible to tell whether between-group differences are due to actual differences in relative
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duration of vowels or simply due to differences in speaking rate. Future follow-up analysis could
measure and normalize vowel durations for speaking rate in order to conduct a more reliable

analysis of vowel duration between groups.
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5. Discussion

A few major trends can be found in this study’s results. Participants varied their
production of /e/ and /o/ by task, with main effects suggesting that these vowels were more
peripheral and higher in the more formal PIT than in the less formal NRT. They also varied their
production by stress, centralizing /e/ and /o/ along the F2 axis, reducing vowel duration, and in
some cases raising vowel height in unstressed syllables. The SLs showed main effects for task
and stress at all levels. They showed similar rates of /e/ centralization at all levels, but reduced
their /o/ centralization as course level increased. Generally speaking, /e/ and /o/ became more
peripheral within the SL groups as course level increased, and the NSs produced a higher and
more peripheral /e/ and a more peripheral /o/ than the SLs. In this section, I will discuss possible
confounding factors for these results, compare the results to previous studies on Spanish vowels,

and suggest possible connections with models of L2 phonological development.

5.1. Confounding Factors

One possible confounding factor in this data is the imbalance between men and women in
the participant groups. Group 1 was 44 percent female, Group 2 was 100 percent female, Group
3 was 74 percent female, and the NS group was 60 percent female. Although normalization was
used to attempt to account for biological differences between male and female speakers, it is
possible that there are social differences between men and women that are affecting some of the
group-based differences. In particular, the fact that Group 2 was entirely made up of women may
account for the fact that it behaved differently from the other groups. Group 2 had a significantly

higher /o/ than any other SL or NS group, a higher and more fronted /e/ than the other SL groups,
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and it stood out as having a higher rate of diphthongization than any other group. On the other
hand, it is also possible that Group 2 did not stand out due to differences between men and
women, but rather that this was simply a case in which L2 acquisition did not follow a linear
trajectory.

A second possible confounding factor is in the differences between the phonetic context
following token vowels in the NRT and PIT. The NRT and PIT were designed to elicit different
levels of formality by encouraging participants to focus attention on storytelling in the NRT
while allowing them to pay attention to their speech in the PIT. During data collection, there
seemed to be noticeable differences in the way participants responded to the tasks. Participants,
especially less proficient SLs, appeared to concentrate very hard in order to put together
sentences for the narrative, and they seemed to struggle much less with the PIT. That is,
anecdotally, the NRT seemed to require a greater cognitive load than the PIT, which may mean
that the storytelling requirement effectively distracted participants from paying attention to the
way they pronounced their words.

However, an unavoidable consequence of tasks that encourage spontaneous speech is that
they allow the researcher less control over which words the participant says and what context
tokens appear in. Because of this, the following context of tokens in the NRT was not entirely
the same as that of tokens in the PIT. Table 5-1 compares the following context of tokens in each
task. Notable differences are that, in the NRT, tokens had proportionally more rhotics and nasals
in the following context, while in the PIT, tokens had proportionally more stops in the following
context (note that in Spanish, the voiced stops /b, d, g/ are allophonic with the fricatives or
approximants [B, d, y] in intervocalic positions, and these counts do not distinguish between the

allophones). A follow-up statistical analysis could include phonetic context in the model in order



to see what effect it had on vowel production, and whether this accounted for any of the

significant differences between tasks.

Table 5-1

Following Phonetic Context of Token Vowels by Task

Following context NRT
[a,1, 0, 9] 19 (0.49%)
[b, B, V] 55 (1.42%)
[d, 8] 63 (1.63%)
[9 Y] 65 (1.68%)
[p] 79 (2.04%)
[t] 288 (7.43%)
[k] 119 (3.07%)
[m, n, n, n] 955 (24.65%)
[1] 95 (2.45%)
[r, £, 1] 903 (23.31%)
[f] 81 (2.09%)
[s, 6] 896 (23.13%)
[t 91 (2.35%)
[3] 0 (0.00%)
[, h] 165 (4.26%)
Total 3874 (100.00%)

PIT
1 (0.03%)
387 (10.01%)
380 (9.83%)
62 (1.60%)
261 (6.75%)
323 (8.35%)
64 (1.66%)
190 (4.91%)
451 (11.67%)
191 (4.94%)
0 (0.00%)
1099 (28.43%)
262 (6.78%)
3 (0.08%)
192 (4.97%)

3866 (100.00%)
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5.2. Comparison to Previous Literature

The results of this study were similar to the results of previous studies in many ways. For

example, like Cobb (2009), Menke (2010), and Menke and Face (2010), this study found that

both the SLs and the NSs centralized their vowels in unstressed syllables. Like Menke and Face

(2010), this study found significant differences across the SL groups and between the SLs and

the N'Ss in vowel quality. And like Ronquest’s (2012) study on heritage speakers, it found task-

based differences in the height and peripheralization of vowels. | will compare this study with
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previous studies in greater detail below.

In Cobb’s (2009) study of intermediate and advanced learners, she found greater
differences in /e/ and /o/ between learners and NSs than she did among her SL groups. In
stressed vowels, Cobb’s /e/ and /o/ varied more on the F1 axis than on the F2 axis. The NSs had
higher /e/ vowels than both SL groups did, while the advanced learners had lower /o/ vowels
than the intermediate learners. Like Cobb, this study found that the NSs had higher /e/ vowels
than the SLs, but unlike Cobb, this study found differences among the SL groups on the F2 axis,
suggesting that /e/ and /o/ became more peripheral as course level increased. In unstressed
vowels, Cobb found differences between groups along the F2 axis and not the F1 axis, and in this
case, she found that for both /e/ and /o/, the NSs’ unstressed vowels were more centralized on the
F2 axis than the learners’ vowels. This contrasts with this study’s finding that the NSs
centralized their vowels as much as or less than the SLs did, but it is similar in that both studies
found no difference between SL groups on unstressed /e/ vowels. Finally, both Cobb and this
study found significant evidence that both learners and NSs centralized their unstressed vowels.
Two possible reasons why this study found greater differences between the SL groups is that it
included SLs at lower course levels than Cobb’s SLs and that it included the less formal NRT as
a task. Like Cobb, this study’s PIT found no differences between the SL groups in stressed /e/,
but the NRT did find differences between the SL groups in stressed /e/ along the F2 axis.

Menke and Face (2010) found that learners’ vowel space expanded as course level
increased, which corresponds with this study’s finding that /e/ and /o/ became more peripheral as
course level increased. In contrast to this study’s fourth-semester, sixth-semester, and seventh-
[eighth-semester SLs, Menke and Face’s three SL groups consisted of fourth-semester learners,

graduating Spanish majors, and PhD students, so their SLs were more advanced than the current
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study’s. They found that their two most advanced SL groups had a higher and more fronted /e/
than their fourth-semester learners, which is similar to this study’s finding that Groups 2 and 3
had a higher and more fronted /e/ than Group 1, although the difference did not reach
significance between Groups 1 and 3. Unlike this study, Menke and Face found a trend across
their SL groups in the F1 of /o/ instead of the F2 of /o/.

Comparing their SLs to their NSs, Menke and Face (2010) found that the NSs had similar
vowel qualities to their two most advanced SL groups, with no statistically significant
differences between the NSs and these two groups on the F1 or F2 of /e/ or the F2 of /o/. This
contrasts with this study’s finding that the NSs had a higher and more fronted /e/ than all SL
groups, but it is similar to this study’s finding that on average there was no difference between
Group 3 and the NSs in the F1 or F2 of /o/. Like this study, Menke and Face found evidence that
all SL and NS groups centralized their vowels—in particular, both studies found significant
differences in each group between stressed and unstressed /e/ on the F2 axis. However, unlike
this study, they found little evidence for centralization of /o/. Only one SL group showed /o/
movement, and it was along the F1 axis. Another study to report on differences in vowel space
between learners and NSs was Menke’s (2010) study on child learners. In contrast to both the
current study and Menke and Face (2010), Menke (2010) found that child NSs had a smaller
vowel space than child learners.

This study also showed similarities with Stevens (2011) in that both studies demonstrated
that learners reduce their Spanish vowels in duration in unstressed syllables. However, while this
study found that the NSs also reduced their vowels in unstressed syllables, Stevens did not report
on whether his NSs reduced their vowels. Stevens did find that vowel duration decreased for his

SLs after studying abroad and that the NSs had shorter vowel duration than the SLs, but
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unfortunately, due to the possible influence of speaking rate, it is impossible to say conclusively
in this study whether vowel duration differed across the SL groups or between the SLs and the
NSs.

The task-based differences that this study found are comparable to previous studies on the
effects of task on native and heritage Spanish vowels. The general trend seen in this study was
that /e/ and /o/ were more centralized and higher in the less formal NRT and more peripheral and
lower in the more formal PIT. Similarly, Harmegnies and Poch-Olivé (1992) found that there
was more centralization and less differentiation between vowel categories in spontaneous speech
than in laboratory speech. Likewise, Ronquest (2012) found that, among heritage speakers,
vowel space increased with formality. As in this study, Ronquest found that /e/ and /o/ tended to
be more centralized and lower in less formal tasks and more peripheral and raised in more formal
tasks. What is interesting is that, while these two studies only analyzed native and heritage
speaker data, the current study found the same patterns for learners of L2 Spanish at all levels.
Thus, as early as the second semester, the SLs showed similar task-based variation to the NSs.

In summary, this study confirmed the finding from Cobb (2009), Menke (2010) and
Menke and Face (2010) that both learners and NSs centralize their vowels in unstressed
syllables. The fact that this study’s /e/ and /o/ vowels became more peripheral as course level
increased is similar to Menke and Face’s finding that vowel space increased as course level
increased, but it is contrary to Menke’s (2010) finding that child NSs had a smaller vowel space
than child SLs. This study had some similarities with Cobb’s (2009) findings, but contradicted
Cobb’s finding that NSs centralized their /e/ and /o/ vowels more than learners on the F2 axis.
The resulting picture of L2 Spanish vowels seems to be highly variable, but taking all of these

studies into account, it appears that, in general, all SL and NS speakers centralize unstressed
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vowels, vowel quality changes over the course of acquisition, and advanced learners behave
more similarly to NSs, although there are still differences between the two. This study adds the
layer of style-shifting to the previous literature, showing in part how LSs’ vowels respond to task

differences in a similar way to NSs.

5.3. Connections to Models of L2 Sounds

Given that both the SLs and the NSs produced their /e/ and /o/ more peripherally (and in
some cases, higher) in the PIT than in the NRT, it is possible that these task differences are due
to language universals. Major’s (2001) OPM, for example, theorizes that the L2 sound system is
influenced to varying degrees by the sound system of the L1, language universals, and the sound
system of NSs of the L2. As far as task effects are concerned, Harmegnies and Poch-Olivé
(1992) and Ronquest (2012) both link them to Lindblom’s (1990) H&H theory, which posits that
speakers will undershoot their vowels in spontaneous speech and in unambiguous contexts, and
that they will overshoot their vowels in formal speech and in lexically ambiguous contexts. If
this is a universal tendency, then it may account for the fact that the SLs showed task differences
in vowel peripheralization as early as Group 1. On the other hand, the SLs did not always show
the same task differences as the NSs. For example, in stressed /e/ vowels, the SLs had task
differences in both F1 and F2, while the NSs only had task differences in F1. In /o/, all groups
had task differences in F2, but task differences in F1 increased as course level increased,
reaching significance only for Group 3 and the NSs. Thus, as the OPM predicts, SL task
differences may be under the influence of both universals and the Spanish sound system at the
same time, but unfortunately, this study does not have the data to pick apart these differences.

There is also a possible connection between this study and Flege’s (1995) SLM. The
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SLM is concerned with the interaction between L1 and L2 phonetic categories. According to the
theory, learners starts out with a system of L1 categories, and then, depending on how similar L2
sounds are to the L1 categories, they will either assimilate the L2 sound to an L1 category or
establish an entirely new category for it. A consequence of this theory is that, if a learner
maintains a phonetic category for an L1 sound and an L2 sound that are different, that combined
category may shift over time due to the influence of both the L1 and the L2. Thus, the SLM
looks for both the establishment of new categories and the shifting of existing categories, and
this may explain one phenomenon observed in this data. In this study, there were group-based
differences in the quality of all vowels except for unstressed /e/. Stressed /e/ became generally
more fronted and raised as course level increased. Stressed and unstressed /o/ became more
backed as course level increased and the distance between stressed and unstressed /o/ decreased.
Unstressed /e/, on the other hand, did not have any group-based differences in F1 or F2. Because
there were statistical differences between stressed and unstressed /e/ and /o/ for all groups, it is
likely that these vowels represent four different phonetic categories, with allophony between the
two /e/ categories and the two /o/ categories. However, there was a greater dissimilarity between
the SLs and the NSs in unstressed /e/ than in the other categories, so it could be that this one
category was not being influenced by the Spanish NS vowel, while the other three were, and that
this was causing the other three categories to shift between the SL groups, while the unstressed
/el did not move. Of course, these are a lot of assumptions to make, and they are difficult to
verify with this data, but it would potentially explain why unstressed /e/ vowels uniquely did not
move between the SL groups.

Another possible connection is between the SLM’s idea of categories moving over time

and the task-based hyperarticulation seen in this study. In several cases, the main effect of group
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was in the same direction as the main effect of task. That is, as course level increased, the SLs’
production in the NRT got closer to their production in the PIT. For example, in the NRT,
Groups 2 and 3’s stressed /e/ vowels were more fronted and higher than Group 1’s stressed /e/,
and likewise stressed /e/ was overall higher and more fronted in the PIT than in the NRT.
Moreover, as course level increased, unstressed /o/ in the NRT moved backwards, and similarly
unstressed /o/ was overall further back in the PIT than in the NRT. It may be that, in some way,
the hyperarticulated formal production of a given vowel leads the way in the development of a
phonetic category over the course of acquisition. Possibly, learners’ formal production of a
vowel is more representative of their mental representation of that sound, while their informal
production of the vowel differs from that representation due to hypoarticulation and the
processes of acquisition. Garcia de las Bayonas (2004), for example, found that learners were
very accurate in their perception of Spanish vowels, even though studies on production
consistently find significant differences between SL and NS vowel production. Furthermore, the
idea that formal speech reflects the SLs’ mental representation of a sound more than informal
speech fits with the attention to speech approach to formality. That is, in a formal task, when
participants have the opportunity to monitor their speech (and when, as Labov (1972) points out,
they can assume from the laboratory context that their speech is being judged), it would make
sense for them to produce something that is closer to their mental concept of that phonetic
category. Again, this study is not designed to verify such a hypothesis, but an idea for future
research would be to combine L2 vowel production tasks with a perceptual vowel categorization
task to see how closely learners’ vowel production overlaps with their vowel perception. In this
way, it could be seen whether formal vowel production is closer to learners’ mental

representation of the phonetic category than their informal production.
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In conclusion, there are several possible connections between the results of this study and
models of the sound system. First, task-based effects may be connected to Lindblom’s (1990)
concept of hypo- and hyperarticulation, and this could mean that both universal tendencies and
the L2 are influencing the SLs’ sound system. Second, the fact that most vowels in this study had
movement between the SL groups, but unstressed /e/ did not, could be because the SLs did not
assimilate NS-like unstressed /e/ into their phonetic category for unstressed /e/. Third, the
similarities between the main effects of group and task could mean that the SLs’ formal

production is in some way leading the change in their phonetic categories.
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6. Conclusion

In this study, | attempted to address the question of how speech style and syllable stress
affect the production of L2 Spanish vowels as main and interaction effects, how these effects
change over the course of acquisition, and how SL vowel production compares to NS vowel
production. In order to do this, | analyzed production data of the /e/ and /o/ vowels in stressed
and unstressed syllables at two levels of formality from 55 SLs and 10 NSs of Spanish. The
study found that all three main factors of participant group, elicitation task type, and syllable
stress affected participants’ vowel quality, and that syllable stress also affected vowel duration.
In line with previous studies on L2 Spanish vowels, this study found that the SLs at all levels and
the NSs centralized their vowels along the F2 axis and reduced them in duration in unstressed
syllables. Additionally, the /e/ and /o/ vowels tended to become more peripheral as course level
increased, and the SLs’ vowels were centralized in comparison to the NSs’. One exception to this
trend was unstressed /e/, which did not change quality between the SL groups, possibly because
it was too far from the NSs’ unstressed /e/ to be influenced by it. Moreover, this study examined
task-based differences in vowel production, finding that both the SLs and the NSs produced their
/el and /o/ vowels more peripherally in the more formal PIT than in the less formal NRT. The
SLs’ task differences were similar to the NSs’, although they also underwent change as course
level increased. Finally, similarities between the main effects of group and task in SL speech
suggest that the SLs’ formal vowel production is leading the way in vowel change over the

course of acquisition.
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Appendix A: Narrative Retelling Task Vocabulary Lists

Vocabulario — Historia A [Vocabulary — Story A]

amused
angry

band

bed

to go to bed
boots
boyfriend
to break
brother
clothes

to complain
confused
dinner

to eat dinner
dog

drink

drum
drummer
to eat
embarrassed/ashamed
to escape
to faint

to fall
fancy

food

fork

frog

fun

funny
gentleman
girlfriend
good-bye
to say good-bye
to get dressed
happy

to hide
husband
inside
jacket
jealous

to jump

entretenido/a
enojado/a

la orquesta
la cama
acostarse

las botas

el novio
romper

el hermano
la ropa
guejarse
confundido/a
la cena

cenar

el perro

la bebida

el tambor

el tamborilero
comer
avergonzado/a
escaparse
desmayarse
caerse
elegante

la comida

el tenedor

la rana
divertido/a
cdmico/a, gracioso/a
el sefior

la novia
adios
despedirse
vestirse

feliz, contento/a
esconderse

el marido
dentro de

la chaqueta
celoso/a
saltar

to kick out
Kiss

to kiss

lady

to laugh
lettuce

menu

mirror

music

night

to offend

old

older

to order (food)
pants

to play (game)
to play (music)
pocket

pretty
resentful
restaurant

to return
room/bedroom
to run

sad

salad
saxophone

saxophone player

to scare

to scold
sister

smile

to smile

song

to surprise
surprised

tie

trumpet
trumpet player
turtle/tortoise
waiter

echar

el beso

besar

la sefiora
reirse

la lechuga

el menu

el espejo

la musica

la noche
ofender
viejo/a

mayor

pedir (comida)
los pantalones
jugar

tocar (musica)
el bolsillo
bonito/a
resentido/a

el restaurante
regresar

la habitacion
correr

triste

la ensalada

el saxéfono

el saxofonista
espantar
regafar

la hermana

la sonrisa
sonreir

la cancién
sorprender
sorprendido/a
la corbata

la trompeta

el trompetista
la tortuga

el camarero



wife
wine
wineglass

la esposa
el vino
la copa

young

joven

89



Vocabulario — Historia B [Vocabulary — Story B]

adventure
amused
angry
bed

back

big

bite

to bite
boat

to cry
depressed
dog

to drown

embarrassed/ashamed

excursion
to explore
to fall

to find
forest
frog

fun

funny
gift
happy
hat

head

to hide

to hit
indifferent
inside

to introduce
jealous

to jJump
kick

to lick

to listen

la aventura
entretenido/a
enojado/a

la cama

la espalda
grande

la mordida
morder

el bote
llorar
deprimido/a
el perro
ahogarse
avergonzado/a
la excursion
explorar
caer
encontrar

el bosque

la rana
divertido/a

cdmico/a, gracioso/a

el regalo
feliz, contento/a
el sombrero
la cabeza
esconderse
pegar
indiferente
dentro de
introducir
celoso/a
saltar

la patada
lamer
escuchar

little

to look for
mean
newspaper
nice

old

on top of
package
to play
pond
pretty
resentful
to return
room/bedroom
sad

to be scared
to scold
smile

to smile
sound

to surprise
surprised
sword
together
tongue

to stick out your tongue

tree
turtle/tortoise
walk

to go for a walk
window
worried

to worry

young

pequefio/a
buscar
desagradable
el periodico
amable
viejo/a
encima de

el paquete
jugar

el estanque
bonito/a
resentido/a
regresar

la habitacion
triste

tener miedo
regafar

la sonrisa
sonreir

el sonido
sorprender
sorprendido/a
la espada
juntos/as

la lengua
sacar la lengua
el arbol

la tortuga

el paseo

dar un paseo
la ventana
preocupado/a
preocuparse
joven

90



Appendix B: Picture Identification Task Wordlist

Table B-1

Picture Identification Task Wordlist

Target Vowel Target Word

Pronunciation

Stressed /e/ beso
cabeza
cerveza

chaqueta
dedo
espejo
fresa
leche
maleta
médico
mesa
moneda
papel
pelo
queso

Unstressed /e/ bebé
cebolla
cereza
delfin
escuela
estrella
mejilla
meldn
pelota
pepino

pescado
profesor
regalo

'be.so/
/ka'Pe.sa/
/sec'be.sa/
Itfa'ke.ta/

/de'do/
les'pe.xo/

['fre.sa/

I'le.tfe/
/ma'le.ta/

/'me.di.ko/

I'me.sa/
/mo'ne.da/

/pa'pel/

I'pe.lo/

I'ke.so/

/be'Be/
/se'bo.ja/
/se're.sal

/del'fin/
les'kue.la/
les'tre.ja/
/me'xi.ja/
/me'lon/
Ipe'lo.ta/
/pe’pi.no/

/pes'’ka.oo/
/pro.fe'sor/
Ire'ya.lo/

Gloss
kiss
head
beer
jacket
finger
mirror
strawberry
milk
suitcase
doctor
table
coin
paper
hair
cheese
baby
onion
cherry
dolphin
school
star
cheek
melon
ball
cucumber
fish
teacher
gift

Distractor Word

mesa
fresa
médico
pelo
cerveza
papel
queso
dedo
beso
moneda
cabeza
leche
espejo
maleta
Chaqueta
pescado
estrella
profesor
pepino
tesoro
escuela
delfin
cereza
tenedor
bebé
pelota
cebolla
mejilla



Table B-1

Picture Identification Task Wordlist
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Target Vowel

Stressed /o/

Unstressed /o/

Target Word Pronunciation
tenedor /te.ne'dor/
tesoro /te'so.ro/
boca I'bo.ka/
bosque I'bos.ke/
coche I'ko.tfe/
codo ['ko.do/
copa ['ko.pa/
costa ['kos.ta/
lobo /'lo.po/
mosca /'mos.ka/
moto /'mo.to/
noche I'no.tfe/
0jo ['0.xo/
0S0 ['0.s0/
ropa I'ro.pa/
rosa ['ro.sa/
sopa /'so.pa/
autobus /au.to'Bus/
Bolivia /bo'li.Bia/
botella /bo'te.ja/
boton /bo'ton/
conejo /ko'ne.xo/
corazon /ko.ra'son/
hospital /os.pi'tal/
mochila /mo'tfi.la/
montafia /mon'ta.pa/
novela /no'Be.la/
oreja /o're.xa/
oveja /o'Be.xa/
rodilla /ro'0i.ja/

Gloss
fork
treasure
mouth
forest
car
elbow
wineglass
coast
wolf
fly
motorcycle
night
eye
bear
clothing
rose
soup
bus
Bolivia
bottle
button
rabbit
heart
hospital
backpack
mountain
novel
ear
sheep
knee

Distractor Word

regalo
Melon
mosca
boca
0S0
rosa
noche
copa
costa
0jo
ropa
lobo
codo
sopa
bosque
moto
coche
botella
novela
mochila
hospital
botén
rodilla
corazon
Bolivia
conejo
autobus
montafia
volcan
oveja
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Picture Identification Task Wordlist
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Target Vowel

Stressed /a/

Stressed /i/

Stressed /u/

Target Word Pronunciation
tomate /to'ma.te/
volcan /bol'kan/

casa ['ka.sa/
gafas ['ga.fas/
gato I'ga.to/
mapa I'ma.pa/
pato I'pa.to/
camisa /ka'mi.sa/
chico I'tfi.ko/
familia [fa'mi.lia/
libro I'li.bro/
vestido /bes'ti.oo/
fruta ['fru.ta/
futbol ['fut.bol/
jugo I'xu.yo/
mulo /'mu.lo/
uva /'u.Ba/

Gloss
tomato
volcano
house
glasses
cat
map
duck
shirt
boy
family
book
dress
fruit
soccer ball
juice
mule
grape

Distractor Word

oreja
tomate
pato
mapa
gafas
gato
casa
chico
vestido
libro
camisa
familia
mulo
uva
futbol
fruta

jugo
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Appendix C: Spanish Grammar Test
The Spanish Grammar Test is a multiple-choice test consisting of a reading with twenty-five
blanks. For each blank, three options are provided. It is discussed in Geeslin and Gudmestad

(2010) and Ronquest (2012). A sample question from the test is provided below.

Creo que es muy interesante 1 de los habitos alimenticios de la gente.
1. O hablo QO hablar O hablando

Translation: I think it’s very interesting to talk about people’s eating habits.
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Appendix D: Background Questionnaire

To help us in analyzing our results, it's useful to know some background information about
participants. Please answer the following questions. You can skip questions you don't want to
answer.

What is your age?

What is your sex? ___ Male ___Female

What language(s)...

...do you speak at home?
...did you first learn to read in?

...was your primary language of instruction in
primary school (elementary school)?

...was your primary language of instruction in
secondary school (high school)?

Please list all of the places you have lived, both in the United States and abroad. For each place,
please list:
e the city and state or country,
how old you were when you moved there,
how long your lived there,
the primary language you spoke while there,
and the reason you moved there (family/school/job/study abroad/other).

How old were you when you began learning Spanish?

How many years have you studied Spanish?
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Have you interacted with Spanish speakers on a regular basis in the United States?

e What was the context (friends, family, job, volunteering)?

e About how many hours a week did you speak Spanish with these speakers?
e How many years/months did you speak Spanish with these speakers?

How many hours a week (if any) do you spend doing the following activities (other than

class/homework)?

Talking with friends/family in Spanish
Watching TV/movies in Spanish
Listening to music in Spanish

Reading Spanish books, magazines, etc.

Other Spanish-language activities (please specify)

Which Spanish courses at [UNIVERSITY NAME]...
(If you can't find a class, please see the next question.)

...are you currently
enrolled in?

...have you taken in a
previous semester?

1105 Elementary Spanish

1106 Elementary Spanish

1114 Accelerated Elementary Spanish

2105 Intermediate Spanish

2016 Intermediate Spanish

3105 Grammar, Composition, and Conversation

3106 Grammar, Composition, and Conversation
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3125 Spanish for Oral Proficiency
3126 Spanish for Oral Proficiency

3304 Intro to Hispanic Literature
3404 Early Peninsular Culture and Literature

3414 Modern Peninsular Culture and Literature

3444 Early Spanish-American Culture and
Literature

3454 Modern Spanish-American Culture and
Literature

3464 Modern Mexican and Central American
Culture and Literature

3474 Modern Spanish-Caribbean Culture and
Literature

3484 Modern Andean and Southern Cone Culture
and Literature

3494 Intro to Hispanic Linguistics
3514 Spanish for the Medical Professions

3524 Intro to Spanish Translation
3534 Spanish for the Business Professions

3544 Spanish Phonetics and Phonology

3684 Crossing the Border: Living the Literature

3954 Study Abroad

3984 Special Study (topic varies)

4104 Advanced Grammar and Style

4114 Topics in Spanish Linguistics

4124 Spanish Translation: Theory and Technique

4304 Studies in Medieval and Golden Age
Literature (topic varies)

4314 Studies in 18th and 19th Century Literature
(topic varies)

4324 Studies in 20th Century Literature (topic
varies)

4334 Special Topics in Hispanic Life, Literature,
and Language (topic varies)

4344 Spanish-American Literature and the
Representation of History (topic varies)
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4794 Senior Tutorial in Spanish Studies
4964 Field Study

4974 Independent Study
4984 Special Study (topic varies)

If you can't find a class you took in the list above, or if you took the same class number twice,
please specify the term, year, instructor's name, and general class topic below.




Appendix E: Mean Values, Standard Deviations, and Ranges of Response Variables

Table E-1

Normalized F1 by Group, Task, Vowel, and Stress—Mean (Standard Deviation) and Range
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Task
NRT

PIT

Vowel
e/

1é/

lo/

16/

e/

1é/

lo/

16/

lal

lil

1al

Group 1

1.066 (0.181)
0.570 - 1.735

1.156 (0.150)
0.759 - 1.521

1.065 (0.191)
0.556 — 1.835

1.048 (0.142)
0.697 — 1.643

1.088 (0.164)
0.695 — 1.598

1.088 (0.172)
0.567 — 1.584

1.038 (0.157)
0.615 - 1.829

1.056 (0.107)
0.718 - 1.637

1.633 (0.100)
1.426 — 1.932

0.722 (0.109)
0.550 — 1.135

0.733 (0.061)
0.588 — 0.883

Group 2
1.057 (0.202)
0.593-1.834

1.107 (0.187)
0.582 — 1.839

1.015 (0.191)
0.445 — 2.002

1.016 (0.135)
0.432 - 1.487

1.052 (0.160)
0.635 — 1.876

1.044 (0.171)
0.636 — 1.655

0.981 (0.165)
0.503 — 1.700

1.003 (0.111)
0.626 — 1.360

1.642 (0.164)
1.125 - 2.176

0.723 (0.123)
0.477 - 1.137

0.734 (0.094)
0.530 — 1.143

Group 3

1.054 (0.173)
0.568 — 1.591

1.130 (0.143)
0.770 - 1.627

1.032 (0.177)
0.514 — 1.871

1.087 (0.135)
0.788 — 1.655

1.069 (0.147)
0.645 — 1.557

1.074 (0.129)
0.779 - 1.473

1.033 (0.141)
0.613 - 1.411

1.049 (0.115)
0.494 — 1.305

1.668 (0.133)
1.281 - 2.166

0.710 (0.100)
0.472 - 0.957

0.746 (0.124)
0.500 - 1.554

NS Group
1.014 (0.152)
0.662 —1.523

1.089 (0.142)
0.744 — 1.474

1.057 (0.175)
0.541 — 1.603

1.103 (0.154)
0.759 - 1.537

1.008 (0.165)
0.366 — 1.616

1.046 (0.102)
0.695 — 1.340

0.984 (0.165)
0.470 - 1.376

1.073 (0.153)
0.471 — 1.605

1.653 (0.181)
1.271 - 2.109

0.708 (0.096)
0.472 - 0.937

0.790 (0.115)
0.537 - 1.210
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Normalized F2 by Group, Task, Vowel, and Stress—Mean (Standard Deviation) and Range

Task
NRT

PIT

Vowel
e/

1é/

lo/

16/

e/

1é/

lo/

16/

lal

lil

1al

Group 1

1.309 (0.176)
0.790 - 1.828

1.377 (0.170)
0.857 — 1.832

0.937 (0.148)
0.575 — 1.588

0.806 (0.110)
0.495 — 1.101

1.322 (0.156)
0.773 - 1.891

1.467 (0.150)
1.052 — 1.870

0.831 (0.115)
0.557 - 1.376

0.785 (0.097)
0.544 — 1.087

1.042 (0.086)
0.824 - 1.231

1.715 (0.198)
0.875 - 2.130

0.811 (0.184)
0.535 — 1.643

Group 2
1.328 (0.185)
0.748 -1.784

1.446 (0.187)
0.928 — 1.984

0.894 (0.151)
0.591 - 1.421

0.811 (0.156)
0.420 - 1.378

1.349 (0.157)
0.880 — 1.749

1.495 (0.161)
0.955 — 1.857

0.807 (0.145)
0.515 - 1.435

0.762 (0.117)
0.529 — 1.210

1.000 (0.100)
0.608 — 1.242

1.780 (0.105)
1.494 — 2.041

0.821 (0.216)
0.470 — 1.648

Group 3

1.305 (0.178)
0.726 — 1.954

1.416 (0.163)
1.055 — 1.894

0.876 (0.133)
0.509 — 1.256

0.812 (0.117)
0.474 - 1.166

1.329 (0.124)
1.013 - 1.810

1.469 (0.116)
1.135 - 1.762

0.804 (0.116)
0.458 — 1.224

0.751 (0.103)
0.441 - 1.064

1.047 (0.092)
0.804 — 1.242

1.744 (0.137)
1.004 — 1.951

0.765 (0.207)
0.446 — 1.586

NS Group

1.361 (0.172)
0.835 - 1.831

1.459 (0.178)
1.032 - 1.954

0.883 (0.129)
0.546 — 1.240

0.787 (0.134)
0.498 — 1.288

1.413 (0.157)
1.078 — 1.879

1.489 (0.142)
1.030 - 1.794

0.788 (0.121)
0.533 — 1.086

0.733 (0.131)
0.494 — 1.550

1.106 (0.085)
0.943 - 1.335

1.627 (0.395)
0.389 - 2.068

0.744 (0.317)
0.375 - 1.949




Table E-3
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Diphthongization by Group, Task, Vowel, and Stress—Mean (Standard Deviation) and Range

Task Vowel

NRT lel

1é/

lo/

16/

PIT lel

1é/

lo/

16/

Group 1

0.161 (0.119)
0.007 — 0.870

0.151 (0.091)
0.009 - 0.531

0.173 (0.123)
0.010 - 0.686

0.161 (0.104)
0.002 - 1.016

0.150 (0.110)
0.003 — 0.588

0.147 (0.104)
0.010 — 0.508

0.165 (0.095)
0.008 — 0.820

0.140 (0.077)
0.012 - 0.358

Group 2

0.169 (0.106)
0.004 — 0.750

0.184 (0.135)
0.011 - 0.898

0.180 (0.131)
0.006 — 1.129

0.167 (0.104)
0.008 — 0.704

0.181 (0.137)
0.002 — 0.862

0.175 (0.121)
0.001 - 0.817

0.191 (0.113)
0.008 — 0.720

0.172 (0.116)
0.009 — 1.053

Group 3
0.155 (0.102)
0.012 - 0.623

0.140 (0.089)
0.003 - 0.535

0.147 (0.096)
0.007 — 0.575

0.144 (0.090)
0.012 - 0.507

0.138 (0.097)
0.004 — 0.485

0.155 (0.103)
0.010 - 0.712

0.174 (0.101)
0.014 - 0.743

0.145 (0.098)
0.002 - 0.790

NS Group

0.172 (0.097)
0.007 — 0.526

0.133 (0.100)
0.006 — 0.817

0.170 (0.146)
0.003 - 0.893

0.157 (0.094)
0.010 — 0.509

0.161 (0.139)
0.004 - 0.811

0.152 (0.090)
0.022 - 0.583

0.217 (0.150)
0.039 - 1.125

0.178 (0.112)
0.017 - 0.641




Table E-4
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Duration in Milliseconds by Group, Task, Vowel, and Stress—Mean (Standard Deviation) and

Range
Task Vowel Group 1 Group 2 Group 3 NS Group
NRT le/ 64.896 (41.365) 80.810(51.457) 64.712(32.948) 54.120 (20.068)
14 — 428 16 — 398 13-201 22 -121
1é/ 109.116 (43.752) 114.041 (53.513) 96.175 (40.876) 92.073 (38.946)
35-280 30 -390 21 -298 24 — 246
lo/ 79.936 (65.293) 85.114 (58.765) 70.179 (46.487) 54.800 (24.693)
20 - 651 21 -551 8-428 18 -170
16/ 112.931 (47.009) 116.110(51.485) 93.807 (35.984) 91.240 (53.286)
27 -310 30-534 33-320 24 — 314
PIT le/ 67.768 (28.965) 76.159 (33.782) 65.216 (30.751) 62.490 (25.427)
16 — 220 17 - 280 11 -350 12 — 143
1é/ 110.653 (31.299) 107.820 (33.052) 96.077 (27.320) 91.900 (26.179)
43 — 248 30-275 36 —-182 36 — 165
o/ 79.912 (34.331) 82.959 (29.207) 68.302 (25.056) 69.353 (28.053)
15— 298 23 -204 19 - 154 17 - 162
16/ 103.866 (26.509) 102.027 (26.404) 86.123 (24.989) 91.745 (29.209)
45 - 193 40 -190 28 - 172 31-190
1a/ 108.388 (26.085) 106.940 (21.492) 90.032 (21.161) 95.480 (21.368)
48 — 182 53 -160 41 -136 49 — 139
fil 88.759 (22.703) 85.111 (28.474) 76.453 (24.901) 82.520 (27.312)
46 — 145 36 — 226 10-130 36 -135
fal 92.823 (35.860) 97.612 (35.491) 80.758 (29.512) 88.240 (27.659)
18 - 170 30 -239 18 - 168 35-182




