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Native English speakers must adopt words of Spanish that enter the lexicon into English

sound categories. This study uses statistical distributions to predict vowel pronuncia-

tion of hypothetical new English words, and examines if perceived source language or

L2 experience affects these pronunciations. The Spanish vowel /a/, which is gener-

ally mapped to English vowel categories /A/ and /æ/ was selected for its orthographic

ambiguity and high frequency in loan words. Statistical calculations based on a pho-

netic dictionary of English words formed initial guesses on how English speakers might

pronounce hai in a variety of surrounding consonantal contexts. Two types of partici-

pants—with and without Spanish L2 experience—were presented with two categories

of made up words, told some were from a “Spanish” source, some from an “English”

source. The study found a significant difference in pronunciation of these words based

on primed language. L2 experience in Spanish also had a significant effect on pro-

nunciation. The statistical calculations did not accurately predict pronunciation of the

hai vowel. This study concludes that L2 experience changes how a speaker perceives

and borrows L2 sounds into their L1. Perceived foreignness of a word also affects pro-

nunciation, indicating that even with no Spanish experience, English speakers have an

underlying concept of a Spanish language sound system that differs from English.
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Chapter 1

Introduction

English is a language cobbled together from many others, reflected in every attribute

from vocabulary to pronunciation. A particular sticking point for many is the opacity of

English orthography, which does not clearly map to vowels—a fact evident in abundant

spelling and pronunciation errors made even by native English speakers. So how do

these speakers adopt loanwords with ambiguous orthography into English from other

languages?

Studies have been done on these grapheme (letter) to phoneme (sound) correspon-

dences, but do not focus on English words alongside foreign or borrowed words. En-

glish grapheme-to-phoneme (G2P) correspondence is complex enough; predictably, this

matter is complicated further when words are loaned from other languages that have

similar but not identical vowels. A lucid example of this can be drawn from a language

that has a lot of contact with American English: Spanish.

There are a substantial number of Spanish words that have been adapted into the En-

glish lexicon and, in this process, changed in such a way that they are entirely pro-

nounced with phonemes of English. Spanish is unique in the substantial amount of

contact that it has with English, resulting in a sufficient quantity of loanwords into En-

glish to observe a discrepancy in borrowings. Spanish’s one low vowel /a/ is adapted by

English speakers into two vowel categories of American English, /A/ and /æ/. This study

asks the question: is this low vowel categorization arbitrary or does it have some basis in

statistical distributions found in the native lexicon? Could consonantal context predict

what vowel, /A/ or /æ/, is produced? And what other factors are at play? Specifically,

does L2 experience with Spanish influence loanword nativization of /a/?

1



Introduction 2

The experiment involved first making predictions using statistical distribution of English

/A/ and /¾/ phones in consonantal context. This data is then used to generate a hy-

pothesis about what contextual traits are salient in pronunciation of hai. These statistics

can then be compared to the actual production of speakers on nonce words.

To test this actual production, native English speakers were recruited into two groups,

with and without Spanish language experience. One group of participants had extensive

classroom Spanish language instruction (average of 7.7 years), and the others had no

formal instruction in Spanish. The participants read from two word lists, randomized

across both groups, but with one list primed as “Spanish” words and one primed as

never-before-seen “English” names. Stimuli on the two word lists were phonologically

and orthographically valid words in English and Spanish, though almost exclusively

nonexistent lexical items in either language. This experimental setup allowed a side-by-

side examination of how “English-source” and “Spanish-source” pronunciation attempts

differ, even if the stimulus tokens are the exact same. It also highlighted potential

differences created by experience with the sound system of the L2.

Data analysis involved coding of speaker’s vowel production. Pronunciation data was

compared with statistics from Part I to identify if there was a significant difference from

typical English grapheme-phoneme rules of pronunciation. Phone production was also

examined across factors including L2 experience with Spanish and perceived source

language (native or foreign) to determine patterns in how English speakers nativize

Spanish loanwords.



Chapter 2

Background Theory

2.1 Grapheme To Phoneme (G2P) Correspondence

English has only 6 letters representing vowels, which must serve as more than a dozen

vowel sounds in the language. Early work on phoneme-grapheme correspondence in

the English language made attempts to map letters to sounds, particularly in the do-

main of education research for spelling instruction. A large corpus of the most common

English words was compiled in 1944, a 30,000-item list of words sorted by number of

occurrences per million words. Meant for teachers as a metric for benchmarking lexicon

learning in pupils, it nonetheless provides an extensive database of recognizable English

words (Thorndike & Lorge, 1944).

Subsequent research by Hanna and Rudorf (1966) finds that, in their dictionary of

17,310 of the items drawn from the previous list, 73% of the words would be spelled

incorrectly using only the most common spelling string (as computed by type frequency).

Relevant to the present study, in an extensive examination of English phoneme-grapheme

correspondence the English letter !a" corresponds to 10 difference phonemes (Venezky,

1967). Further research on the topic labeled this mismatch as “correspondence, but

not reference” between written letters and sounds (Hass, 1970). This research indicates

that, when looking at only letter string to phoneme transformation, it is difficult to write

rules for English.

However, the above research was only beginning to tease apart the complicated rela-

tionship between English spelling and pronunciation. Kessler (2003) set out to disprove

the popular opinion that English orthography is “chaotic and indefensible,” in the words

of American philosopher and educational theorist John Dewey. Conceding that English

spelling can seem opaque when considering purely graphemes and phonemes, Kessler

3



Background Theory 4

instead argues that orthographyÕs function is more than a one-to-one correspondence,

and that position and environment are also important factors in English G2P correspon-

dence. For example,hai when followed by hri is almost always pronounced /A/; once

this simple rule is learned, the ambiguity of hai pronunciation is lessened. Taking into

account more factors than purely letterÐsound correspondence, including relative fre-

quencies of various spellings, Kessler concludes that English spelling is not arbitrary

because spellers learn relative frequencies of the most common spellings, and to some

extent, frequencies of all spelling variations they encounter.

The above research about G2P correspondence deals largely with data collected from

reading materials, limiting the analysis to the realm of written word rather than ev-

eryday speech. Additionally, many of the datasets draw from word lists that are either

outdated or controlled for frequency in use. In fact, the Hanna et al study explicitly ex-

cluded ÒforeignÓ words from their work with the 1944 database. These analyses exclude

loanwords from their scope, an omission this study hopes to address.

2.2 Methods for prediction of G2P Correlation

2.2.1 Statistical methods and findings

Statistics have been employed to tackle the issue of the lack of transparency in English

spelling. One study compared phonemic data from WebsterÕs New Collegiate Dictio-

nary with the graphemes to provide an index of strength for certain grapheme-phoneme

correspondences (Berndt et al., 1987). Using a program to output all correspondences

between phonemes and graphemes, the authors computed conditional probabilities of

associations between the two. By calculating the frequency of each particular phoneme-

grapheme correspondence and dividing by total grapheme frequency, the study gave re-

sults of likely pronunciations of letters in certain contexts. For this study, the grapheme

hai resulted in / æ/ in 54.2% of phonetic realizations, and / A/ in only 7.7%. The only

other grapheme analyzed that appears in the present study was ÒaÐeÓ (or, a and Silent

hei), which had a 12.2% / æ/ phoneme and 2.5% / A/ phoneme.

Fry (2004) reinterprets the Hanna and Rudorf (1966) data from above with different

criteria to examine the highest frequency phoneme-grapheme correspondence and the

most frequent spellings of the phonemes. The results (with frequency as occurrence

out of 17,310) are shown in Table 2.1 on page 5, and illustrate the ambiguity of the

relationship between letter, position in word and phoneme.
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Vowel Context Example Frequency

/æ/ a at 4192
a-e dance 147

/A/ a(r) arm 474
a father 44
ar-e large 31
ea(r) heart 18

TABLE 2.1: Vowels considered in this study, taken from Fry (2004), with vowel repre-
sentation adapted to match IPA notation.

Taking into account more than just individual letter to sound has been an effective

way of clarifying this ambiguity. Kessler and Treiman (2001) examined how strongly

vowel spelling is affected by the other parts of the syllable (onset and coda) in English

monosyllabic words. This study compiled a list of known English words, taking into

account how common the word was, syllable distinctions, and vowel lowering before

approximant consonants. Consistency of spellings improved when onset was taken into

account, and improved significantly considering coda. Relevant to the present study, the

consistency of hai grapheme mapping was significantly improved by taking into account

a coda of Ø or /ô/, both which indicate /A/ realization. Additionally, the onset /w/

(hwi, hqui) significantly helped predict hai as /A/. Lastly, haui spellings and hali when

the /l/ was silent (e.g. calm) indicated /A/ pronunciations. Further work by Treiman,

Kessler and Bick (2002) expanded the predictions about coda/onset consistency in vowel

spellings to include never-before-seen words. Findings indicate that spellers still use

consonantal context to narrow the range of possible vowel spellings, even in new words.

This further supports the hypothesis that English speakers use statistical patterns to

determine pronunciation of spelled words.

The above work takes into account spelling context. The tokens in the present study are

designed so that the onset/coda positions will be possible in both English and Spanish

phonological and orthographical systems. For this reason, the haui, silent /l/ and hwi
are not used as predictors in the statistical distributions, as none appear in the Spanish

language. In addition, the present study bases predictions on phonemic context, rather

than spelling context.

Additionally, Kessler and Treiman (2001) filtered for most common words, while the

present study used all alphabetic instances included in the Carnegie Mellon Pronunci-

ation Dictionary (CMUdict). The CMUdict is open source, and contains pronunciation

of proper nouns, place names and (relevantly) nativized loanwords. Since this data is

already attested in the language, although not natively “English” it is indeed relevant in

predicting how English speakers nativize loanwords.
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2.2.2 Algorithmic G2P correspondence

In the field of computer science, this problem of G2P correspondence is relevant to the

development of text-to-speech algorithms. Since training computers involves signifi-

cantly different consideration than studying human beings, studies in G2P conversion

rarely use statistical methods. Instead, the problem can be approached in a number of

ways, such as using finite state automata—rule based systems that query a dictionary

of exceptions—or pronunciation-by-analogy approaches, which store similar features to

the input and output a combination of the retrieved examples.

Some of the most successful G2P conversion studies have used a data-driven approach

to phoneme generation. This approach, which uses joint-sequence models, algorith-

mically trains on a dataset of word/pronunciation pairs. The algorithm does not take

into account letter or phoneme units, and instead develops a guess for most likely word

segmentation based on patterns observed in the input. The outputs of this training are

“graphones,” or, letters that translate to certain phonemic information. These models

can intuitively group symbols into larger units, as frequent letter group mappings are

recognized—“ing”, “ph”, etc. The graphones vary in length, depending on the train-

ing procedure, but can be controlled by a parameter. Success of output was calculated

through phoneme error rate (PER), a measure of accuracy that corresponds to the num-

ber of changes (insert, delete, translate operations) it takes to get from the original to

the generated pronunciation. By testing different values for the maximum graphone

length, along with training on different databases and using distinct methods of gra-

phone calculation (maximum, summation), Bisani and Ney were able to achieve 3.38

+/– 0.03 PER on English data sets, and 0.36 PER on a training set (Bisani & Ney, 2008).

In this particular work, the CMUdict, along with two other letter-phoneme databases,

were used in training.

The implications of studies like this can be practical, like pronouncing orthographic

forms provided by a user, or having a machine infer correct spelling of spoken word.

Relevant to the current study is the fact that training on a dataset like the CMUdict

(which is used in the present study) allows a machine to make highly accurate guesses

about the way a written representation will be pronounced. Though the current work

generates hypotheses based on a statistical model and tests them on humans, it is worth

noting that a computer can use the same dataset to attempt similar predictions.
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2.3 Spanish and English Phonology

A study by Fox and Munro (1995) examined perception of Spanish and English vowels

by English and Spanish speakers in order to reveal the differences in what perceptual

dimensions listeners find salient in vowel pairs. Researchers measured how English

and Spanish speakers (with different levels of English L2 experience) judged vowel pair

“difference”. Presented with vowel pairs from English and Spanish, both groups rated

which pairs they found to be most similar on a scale from 1 to 9 (“very similar” to

“very dissimilar”). Stimuli tested contained Spanish-Spanish pairs (/i/-/e/), Spanish-

English pairs (/i/-/I/) and English-English pairs (/eI/-/E/). Results of the study have

implications for both vowel perception differences, as well as L2 experiences’ effect on

perception. Specifically, English speakers seem to rely on three factors for distinction:

vowel height/duration, vowel backness and if a vowel was central/noncentral. This

was in contrast with Spanish speakers, who did distinguish by height but not the other

two factors. Indeed, the English group used more phonetic features than the Spanish

group to distinguish the vowels, probably due to the crowded English vowel space. Also,

those Spanish speakers with more English L2 experience had results more similar to the

English speakers. This indicates that native language and language experience both

change the perceptual dimensions used by listeners in identifying vowels.

Another study, focusing on Spanish speakers with a range of English L2 experience,

asked participants to judge English vowels /i/, /I/, /E/ and /¾/ by placing them into

five Spanish vowel categories, or labeling as ‘None’ (nonexistent in Spanish) (Flege,

1991). The most interesting result, and one relevant to this study, was the participants’

categorization of /¾/. The study predicted that this vowel, which falls completely out-

side of Spanish /a/ and /e/ F1 and F2 ranges, would be marked as ‘None’ by a majority

of participants. However, the most frequent categorization for /¾/ was in the /a/ cat-

egory for all groups of Spanish-speaking listeners. Leading from this, the present study

will examine how /a/ is assimilated into the non-overlapping vowel categories for En-

glish speakers. An additional interesting result of this study found that Spanish speakers

with any amount of English experience marked ‘None’ (or, “this is not a Spanish vowel”)

more frequently than monolingual speakers—giving evidence for a heightened aware-

ness of cross-linguistic phoneme differences. Leading from this, the present study will

examine if there is a shift in nativization by English speakers with Spanish experience.
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2.4 Spanish versus English vowels

In the U.S., Spanish and English speakers increasingly occupy the same spaces and have

a great deal of cultural and linguistic overlap. As a result many monolingual English

speakers have a robust Spanish lexicon of favorite foods like tacos or carne asada, names

of stars like Christina Aguilera or Antonio Banderas, and place names like Los Angeles

or El PasoÑall without formally knowing any Spanish. Because these words are so com-

mon, English speakers have adapted Spanish phonemes to Þt into existing categories,

effectively nativizing the words in order to add them to the lexicon.

Though many phonemes in Spanish are identical to English, and rules for phoneme

context often overlap in the two languages, there are notable differences that must be

assimilated into existing English. Spanish /a/ is used in this study because this vowel is

acoustically distinct from low vowels in English, as shown in Figure 2.1 and Figure 2.2.

Spanish /a/ F2 value falls between that of / A/ and / ¾/, though all share a similar

F1 range. Observed productions of /a/ in nativized words are categorized by English

speakers into one of the existing low vowel categories (with the exception of unstressed

/a/, which is assimilated as / @/ or / 2/). Some examples of nativized Spanish words with

the Spanish /a/ falling into two categories are shown in Tables 2.2 and 2.3.

FIGURE 2.1: Range of English (relevant vowels in red) and Spanish (blue) format
frequencies as produced by 30 native English speakers and 16 native Spanish speakers.
The majority of speakers were from Mexico, with a few from El Salvador and one from

Argentina. This chart has been modiÞed from the version presented in Flege (1991)
.
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FIGURE 2.2: English (shown in red) and Spanish (shown in blue) low vowels vary
acoustically, as evidenced in the plot below. The F1 and F2 plot points represent an
averaging of four speakers of Madrid Spanish and four English speakers from upstate
New York. English corner vowels are provided for reference. These measurements are
taken from Bradlow, 1995. All vowels displayed were produced by native speakers in

CVCV contexts.(Bradlow, 1995)

Preceding Following
Type Location Item Type Location

none Ø Argentina rhotic +coronal
stop +bilabial Barbados rhotic +postalveolar

–coronal taco stop –dorsal
–dorsal casa sibilant –coronal

carne rhotic +coronal
liquid +coronal plaza sibilant +coronal

cilantro nasal +coronal
nasal +coronal nada flap +coronal

nacho affricate –coronal
approximant +dorsal jalapeno liquid +coronal

Bahamas nasal +bilabial

TABLE 2.2: The English adaptation of nativized Spanish loanwords with !a" # /A/.
Focus vowels are underlined.
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Preceding Following
Type Location Item Type Location

none Ø Antonio nasal +alveolar
alpaca liquid +alveolar
Aguilera stop +alveolar

stop +labial tabasco sibilant –alveolar
tobacco stop –coronal

–labial Panama nasal +coronal
El Paso sibilant –coronal
Paraguay rhotic +coronal

+coronal Trinidad stop +coronal
–dorsal Cancun nasal +coronal

California liquid +coronal
fricative +labial Vazquez silibant +/–coronal
approximant +coronal Velazquez sibilant +/–coronal

TABLE 2.3: The English adaptation of nativized Spanish loanwords with hai ! /¾/.
Focus vowels are underlined.

2.5 Cross-language interactions

2.5.1 Speech perception

Adult listeners have difficulty discriminating sounds non-native to their language. The

perceptual assimilation model (PAM) posits that listeners categorize responses to non-

native phonemes by dividing non-native sounds into types: (1) Categorized phonemes,

where the sound is added to a native category, (2) Uncategorized phonemes, that are

similar to two or more native phones, and (3) Non-assimilable phonemes, heard as non-

speech sounds. Work focused on testing the PAM used stimuli chosen specifically to fit

in the above categories for English speakers, drawn from Zulu and Tigrinya. The re-

sults supported the PAM’s predictions: that English listeners would be more successful

at distinguishing between two native phones that were phonetically similar to two sep-

arate categories in the native language than they were at distinguishing two non-native

sounds that assimilated into a single English category (Best et al., 2001). Adults’ abil-

ity to discriminate non-native contrasts is shaped by a speaker’s native inventory, and

the levels of this ability can be predicted based on type of non-native stimuli. Because

/a/ assimilates into /A/ and /¾/, accurate categorization should be difficult for English

speakers.

Another study focused on perceptual ability as a function of non-native language ex-

perience. Using American English speakers with various levels of familiarity of French,

researchers examined participants’ ability to distinguish non-native vowel contrasts. The
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Þndings indicated that overall, experienced listeners made fewer errors in the discrim-

ination task, suggesting that experience with the phonemes of a non-native language

can change perceptual ability (Levy & Strange, 2008). These results of familiarity might

be extrapolated to the current study, in which familiar (or, well-nativized) Spanish to-

kens will be compared in perception with unfamiliar words. If experience with L2 can be

translated to L1 experience with a particularly commonly assimilated word from another

language, the Þndings on discrimination may predict differences in familiar/unfamiliar

/a/ categorization. Interestingly, in the previous research, on the French vowel pair

[uÐy] (one of four tested: [uÐy], [iÐy], [uÐ Ï ], [yÐÏ ]), inexperienced listeners made

fewer errors than those with experience. Besides indicating difÞculty of that particu-

lar contrast, this result shows that there are more factors at play in L2 perception than

just language experience. In this outlier case, researchers concluded that consonan-

tal context affected the perception. Since the present study examines /a/ production

and perception perhaps as a function of context, these results could be signiÞcant in

the indication that non-native phoneme perception is related to surrounding phonemes,

especially for non-native speakers.

2.5.2 Bilingual lexical access

Not just judgment, but also lexical access tasks indicate that word phonology and or-

thography from bilingualsÕ L1 and L2 are in competition. Schwartz et al (2007) tested

lexical access of cognates (orthographic and phonological similarities) and non-cognates

(similar orthography, distinct phonology) for bilinguals of English and Spanish. If the or-

thography was similar but the phonology was not, naming of items slowed. This shows

that not only does consistency of cross-language mapping of G2P does affect bilingualsÕ

lexical processing, but also that phonology of cross-language words affects processing

of orthography. The effect was consistent even when the participantsÕ L2 was weaker.

Though not a lexical access task, the present study will examine cross-linguistic G2P

effects through speech production. Testing of speakers who have advanced knowledge

of an L2 (not bilinguals) and contrasting results with monolinguals who have only a

base level of contact with the L2 can further specify how individuals with and without

classroom L2 experience access information about their two languages.
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2.6 Loanwords

2.6.1 Phonological conditions

Loanwords are words that one language borrows from another. In this process, the loan-

word is adapted to fit the target language—in morphological, phonemic and segmental

structure. Loanwords can enter an L2 lexicon through speech or writing, and the effect

of orthography could influence characteristics of adaptation. Kang asks how adapters

converge on a specific “repair” strategy for unattested structures in a loanword that is

being borrowed (Kang, 2011). In general, the non-native segments of loanwords are re-

placed by the “closest” sound in the target language. As evidenced in previous research,

the closest formant values to the Spanish vowel considered in this study can be found in

/A/, though the vowel /æ/ has a similar F1 range, with an F2 value not far off (Bradlow

1995, Flege 1991). Since L2 sounds are generally assimilated into an L1 category, these

two options are candidates for the vowel nativization. Though there can be inter- and

intra-speaker variety, there are patterns that may predict how words will be adopted.

In examination of Japanese loan doublets borrowed from English, Smith shows that

loanwords must conform to orthographic information, phonological constraints as well

as perceptual factors in the target language (Smith, 2005). Phonological rules of the

adopting language, alongside speakers’ native language perception ability, plays a role

in the form of the loanword. As an example, Smith looks at the English word “cream,”

borrowed as kuriimu into Japanese. If only perceptual constraints were at play, Japanese

would borrow [kôim] as [kRim]. Instead, the adaptation result is [kWRimW], displaying

the Japanese constraints against onset clusters and codas that give rise to the epenthesis

seen in the loanword.

Phonology can also interact with orthography to influence loanword adaptations. A

study of French/English bilinguals showed variation in written adaptation of English

nonce words, depending on if the nonce words were presented just aurally or along

with a written representation. This shows evidence that, though phonological principles

do determine how loanwords are nativized, orthography may influence this adaptation

as well (Vendelin & Peperkamp, 2006).

2.6.2 Perceptual conditions

However there is also evidence that adaptation of loanwords is constrained by percep-

tual factors more significantly than it is by loanword-specific characteristics. Peperkamp
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et al (2008) looked at the asymmetry in [n] adaptations from English and French loan-

words apparent in Japanese. English [n]-final words are always nativized as a final

moraic nasal into Japanese, while French words are always represented with an epenthic

vowel. Even though the surface segment [n] is the same in both source languages, pho-

netic realization varies in the two languages. French has a strong vocalic release after

the nasal consonant, leading Japanese speakers (even those with French experience)

to perceive a W vowel after the consonant. English lacks this release, leading to the

vowel-less nativization. Although the surface segments are superficially the same, per-

ception of these differences is significant for Japanese speakers, giving rise to different

adaptations within the same borrowing language.

This study is working with a similar conundrum—different adaptations of one segment

/a/ into two different sounds within the borrowing language—but in this case from

the same source language. If perceptual differences play a role, perhaps the realization

of /a/ is conditioned by surrounding consonant context, leading to the differing vowel

categorizations.

2.6.3 Social conditions

Sociolinguistic factors are also at play in loanword nativization. In areas with higher

levels of bilingualism and when the source language is prestigious, it is more likely

that adaptation will refer to phonological representations of the source, rather than

the changes to the input language. In maintenance of phonemic contrasts found in

loanwords, source language is always a priority, but in a study by Hefferman (2007) it is

shown that in specific social contexts, loanwords will represent phonological constraints

that were previously unattested in the target language in order to maintain the source

language’s pronunciation.

Insightful work done by Hall-Lew et al (2010) looks at political identity as another way

of coding phonemes. The study looked at pronunciation of “Iraq” across political parties.

The realization of /æ/ vs /A/ in “Iraq” was significantly distributed across political party

lines. Even when controlling for factors like age and geography, the only significant

factors conditioning the pronunciation of hai appeared to be political party and level of

conservatism. The implications here are that nativization can convey respect by selecting

for the phonological variants closest to the source language. Though the Arabic /a/ and

its political connotation cannot be equated to the Spanish /a/, these findings could

be applied with respect to increasing conversations about immigration from South and

Central America.
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Work by Boberg on what he calls ÒForeign (a)Ó and its borrowing into English touches

on intriguing sociolinguistic conditioning of low vowels speciÞcally, and its apparent

change through time. In work done in 1997, Boberg contrasts American nativization

with the prosodically-governed British model, recognizing how foreign !a" is adapted

into the lexicon in various ways (Boberg, 1997). Boberg notes a diacronic shift from

/ ¾/ to / A/ in American loanword realizations. The borrowed !a"s are realized as /A/

78% of borrowings versus 22% for /¾/. These Þndings are expanded in later work

that asserts the vowel choice is not governed by phonological processes, rather by so-

cial factors (Boberg, 1999). Consistent with the Þndings in Hall-Lew et al (2010), the

pronunciation variations fall along an attitudinal dimension, where speakers with favor-

able outlooks towards foreign nations (where the loanwords are coming from) tend to

nativize as /A/ more frequently than / ¾/. Boberg gave made up ÒloanwordsÓ to a group

of college students and asked if they would use /¾/ or / A/ in the pronunciation. The

Þndings showed that /A/ was preferred 72% on average. This indicates that /A/ seems

to function as the default vowel for American !a" nativization.

The use of /A/ also appeared to be a pattern of prestige. In the same study with the col-

lege students, Boberg noted a discrepancy between how participants judged a ÒcorrectÓ

nativization versus their actual production. The / A/ phone was more likely to appear in

the judgments of nativizations than the production, indicating that participants thought

they should be using /A/ more than they did. Boberg couples this experimental data

with the observation that command of a foreign language is generally valued in the

U.S. and therefore prestigious, lending itself to the more ÒcorrectÓ use of /A/ for !a". If

BobergÕs assertion of prestige and perceived similarity were to hold in the current study,

there would not be signiÞcant difference between!a" realization of participants. Polit-

ical persuasion was not coded for, but can be largely inferred by geographic location

(New York City) and age (all under 32 years). Additionally, all speakers were recruited

at a university, and correspondence between education level and prestige would indi-

cate that / A/ would be the largely preferred realization. This study, though not explicitly

testing sociolinguistic features, will discuss their possible effects within the study in the

discussion.
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Method

3.1 Statistical predictions

As stated in Chapter2, statistical analyses of G2P correspondences have shown that in-

corporating the preceding and following consonants in predictions make pronunciation

of vowel spellings more predictable. While generating the statistical distributions of !a"

realization in the current study, the focus was on distributions of phonemic consonantal

context, rather than spelling. The study tested production of nonce words that were

orthographically and phonologically legal in both Spanish and English in order to most

closely match the statistical context predictions. Because of this, the nonce words did not

resemble typical English orthography. All stimulus items used CVCV structure (with Þnal

V never as silent !e"). This structure is rare in EnglishÑmost English words that end

with a vowel sound have unpronounced orthographic markers that follow the vowel.

Due to the nature of the stimulus items as atypical for English words, it was consid-

ered more prudent to examine surrounding consonant sounds rather than orthographic

correspondence.

Statistical analysis generated the hypothesis for contextual pronunciations drawing on

the Carnegie Mellon University Pronunciation Dictionary (CMUdict, n.d.), an English

pronunciation dictionary. The CMUDict contains over 134,000 words and their pronun-

ciation in North American English. It is an open source project that is actively maintained

and expanded. Using a Python script, counts of all stressed syllables containing /A/ and

/ ¾/ phones were extracted, along with neighboring consonantal context. These counts

were matched by context and compared. By counting total appearances of!a" in speciÞc

phonetic contexts, along with the distribution of cases in which pronunciation was [ A]

versus [¾], a statistical view of the English vowel distributions was created.
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In more detail, raw frequency of / A/ and / ¾/ was considered for each selected conso-

nantal position, and measured against the total frequency of /A/ and / ¾/. There were

10,162 words total, with 4,387 containing / A/ and 5,775 containing / ¾/. The data was

then sorted by percentage of total for both lists of phones, and the top 30 frequencies

from both were selected. Then the common contexts between the two were matched

up, Þltering down to 23 total used in the study.

Counts of syllables containing the relevant phones, along with their statistical predic-

tions, are shown in Table 3.1.

These distributions provided a baseline prediction of how participants would pronounce

the words with ambiguous grapheme !a" presented in the study.

3.2 Stimuli

All stimuli were disyllabic, CVCV nonce words with !a" in stressed syllable position. They

were also Þltered to limit or eliminate ambiguous G2P mapping for consonants. For

% of A Preceding Following % of¾

60.68% K M 39.3%
59.88% K N 40.1%
55.97% T M 44.0%
54.74% D N 45.3%
52.24% D M 47.8%
51.92% ¯ P 48.1%
50.49% T K 49.5%
48.65% K T 51.4%
47.03% ¯ S 53.0%
45.99% K P 54.0%
43.61% P N 56.4%
42.95% B T 57.1%
42.74% B N 57.3%
40.36% S N 59.6%
38.41% P T 61.6%
33.33% K S 66.7%
32.53% T N 67.5%
29.32% ¯ K 70.7%
28.43% B K 71.6%
27.68% S M 72.3%
25.81% ¯ D 74.2%
17.76% ¯ N 82.2%

TABLE 3.1: Context calculations. Predictions for /¾/ realization shown in gray.
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example, !c" was included only in environments where it is unambiguously pronounced

as /k/ in English (before !a", !o", !u"). The consonants in surrounding positions were

further restricted in that the phone occurred in both English and Spanish, and did not

greatly affect formant values of the vowel (/l/, /w/).

According to the above criteria, the following consonants were selected to precede and

follow the !a" in the stimuli:

- Preceding:T (/t/), C (/k/), B (/b/), S (/s/), P (/p/), D (/d/), F (/f/), CH (/
>
tS), G

(/ g/)

- Following: T (/t/), C (/k/), B (/b/), S (/s/), P (/p/), D (/d/), F (/f/), CH (/
>
tS), G

(/ g/), M (/m/), N (/n/)

The stimuli generated from the statistical methods outlined in the previous section were

divided by context, with 23 contexts represented. The total number of stimulus items

was 45. 34 Þller items in the same CVCV format (but lacking stressed!a") were also

used for testing. In total, each participant read out 79 items.

The items were presented in one of 6 experimental formats. A python script, run three

times, generated three versions of randomized lists. Each list contained half the stimulus

and Þller items. The randomized lists were labeled ÒSpanishÓ or ÒEnglishÓ arbitrarily. In

three of the experiments, the ÒSpanishÓ list was given Þrst. In the other three, the

ÒEnglishÓ list was presented Þrst.

Acta Bato Dano
Actu Cama Pani
Admi Cami Pano
Admo Cano Pata
Anco Canu Pati
Anto Capi Sama
Aplo Capu Samo
Apso Caso Sana
Asca Casu Sanu
Astu Cata Tacto
Baca Catu Tacu
Baco Chato Tama
Bana Dami Tamo
Bani Damo Tana
Bati Dani Tano

TABLE 3.2: Stimulus items. Italicized items are uncommon Spanish words presumably
unknown to even experienced L2 learners.
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Boto Doba Piga
Bebu Cumo Pota
Tosa Cota Teca

TABLE 3.3: Sample of Þller items

3.3 Procedure

Participants Þrst Þlled out a questionnaire that included questions about formal lan-

guage instruction and exposure to Spanish. The participants were tested individually,

in a soundproof room, where they wore a head-mounted Shure SM10A-CN Cardioid

Dynamic microphone that recorded on a Tascam DR40 Digital Audio Recorder. Each

participant was Þrst instructed to read an English paragraph. Though not used in the

current study, this data was collected to make comparisons between formant values of

English and loanword pronunciations. Possible future work with this acoustic data is

discussed in Chapter5.

Each participant was randomly assigned into one of the experiment orders (ÒEnglishÓ

or ÒSpanishÓ Þrst, with one of three randomized lists of tokens). They were given the

priming instructions and would then advance the slides, reading out the tokens one at

a time. After reading the Þrst list of words, participants were allowed to take a break

or leave the sound booth. The procedure for the second experiment would then be

explained and participants follow the same instructions.

For the ÒEnglishÓ-primed tokens, participants were told:

ÒYour friend just got a new puppy and wants to name it. She knows that

dogs respond best to words with two-syllables that include hard conso-

nant sounds. You will read her name ideas from the slides. Follow along

with the slides.Ó

For the ÒSpanishÓ-primed tokens, participants were told:

ÒA Spanish ad agency calledM«ascarahas a new project, selling a line of

Spanish snacks to the U.S. market. They are working on names for the

snacks, and want to know how the word will sound when you say it out

loud. Read the names of the snack from the slide. After, you will rate the

name on a scale from 1Ð5, with 1 being least like (and 5 being most like)

an English word. Follow along with the slides.Ó

Experiment times ranged from 7Ð15 minutes.
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The author of this study, a native speaker of American English with phonetic training,

listened to all the stimuli and transcribed the vowels. All instances of / O/ that appeared

in the English paragraph were categorized and transcribed as /A/.

3.4 Participants

22 native English speaking adults participated the study, ranging from ages 18Ð32, with

an average age of 21. All were native English speakers from the United States who

reported no history of speech, hearing or reading disorders.

These participants were recruited into one of two groups based on experience in foreign

language instruction. One group was Þltered for Spanish experience, with 4Ð11 years

of formal foreign language instruction in Spanish. The average and median length of

experience was 8 years, and almost half of the Spanish speakers had spent time in a

Spanish speaking country. There were 10 participants in this group. The other group,

with 12 participants, was Þltered for lack of Spanish experience and had a range of

language instruction in other languages. The study was conducted in New York City, and

almost all participants reported that they heard Spanish in their everyday environment.

More detailed information about the participants is shown in Tables 3.4 and 3.5.

3.5 Methodological Discussion

This study tested production of nonce words by an English speaker in order to under-

stand pronunciation of an ambiguous vowel. Because the nonce words were presented

Age Place of Origin Foreign Language Years of Study

20 New York Spanish 9
19 Washington Spanish 8
21 Colorado Spanish 11
23 Arizona Spanish 6
22 Connecticut Spanish 7
21 California Spanish 8
21 California Spanish 5
20 New Jersey Spanish 4

30 Pennsylvania Spanish 11
21 Massachussetts Spanish 8

TABLE 3.4: Participants with Spanish Experience
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Age Place of Origin Foreign Language

21 Illinois French
18 Virginia French
23 Texas French
19 New Mexico French
21 New York French
23 New York French
21 Pennsylvania German
21 California Hokkien
20 New York Italian
32 Maine Latin
21 New York Russian
20 New Jersey ¯

TABLE 3.5: Participants without Spanish Experience

to have a certain source language (Spanish or English) in each experiment, but random-

ized between the two sources cross-participant, results demonstrated speaker behavior

for the same tokens in different ÒlanguageÓ contexts. This method seemed appropriate

to test English speakerÕs patterns of pronunciation of nonce words, in order to gauge if

their vowel realizations were affected by conceptual models of source language.

This method tests nonce words instead of existing loanwords. The question of /a/ as-

similation into two English vowel categories is present in ambiguous pronunciation of

existing loanwords. In order to understand the ambiguity of loanwords, a listening and

rating task of existing words with intra-speaker variation (for example, / s@.lAn.t™>oU/ or

/ s@.l¾n.t™>oU/; / kA.l@.™A.d>oU/ or / kA.l@.™¾.d>oU/?) could better reveal participantsÕ atti-

tudes on vowels within loanwords.

Also, words were presented one by one, not in running speech. This failed to test casual

production of the tokens, resulting in unßapped intervocalic /t/, among other stressed

features. Additionally, two participants in the Spanish group pronounced the tokens

with Spanish-like phonological features (shorter VOT). The vowels were coded as their

closest English categorization, but clarifying the task or putting the stimulus item in an

English sentence could have mediated this error.

All source code used in the study is available onGithub.
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Results

A total of 974 tokens were analyzed, out of a possible 990 (22 speakers pronouncing 45

tokens each). The excluded tokens were discarded because of devoicing, incorrect stress

placement or use of a different vowel, most commonly [>eI]. In items that the speaker

repeated, the Þrst vowel pronunciation was used. Out of all the tokens,!a" was realized

as /A/ 661 times and / ¾/ 313 times. Disregarding the excluded tokens, frequencies

of phone pronunciation by groups with and without Spanish experience are shown in

Figure 4.1. Proportional representations of phone are shown in Mosaic Plot4.2.

FIGURE 4.1: Frequency of phone pronunciation broken up by speaker L2 experience
and token language.

.
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FIGURE 4.2: Mosaic plot of phones by participant language experience.
.

The examination of main effects was carried out using a mixed-effects binomial lo-

gistic regression implemented in R. The Þrst model tested token language (ÒSpan-

ishÓ or ÒEnglishÓ) and participant language experience (with or without Span-

ish training) to get an overview of participant behavior. The model carried out

was glmer(Phone ! TokenLanguage * Group + (1|Participant) + (1|Token),

family=binomial("logit")) .

All models involving contextÑincluding all combinations of preceding/following, man-

ner/place, Spanish/no Spanish experienceÑfailed to converge. This failing could be

due to the complexity of the context variables (there were 23 contexts represented), or

that there were too many interactions to be interpretable. This result could also indicate

that there were no signiÞcant effects of context. Examination of context was instead

based on frequency of responses, discussed later in Table4.3.

4.1 Main effects

The source language of the token that participants were told had a signiÞcant effect on

the phone pronounced by either group, shown in Table 4.1. Participants were signif-

icantly more likely to pronounce "a# as /A/ when they were told the word came from

Spanish than when told it came from English. This would suggest that when the token is
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Estimate Std. Error z value Pr(>|z|)

(Intercept) 0.0341 0.6786 0.050 0.959923
Source language: Spanish 0.9452 0.2856 3.310 0.000933 *
Group: Spanish experience 1.9205 1.0251 1.873 0.061007 (*)
Source language: Spanish,
Group: Spanish experience 2.1601 0.5562 3.884 0.000103 *

TABLE 4.1: Results of the mixed-effect binomial regression for the realization of the
phone as /¾/ or / A/. * = SigniÞcant result, (*) = marginally signiÞcant result

presented as a non-English word, participants with both no Spanish and Spanish experi-

ence nativize the loan in a way distinct from the English pronunciation. The main effect

of participant language experience is nearly signiÞcant, but the differences between the

groups are further revealed by the signiÞcant interaction (source language of token).

Further analysis of the frequencies of vowels used by the groups are shown above in

Graph 4.1, and the proportions are shown in Table 4.2. By looking at the total pro-

portional pronunciations of phone by language background, it is clear that the Spanish

group consistently uses /A/ with much higher frequency than the participants with no

formal experience in Spanish. A particularly salient example: Spanish-experienced par-

ticipants only pronounced 4% of Spanish-primed tokens using the /¾/ vowel, compared

with the 37% of the monolingual group.

Generalized linear mixed models were also used to examine effect of token language

within each language group. Both groups showed signiÞcant effects of language that to-

kens were presented as. Pronunciation of identical tokens was affected by the perceived

source language of the made up words, no matter how much experience participants

had with Spanish.

Group TokenLanguage Phone /A/ Phone /¾/

NS English 0.48 0.52
Spanish 0.63 0.37

S English 0.73 0.27
Spanish 0.96 0.04

TABLE 4.2: Proportions of phoneme realization by language experience and token lan-
guage
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4.2 Context effects

As the regressions for context failed to converge, examination is instead based on pro-

portions shown in Table 4.3. A signiÞcant context effect on the way that !a" is pro-

nounced was not found in this study. Even when consonants were grouped into cat-

egories examining place (initial, coronal, labial or velar) or manner (initial, obstruent

or nasal), there was no signiÞcant predictor of how a phone would be pronounced.

Additionally, the statistical predictions made in Chapter 3 had no signiÞcant bearing on

pronunciation. Out of the 23 levels of contexts, only 7 were correct in terms of direction-

ality of the statistical frequencies. This indicates that there are more complicated factors

that go into deciding how to pronounce !a" than surrounding consonants, especially in

an unfamiliar word. Even the words that participants were told were English were not

predicted by these statistics in any meaningful way. This could be due to the CVCV token

structure that does not often appear in English, which might have contributed to phone

pronunciations than cannot be based on rules generated from attested English.

There are general trends that can be observed in Table4.3 that, though not signiÞcant,

could suggest slight effect between certain contexts and phone realizations. For example

the vowel-initial ( X) environments are much more likely to favor / ¾/, all being realized

with a nearly 0.40 or higher distribution of the vowel. Though this value is only 0.10

points higher than the mean (0.31) and median (0.3) values for the total / ¾/ column,

it does indicate more ambiguity in pronunciation of word-initial !a". A similar, though

slightly weaker effect can be observed in initial velar consonants. Of the 6 contexts that

begin with !k", 5 of them have distributions above the median value of the /¾/ totals.

These patterns cannot be veriÞed statistically, but these two environments seem to have

less distinction between /¾/ and / A/, especially among the participants without Spanish

experience.

The data about pronunciation by context is elucidated when broken down by language

group. Only two strongly prevalent contexts (with over 80% of pronunciations) were

found in the non-Spanish language group. The overall strongly prevalent effects shown

in dark gray were produced by combination with the Spanish language group, the ma-

jority of whose contexts were signiÞcantly /A/-colored. These tables make clear why lan-

guage experience was found as a signiÞcant effect and context was notÑpronunciation

is broken down along the lines of L2 experience.
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All No Spanish Spanish
Context / A/ / ¾/ / A/ / ¾/ / A/ / ¾/

B K 0.95 0.05 0.92 0.08 1 0
D M 0.91 0.09 0.92 0.08 0.89 0.11
CH T 0.86 0.14 0.77 0.23 1 0
K S 0.82 0.18 0.69 0.31 1 0
T M 0.8 0.2 0.69 0.31 0.94 0.06
B T 0.79 0.21 0.64 0.36 1 0
T N 0.74 0.26 0.64 0.36 0.89 0.11
P T 0.73 0.27 0.62 0.38 0.89 0.11
S N 0.71 0.29 0.58 0.42 0.89 0.11
B N 0.7 0.3 0.62 0.38 0.83 0.17
S M 0.7 0.3 0.56 0.44 0.89 0.11
T K 0.7 0.3 0.54 0.46 0.94 0.06
K N 0.69 0.31 0.57 0.43 0.87 0.13
P N 0.68 0.32 0.58 0.42 0.83 0.17
K T 0.66 0.34 0.58 0.42 0.78 0.22
K P 0.62 0.38 0.5 0.5 0.78 0.22
S 0.61 0.39 0.42 0.58 0.89 0.11
N 0.6 0.4 0.42 0.58 0.88 0.12

K N 0.58 0.42 0.46 0.54 0.74 0.26
P 0.55 0.45 0.42 0.58 0.72 0.28
D 0.48 0.52 0.35 0.65 0.67 0.33
K 0.47 0.53 0.23 0.77 0.82 0.18

K M 0.35 0.65 0.24 0.76 0.5 0.5

TABLE 4.3: Contextual distributions of phone pronunciation, broken down by partic-
ipant language experience. The gray cells indicate one phone was favored by over
80%, and dark gray rows indicate that the signiÞcance was cross-language experience

categories

4.3 Other factors

Ratings of Þller words versus token words are shown in Figure4.3. Participants did not

strongly feel that the stimulus items, with or without the !a", much resembled English

words. The similar distributions of ratings between Þller and token items reject the

possibility that the appearance of an!a" could have any inßuence on how Ònot EnglishÓ

a word is perceived to be.

One other signiÞcant factor that was not considered in the hypothesis was effect

of experiment order. As it turned out, Experiment 2Ñone of the six orders of

phone presentationÑdid have a signiÞcant effect on phone in a binomial linear

regression model, glmer(Phone # Experiment + (1|Participant) + (1|Token),

family=binomial("logit")) . This effect was most likely due to the fact that Exper-

iment 2 was performed by three participants with Spanish experience. Because of the



Results 26

( A) Plot of experimental items
(Stimuli in Table 3.2 on page17)

( B) Plot of Þller items
(Examples in table 3.3 on page18)

FIGURE 4.3: Frequency plot of ÒratingsÓ for stimulus vs. Þller items.
(1 = least like and English word, 5 = most like an English word)

uneven distribution of Spanish-experienced to not Spanish-experienced speakers, along

with the total number of participants over number of experimental orders, Experiment

2 was performed with more Spanish speakers than any other experimental order. For

this reason, /¾/ was pronounced much less. Though not an effect in and of itself, the

signiÞcance of Experiment 2 bolsters the signiÞcance of language experience on phone

pronunciation stated previously. No other effect of experiment order, not even compari-

son of ÒSpanishÓ-initial versus ÒEnglishÓ-initial, was found to be signiÞcant.
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Discussion

Taken together, the results of the present experiment show that the vowel!a" is most

likely to be pronounced as /A/ by English speakers in CVCV words with !a" in the

stressed position. Perceived source language of a word (English or Spanish) also af-

fects the pronunciation of this vowel by English speakers. Further, pronunciation of

vowels in words changes based on Spanish L2 experience. The statistical hypotheses

taking immediate context into account did not make any accurate predictions of what

vowel, / ¾/ or / A/, would be realized. This is strong evidence that the ambiguity found

in nativization of Spanish /a/ in Spanish-source loanwords is not computed based on

immediately surrounding phonemic context found in English in general but is instead a

function of experience with the language and possible perceptual factors that are inßu-

enced by learning an L2.

As stated, statistical distribution of possible pronunciations of !a" did not predict any

of the results found in the study. Part of this could be accounted for by the fact that

the statistical predictions did not measure orthography, and instead counted only for

vowels in phonemic context. Another account for this lack of accuracy could be a task

effect. Despite the inclusion of Þllers, participants were reading out a list of words and

could have settled on one pronunciation of !a" throughout the experiment. However,

an additional explanation is that the CVCV stimuli, while all technically valid English

words, do not resemble native nouns, and all predictions were calculated based on

existing English words. This ties back to the analysis of foreign (a) by Boberg, so even

words primed as English could be read as ÒforeignÓ because of their atypical appearance,

contributing to the fact that the predictions for / ¾/ were much higher than the actual

realization of this phone by participants (Boberg 1997, 1999).

The main analysis of production in this study is based on immediate phonemic context.

However, this ignores the effect of lexical status. Stimulus itemsÕ pronunciation could

27
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reasonably be affected by interactions with similar English words (for example, the to-

ken ÒsamoÓ was most frequently thrown out because of interaction with Òsame,Ó result-

ing in [ >eI] realization). Lexical status is certainly related to how speakers pronounce

never-before-seen words, and further work that takes into account neighborhood den-

sity may shed light on this interaction.

To further break down the data, / ¾/ was signiÞcantly more likely to be found in the

English-primed stimulus items. So what makes /¾/ Òmore EnglishÓ than /A/? Perhaps

even monolingual English speakers perceive the F1 and F2 distinctions that are greater

between /¾/Ð/a/ than / A/Ð/a/. There is more acoustic overlap in the /a/ and / A/

categories, according to the work of Flege (1991). Additionally, vowel height has been

shown to be a salient characteristic for particularly monolingual English speakers, so

the frontness/backness distinction between /¾/ and / A/ could be salient, and become

more so with L2 experience (indicated in higher use of /A/)( Fox et al., 1995). English

/ ¾/ is also less frequent in appearance in other foreign languages commonly studied in

the U.S. (French, Italian, etc). Perhaps this uniqueness gives it a quality that is more

English-like.

And yet / ¾/ was still produced with much less frequency in the present study than

was predicted by the statistical models based on all of English pronunciations. This

Þnding could indicate mixed effects between the seeming foreignness of the CVCV token

structure (and the corresponding tendency to nativize as /A/) and the high likelihood

of / ¾/ appearance in attested English. This tendency towards /¾/ would not be found

in Spanish-primed tokens, possibly contributing to the signiÞcantly lower appearance of

/ ¾/.

If this were to be the case, then phonemic statistical calculations are not accurate for

predicting realization of !a" in words that are not existing English wordsÑdue to the

extremely low occurence of grapheme!a" as /A/ in native American English ( Kessler

& Treiman, 2001). More work with a loanword corpus could give rise to increasingly

accurate predictors of loanword !a" nativization, because it is clear that the vowel is

nativized in ways distinct from typical grapheme-to-phoneme rules. This research could

have implications for automatic text generation or text-to-speech algorithms, creating

more accurate pronunciations of words that have a foreign source language.

Another Þnding of the experiment was that native English speakers with Spanish L2 ex-

perience were much less likely to nativize with / ¾/. In addition to increased perceptual

ability, some sociolinguistic factors laid out in the background section could be key: pos-

itive attitude towards a language increases when you spend time studying it, increasing

your attempts to adhere to that language. Study of an L2 also affects your perception

of that language. However, as shown in studies of English and Spanish low vowels, the
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pronunciation frequency of the /a/ vowel is distinct from the English categories (Flege

1991, Bradlow 1995). This category must be the most similar in the target phonology

to known Spanish /a/ for experienced speakers.

The asymmetry of pronunciations between speakers with and without Spanish expe-

rience offers an interesting counter to BobergÕs assertion that foreign (a) is nativized

according to a prestige factor (Boberg, 1999). There was an imbalance of the produc-

tion of !a", even in English-primed stimulus items, between speakers with and without

Spanish experience. However, all the speakers were recruited from a university and had

similar levels of education. Though /A/ was the preferred realization, it was not uni-

formally chosen and was signiÞcantly distributed based on language experience group.

This difference indicates that sociolinguistic factors of !a" realization are being inßu-

enced by increased exposure to an L2. Further work could involve speakers from more

diverse educational backgrounds, age groups or regions, in order to further tease apart

the sociolinguistic factors at play in pronunciation.

Finally, future work could incorporate acoustic data and formant analysis into com-

parison between pronunciation of English- and Spanish-primed loanwords. For exam-

ple, intra-speaker formant analysis of the !a" vowels pronounced in ÒEnglishÓ versus

ÒSpanishÓ-primed tokens could reveal shifts in the vowel space that are imperceptible in

coding, such as subtle fronting of /A/ or lowering and backing / a/. This more in-depth

approach could reveal the acoustic effects of subconscious attempts to make a word

sound Òmore Spanish,Ó and further reveal the underlying representation of the language

in the minds of English speakers with little Spanish experience.

All of the Þndings of the study and promises of future work weigh not only on increased

understanding of loanword nativization, but could also improve text-to-speech algo-

rithms generating phonemic representations of words in novel contexts. English and

Spanish will continue to interact, and loanwords will continue to move between the two

languages. Having research to better understand how the vowels in ÒEl Chapo,Ó ÒMauri-

cio MacriÓ or ÒPe÷na NietoÓ map into English categories and what factors inßuence these

mappings is important in understanding the evolution of the English language.



References

Berndt, R. S., Reggia, J. A., & Mitchum, C. C. (1987). Empirically derived probabilities

for grapheme-phoneme correspondences in english. Behavior Research Methods,

Instruments and Computers, 19(1), 1-–9.

Best, C., McRoberts, G., & Goodell, E. (2001). Discrimination of non-native consonant

contrasts varying in perceptual assimilation to the listener’s native phonological

system. Journal of the Acoustical Society of America, 109(2), 775–794.

Bisani, M., & Ney, H. (2008). Joint-sequence models for grapheme-to-phoneme

conversion. Speech Communication, 50, 434–451.

Boberg, C. S. (1997). Variation and change in the nativization of foreign (a) in english.

University of Pennsylvania.

Boberg, C. S. (1999). The attitudinal component of variation in american english

foreign (a) nativization. Journal of Language and Social Psychology, 18(1), 46–61.

Bradlow, A. (1995). A comparative acoustic study of english and spanish vowels.

Journal of the Acoustical Society of America, 97(3), 1916–1942.

CMUdict. (n.d.). The cmu pronouncing dictionary. Retrieved 2016-03-21, from

http://www.speech.cs.cmu.edu/cgi-bin/cmudict/

Flege, J. E. (1991). The interlingual identification of spanish and english vowels:

Orthographic evidence. The Quarterly Journal of Experimental Psychology, 43(4),

701–731.

Fox, R. A., Flege, J. E., & Munro, M. J. (1995). The perception of english and spanish

vowels by native english and spanish listeners: A multidimensional scaling analysis.

Journal of the Acoustical Society of America, 94(4), 2540–2551.

Fry, E. (2004). Phonics: A large phoneme-grapheme frequency count revised. Journal

of Literacy Research, 36(1), 85–98.

Hall-Lew, L., Coppock, E., & Starr, R. L. (1997). Indexing political persuasion:

Variation in the iraq vowels. American Speech, 85(1), 91–102.

30



Bibliography 31

Hanna, P. R., Hanna, J. S., Hodges, R. E., & E. H. Rudorf, J. (1966).

Phoneme-grapheme correspondences as cues to spelling improvement. U.S. Department

of Health, Education, and Welfare.

Hass, W. (1970). Phono-graphic translation. Manchester University Press.

Hefferman, K. (2007). The role of phonemic contrast in the formation of

sino-japanese. Journal of East Asian Linguistics, 16, 61-–86.

Kang, Y. (2011). Loanword phonology. Companion to Phonology, 2258–2282.

Kessler, B. (2003). Is english spelling chaotic? misconceptions concerning its

irregularity. Reading Psychology, 24(3–4), 267–289.

Kessler, B., & Treiman, R. (2001). Relationships between sounds and letters in english

monosyllables. Journal of Memory and Language, 44, 592–617.

Levy, E. S., & Strange, W. (2008). Perception of french vowels by american english

adults with and without french language experience. Journal of Phonetics, 36(1),

141–157.

Peperkamp, S., Vendelin, I., & Nakamura, K. (2008). On the perceptual origin of

loanword adaptations: Experimental evidence from japanese. Phonology, 25,

129–164.

Schwartz, A. I., Kroll, J. F., & Diaz, M. (2007). Reading words in spanish and english:

Mapping orthography to phonology in two languages. Language and Cognitive

Processes, 22(1), 106–129.

Smith, J. L. (2005). Loan phonology is not all perception: Evidence from japanese loan

doublets. Japanese/Korean Linguistics, 14.

Thorndike, E. L., & Lorge, I. (1944). The teacher’s word book of 30,000 words. Bureau

of Publications, Columbia University.

Treiman, R., Kessler, B., & Bick, S. (2002). Context sensitivity in the spelling of english

vowels. Journal of Memory and Language, 47(3), 448–468.

Vendelin, I., & Peperkamp, S. (2006). The influence of orthography on loanword

adaptations. Lingua, 116, 996–1007.

Venezky, R. L. (1967). English orthography: Its graphical structure and its relation to

sound. Reading Research Quarterly, 2(3), 75–105.


