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Abstract

This dissertation investigates the production and perception of Welsh vowels by a population

of Welsh-Spanish bilinguals in Argentina. As one of only two Welsh speaking communities

in the world, the Argentinean Welsh community provides an unique opportunity to compare

the extent and nature of cross-linguistic interference from two di↵erent majority languages

(Spanish and English) on a single minority language: Welsh. Welsh is spoken in Argentina

primarily by descendants of 19th century Welsh colonists who settled in southern Argentina,

all of whom are bilingual with Spanish, just as all adult Welsh speakers in Wales are bilingual

with English.

The three articles comprising the dissertation build on each other to describe the cur-

rent state of cross-linguistic interference in Welsh today, focusing particularly on the variety

spoken in Argentina. The first article compares the vocalic systems of two major dialects

of Welsh (one spoken in Wales and one in Argentina) and seeks to determine how much of

the di↵erence between the two dialects is attributable to cross-linguistic interference from

Spanish (on the dialect spoken in Argentina), as opposed to English (on the dialect spoken

in Wales). The second article assesses the relationship between vowel perception and vowel

production by Welsh-Spanish bilinguals, focusing on the hypothesis that cross-linguistic in-

terference from Spanish a↵ects which Welsh vowel contrasts are most challenging for Welsh-

Spanish bilinguals to produce and perceive. The third article continues the discussion of

Welsh vowel perception, determining that the acoustic cues used in Welsh vowel identifica-

tion by Welsh-Spanish bilinguals are a↵ected by relative experience with Welsh and Spanish.

Together, the three articles document the vocalic system of Argentinean Welsh and demon-

strate that di↵erences between this dialect and others spoken by Welsh-English bilinguals

can be attributed to di↵erences in the extent and nature of cross-linguistic interference from

Spanish on the vocalic system of Welsh.
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Chapter 1

Introduction

Minority languages throughout the world are threatened by increasing pressure from a few

majority languages such as English, Spanish, French, and Mandarin. In just the past half

century, it is estimated that 220 languages have lost their last native speaker (Campbell

et al., 2013). Some minority language-speaking populations have been able to fight back

against majority language pressure by instituting language revitalization practices at the

individual, family, local, and national level. One such language is Welsh. The historical

context of the Welsh language is one of language contact, loss, and revitalization in the

historical antecedents of the two modern populations in which the language is still spoken

today. While most Welsh speakers today live in Wales, a small but thriving community of

Welsh speakers also exists in southern Argentina. There are no adult monolingual speak-

ers of Welsh alive today; in Wales, speakers of Welsh are bilingual with English, and in

Argentina, Welsh speakers are bilingual with Spanish. Contact with these dominant na-

tional languages has shaped the development of the Welsh language in both regions, and

it was increasing pressure from English in Wales that led to the establishment of a Welsh

community in Argentina in the first place.

This dissertation comprises three articles presenting the results of a series of experimen-

tal investigations of Welsh vowels. The target population of these experimental investiga-

tions is the small community of Welsh-Spanish bilinguals in Argentina’s Chubut province.

In this introductory chapter, I provide an overview of the history of the Welsh language

in Wales and Argentina, followed by a brief description of the vocalic system that is the

target of this dissertation. Section 1.2 presents the theoretical background of bilingualism

and cross-linguistic interference relevant to this work. Subsequently, section 1.3 reviews the

experimental methods used in the three articles comprising the dissertation.
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1.0.1 Welsh in Wales

Welsh is a Celtic language, which was originally spoken in the British Isles. Modern Welsh

is traced back to the 15th century, and was preceded by several stages of the language

traceable back to the 9th century. Within the Celtic language family, Welsh is a Brythonic

Celtic language, more closely related to Breton and Cornish than to Scottish Gaelic, Irish,

and Manx. Like all other Celtic languages, Welsh is a minority language in the areas

where it is spoken, but it is acknowledged as one of the two national languages of Wales,

its country of origin. The o�cial status of Welsh as a national language is a relatively

recent development, due to the 1993 Welsh Language Act. In the centuries preceding the

act, pressure from the English language and government sought to reduce the use of Welsh

in Wales. This pressure included de jure regulation as in the 1536 Act of Union, which

restricted the o�ces that could be held by Welsh speakers, and regulations that schools

operate only in English (Bowen 1908, Commissioners) as well as de facto pressure from

English migration into Wales.

Today, 866,000 people in Wales (28.1% of the population) report being able to speak

Welsh (StatsWales, 2017b). This is in large part due to the e↵orts of Welsh language revi-

talization activists in the second half of the 20th century who advocated for the designation

of Welsh as a national language of Wales, and its inclusion in the government and educa-

tion system (Jones, 1993). In 1993, the Welsh Language Act designated Welsh as an o�cial

language of Wales. Since that time, local and national revitalization e↵orts targeted at

communities, individuals, schools, and workplaces have succeeded in bringing Welsh to the

public sphere. Welsh language education is mandatory in public schools, and many mono-

lingual Welsh schooling opportunities are available to learners and speakers of all ages from

nursery care to university. Mentrau Iaith (Language Initiatives) has been one of the large

drivers of government sponsored language revitalization, with chapters throughout Wales.

1.0.2 Welsh in Argentina

Welsh is also spoken by the descendants of Welsh settlers in the Patagonia region of south-

ern Argentina, what today is known as Chubut province. The settlement movement was
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led by Michael D. Jones, who was an outspoken proponent of the establishment of a Welsh

monolingual community outside of Wales to escape increasing pressure from English. Over

centuries, Welsh was slowly phased out as a language of commerce, education, and govern-

ment in the region, in favor of English, aided by the immigration of non-Welsh speaking

British residents into the country. Jones sought to establish a colony where Welsh could

regain its former status as a language of every day use without pressure from English. Pre-

vious attempts at creating Welsh colonies had been made in North America, although with

the continued presence of pressure from English, none were successful. Jones became aware

of a settlement plan by the government of Argentina, which o↵ered 100 acres of land to those

willing to settle in the Patagonia region (Williams, 1975). Jones reached an agreement with

the Argentinean government, and in July 1865, the first group of 153 Welsh colonists arrived

in Patagonia aboard the sailing ship Mimosa. The colonists faced immense challenges in

locating reliable sources of food, water, and shelter in their new home, and relied greatly

on assistance from the local Tehuelche people. Interactions between the Welsh colonists

and the native people of Patagonia are discussed in greater detail than is possible here in

Williams (1979), Taylor (2017) and Berg (2018).

The original settlements of the colonists were near the coast, and today are the modern

towns of Rawson, Puerto Madryn, Trelew, and Gaiman. Eventually, additional settlements

were founded farther inland, in the foothills of the Andes mountain range, Trevelin and

Esquel. Several decades after the establishment of the colony in Patagonia, the Argen-

tine government imposed a law dictating the implementation of Spanish-medium education

throughout the country. Children of Welsh families were no longer educated in Welsh, and

the language of the community began a shift toward Spanish. Immigration from other parts

of Argentina (and other European countries) outpaced immigration from Wales. The be-

ginning of World War I in 1914 halted any new Welsh immigration to Argentina. With no

new Welsh speakers arriving to enrich the language community, the domains of use for the

Welsh language in Patagonia continued to narrow. Welsh became a language of the home

and the chapel, and receded from use in other parts of daily life such as education, govern-

ment, and business. Over the next half century, the rate of intergenerational transmission
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of Welsh became increasingly slow. The dwindling size of the Welsh-speaking population

meant that marriage to monolingual Spanish speakers became increasingly common, and

this negatively a↵ected the likelihood of childhood Welsh acquisition in homes where only

one parent was a native Welsh speaker. It is safe to say that as much as the use of Welsh

diminished in Wales during the 20th century, the use of Welsh in Argentina diminished

more.

In the early 1990s, Welsh revitalization e↵orts in Argentina were established by a group

that would become the Menter Iaith Patagonia organization. The group facilitated commu-

nity events that featured Welsh cultural activities including dance, music, and traditional

dress. Language courses in local schools and for post-schooling adults were also established,

and continue to this day. Menter Iaith chapters are active in the eastern towns of Gaiman,

Dolavon, and Trelew, and in the Andes foothills, in the towns of Trevelin and Esquel. On

a yearly basis, fluent Welsh speakers from Wales move to Argentina to live in these com-

munities and teach Welsh in both formal and informal educational contexts. Today, several

schools in historically Welsh towns o↵er bilingual curricula. Students receive half their

education in Spanish and half in Welsh, and schools o↵er Welsh and Argentinean cultural

experiences to students in the medium of both languages.

1.0.3 Vitality of Welsh today

The vitality of Welsh in Wales and Argentina today di↵er. According to Ethnologue, in

Wales, where Welsh has o�cial national status, the language stands at a 2 (Provincial) on

EGIDS (the Expanded Graded Intergenerational Disruption Scale). EGIDS is an expanded

rating scale based on Fishman’s (1991) original Graded Intergenerational Disruption Scale:

“The language is used in education, work, mass media, and government within major ad-

ministrative subdivisions of a nation” (Lewis and Simons, 2010). Wales is not a↵orded an

EGIDS score of 1 (National) because, while generally defined as a country in its own right,

it remains part of the United Kingdom, which does not use Welsh as a national language

of government. In comparison, Welsh in Argentina receives a rating of 5 (Dispersed): “The

language is fully developed in its home country, so that the community of language users in
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a di↵erent country has access to a standardized form and literature, but these are not pro-

moted in the country in focus via institutionally supported education” (Lewis and Simons,

2010).

According to data comparing the most recent national census (2011), intergenerational

transmission of Welsh is highest in the Northern Welsh county of Gwynedd, where 90% of

3-4 year old children (in two-parent families where both parents spoke Welsh) were reported

to speak Welsh. On average, the rate of intergenerational transmission of Welsh was 82%

(Jones, 2011, Research, 2017). Similar data is not available for the rate of intergenerational

transmission of Welsh in Argentina, but anecdotal evidence from Argentinean Welsh speak-

ers indicates that intergenerational transmission was still taking place in some families as

recently as the 1990s (BBC Cymru Fyw and Green, 2017). In other Argentinean families

of Welsh descent, intergenerational transmission was lost due to pressure from Spanish and

fear that speaking Welsh might hinder children’s future opportunities.

Second language acquisition of Welsh is common in both Wales and Argentina, through

courses for adult learners and through the public educational system for children. In 2017,

the 20th year of the Welsh Language Project in Argentina, 1126 learners took part in Welsh

courses in Argentina, including 392 children of nursery or primary school age, 400 teens,

and 138 adults (Arwel, 2017). In Wales, 16,375 learners were enrolled in Welsh for Adults

courses nationwide in the 2015-16 academic year (StatsWales, 2017a). Although not all

second language learners become fluent speakers, the continued success of Welsh second

language teaching in Argentina and in Wales is encouraging for the future of the language.

It is also important to consider the domains of use of the Welsh language in both

locations. In Wales, fluent Welsh speakers have the opportunity to use Welsh in almost any

domain, particularly in North Wales, where fluent speaker density is generally higher than

in the south (StatsWales, 2017b). In Argentina, however, the Welsh-speaking population is

small compared to the monolingual Spanish-speaking community. This limits the domains

of Welsh language use to within families, in Welsh-centered educational contexts, and in

Welsh cultural practices, including during worship at Welsh chapels, Welsh choir and folk

dance practices, and at annual Eisteddfod festivals.
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The first and second language acquisition situations in Wales (let alone Argentina)

is complex, and claims about the features of dialects spoken in either country must at

least acknowledge those complexities. An in-depth description of first and second language

acquisition of Welsh is beyond the scope of this dissertation. However, the implications

of the experimental results presented here for the field of second language acquisition are

discussed in later chapters. Leaving aside the complexities of language acquisition in both

Wales and Argentina for the moment, the following section provides a basic overview of

the phonological and phonetic system of Welsh in general, with particular attention to

di↵erences between two major dialects, Northern and Southern Welsh (King, 2003, Mayr

and Davies, 2011).

1.1 Phonetics and phonology

Documentation of phonological and phonetic features of Welsh have overwhelmingly focused

on two major dialects of the language, both spoken in Wales. Northern Welsh and Southern

Welsh, as the names imply, are regionally divided, with Northern Welsh being the general

dialect of Welsh spoken in the northern counties of of Wrexham, Flintshire, Denbighshire,

Conwy, Gwynedd, and Anglesey, and Southern Welsh being the general dialect spoken in

the remainder of ther country. Di↵erences between the two dialects are primarily lexical

(NW llefrith /ìevriT/, SW llaeth /ìaiT/ ‘milk’; NW hogyn /hog1n/, SW bachgen /baXgen/

‘boy’).

1.1.1 Vowels of Welsh

Previous descriptions of the vowels of Welsh include Awbery (1984), Ball (1981), Ball and

Williams (2001), Jones (1984a), Mayr and Davies (2011). There are thirteen phonologically

contrastive vowels of Northern Welsh: /1 1:, i i:, e e:, a a:, o o:, u u:, @/. Southern Welsh

lacks the high central vowels /1 1:/, which have merged with /i i:/, but its vocalic inventory

is otherwise identical. Contrastive length of the vowel pairs /1 1:, i i:, e e:, a a:, o o:, u u:/

is only realized in the selective environment of stressed monosyllables closed with /n, l, r/
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(in native vocabulary).1 Examples of minimal pairs demonstrating the Welsh vowel length

contrast include /ta:n/ tân ‘fire’ and /tan/ tan, ‘until’, /mo:r/ môr ‘sea’ and /mor/ mor

‘so’.

In other environments, vowel length is allophonic; in stressed syllables, vowels are long

only in open syllables, and if followed by a voiced stop /b d g/, a fricative /f V T D s X/,2

or a stop+fricative consonant cluster. In other stressed syllable environments, and in all

unstressed syllables, vowels are short (Ball, 1981, Awbery, 1984, Ball and Williams, 2001,

King, 2003).

Mayr and Davies (2011) documented the phonetics of Northern and Southern Welsh

vowels, but no similar documentation has been conducted for Argentinean Welsh vowels

in comparison with Welsh vowels in Wales, a gap in the literature that Chapter 2 of this

dissertation seeks to fill. Rather than attempting to compare Argentinean Welsh to both

major dialects of Welsh spoken in Wales, I focus only on Northern Welsh. Selecting Northern

over Southern Welsh allows the documentation presented here to be of a maximally complex

Welsh vocalic system, rather than one that lacks a potential contrast between /1 1:/ and /i

i:/. Because it is unknown whether Argentinean Welsh maintains this contrast, comparison

to a dialect that retains it was predicted to be more fruitful than comparison to a dialect

in which the relevant contrast no longer exists.

As mentioned above, all adult speakers of Welsh are (at least) bilingual. The interaction

of the vocalic system of Welsh with English in Wales and Spanish in Argentina are likely to

have a↵ected Welsh di↵erently. Spanish has five vowels /i e a o u/, which are distributed

around the periphery of the vowel space. While Spanish vowels exhibit variation in dura-

tion and spectral quality due to consonantal environment and stress location, they do not

contrast phonemically in vowel length (Mendoza et al., 2003, Ortega-Llebaria and Prieto,

2007, Nadeu, 2014). Thus, Welsh speakers who also speak Spanish may exhibit influence

from the smaller set of Spanish vowels and the lack of a phonemic length contrast on their

1In non-native vocabulary, which is extensively borrowed from English, long and short vowels
appear in more varied environments (i.e. /gre:t/ ‘great’ grêt).

2Whether the voiceless lateral fricative /ì/ is included in the list of fricatives that condition a
preceding vowel to be long is another di↵erence between Northern and Southern Welsh. In Northern
Welsh, stressed vowels preceding /ì/ are short, while in the Southern dialect, they are long.
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production and perception of Welsh vowels. The same may be true for the e↵ect of En-

glish on Welsh-English bilinguals in Wales, except that di↵erences between the English and

Spanish vowel space means that the specific results of cross linguistic influence would likely

be di↵erent. For example, while English does not have a phonemic vowel length distinction

per se, duration is a consistent cue to vowel identity in English tense-lax vowel pairs such as

/i I/ (Hillenbrand et al., 1995, Bohn, 1995, Flege et al., 1997). The regular co-occurrence of

duration di↵erences alongside phonemic contrasts may predispose Welsh speakers who are

bilingual with English to be more sensitive to vowel duration as a cue to vowel identity in

Welsh, in contrast with speakers of Spanish, who have no similar background knowledge to

fall back on. This dissertation explores the production and perception of Welsh vowels in

Argentinean Welsh through the lens of bilingualism and the phenomenon of cross-linguistic

interference from Spanish. The following section is a review of bilingualism and cross-

linguistic interference research that provides the theoretical and methodological foundation

for this work.

1.2 Bilingualism

The extent to which the phonetic systems of two languages interact and influence each

other in bilingual speech is an important question in the field and has been of interest for

some time (Weinreich, 1953). Work with speakers who acquired both of their languages as

children has provided evidence that such early bilinguals have separate phonological systems

for the languages they speak (Bosch and Sebastián-Gallés, 2001, Johnson and Wilson, 2002).

Though separate, these phonological systems may still interact and influence each other.

Later bilinguals (those who acquired their second language later in life), in contrast, appear

to rely on the phonological structure of their L1 in initial development of their L2 sound

system. After long-term L2 exposure and use, bilinguals may develop separate L2 categories,

but this is by no means guaranteed (Flege et al., 1999).

Whether cross-linguistic e↵ects of the L1 on the L2 persist after L2 acquisition has

reached a terminal stage varies depending on a number of factors including acoustic and

phonological similarity of the native and target languages as well as language background
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factors of the individual. Factors pertaining to the linguistic background of the individual

have in past research included age of L2 acquisition, age of arrival in the L2-speaking coun-

try, the relative frequency of L1 and L2 use, education level, frequency of code-switching,

and language dominance, among many others (Flege, 1995, Best, 1995, Flege et al., 1999,

Baker and Trofimovich, 2005, Prior and Gollan, 2011, Gertken et al., 2014). Section 1.3.2

discusses the language background information collected for this dissertation.

While language background factors certainly influence the success of an individual’s L2

acquisition, broader comparisons between the phonology and phonetics of the native and

target languages are also of great importance. The following section is an overview of cross-

linguistic interference between L1 and L2 sound systems in bilingual speech production and

perception.

1.2.1 Phonetic cross-linguistic interference

Often the most easily identifiable consequence of cross-linguistic interference in speech is a

foreign accent. Second language (L2) speakers at all levels of proficiency often retain pho-

netic di↵erences in their speech as compared to L1 speakers of the target language. Grosjean

distinguishes cross-linguistic interference as coming from one of two sources: persistent in-

terference and dynamic interference. Persistent interference shows up in lasting e↵ects of

the L1 on the speech patterns used in the L2. This may include foreign accent, or inconsis-

tent use of L2 grammatical features that are not present in the L1. Flege (1987) found that

French-English bilinguals exhibited voice onset time (VOT) patterns in the production of

voiced and voiceless stops in both languages that di↵ered from the control groups of French

and English monolinguals. Essentially, the bilinguals’ production of target long-lag VOT

items in English had shorter VOTs, and their productions of target short-lag VOT items

in French had longer VOTs, than their monolingual speaker counterparts. The order of

language acquisition (French before English, or vice versa) also a↵ected VOT production;

speaker tended to produce VOTs closer to those of their L2 even when speaking their L1.

This indicated that bi-directional influence of languages was occurring (the L2 a↵ected the

L1, as well as the traditionally assumed a↵ect of the L1 on the L2).
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Dynamic interference is interference that occurs during speech production, as L1 infor-

mation dynamically interferes with L2 production.

1.3 Experimental overview

Several features of the Welsh language situation and context in the present make it a unique

and novel testing ground for the e↵ects of cross-linguistic interference. First, Welsh is a

minority language in both contexts where it is spoken, surrounded by a majority English-

speaking community in Wales, and by a majority Spanish-speaking community in Argentina.

In neither context are there any adult speakers of Welsh who are not at least bilingual with

the local majority language (potentially alongside other languages as well). Second, unlike

many minority languages spoken in majority-language contexts around the world, Welsh is

under relatively little threat of total language loss. The investment made by governmental

bodies, communities, and individuals in the preservation and revitalization of the Welsh

language since the 1970s has succeeded in its goal of ensuring that the language lives in the

public eye. These e↵orts have included the establishment of Welsh language education in

public schooling in both Wales and Argentina, leading to the result that children of non-

Welsh-speaking families (who may or may not have Welsh heritage) acquire and use the

language in school.

Welsh is an endangered minority language spoken only in settings where it is endangered

by di↵erent dominant languages. In order to investigate the e↵ect this linguistic situation

may have on the speech of Welsh bilinguals, I conducted a series of experiments with Welsh

speakers in Argentina. The design of these experiments is such that the collected data

would stand alone but also provide an opportunity for comparison across studies. Thus,

the article that is included here as chapter 2 presents the results of a vowel production task,

the results of which are also partially included in the articles presented in chapters 3 and

4, where vowel production is compared to vowel discrimination and identification.
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1.3.1 Participants

Data was collected from three participant groups: (1) Welsh-Spanish bilinguals in Ar-

gentina, (2) Spanish monolinguals in Argentina, and (3) Welsh-English bilinguals in Wales.

Welsh-Spanish bilinguals Participants were recruited from historically Welsh-speaking com-

munities in southern Argentina, in the towns of Trelew, Gaiman, Trevelin, and Esquel.

Participants varied in their Welsh language background and confidence, as well as in their

self-rated Welsh language ability (speaking, listening, reading, writing). Some participants

reported speaking Welsh since childhood, having acquired it as a first language (before

Spanish) or simultaneously acquiring Welsh and Spanish during childhood. Those partic-

ipants who acquired Welsh later in life (as young adults or adults) generally learned from

community classes, usually run by Welsh teachers from Wales, participating in the teacher

exchange program mentioned above.

Participant recruitment was facilitated by a Welsh and Spanish speaking research assis-

tant who resides in Trelew, Argentina and is a member of the Welsh community. The target

population in Argentina was Welsh-speaking adults. There were no fluency requirements

for participation, and participants did not have to self-identify as fluent Welsh speakers as

long as their ability to speak Welsh was vouchsafed by the research assistant’s personal

knowledge.

Spanish monolinguals Spanish monolingual participants were also recruited from histori-

cally Welsh communities in Argentina, but were not Welsh speakers, and had little or no

a�liation to the Welsh community.

Welsh-English bilinguals Welsh-English bilingual participants were recruited in Bangor,

Wales as part of a larger, multi-experiment research project.3 Ten adult bilingual speakers

of Welsh and English provided the data that is used here.

All participants received compensation for their time and participation in local currency.

3SBE-RCUK: Experimental and Descriptive Investigations of Welsh (cym) Consonant Mutation,
Award Number: 1453724 (Principal Investigators Michael Hammond, Diane Ohala, Adam Ussishkin,
Andrew Carnie, and Diana Archangeli).
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1.3.2 Language background data collection

To assess Welsh language ability and a variety of other language background factors, all

participants (including the Spanish monolingual group) completed a version of the Bilingual

Language Profile survey edited to inquire about the target languages (Welsh and English

or Spanish) (Gertken et al., 2014). Welsh-English bilingual participants completed the

questionnaire in Welsh on a desktop computer, while the other two groups completed the

questionnaire on paper. Welsh-Spanish bilingual participants could choose to complete

the questionnaire in Welsh or in Spanish. Spanish monolingual participants completed

the questionnaire in Spanish, and were instructed to respond to questions regarding Welsh

only if they desired. For example, some Spanish monolingual participants with no Welsh

speaking ability chose to respond to the questioning asking them to rate their a�nity for

Welsh culture.

The Bilingual Language Profile contains four modules, which focus on language history,

language use, language proficiency, and language/cultural attitudes. Language history in-

cludes questions about age of acquisition and the amount of time a participant has spent

in family, school, or work environments where each language was used. The language use

section asks participants to estimate the percentage of an average week they speak each

language, separated by domain (with family, at work, etc.). Language proficiency is mea-

sured through participants’ self-estimation of their speaking, listening, reading, and writing

ability in each language on a Likert scale from 1 (not well at all) to 6 (very well). Finally, the

language attitude section of the questionnaire asks participants to give responses regarding

their agreement with a set of statements about language and cultural a�liation, such as ‘I

feel like myself when I speak Spanish’ or ‘It is important to me to speak Welsh like a native

speaker’.

Numeric responses to all questions for a language in a given section are summed and

multiplied by a coe�cient. This results in two sets of four numbers (two target languages

and four modules) which are summed. The di↵erence between the total scores for each

language represents a given bilingual participant’s language dominance. The continuous

scale of language dominance resulting from the BLP questionnaire may range from negative
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218 (highly dominant in language A) to positive 218 (highly dominant in language B). The

direction of the di↵erence calculation is consistent between participants, allowing compari-

son of relative language dominance between individuals. The full set of questionnaires (in

English, Welsh, and Spanish) used for these experiments is included in Appendix A.1. The

value of using the BLP over other methods of language background data collection is that it

provides both a single continuous measure that can be compared between bilingual individ-

uals or populations, and it provides the component values used to calculate this continuous

measure. This allows comparison of results not only with other studies that have used the

BLP, but also with other research that used only one or several of the component values.

1.3.3 Experiments

Three experimental tasks were used to investigate the perception and production of Welsh

vowels by Welsh-Spanish bilinguals in Argentina. The results of these tasks, which are

presented in detail the following three chapters, are summarized here.4

Chapter 2 Chapter two presents the results of a vowel production task, which collected

recordings of Welsh vowels in real and phonotactically legal nonce words of Welsh from

Welsh-Spanish bilinguals and a control group of Welsh-English bilinguals in Wales. Vowel

acoustics were compared across the two groups, and to productions by Argentinean Spanish

monolinguals, in order to determine prevalent patterns of cross-linguistic interference from

Spanish on Welsh spoken in Argentina.

Chapter 3 Chapter three discusses the results of a vowel perception task, which tested the

discrimination ability of Welsh-Spanish bilinguals by presenting them with Welsh vowels

in tokens of real and phonotactically legal or probable nonce words. Participants were

required to respond with the location of the one word out of the four they heard that was

di↵erent than the rest. Results were compared to vowel production ability by the same

4This dissertation is structured as three journal articles, each of which is presented in a stand-
alone chapter.



26

group of Welsh-Spanish bilinguals, and it was determined that vowel perception ability was

predicted by both vowel production ability and language dominance.

Chapter 4 Chapter four presents the results of a vowel identification task, using synthesized

tokens of Welsh vowels which varied in duration and vowel quality (F1, F2, F3) to test

listeners’ reliance on di↵erent acoustic cues used in the production of vowel contrasts in

Welsh. Vowel identification ability was found to be predicted by the extent of participant

history with the Welsh language, although not by language dominance.

Together, these three interwoven experimental investigations capture a snapshot of the

vocalic system of the target Welsh-Spanish bilingual speaker population in the present day.

As one of only two Welsh speaking populations in the world, this population o↵ers a chance

to examine the nature and extent of cross-linguistic interference on a single language with

a speaking population divided by di↵erent majority languages.
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Chapter 2

Production

2.1 Introduction

How does cross-linguistic interference from two di↵erent languages manifest when both

are in contact with a single common language? Furthermore, how does this e↵ect appear

when the common language in question is a minority language in both contexts where it is

spoken? This article sets out to explore the nature and extent of cross-linguistic interference

on the production of Welsh vowels by Welsh-English bilinguals in Wales and Welsh-Spanish

bilinguals in Argentina.

The Welsh language has a complex vowel system consisting of 13 vowel categories dis-

tributed relatively evenly throughout the vowel space. Contrasts between vowel categories

are realized by a combination of spectral quality and duration di↵erences. Furthermore,

quality and duration of vowels vary allophonically depending on following consonant man-

ner and voicing. Di↵erences between the production of vowels in the two target dialects of

Welsh are predicted because of di↵erences in the vocalic systems of the two languages they

are in contact with. The vocalic systems of English and Spanish are both distinct from that

of Welsh in di↵erent ways. In inventory size, English and Welsh are comparable, with Welsh

vowel allophonic spectral variation being similar, but not identical to, the tense-lax con-

trasts of English vowels. Spanish, in comparison, has a much smaller vowel inventory. All

three languages exhibit allophonic variation in vowel duration due to following consonant

voicing (Bradlow (1995) for English, Mendoza et al. (2003) for Spanish, Awbery (1984) for

Welsh), but how similar this variation is is unknown.Second language acquisition research

has shown that acoustic similarity between two spoken languages is a strong predictor of

L2 speaker performance (Sheldon and Strange, 1982, Escudero, 2009, Elvin and Escudero,

2015, Strange et al., 2004). In general, the patterns of similarity between the acoustic re-

alizations of L1 and L2 sounds and overlap of contrasting phonemic categories a↵ect the

ease of sound acquisition. If phonemically identical L1 and L2 segments are also acousti-
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cally similar or identical, the relevant L2 segment will be more easily acquired than an L2

segment that either does not correspond phonemically to any L1 sound or whose acoustics

are similar to more than one L1 segment.

The e↵ects of cross-linguistic interference are not limited to second language acquisition,

but continue to appear even in the speech of fluent bilinguals. Previous research has shown

that cross-linguistic interference in bilingual speech may manifest in a long-term (static) or

short-term (dynamic) manner (Paradis, 1993, Grosjean, 2012, Simonet, 2014). Long-term

interference occurs when a feature of one language (La) is assumed to be part of the other

(Lb), and included in the Lb grammar. Thus, Lb productions may contain La features, such

as non-native word order, lexical representations, or other grammatical features. Short-term

interference manifests as dynamic interference during speech production. Unlike long-term

interference, La features are not assumed to be part of the Lb grammar, but instead interfere

with production (or perception) of the La target. The phenomenon of a foreign accent,

which often persists even after L2 acquisition has reached a terminal stage, is an example

of short-term interference. Both types of cross-linguistic interference may appear as e↵ects

of the L1 on the L2, or vice versa (Sundara et al., 2006, Fowler et al., 2008).

The extent to which cross-linguistic interference a↵ects speech production is modulated

by age and order of acquisition, among other language background factors unique to indi-

vidual speakers. Flege et al. (1997) showed that experience with English played a role in

accuracy of perception and production of English vowels by speakers of Spanish, German,

Korean, and Mandarin. More recent work has shown that age of acquisition, but not length

of residence, predicts the accuracy of L2 contrast perception and production for L1 Korean

speakers of L2 English (Baker and Trofimovich, 2006).

Research on L2 and bilingual speech often uses a monolingual population as a control

group (Escudero et al., 2009, Escudero and Williams, 2012). Rather than comparing a

bilingual population to one (or two) monolingual populations, we can compare contrasting

bilingual populations directly. Similar work has been done to compare patterns of vowel

acquisition by L1 Spanish learners of two contrasting dialects of English (Escudero and

Boersma, 2004), and to compare vowel acquisition by L1 Spanish speakers of two contrasting
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dialects (Peruvian and Iberian Spanish) of a single dialect of Dutch (Escudero and Williams,

2012).

Welsh is spoken as a community language in only two locations, Wales and Argentina.

All adult Welsh speakers in these regions are (at least) bilingual, with English in Wales and

with Spanish in Argentina. The unusual interaction of Welsh and Spanish in Argentina

is due to the 1865 establishment of a Welsh colony in Patagonia. Colonists sought to

create a Welsh monolingual society away from the influence of the English language, and

they succeeded. After initial di�culties, the colony flourished for several decades, until the

national government of Argentina imposed mandatory Spanish medium education on the

colony in 1896 (Williams, 1991). Bilingualism with Spanish quickly became the norm, and

the Welsh language began to decline. Nearly a century later, language revitalization e↵orts

were put in place, including a Welsh teacher exchange program from the U.K. These e↵orts

have resulted in Welsh bilingual schools, extracurricular Welsh activities , and a flourishing

Welsh community that includes speakers of all age groups.

Following a description of the phonological vowel system of Welsh in general, the results

of two acoustic analyses of Welsh spoken in Northern Wales and in Argentina are pre-

sented. The documentation of Welsh vowels presented here expands on previous work by

comparing phonemically long and short vowels to vowels produced in environments that are

traditionally said to cause allophonic variation in vowel duration. Measurements of vowel

duration and the first two formants will be collected and compared in order to elucidate

di↵erences between vowel categories within and between the two target dialects (Northern

Welsh and Argentinean Welsh). Following a brief overview of Welsh vowel phonology, sec-

tion 2.2 presents the results of a vowel production task with speakers of Northern Welsh,

followed by a similar vowel production task conducted with Welsh-Spanish bilinguals in

Argentina (section 2.3). Subsequently, linear discriminant analysis is used to compare the

acoustics of the two dialects in section 2.4.
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2.1.1 Welsh phonology

There are seven basic vowels of Northern Welsh /i 1 e a o u @/, which are distributed rel-

atively evenly around the vowel space. Only the peripheral vowels /i 1 e a o u/ exhibit

variation in duration, /@/ does not. Allophonic di↵erences in vowel quality and duration

arise due to the consonantal and syllabic environment(Hannahs, 2013, Iosad, 2015). Vowels

are longer in open syllables and in syllables closed by voiced plosives /b d g/, voiced and

voiceless fricatives /f v T D X/, and before fricative + stop consonant clusters (ex: /st/).

Vowels are shorter in syllables closed by voiceless plosives /p t k/, the voiceless lateral frica-

tive /ì/, and before all other consonant clusters. Vowel length is indicated orthographically

in these ambiguous environments by a circumflex over long vowels. In other environments

where vowel length is predictable, length is not generally marked orthographically, with the

exception of borrowed items in which vowel length goes against the historical pattern. For

example, the long /e:/ in /gre:t/ grêt ‘great’ is orthographically marked as long, because it

appears before the voiceless /t/, an environment which normally conditions a short vowel.

Mayr and Davies (2011) provides one of the only acoustic documentations of the spectral

and durational realization of vowel contrasts in Northern and Southern Welsh, the two ma-

jor dialects of the language spoken in Wales. The authors found that contrary to traditional

descriptions, both dialects relied on vowel duration and spectral contrasts in the production

of vowel length di↵erences in monosyllabic items of the type /hVb/ (some nonce, and some

real). Phonological descriptions of the Welsh vocalic system include Awbery (1984), Wood

(1988), Hannahs (2013), Iosad (2016).

2.2 Phonetics of Northern Welsh

To expand on Mayr & Davies’ work, and investigate the acoustics of Welsh vowel length in

both predictable and unpredictable environments, a vowel production task was conducted

with Welsh-English bilinguals in Wales.
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2.2.1 Methods

A vowel production task was designed to collect productions of Welsh vowels from Welsh-

English bilinguals in Wales. Target items contained all Welsh vowels in environments

where vowel length was allophonically conditioned and in environments with phonemic

vowel length contrasts.

Items A wordlist consisting of real and nonce Welsh words was created to elicit vowel

productions. Target segments were always in stressed syllables. Items fell into four types:

1. Voiced stop final - intended to elicit allophonically long vowels (ex: /hVb/ hVb)

2. Voiceless stop final - intended to elicit allophonically short vowels (ex: /hVp/ hVp)

3. Nasal final, length marking on vowel - intended to elicit phonemically long vowels

(ex: /hV:m/ hV̂m)

4. Nasal final, no length marking on vowel - intended to elicit phonemically short vowels

(ex: /hVm/ hVm)

This resulted in a total of 25 items (6 peripheral vowels /i 1 e a o u/ * 4 environments

= 24, plus one /@/ item = 25). Appendix B.1 gives a full list of items collected from

Welsh-English bilinguals.

Participants Nine native speakers (seven female) of Northern Welsh participated. All re-

ported acquiring Welsh during childhood before acquiring English, and all were fluent Welsh-

English bilinguals. Participants were determined to be Welsh-dominant in daily language

use based on their responses to a language background questionnaire (Gertken et al., 2014,

Birdsong et al., 2012). The mean dominance score was 81.1 (sd = 21.9), indicating Welsh

dominance.

Procedure Participants read each item 6 times in isolation. Order of item presentation

was randomized, but identical items were never presented next to each other. Participants

wore a head mounted Countryman E6 Omnidirectional microphone plugged into a Yamaha
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MG124c preamplifier, and digital recordings were made with an HP ProBook 6470b laptop.

Ultrasound images of tongue articulation were collected concurrently, but are not reported

here. Potential interference due to concurrent ultrasound recording (necessitating a probe

held to the underside of the chin) did not a↵ect the quality of simultaneously recorded

speech (Song et al., 2013, Noiray et al., 2013).

Analysis Digital WAV files were read into Praat (version 6.0.36). Based on visual exam-

ination of the spectrogram and waveform, vowel onset and o↵set were identified. Vowel

onset was hand-marked at the first positive zero-crossing following the onset of clear F2,

and vowel o↵set was marked at the first positive zero-crossing following the disappearance

of clear F2. A Praat script was used to extract vowel duration and measurements in Hz

of the first three formants at 20, 40, 50, 60, and 80 percent of the duration of the vowel.

Praat’s automatic formant measurement tool was used, which calculates LPC coe�cients

based on the specified maximum number of formant measurements (here 5) to be found.

Frequency ceiling was set at 5500 Hz for female subjects and 5000 Hz for male subjects to

ensure that physiological sex di↵erences in vocal tract length were taken into account.

Automatic formant measurements were examined by the experimenter to determine

unlikely formant values, which were hand-checked, and discarded if measurements were

determined to have come from mis-tracked formants. Vowel data were also discarded if

they were determined to have been recorded in noise, were mispronounced by the speaker,

or if recording equipment malfunctioned. Outliers, defined as data points for which F1, F2,

or duration values fell more than 2.24 standard deviations from the mean of all collected

items, were automatically removed from the dataset.1.

To ameliorate variation in the data due to physiological di↵erences between speakers,

collected formant data was normalized using the Nearey1 method. Nearey1 is a formant-

intrinsic and vowel-extrinsic vowel normalization method that minimizes the retention of

inter-speaker variation while preserving variation due to dialect or other group di↵erences

(Adank et al., 2004, Nearey, 1978). Nearey1 was selected over other potential normalization

methods based on the results of normalization method comparison by Adank et al. (2004),

1The ±2.24 sd criterion was selected based on recommendation from Aguinis et al. (2013)
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which found that the best performing normalization methods used information across vowels

(extrinsic) and within formants (intrinsic). The dataset included information from the

first three formants and from every vowel in the target language, making it well-suited for

normalization using the Nearey method. Normalization was implemented in R, using the

phonR package (McCloy, 2016). For speaker t and formant i, a normalized formant value

is equal to the di↵erence between log-transformed F

i

and the mean value of log-transformed

formant values across all included vowels.

F

Nearey1
ti

= F

L

ti

� µ

D

L
ti
(Adank et al., 2004, p. 3101, Eq. 8)

In total, 5 items were removed from the Welsh-English dataset, leaving 1045 tokens for

normalization and analysis.

2.2.2 Results

The general results of the vowel production task are reported below. Statistical analysis

was not undertaken for the current discussion, so what follows consists of an overview of

the patterns in vowel acoustic resulting from the task. Figure 2.1 is a boxplot of Nearey2

normalized F1 values of vowels with predictable and unpredictable vowel length. The top

portion of the figure shows the distribution of F1 values produced in monosyllables closed

by voiced and voiceless stops, which were expected to di↵er in vowel quality, with vowels

preceding voiceless stops being less peripheral (and shorter in duration, see below). Vowels

produced before voiceless stops do exhibit higher F1 values; they were produced more

centrally in the vowel space than were vowels which preceded voiced consonants. Figure 2.1

plots F1 values for vowels produced in duration based minimal pairs, where vowel duration

contrasts phonemically. Again, short vowels were produced with higher F1 values than were

long vowels. The exception to this trend is /a/, which demonstrates little variation in F1

between the tested environments. This is likely due to the nature of /a/: as a low vowel, it

is possible that there is less available space for variation in height as compared to mid and

high vowels.

A summary of F2 values (Nearey2 normalized) in Northern Welsh vowels with pre-

dictable and unpredictable duration as produced by the Welsh-English bilingual group is
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Figure 2.1: Plot of normalized F1 values for Northern Welsh vowels with predictable and
unpredictable vowel length.

shown in figure 2.2. In general, and unsurprisingly, F2 is greatest for front vowels /i 1 e/,

and least for back vowels /u o a/. Within duration based contrasts, this is also apparent:

short vowels (both allophonic and phonemic) are less peripheral in their F2 values than are

their long vowel counterparts. An exception to this pattern is /u/, which demonstrates a

reversal of the pattern: mean F2 for short /u/ is less than mean F2 for long /u/. However,

/u/ also shows greater variation in F2 than any other vowel, and it is possible that there

are finer grained patterns of variation present in the data, perhaps indicating inter-speaker

variation, which is beyond the scope of the current analysis. As with the F1 results in

figure 2.1, /a/ shows the least variation of any vowel, again likely due to constriction in

available front-back movement near the bottom of the vowel space.

Unsurprisingly, the summary of duration values shown in figure 2.3 clearly shows the

pattern than long vowels, whether phonemically long or allophonically long, are greater in

duration than are short vowels. However, note the frequency of low-duration outliers within

the phonemically long vowel set. These outliers indicate that one or more participants did

not consistently produce phonemically long vowels with longer duration than their short
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Figure 2.2: Plot of normalized F2 values for Northern Welsh vowels with predictable and
unpredictable vowel length.

counterparts.

While there is little variation within the phonemically long vowel set and within the

phonemically short vowel set, this is not the case for vowel duration within the allophonically

conditioned set. As the upper portion of figure 2.3 shows, higher vowels /i 1 u/ have

generally shorter duration values than mid and low vowels /e o a/, a pattern which has

been documented cross-linguistically (Peterson and Lehiste, 1960). In raw duration, vowels

with predictable length tend to be shorter than their unpredictable length counterparts,

sometimes by more than a factor of two (compare the mean duration of phonemically short

/a/, which is approximately 150 ms, to that of allophonically short /a/, approximately 75

ms).

Acoustic description of vowel quality (F1, F2) and duration in Northern Welsh did not

yield any surprises, based on previous descriptions of the dialect and on documentation of

vowel quality and duration cross-linguistically. To determine how the phonemic realization

of vowel contrasts in Northern Welsh di↵ers from that in Argentinean Welsh, a similar vowel

production task was completed with Welsh-Spanish bilinguals in the Patagonia region of
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Figure 2.3: Plot of duration values for Northern Welsh vowels with predictable and unpre-
dictable vowel length.

Argentina.
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2.3 Phonetics of Argentinean Welsh

Little work has been done to investigate or document the variety of Welsh that is spoken

in Argentina (although see Sleeper 2016, Bell 2016, Jones 1984b), so there is uncertainty

about the exact nature of the dialect’s vocalic system. The extent to which bilingualism

with Spanish may a↵ect the realization of phonemic and allophonic variation in Welsh

vowels is unknown. To investigate, production of Welsh vowels in real word environments

were collected from Welsh-Spanish bilinguals in Argentina.

2.3.1 Methods

A vowel production task was designed to collect productions of Welsh vowels from Welsh-

Spanish bilinguals in Argentina. Target items contained all Welsh vowels in environments

where vowel length was allophonically conditioned and in environments with phonemic

vowel length contrasts.

Items A wordlist consisting of real Welsh words was created to elicit vowel productions.

Target segments were always in stressed syllables. As with items collected from Welsh-

English bilinguals, items fell into four types:

1. Voiced stop final - intended to elicit allophonically long vowels (ex: /b1d/ [b1:d] byd

‘world’)

2. Voiceless stop final - intended to elicit allophonically short vowels (ex: /b1t/ [b1t] byt

‘bit’)

3. Nasal final, length marking on vowel - intended to elicit phonemically long vowels

(ex: /c1:n/ [c1:n] cŷn ‘chisel’)

4. Nasal final, no length marking on vowel - intended to elicit phonemically short vowels

(ex: /c1n/ [c1n] cyn ‘before’)

This resulted in a total of 24 items (6 peripheral vowels /a e i 1 o u/ * 4 environments).

See Appendix B.2 for the full list of Argentinean Welsh items.



38

Participants Nineteen speakers (14 female) of Argentinean Welsh (all bilingual with Span-

ish) participated in this task. Based on responses to a language survey, all participants

were deemed to be Spanish-dominant in their everyday language use, although the extent

of Spanish dominance varied.

Procedure All participants read each target word once in isolation followed by three repe-

titions of the item in a frame sentence Dw i’n dweud X hefyd ‘I say X also’. The order of

item presentation was randomized for each subject. Recording took place in a variety of

quiet rooms in private homes or buildings a�liated with the Welsh community. Recordings

were made with an over ear Countryman E6 omnidirectional microphone and a Zoom H4n

Pro Handy digital recorder using a 44.1 kHz sampling rate.

Analysis Item analysis of the Argentinean Welsh data set was identical to that described

in section 2.2.1 for data collected from Northern Welsh speakers. Of the total 1,824 tokens

recorded, 24 were removed due to noise, mispronunciation, equipment malfunction, formant

mis-tracking, or because the data point fell outside the ±2.24 sd cuto↵ for outliers. The

remaining 1800 data points were normalized using the Nearey1 method (as described above).

2.3.2 Results

As with the production data collected from speakers of Northern Welsh, statistical analysis

is not reported here in favor of a discussion of the general patterns visible from examination

of the results. Figure 2.4, which shows the distribution of F1 values produced by speakers

of Argentinean Welsh, replicates the results of figure 2.1, which showed the same results

for the Northern Welsh group. Again, F1 is consistently greater for short vowels, meaning

that they were generally lower (more central) in the vowel space, as expected. Di↵erences

in F1 between long and short vowels are more pronounced in the set of predictable length

vowels than in the set of unpredictable length vowels, the opposite of the pattern seen in the

Northern Welsh results, where the di↵erence in F1 between phonemically long and short

vowels was generally greater than that between allophonically long and short vowels. The

two dialects show opposite trends in centralization of short vowels: where in Northern Welsh,



39

centralization is a strong indicator of the phonemic short vowel category, in Argentinean

Welsh, it is not. Rather, centralization appears to co-vary with coarticulation e↵ects due

to a following voiceless consonant.

Figure 2.4: Plot of normalized F1 values for Argentinean Welsh vowels with predictable
and unpredictable vowel length.

Figure 2.5 plots the distribution of F2 values produced by Argentinean Welsh speakers

in vowels with allophonic di↵erences in length and phonemic di↵erences in length. As

expected, lower F2 values are shown for back vowels /o u a/ than for front vowels /e i 1/.

However, there is extreme variance in F2 values for a single vowel, as well as a lack of any

particular pattern to separate long and short vowels in either category. Particularly within

the unpredictable length vowels, a great number of tokens show outlying F2 values toward

the bottom of the range.

The distribution of duration values produced by Argentinean Welsh speakers, shown

in figure 2.6 shows much greater variance within vowel categories than the distribution of

values produced by the Northern Welsh speakers. The distributions of duration between

paired long and short vowels show overlap, indicating that duration may not be a consis-

tently distinguishing characteristic within a long and short vowel pair. There is also more
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Figure 2.5: Plot of normalized F2 values for Argentinean Welsh vowels with predictable
and unpredictable vowel length.

variation in duration between vowel categories in the Argentinean Welsh group than in the

Northern Welsh group, which exhibited fairly consistent duration ranges for all short vowels

as compared to all long vowels.

While side-by-side comparison of vowel acoustics in the two target dialects serve to

describe many similarities and di↵erences between them, here, linear discriminant analysis

is also used to computationally compare the acoustic realization of vowels in both dialects.

Strange et al. (2004) used linear discriminant analysis to model acoustic similarity between

American English and North German vowels, and Elvin and Escudero (2015) modeled

similarity between Australian English and Brazilian Portuguese vowels. Linear discriminant

analysis was selected over other methods of statistical analysis based on its previous use

to quantify production ability by representing categorization of target language categories

based on native language acoustic values. While similar results could have been obtained

through regression analyses or the use of neural nets, in the interest of situating this work

within the literature, linear discriminant analysis was used.
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Figure 2.6: Plot of duration values for Argentinean Welsh vowels with predictable and
unpredictable vowel length.

2.4 Linear discriminant analysis

Linear discriminant analysis has been successfully used in the analysis of vowel production

data many times in previous research, primarily as a method to determine the most likely

patterns of L2 phoneme categorization by speakers of the target L1 (Elvin and Escudero,

2015, Strange et al., 2004).

Discriminant analysis determines, for a set of k items, the extent to which N continuous

variables contribute to group identity for individual data points. Subsequently, the initial

model may be used predictively, to categorize a set of novel data based on the weightings

assigned to the variables in the training group. While the training data provides the model

with group identity as a factor, the test data (aka the cross-validation set) is provided

without group identifiers. Thus, the model must use the factors that it has ‘learned’ are

important for token identification in order to assign labels to the tokens in the test set.

The linear discriminant functions produced by the analysis can be thought of as decision

boundaries: when new data is given to the model, each token is examined to determine where
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it falls in relation to each of the decision boundaries and is thus assigned to a particular cat-

egory. The goal of linear discriminant analysis is a reduction of the feature space necessary

to adequately describe the separation of tokens into groups. Thus, a linear discriminant

model calculates the axes which best maximize class separability for a given dataset. Before

linear discriminant transformation, N variables are necessary to describe the dataset. After

transformation, the data can be projected into an N � 1 dimensional space, having reduced

the factors necessary for accurate classification. The input variables contribute di↵erent

amounts to each resulting linear discriminant, as represented by coe�cients output by the

model.

To investigate the di↵erences in the realization of phonemic and allophonic vowel dif-

ferences between Northern Welsh and Argentinean Welsh, a linear discriminant model was

trained on vowel data collected from speakers of Northern Welsh. Linear discriminant

analysis was implemented using the lda() function from the MASS package in R (R Core

Team, 2013, Venables and Ripley, 2002). All values used in linear discriminant analysis

were centered and scaled using the BoxCox method from the caret package in R (Kuhn,

2017) before being submitted to the model, as one of the assumptions of linear discriminant

analysis is normality of the data.

Two models were initially created using the Northern Welsh vowel data, one using only

vowels with predictable vowel length (produced before a voiced or voiceless stop consonant)

and one using only vowels with unpredictable length (produced before a nasal). Each model

was given access to vowel labels and corresponding values for normalized F1 and F2, and

duration.

2.4.1 Predictable vowel length

The first linear discriminant model was created using k-fold cross validation, using 5 folds.

The model was trained on acoustic data from Northern Welsh vowels of predictable length.

Following cross-validation, the model categorized 70.4% of the full set of tokens correctly.

Table 2.1 shows the contribution of each variable (transformed values of F1, F2, and du-

ration) to the ranked linear discriminants determined by the model. The higher ranked



43

the linear discriminant is, the greater contribution it makes to separation of the data into

the target classes. Both F1 and F2 were large contributors to the first and second linear

discriminants, while duration contributed less, only outweighing the other two variables in

the third linear discriminant.

LD1 LD2 LD3
trans.f1 norm -2.44 0.94 -0.29
trans.f2 norm 0.93 1.96 -0.11
trans.duration -0.24 0.13 1.21

Table 2.1: Coe�cients for the contributions of each of the three continuous variables used
to train the linear discriminant model on Northern Welsh vowels with predictable length.

Table 2.2 shows the rate of categorization for the 6 tested vowels /i 1 e a o u/, with

the proportion correct categorization for each vowel given in the final row of the table. In

general categorization was successful, with the only major exception being the frequency

of confusion between the /i/ and /1/ categories. /i/ and /1/ are very acoustically similar,

and this similarity led the model to occasionally ‘misperceive’ the data it was assigned

to categorize, just as a human listener might make mistakes due to acoustic similarity in

perception.

Actual group
Pred. group a e i o 1 u

a 43 1 0 6 0 0
e 6 79 1 7 1 4
i 0 0 54 0 43 0
o 6 1 0 64 0 10
1 0 1 25 0 33 11
u 0 0 4 2 6 59

Prop. corr. 0.78 0.96 0.64 0.81 0.40 0.70

Table 2.2: Categorization results of Northern Welsh vowels with predictable length by a
linear discriminant model trained on Northern Welsh vowels.

Subsequently, acoustic data from Argentinean Welsh speakers was submitted to the

model. The correct categorization rate for predictable length Argentinean Welsh data sub-

mitted to the Northern Welsh model was 55.2%. The most common mis-categorization in
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the data set was between /i/ and /1/, both of which were most often categorized as /i/.

/e/ was also commonly categorized as a vowel other than the target, as was /a/ to a lesser

extent. This indicates that the acoustic values corresponding to these phonemic categories

in Argentinean Welsh do not align with those used in Northern Welsh. Potential reasons

for this discrepancy are raised in section 2.4.3 below.

The three linear discriminants arising from the model accounted for 81.0%, 18.9%, and

0.043% of the variance in the dataset, respectively. Figure 2.7 plots the test set of Argen-

tinean Welsh vowel data on a cartesian plane defined by the first two linear discriminants.

Together, the first two linear discriminants are able to e�ciently separate most of the target

vowel categories, although they fail to distinguish /i/ and /1/, the distributions of which

are nearly identical.

Figure 2.7: Predictable vowel data (Argentinean Welsh) plotted on a cartesian plane defined
by the first two linear discriminants produced by a model trained on Northern Welsh vowels
of predictable length. Ellipses indicate 95% confidence intervals.

2.4.2 Unpredictable vowel length

Data collected from productions of phonemically long and short vowels was used to create

a second model, also using k-fold cross validation with 5 folds. The model successfully

categorized 54.1% of the Northern Welsh unpredictable vowel dataset based on the results

of cross validation. Table 2.4 shows the contribution of each variable (transformed values
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Actual group
Pred. group a e i o 1 u

a 62 0 0 0 0 0
e 37 68 0 0 1 2
i 0 32 136 0 126 0
o 14 2 0 57 0 0
1 0 37 10 0 18 12
u 0 12 2 95 4 135

Prop. corr. 0.55 0.45 0.92 0.38 0.12 0.91

Table 2.3: Categorization results of submitting predictable length Argentinean Welsh vowel
data to a model trained on productions of Northern Welsh vowels.

of F1, F2, and duration) to the ranked linear discriminants determined by the model. The

higher ranked the linear discriminant is, the greater contribution it makes to separation of

the data into the target classes. Both F1 and F2 were large contributors to the first and

second linear discriminants, while duration contributed less, only outweighing the other two

variables in the third linear discriminant.

LD1 LD2 LD3
trans.f1 norm -2.26 0.99 -0.01
trans.f2 norm 1.32 1.43 0.03
trans.duration -0.55 0.33 1.19

Table 2.4: Coe�cients for the contributions of each of the three continuous variables used
to train the linear discriminant model on Northern Welsh vowels with unpredictable length.

Table 2.5 shows the categorization patterns produced by the model for the 12 tested

vowel categories /i i:, 1 1:, e e:, a a:, o o:, u u:/. Total correct categorizations for each vowel

are shown in the diagonal running from top left to bottom right of the table. The last

row of the table gives the overall percent correct categorizations for each target vowel, but

additional statistical tests were not conducted.

Categorization by the model was generally successful, with a notable exception of /a/,

which received more categorizations as /o/ than it did as itself. This was not true of /a:/,

which was categorized correctly more than 8 times more often than /a/. The most common

mis-categorizations by the model were of the /1 1:/ pair, which were commonly categorized
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Actual group
Pred. group a a: e e: i i: o o: 1 1: u u:

a 2 1 0 0 0 0 2 0 0 0 0 0
a: 8 16 1 0 0 0 4 0 0 0 0 1
e 1 0 32 6 0 0 7 3 0 0 6 1
e: 0 0 1 24 0 0 0 4 2 1 2 0
i 0 0 0 0 23 5 0 0 17 6 1 1
i: 0 0 0 0 4 17 0 0 5 8 0 0
o 15 6 1 0 0 0 20 4 0 0 2 1
o: 0 1 0 2 0 0 4 18 0 0 0 0
1 0 0 0 0 11 1 0 0 13 0 0 1

1: 0 0 1 0 1 7 0 0 5 21 0 1
u 0 0 1 0 2 0 0 0 0 0 22 8
u: 0 0 0 0 1 4 1 4 0 0 9 26

Prop. corr. 0.08 0.67 0.86 0.75 0.55 0.50 0.53 0.55 0.31 0.58 0.52 0.65

Table 2.5: Categorizations for Northern Welsh vowels with phonemic length contrasts by a
model trained on Northern Welsh vowels. Overall percent correct categorizations are shown
in the final row.

as /i i:/. /1/ was categorized as /i/ 40.5% of the time, which it was categorized as itself

only 31% of the time.

The three linear discriminants produced by the model were responsible for 80.7%, 14.1%,

and 5.2% of the variation in the data, respectively. The first two linear discriminants,

plotted in figure 2.8, provide relatively good separation between contrasting vowel pairs,

with the exception of /i i:/ and /1 1:/, which are almost entirely overlapping. Contrasts

within vowel pairs are much less successfully separated, visually a�rming the information

shown by table 2.4 above that duration information did not greatly contribute to the most

e�cient discrimination of classes as determined by the model.

Following creation of the linear discriminant model based on acoustic values of Northern

Welsh vowels, the model was used to categorize Argentinean Welsh vowel productions.

When Argentinean Welsh data was submitted to the Northern Welsh model, the correct

categorization rate su↵ered, falling to 39.7%, indicating that the realizations of vowels in

the two dialects do not align perfectly, unsurprisingly. The model performed poorly in

general when required to accurately discriminate between duration based vowel pairs, often

mis-categorizing the short member of a pair as the long member and vice versa. This is

an indication that acoustic cues to phonemic vowel length in Argentinean Welsh do not
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Figure 2.8: Unpredictable vowel data (Argentinean Welsh) plotted on a cartesian plane
defined by the first two linear discriminants produced by a model trained on Northern
Welsh vowels of unpredictable length. Ellipses indicate 95% confidence intervals.
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align successfully with those cues used in Northern Welsh. As it did with the Northern

Welsh training set, the model struggled to discriminate /i i:/ and /1 1:/. although in this

case, very few instances of either vowel pair were categorized as /1 1:/ at all. Acoustically,

the Argentinean Welsh vowel pair/1 1:/ appears to correspond almost entirely to Northern

Welsh /i i:/. Table 2.6 gives the rate of categorization of unpredictable length Argentinean

Welsh vowels by the Northern Welsh model. Percent correct categorizations by vowel are

given in the last row of the table, but additional statistical tests were not conducted.

Actual group
Pred. group a a: e e: i i: o o: 1 1: u u:

a 10 2 0 0 0 0 0 0 0 0 0 0
a: 14 38 0 1 0 0 5 2 0 0 1 0
e 32 4 27 17 1 0 0 0 12 7 1 1
e: 0 0 35 45 3 2 0 2 7 8 5 5
i 0 0 3 0 32 17 0 0 40 21 4 2
i: 1 1 0 0 27 28 0 0 9 11 1 0
o 5 1 3 1 0 0 31 13 1 0 2 0
o: 0 0 2 0 0 0 22 41 0 0 2 1
1 0 0 4 2 7 7 0 0 2 9 5 5

1: 0 0 0 1 1 17 0 0 0 6 0 4
u 0 0 2 1 3 0 13 7 1 2 35 16
u: 0 0 0 0 0 0 5 6 0 4 20 34

Prop. corr. 0.16 0.82 0.36 0.66 0.43 0.39 0.41 0.58 0.03 0.09 0.46 0.50

Table 2.6: Categorizations for Argentinean Welsh vowels with phonemic length contrasts
by a model trained on Northern Welsh vowels. Overall percent correct categorizations are
shown in the final row.

2.4.3 Discussion

Linear discriminant models were created based on acoustic values of Welsh vowels with pre-

dictable (allophonic) and unpredictable (phonemic) length by speakers of Northern Welsh.

These models acted as a baseline description of Welsh vowels against which vowels of Ar-

gentinean Welsh could be contrasted. Overall, categorization of Argentinean Welsh vowels

by the Northern Welsh linear discriminant model was poor, particularly for discrimination

of vowels di↵ering in phonemic length, and the acoustically similar high front /i i:/ and

high central /1 1:/ vowels.
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One potential explanation for the di↵erences between vowels in Northern and Argen-

tinean Welsh shown by the linear discriminant analysis results is di↵erences in the e↵ect

of cross-linguistic interference from English and from Spanish. While the vowel system of

English is fairly similar to that of Welsh, the Spanish vowel system has many fewer vowel

contrasts. Being bilingual two languages like Welsh and Spanish that di↵er so dramati-

cally in the organization of the vocalic system could result in cross-linguistic interference

e↵ects in Welsh that would not appear due to interference from English. Comparison of

the acoustic realization of vowels in Argentinean Welsh and Spanish would help illuminate

potential patterns of cross-linguistic interference. A vowel production task was conducted

with monolingual Argentinean Spanish speakers, and the results are reported below.

2.5 Argentinean Spanish

2.5.1 Spanish phonology

Spanish has five vowel phonemes, which are evenly distributed in the vowel space. The high

and mid front vowels /i/ and /e/ are unrounded, as is the low vowel /a/. The high back

/u/ and mid back /o/ are rounded. This vowel configuration is cross-linguistically fairly

common (Maddieson, 2013). There is no indication that the dialect of Spanish spoken in

Chubut Province di↵ers significantly in its vocalic system from other dialects of Argentine

Spanish and Spanish worldwide (de Sandler, 2004).

The vowel system of Spanish di↵ers from that of Welsh in several ways that may a↵ect

the nature and extent of cross-linguistic interference between the two languages. First, the

number of vowel categories of Welsh is greater than that of Spanish. Even without taking

into account the phonemic duration contrasts between similar vowels in Welsh, two vowel

categories /1/ and /@/ exist in Welsh but not in Spanish. Second, the phonemic duration

contrast that distinguishes vowel pairs /i i:, 1 1:, e e:, a a:, o o:, u u:/ in Welsh does not

exist in Spanish. While Spanish vowels vary allophonically in duration due to voicing of the

following consonant and stress position (Mendoza et al., 2003, Kim, 2011, Nadeu, 2014),

duration is not a phonemic cue to vowel identity. Third, the relatively small di↵erences in
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vowel quality that, along with duration, reflect both phonemic and allophonic vowel length

contrasts in Welsh may fall within the range of a single Spanish vowel’s spectral variation.

To identify the aspects of Spanish vowels that may interact with the Welsh vowel sys-

tem in cross-linguistic interference, vowel production data was collected from speakers of

Argentinean Spanish (all residents of the same area as the Welsh-Spanish bilinguals in

section 2.3.1.

2.5.2 Methods

Items A Spanish wordlist was created to elicit productions of all five vowels /i e a o u/.

Because stress has been identified as a potential cause of allophonic spectral and duration

variation in Spanish vowels, target vowels were collected in stressed and unstressed syllables,

closed by nasals /m/ or /n/ to better match the Welsh items already described. Another

set of items was selected that contained the target vowels in stressed syllables, followed by

/t/ or /d/, intended to elicit variation due to voicing of the following consonant. All target

vowels were in the first syllable. In summary, items fell into four types:

1. Stressed vowels in syllables closed by /n/ or /m/ - intended to elicit allophonically

long vowels (ex: /"tan.to/ tanto ‘so much’)

2. Unstressed vowels in syllables closed by /n/ or /m/ - intended to elicit allophonically

short vowels (ex: /tan."teo/ tanteo ‘score’)

3. Stressed vowels in syllables followed by /t/ - intended to elicit allophonically short

vowels (ex: /"ba.ta/ bata ‘’)

4. Stressed vowels in syllables followed by /d/ - intended to elicit allophonically long

vowels (ex: /"pa.dRe/ padre ‘father’)

This resulted in a total of 20 items (5 peripheral vowels /i e a o u/ * 4 environments).

See Appendix B.3 for the full list of Argentinean Spanish items.

Participants Five monolingual native speakers of Chubut Spanish (one female) participated

in this research. All were recruited in Trelew or Gaiman, Argentina.
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Procedure All participants read each target word once in isolation followed by three repe-

titions of the item in a frame sentence Digo X también ‘I say X also’. The order of item

presentation was randomized for each subject. Recording took place in a variety of quiet

rooms in private homes or buildings a�liated with the Welsh community. Recordings were

made with an over ear Countryman E6 omnidirectional microphone and a Zoom H4n Pro

Handy digital recorder using a 44.1 kHz sampling rate.

Analysis Item analysis of the Argentinean Spanish data set was identical to that described

in section 2.2.1 for data collected from Northern Welsh speakers. Of the total 400 items (5

speakers * 20 items * 4 repetitions) recorded, 16 were removed due to noise, mispronunci-

ation, equipment malfunction, formant mis-tracking, or because the data point fell outside

the ±2.24 sd cuto↵ for outliers. The remaining 384 data points were normalized using the

Nearey1 method (as described above).

2.5.3 Results

The results of the production task completed by Argentinean Spanish monolinguals are re-

ported below in general terms, using descriptive rather than statistical methods. Figure 2.9

shows the distribution of normalized F1 values for Spanish vowels elicited in the four item

types described in section 2.5.2. The overall pattern is as expected: F1 is lowest for low

vowel /a/ and highest for high vowels /i u/, with values for mid vowels /e o/ falling in be-

tween. Comparison of F1 in stressed and unstressed vowels shows little di↵erence in vowels

/e i o/, but in vowels /a u/, F1 is lower in unstressed than stressed syllables, indicating that

in the absence of stress, /a u/ were produced with higher articulation. The same pattern

is present in figure 2.9 for /a u/, although to a lesser extent. In general, it does not appear

that the presence of stress nor a di↵erence in following consonant voicing have a particularly

strong e↵ect on F1 values in Argentinean Spanish.

The distribution of F2 values shown in figure 2.10 is also as expected: front vowels /i

e/ have higher F2 values than back vowels /a o u/. An e↵ect of stress on F2 is present

for /e o u/; stressed vowels have more peripheral F2 values (fronter for /e/, backer for /o

u/) than their unstressed counterparts, which are more centralized. The same e↵ect does
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(a) Plot of normalized F1 values for
Argentinean Spanish vowels followed
by voiced and voiceless consonants.

(b) Plot of normalized F1 values
for Argentinean Spanish vowels in
stressed and unstressed syllables.

Figure 2.9: Variation in F1 in Argentinean Spanish

not hold for vowels produced in environments that contrast in the voicing of the following

consonant; only /u/ shows a consistent pattern of greater F2 (more peripheral articulation)

when followed by a voiced consonant than when followed by a voiceless consonant.

Figure 2.11 shows contrasts in vowel duration for Spanish vowels produced in stressed

and unstressed syllables. While stressed syllables were consistently longer in duration for

vowels /a u/, this pattern did not hold for /e i o/. Di↵erences in voicing of the following

consonant also did not consistently a↵ect vowel duration. Only /u/ exhibits a di↵erence in

duration in the expected direction (longer before voiced than before voiceless consonants).

While minor variation in vowel quality (F1, F2) and duration occurs due to variation in

stress location and in voicing of a following consonant, no consistent pattern to that e↵ect is

present in Argentinean Spanish. It is possible that this could contribute to cross-linguistic

interference of Spanish on the realization of phonemic and allophonic vowel variation in

Welsh. Linear discriminant analysis was used to identify the aspects of the Welsh vowel

system that are most di↵erent from the Spanish system.
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(a) Plot of normalized F2 values for
Argentinean Spanish vowels followed
by voiced and voiceless consonants.

(b) Plot of normalized F2 values
for Argentinean Spanish vowels in
stressed and unstressed syllables.

Figure 2.10: Variation in F2 in Argentinean Spanish

(a) Plot of duration values for Argen-
tinean Spanish vowels followed by
voiced and voiceless consonants.

(b) Plot of duration values for Ar-
gentinean Spanish vowels in stressed
and unstressed syllables.

Figure 2.11: Variation in duration in Argentinean Spanish
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2.6 Spanish - Welsh linear discriminant analysis

Linear discriminant analysis was used to compare the acoustic realizations of vowels in Ar-

gentinean Spanish with those in Argentinean Welsh. The model was trained on productions

of all five Spanish vowels /i e a o u/ (data collection described in section 2.5) and tested on

productions of Welsh vowels /a e i 1 o u/ produced by Argentinean Welsh speakers, all of

whom are also speakers of Argentinean Spanish. Only Welsh vowels produced in environ-

ments that allophonically condition vowel length were included in this analysis in order to

provide the most accurate comparison with the Spanish vowels available.

Using k-fold cross validation (5 folds), a linear discriminant model was trained and

tested on Argentinean Spanish vowel data. The model correctly categorized the data at

a rate of 94.1%. As shown in table 2.7, the first linear discriminant of the model relies

heavily on F1, while the second relies heavily on F2. While duration is not phonemically

contrastive in Spanish, the duration variable was still the major contributor to the third

linear discriminant produced by the model.

LD1 LD2 LD3
trans.f1 norm -2.59 1.34 -0.29
trans.f2 norm 1.36 2.32 0.07
trans.duration 0.15 -0.05 1.42

Table 2.7: Coe�cients for the contributions of each of the three continuous variables used
to train the linear discriminant model on Argentinean Spanish.

Table 2.8 shows the total categorizations and the percent of correct categorizations for

each predicted vowel. The model performed least accurately when categorizing /i/, which

was occasionally identified as /e/ or /u/. All other vowels were identified with very few

errors overall, indicating that unlike the previous linear discriminant models created for

Welsh, the three factors include in this Spanish model are su�cient to describe the data

accurately.

The three linear discriminants produced by the model were responsible for 66.9%, 32.8%,

and 0.3% of the data variation, respectively. Figure 2.12 shows the distribution of Argen-

tinean Welsh vowels as categorized by the Argentinean Spanish model. All vowels are
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Actual group
Pred. group a e i o u

a 74 0 0 0 1
e 0 72 5 0 0
i 0 2 68 0 0
o 1 1 0 76 1
u 0 0 6 1 76

Prop. corr. 0.99 0.96 0.86 0.99 0.97

Table 2.8: Vowel categorizations by the cross-validated Argentinean Spanish model.

relatively successfully separated by the model with the exception of /i/ and /1/, which al-

most entirely overlap the same area, indicating that Welsh /1/, a vowel absent in Spanish, is

likely to be easily confusable with /i/ by Argentinean Welsh speakers, due to cross-linguistic

interference from Spanish.

Figure 2.12: Argentinean Welsh vowel data plotted on a cartesian plane defined by the first
two linear discriminants produced by a model trained on Argentinean Spanish. Ellipses
indicate 95% confidence intervals.

The results for categorization of Argentinean Welsh vowels by the Argentinean Spanish

model are also shown in numerical form in table 2.9. For the vowels that the phonemic

inventories of both languages have in common /i e a o u/, categorizations were generally

accurate, although approximately 25% of the instances of Welsh /i/ were categorized as

Spanish /e/. The consistency of this confusion indicates an overlap in the acoustic properties
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that correspond to these categories in both languages. Predictably, the Welsh vowel /1/

was most commonly categorized as Spanish /i/.

Actual group
Pred. group a e i o u 1

a 123 23 0 13 2 0
e 0 122 40 0 2 31
i 0 2 113 0 0 116
o 0 11 0 137 30 0
u 1 2 3 10 125 9

Table 2.9: Categorizations for Argentinean Welsh vowels by a model trained on Argentinean
Spanish vowels. Because the model was tested between languages, no correct classification
proportions are given.

2.7 Discussion

This paper has provided phonetic descriptions of vowels in two dialects of the Welsh lan-

guage, one spoken in Northern Wales by Welsh-English bilinguals, and one spoken in south-

ern Argentina by Welsh-Spanish bilinguals. Initial examination of the vocalic systems of

these dialects led to an acoustic comparison of vowel productions using linear discriminant

analysis. A model trained on productions by Northern Welsh speakers was tested on Ar-

gentinean Welsh vowel productions. The rates of correct categorization and the patterns of

incorrect categorization demonstrated similarities and di↵erences between the vowels of the

two dialects. It was observed that categorization of vowels by the Northern Welsh model on

the basis of variation in duration were less accurate than those based on spectral quality (F1

and F2). That is, Argentinean Welsh speakers did not consistently produce vowels with the

same contrasts in duration as did Northern Welsh speakers. While di↵erences in duration

based on phonemic contrasts between vowels were generally produced, if to a lesser extent

than by Northern Welsh speakers, di↵erences in duration due to allophonic variation were

much less consistent in Argentinean Welsh vowel productions.

It was hypothesized that this could be due to cross-linguistic interference from Spanish,

a language with a vocalic system that is smaller than that of either Welsh or English. To
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test this hypothesis, vowel productions were collected from monolingual speakers of the

same dialect of Argentinean Spanish spoken by the Welsh-Spanish bilingual group. Using

the same methods of linear discriminant analysis that were used to identify di↵erences

between Northern and Argentinean Welsh, vowel data from Spanish was used to create

a model to classify Welsh vowels. When productions of Argentinean Welsh vowels were

submitted to the model, the resulting patterns demonstrated extreme similarity between

Argentinean Welsh and Argentinean Spanish productions of phonemically identical vowels.

Results indicated that di↵erences in the realization of duration-based contrasts and the

contrast between the high front /i/ and high central /1/ vowels in Argentinean Welsh and

Northern Welsh are due to cross-linguistic interference from Spanish.

The first linear discriminant analyses presented here focused on describing acoustic

similarity and dissimilarity between vowel productions by two groups of Welsh speakers

(in Northern Wales and in Argentina). Linear discriminant results highlighted those ar-

eas in which vowel productions from Argentinean Welsh speakers were systematically mis-

categorized by a model trained on data from Northern Welsh speakers. A subsequent linear

discriminant analysis was used to compare vowel productions across languages, rather than

dialects. A linear discriminant model trained on Spanish vowel data demonstrated that

cross-linguistic interference from Spanish on Argentinean Welsh is responsible for the dif-

ferences observed between Argentinean Welsh and Northern Welsh.

Additional investigation into the e↵ects of cross-linguistic interference between Spanish

and Welsh focusing on vowel perception is necessary to fully explore the implications of these

results. It is likely that any consequences of cross-linguistic interference on the production

of Welsh vowels by Welsh-Spanish bilinguals in Argentina will appear in speech perception

as well as production. The linear discriminant results reported here show the extent of

acoustic similarity between productions of Argentinean Welsh and Northern Welsh vowels.

By comparing the patterns of (mis-)categorization to Welsh vowel perception ability of

Welsh-Spanish bilinguals, it will be possible to determine whether the contrasts that are

di�cult for Welsh-Spanish bilinguals to produce are also the contrasts that are di�cult for

them to perceive. That is, whether a vowel pair such as /1 1:/ that is at least partially
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merged in production is also merged in perception. Such a result would lend support to

theories of L2 acquisition that propose a link between production and perception, such

as the Second Language Linguistic Perception model. With further comparison of groups

within the Argentinean Welsh population that vary in age and order of Welsh acquisition, it

would also be possible to investigate the relationship between acquisition of L2 contrasts in

production and perception. Previous research has demonstrated that perception precedes

production (Flege, 1993, Rochet, 1995, Baker and Trofimovich, 2006), but some studies

have shown the opposite (Sheldon and Strange, 1982). Comparing the perception and

production of Welsh vowels by Welsh-Spanish bilinguals at di↵erent stages of the Welsh

learning process, or at di↵erent levels of fluency, would contribute to this body of research.

The results of this study also provide an intriguing glimpse into the potential for inves-

tigation of historic language change that may have occurred in Argentinean Welsh. Perhaps

changes in the dialect of Welsh itself, rather than dynamic cross-linguistic interference in

speech produced by Spanish-dominant bilinguals, is responsible for the observed di↵erences

between Argentinean and Northern Welsh. In order to investigate this possibility further,

it would be productive to document the speech of those Argentinean Welsh bilinguals who

acquired Welsh as children through intergenerational transmission, rather than through

formal schooling or as adults. By examining the speech of the oldest generation of Welsh

speakers who were among the last to acquire Welsh from their parents, it may be possible

to identify dialectal changes that are not easily attributable to e↵ects of L2 acquisition or

cross-linguistic interference. Such an investigation would have to take care to tease apart

the multitude of linguistic and historical factors that are likely to have shaped the devel-

opment of Argentinean Welsh. These factors include the dialects of Welsh spoken by the

original (and subsequent) colonists, the extent and e↵ect of language contact with Spanish

and potential local indigenous languages, and the e↵ect of linguistic isolation.

The unique position of Welsh as a minority language spoken in two separate bilingual

contexts provides a window into the contrasting e↵ects of cross-linguistic interference from

two di↵erent languages. In Wales, all adult Welsh speakers are also bilingual with English,

just as in Argentina, all adult Welsh speakers are bilingual with Spanish. The vocalic
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systems of Welsh and English are fairly similar, and any influence of English on Welsh

in Wales is centuries old and ongoing. The language contact situation in Argentina is

much more recent, having begun sometime after the original Welsh settlement of Patagonia

in 1865. Following the implementation of mandatory Spanish medium education in the

region in 1893, bilingualism with Spanish quickly became the norm. No o�cial census of

Argentinean Welsh speakers has ever been conducted, but estimates range between 5,000

and 25,000 (Jones, 1984b, Williams, 1991, Coupland et al., 2006, Lewis et al., 2015). In

comparison, the population of Chubut province as a whole is over 500,000, most of whom

are presumably Spanish speakers (Instituto Geográfico Nacional, 2010). Aside from the

numerical dominance of Spanish monolinguals compared to the bilingual Welsh population,

Argentinean Welsh speakers also have the opportunity to use Welsh only in limited domains.

These include occasional church services, in Welsh events such as the annual Eisteddfod

poetry competition, and in groups centered around Welsh culture, such as choir or dance

groups. The dominance of Spanish in every day life is overwhelming, resulting in a situation

of inevitable cross-linguistic interference of the majority language on the minority.
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Chapter 3

Discrimination

3.1 Introduction

The relationship between production and perception ability is a topic of ongoing interest

in the field of second language acquisition. To fully investigate the production-perception

relationship, research with a bilingual speaker population with a range of language expe-

riences, methods of acquisition, and fluency in the target language is necessary. Such a

population is found among the Welsh-Spanish bilingual community of southern Argentina.

Descendants of 19th century colonists from Wales who sought to establish a Welsh mono-

lingual colony in Patagonia, modern Argentinean Welsh speakers are extremely diverse in

their language backgrounds. While many older speakers acquired Welsh and Spanish simul-

taneously as children, younger speakers are more likely to have begun learning Welsh as a

second language in their teen years, through language revitalization programs at school or

in the community. This diversity allows investigation of many potentially important indi-

vidual background factors at the same time as production and perception ability themselves

are investigated. This article reports the results of two experiments conducted with Welsh-

Spanish bilinguals in Argentina. Experiment 1 is a 4-item oddity vowel perception task

(3.2) which tests the ability of Welsh-Spanish bilinguals to discriminate between phonem-

ically long and short instances of Welsh vowels. Experiment 2 (3.3) is a vowel production

task that collected tokens of minimal pairs di↵ering in phonemic vowel length. The two

tasks were designed to result in values to be included in a single statistical analysis inves-

tigating the interrelationship of vowel production and perception ability by Welsh-Spanish

bilinguals.

A great deal of work examining the relationship between perception and production has

yielded some results that support a correlation (Flege et al., 1997, Flege and MacKay, 2004,

Sebastian-Galles and Baus, 2005, see), as well as some that do not (Flege and Bohn, 1997,

Schertz et al., 2015, see). In results that did support a correlation between production and
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perception ability, some have indicated that perception ability precedes production; that

is, the ability to perceive an L2 sound (or contrast) accurately is a necessary pre-requisite

of its accurate production (Flege et al., 1997, Sebastian-Galles and Baus, 2005). Work by

Sheldon and Strange (1982) demonstrated the opposite. L1 Japanese learners of English

as an L2 were more successful in producing the English /r/-/l/ contrast than they were

in accurately perceiving /r/ and /l/ as separate phonemes (measured by performance on a

two-alternative forced choice task). The perception-production relationship may vary due

to inter-learner variation (age of acquisition, length of residence, language dominance, etc.)

or due to di↵ering characteristics of the native and target language being tested.

Inter-learner variation in language acquisition history is an important factor a↵ecting the

success of L2 and bilingual speech production. Acquisition of a second language by adults is

seldom as successful as L1 acquisition by children, which some have proposed to be due to

the existence of a critical period for language acquisition. The Critical Period Hypothesis

proposes a period of life from birth to the early teen years during which complete language

acquisition is possible, and after which neurological development and change precludes

or hinders the language acquisition faculty (Lenneberg, 1967). The observed data that

supports the critical period hypothesis can also be attributed to a number of other factors,

including the general deficit in L2 input quality and quantity compared to the L1. Work by

Flege (1995), Flege et al. (1995) supports the hypothesis that greater L2 attainment is more

likely at younger ages, but also indicates that rather than a drop o↵ in ability following

the critical period, language ability instead declines gradually over time. Other individual

factors that have been shown to influence L2 learning and ultimate attainment include

literacy (Sparks et al., 2011), relative L2 and L1 dominance (Casillas, 2015), and learner

motivation (Bongaerts, 1999). While di↵erences between speakers are an important factor in

theoretical understanding of perception and production ability, the acoustic characteristics

of the languages in question must also be considered.

In general, the more similar the L1 and L2 sound systems (or the bilinguals’ two language

systems) are, the easier the L2 is to acquire, or the less cross-linguistic interference will

impede a bilingual’s speech. Di↵erences between the vocalic systems of Welsh and Spanish
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can be used as a predictor for the likelihood of successful L2 Welsh acquisition, or native-

like attainment. Cross-linguistic interference from Spanish may impede production and

perception of Welsh segments that do not exist in Spanish. In particular, the phonemic

vowel duration contrast is predicted to be di�cult to produce for Spanish speakers. Because

the five vowel system of Spanish /i e a o u/ lacks a phonemic duration contrast, speakers

may have to learn to accurately perceive contrasting L2 phones that both share acoustic

characteristics with a single L1 sound. For example, Welsh long and short vowel pairs /i i:,

1 1:/ are predicted to prove challenging for Spanish speakers.

The e↵ect that acoustic dissimilarity has on an individual’s production and perception

ability is predicted to be mitigated by greater experience with the Welsh language. The

Bilingual Language Profile (BLP) is used here (see section 3.5 for a detailed discussion of

the instrument) to collect information regarding a variety of language background factors

whose contribution to L2 success and/or mitigation of cross-linguistic interference in the

perception and production of Welsh vowels (Gertken et al., 2014, Birdsong et al., 2012).

The remainder of this article reports the results of two experiments, one investigating

Welsh-Spanish bilingual’s accuracy in vowel perception (3.2), using a 4-item oddity discrim-

ination task, and another investigating vowel production (3.3). Section 3.4 then reports the

results of a linear mixed e↵ects regression that tests the contribution of vowel production

ability and a variety of language background variables to measured vowel perception ability.

3.2 Experiment 1: vowel discrimination

Discrimination tasks are common in psycholinguistic research, and appear in many di↵erent

forms. The simplest of these is an AX task, in which subjects are presented with two stimuli

and must respond whether they are the same or di↵erent. Slightly more complicated are

ABX (or AXB) tasks, in which subjects are presented with three stimuli, and must judge

whether the target stimulus X is more similar to stimulus A or B. A four-item oddity

task was chosen over a simpler AX or AXB task based on previous experience collecting

pilot data within the same population. Pilot experiment participants found that the AXB

discrimination task they completed was simple and did not require their full concentration.
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Thus, a more challenging task requiring greater attention was designed for subsequent data

collection. A four-item oddity design presents participants with four stimuli per trial, and

participants must choose which stimulus out of the four is di↵erent from the others, or

whether there is no di↵erence among the stimuli.

Di↵erences in performance on the vowel discrimination task are predicted between sub-

jects. These di↵erences are predicted to be correlated with vowel production ability and

the extent of Welsh language background and experience.

3.2.1 Methods

Stimulus preparation Stimuli for the four-item oddity task were recorded by three female

native speakers of Welsh using a Roland R-05 digital recorder and RadioShack 33-3013

omnidirectional electret condenser microphone in a sound-attenuated room. The mean age

of the speakers was 32 years, and all were residents of Northern Wales. All three were rated

as Welsh-dominant according to their Bilingual Language Profile responses, with a mean

dominance score of 39.8.

Stimuli consisted of Welsh monosyllables. All long-short vowel pairs of Welsh were

included: /i: i, 1: 1, e: e, a: a, o: o, u: u/. A /t n/ consonantal environment was chosen

to surround the target vowels in order to minimize inter-trial variability. This environment

was chosen over other potential options because three of the target vowel pairs exist in true

minimal pairs with that environment, and use of real words was preferred for this task.

For the target vowels that do not appear in true minimal pairs of the desired type (/tV:n/

and /tVn/), minimal or near-minimal pair real-word items were selected that maintained

the desired /n/-coda but that allowed the initial consonant of each pair to vary (ex: /ìe:n/

llên ‘literature’ and /ìen/ llen ‘curtain’). Recordings were made of subjects reading a word

list containing the selected Welsh monosyllables (see Appendix C.1 for a full list of items).

Each item was read three times, and the two best tokens of each item produced by each

speaker were selected. Token quality was evaluated by the experimenter, and criteria for

exclusion included phrase-final pitch rise, hesitation, and mispronunciation.

Recorded items that did not begin with the desired environment were spliced with /t/
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extracted from other items in Praat (Boersma and Weenink, 2013). The replacement /t/

onsets were copied from the natural /t/-initial tokens. Onsets were always spliced between

items produced in the same list position, to retain variation in pitch and loudness that

might vary between the first, second, and third production of a single item (i.e. the /t/

spliced onto the first production of cŵn /cu:n/ ‘dogs’ came from the same speaker’s first

production of tôn /to:n/ ‘tune’). Items were never spliced across speakers. Items with /ì/

and /r/ in the onset were also edited to remove any influence from these sounds on the

vowel. This was done by replicating non-a↵ected glottal pulses from the center of the vowel

to replace a↵ected pulses that had to be removed.

All cross-item splicing was done within speakers. Once editing was completed, all stimuli

were subjected to intensity normalization to ensure that participants could not use intensity

di↵erences to reliably distinguish between tokens. Synthesized tokens were comparable to

natural tokens in sound quality, pitch, and intensity. Within a single trial, items were either

all spliced or all not spliced; participants never had to compare unedited tokens with edited

one within a trial.

Trial preparation The structure of the 4-item oddity task was similar to that discussed by

Gerrits and Schouten (2004), a task that they call ‘4I2AFC’, or ‘four-interval two-alternative

forced choice’ task. Two types of trials were constructed using the processed minimal pair

stimuli. Change trials were of the type AABA or ABAA, consisting of three tokens of one

lexical item (produced by three di↵erent speakers) and one exemplar of that item’s minimal

pair counterpart (produced by one speaker). See figure 3.1 for the structure of a single

change trial. Theoretically, the di↵erent stimulus could appear anywhere within the four

slots per trial, but in this case, the appearance of the ‘di↵erent’ stimulus was always confined

to the middle two stimuli. Even if participants pick up on this pattern, knowledge that the

di↵erent stimuli will only appear as one of the middle two tokens does not a↵ect their

chances of success. No-change trials were of the type AAAA, consisting of four exemplars

of a single lexical item (produced by three speakers). See figure 3.2 for the structure of a

single no-change trial.

All trials contained stimuli produced by all three speakers. One speaker’s voice appeared
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S1 tôn - S2 tôn : S3 ton - S1 tôn

Figure 3.1: Structure of a single ‘change’ discrimination trial. Consecutive stimuli were
produced by di↵erent speakers (S1, S2, S3), and the target item always appeared as the
second or third item in the trial. In this case, the di↵erent item /ton/ is in the third
position.

S1 tôn - S2 tôn : S3 tôn - S1 tôn

Figure 3.2: Structure of a single ‘no-change’ discrimination trial. Consecutive stimuli were
produced by di↵erent speakers (S1, S2, S3).

twice in each trial, but the two medial comparison items were never produced by the same

speaker. This discouraged listeners from relying on characteristics of each speaker’s voice

to make their decisions. Previous work has shown that variation in the time separating

individual stimuli within a trial can influence participant response patterns. When the

inter-stimulus interval is short, participants are liable to be able to use surface acoustic

detail to make their decisions, which is valuable in experiments designed to test acoustic

perception and discrimination ability. In tasks that wish to test discrimination ability

based on patterns of phonemic categorization however, a short inter-stimulus interval is not

suitable. A longer inter-stimulus interval forces the subject to discard acoustic information,

which cannot be easily retained across the longer time period, and participants instead

respond based on their phonemic categorization of the sound stimuli (Flege and MacKay,

2004, Escudero et al., 2009). Each trial began with 250 ms of silence, followed by the

presentation of the stimuli. Each stimulus was separated from the next by 1200 ms of

silence, to force participants to access their phonemic knowledge and abstract away from

comparisons based on fine phonetic detail.

For each of the six vowel pairs /a: a, e: e, i: i, 1: 1, o: o, u: u/ a set of 18 trials

(12 change, 6 no-change) were created. The structure of trial creations was as follows. 72

total change trials were created (6 vowel pairs * 2 target types (long, short) * 2 trial types

(ABAA, AABA) * 3 speakers (S1, S2, S3) = 72). 36 total no-change trials were created (6

vowel pairs * 2 target types (long, short) * 1 trial type (AAAA) * 3 speakers (S1, S2, S3)

= 36). In other words, half of the change (AABA, ABAA) and no-change (AAAA) trials
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for each vowel pair featured the long vowel (ex: /a:/) as the A item, while the other half

featured the short vowel (ex: /a/) as the A item. Change trials also varied in the location

of the ‘di↵erent’ item: half of the trials were of the type ABAA (correct response left arrow

key) and half were type AABA (correct response right arrow key). Within each vowel set,

identical trials (i.e. long-short-long-long) were always constructed of items produced by

di↵erent speakers. For example, the AABA token order of the trial in figure 3.1 appeared

three times for each target vowel, with a di↵erent order of speakers (for example S2-S3-

S1-S2 rather than S1-S2-S3-S1). A complete schema of trials for one vowel is given in

Appendix C.2.

Participants 21 bilingual speakers of Welsh and Spanish participated in this task. The mean

age of participants in the Welsh-Spanish bilingual group was 43 years, with the youngest

participant being 22 and the oldest being 66 (two subjects declined to provide their age).

All participants in the Welsh-Spanish bilingual group were rated as Spanish-dominant on

the Bilingual Language Profile. Dominance scores ranged from -161.01 (highly Spanish

dominant) to -44.13 (mildly Spanish dominant), with a mean of -105.13. Participants’

self-rated Welsh proficiency (based on responses to questions about speaking, listening,

reading, and writing) ranged from 6.81 to 54.48 with a median of 31.78 (maximum possible

proficiency score was 54.48). In comparison, subjects’ rating of their Spanish proficiency

ranged from 45.4 to 54.48 with a median score of 54.48.

Procedure Participants were seated before a laptop computer running PsychoPy in a quiet

room. Instructions in Welsh were given verbally and in written form in order to put subjects

into a Welsh language mode, however, some subjects required verbal clarification of the

instructions in Spanish. It was made clear to participants that they would hear both real

and non-real words during the task. Participants were instructed that they would hear two

pairs of sounds, and had to respond with which pair (the first or second) contained the

di↵erent sound.

The experiment began with a short practice period, which consisted of a series of four-

item oddity trials similar to those presented in the main task, except that the words that
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subjects were asked to discriminate for practice were members of a minimal pair of real

words (ex: tân /ta:n/ ‘fire’ - tôn /to:n/ ‘tune’) that were easily di↵erentiated. After the

practice was completed, subjects had the opportunity to ask questions before proceeding

with the experiment.

Responses were collected using the laptop keyboard; subjects used the left arrow key to

indicate that the di↵erent item occurred in the first word pair, and the right arrow key to

indicate that the di↵erent item occurred in the second word pair. The down arrow key was

used to respond that the trial contained no di↵erent item (i.e. consisted of four tokens of the

same word). Responses were accepted beginning at the completion of the final stimulus,

and there was no time limit imposed on responses. Following a response, the next trial

began immediately. Experimental trials were presented in a randomized order split into

two blocks of 54 trials each. Subjects had the opportunity to take a short break between

blocks.

Analysis Analysis of discrimination tasks relies on signal detection theory rather than just a

‘percentage correct’ measure; if a subject gave a single response (‘di↵erent’) to an experiment

that included 50 ‘same’ and 50 ‘di↵erent’ trials, they would achieve 100% accuracy on

identification of ‘di↵erent’ items (and a score of 0% accuracy on ‘same’ items). However,

this response pattern does not indicate good discrimination ability on the part of the subject.

Analyses of discrimination tasks must take into account not only accuracy but also response

bias. The subject in the above example was highly biased toward the ‘di↵erent’ response.

Therefore, in statistical analysis of discrimination responses, a measure that takes both

response bias into account must be used.

D

0, a measure of response bias and sensitivity, is calculated using the hit rate and false

alarm rate of participant responses (Macmillan and Creelman, 1991). Hits are equal to

the total number of ‘change’ trials (where a true di↵erence exists) wherein a participant

correctly identified a di↵erence. Together, hits and misses sum to the total number of trials

in the ‘change’ set of stimuli. False alarms are responses where participants identified a

di↵erence in the stimuli when in fact there was no di↵erence. The sum of false alarms and

correct rejections (trials where subjects correctly responded that no di↵erence existed in
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the trial) is equal to the total number of no-change trials.

Hit rate (H) and false alarm rate (F) are equal to the proportion of hits and false alarms

in the change and no-change trials, respectively. The greater the di↵erence between H and

F, the greater a subject’s sensitivity to the discrimination task at hand. A hit rate of 1 and

false alarm rate of 0 would have a high signal : (signal + noise) ratio.

H =
hits

total change trials

F =
false alarms

total no-change trials

d

0 = z(H)� z(F)

1

To calculate d

0, H and F are first z-transformed. Z-scores are a transformation of a

range of values to fall within a normal distribution with a mean of zero. d0 is the di↵erence

between the z-transformedH and F. The greater the calculated d

0, the greater the sensitivity

to the discrimination task in question. A d

0 of zero (H = F) corresponds to a failure to

discriminate stimuli.

3.2.2 Results

A 4-item oddity vowel discrimination task was used to investigate the perception of Welsh

vowels by Welsh-Spanish bilinguals in Argentina. Figure 3.3 shows the rate of hits, misses,

false alarms, and correct rejections. Only the results for change trials (where a di↵erent

stimulus was present within the trial) were analyzed. Table 3.1 gives the percent correct

responses in change trials for each tested vowel pair.

1Equations from Macmillan and Creelman (1991).
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Figure 3.3: Distribution of discrimination task responses by stimulus vowel. Light colors
correspond to positive response and dark colors to negative responses.

/a: a/ /e: e/ /i: i/ /o: o/ /u: u/ /1: 1/

64.4 (25.8) 41.7 (29.3) 72.7 (20.9) 74.6 (18.4) 69.3 (21.2) 71.2 (18.8)

Table 3.1: Overall percent correct responses for change trials by all subjects, separated by
target vowel pair. Standard deviation is given in parentheses.

It is obvious from table 3.1 that the percentage of correct responses to vowel pair /e: e/

was lower than that of to any other vowel pair. In order to determine whether this di↵erence

was significant before further analysis of the results, post-hoc pairwise t-tests were conducted

on the hit rate by vowel pair across all subjects. Table 3.2 gives the Bonferroni-corrected

pairwise calculated p-values for the mean hit rate of each vowel comparison. The hit rate

for /e: e/ trials is significantly lower than the hit rate for each other vowel pair. No other

pairwise comparison reached significance, indicating that di↵erences in hit rate between

other vowel trial categories were not significant.

Overall, subject performance on the discrimination task was poor. Whether this was

due to confusion on the part of the subjects as to the task requirements, or to genuine

di�culty discriminating the stimuli from one another is unknown. See section 3.6 for a

discussion of revisions to participant screening for general task ability. Future work will

include a Spanish monolingual group as a control to verify whether performance of the

Welsh-Spanish bilingual target group is significantly better than that of participants with

no Welsh knowledge at all.
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a e i o u 1

a -
e 0.00 -
i 0.20 0.00 -
o 0.08 0.00 1.00 -
u 1.00 0.00 1.00 1.00 -
1 0.45 0.00 1.00 1.00 1.00 -

Table 3.2: P-values for pairwise t-tests conducted on the response hit rate for discrimination
trials of all tested vowels (significant values in bold).

The following section presents the results of a linear discriminant analysis testing accu-

racy of Welsh-Spanish bilingual vowel production, followed by a linear mixed e↵ects model

analysis demonstrating the correlation between production ability and perception ability

based on the results of the 4-item oddity task.

3.3 Experiment 2: vowel production

As discussed above, one of the most challenging aspects of the Welsh vocalic systems for

Spanish speakers to acquire is predicted to be the phonemic duration distinction. While the

discrimination task demonstrated that perception of duration contrasts is generally poor,

comparison of vowel productions is necessary to determine whether the same di�culty holds

in vowel production.

A linear discriminant model was trained on vowel productions by fluent Welsh-English

bilinguals in Wales in order to test Welsh-English categorization of vowel productions by

Welsh-Spanish bilinguals. Linear discriminant analysis is a method of hands-o↵ categoriza-

tion, in which a series of variables corresponding to a finite category set are provided to

a model, which then attempts to determine the most e�cient method of segregating the

training data into the pre-determined categories. Such a model can then be tested on a

previously unseen set of data (not included in the training set), and will attempt to use

the determined linear discriminants to sort the new data into the training categories. Lin-

ear discriminant analysis has been used in second language acquisition and bilingualism

research as a method of directly comparing the acoustics of two languages or dialects in
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order to determine which contrasts are likely to prove simple or challenging for L2 speaker

to acquire, or which categories may be susceptible to cross-linguistic influence in bilingual

speech (Strange et al., 2004, Elvin and Escudero, 2015).

A vowel production task was designed to collect productions of Welsh vowels from

Welsh-English bilinguals in Wales and Welsh-Spanish bilinguals in Argentina. Target items

contained all Welsh vowels in environments where vowel length was allophonically condi-

tioned and in environments with phonemic vowel length contrasts. Below, the methods

used to collect this vowel data are presented first for data collected in Wales (3.3.1), then

for data collected in Argentina (3.3.2). Subsequently, linear discriminant analysis was used

to compare the collected acoustic data (3.3.3).

3.3.1 Methods: Welsh-English group

Items A wordlist consisting of real and nonce Welsh words was created to elicit vowel

productions. Target segments were always in stressed syllables. Items fell into four types:

1. Voiced stop final - intended to elicit allophonically long vowels (ex: /hVb/ hVb)

2. Voiceless stop final - intended to elicit allophonically short vowels (ex: /hVp/ hVp)

3. Nasal final, length marking on vowel - intended to elicit phonemically long vowels
(ex: /hV:m/ hV̂m)

4. Nasal final, no length marking on vowel - intended to elicit phonemically short vowels

(ex: /hVm/ hVm)

This resulted in a total of 25 items (6 peripheral vowels /i 1 e a o u/ * 4 environments

= 24, plus one /@/ item = 25). Appendix B.1 gives a full list of items collected from

Welsh-English bilinguals.

Participants Seven native speakers (five female) of Northern Welsh participated. All re-

ported acquiring Welsh during childhood before acquiring English, and all were fluent

Welsh-English bilinguals. Participants were determined to be Welsh-dominant in daily

language use based on their responses to a language background questionnaire (Gertken

et al., 2014, Birdsong et al., 2012).
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Procedure Participants read each item 6 times in isolation. Order of item presentation

was randomized, but identical items were never presented next to each other. Participants

wore a head mounted Countryman E6 Omnidirectional microphone plugged into a Yamaha

MG124c preamplifier, and digital recordings were made with an HP ProBook 6470b laptop.

Ultrasound images of tongue articulation were collected concurrently, but are not reported

here. Potential interference due to concurrent ultrasound recording (necessitating a probe

held to the underside of the chin) did not a↵ect the quality of simultaneously recorded

speech (Song et al., 2013, Noiray et al., 2013).

Analysis Digital WAV files were read into Praat (version 6.0.36). Based on visual exam-

ination of the spectrogram and waveform, vowel onset and o↵set were identified. Vowel

onset was hand-marked at the first positive zero-crossing following the onset of clear F2,

and vowel o↵set was marked at the first positive zero-crossing following the disappearance

of clear F2. A Praat script was used to extract vowel duration and measurements in Hz

of the first three formants at 20, 40, 50, 60, and 80 percent of the duration of the vowel.

Praat’s automatic formant measurement tool was used, which calculates LPC coe�cients

based on the specified maximum number of formant measurements (here 5) to be found.

Frequency ceiling was set at 5500 Hz for female subjects and 5000 Hz for male subjects to

ensure that physiological sex di↵erences in vocal tract length were taken into account.

Automatic formant measurements were examined by the experimenter to determine

unlikely formant values, which were hand-checked, and discarded if measurements were

determined to have come from mis-tracked formants. Vowel data were also discarded if

they were determined to have been recorded in noise, were mispronounced by the speaker,

or if recording equipment malfunctioned. Outliers, defined as data points for which F1, F2,

or duration values fell more than 2.24 standard deviations from the mean of all collected

items, were automatically removed from the dataset.2.

To ameliorate variation in the data due to physiological di↵erences between speakers,

collected formant data was normalized using the Nearey1 method. Nearey1 is a formant-

intrinsic and vowel-extrinsic vowel normalization method that minimizes the retention of

2The ±2.24 sd criterion was selected based on recommendation from Aguinis et al. (2013)
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inter-speaker variation while preserving variation due to dialect or other group di↵erences

(Adank et al., 2004, Nearey, 1978). Nearey1 was selected over other potential normalization

methods based on the results of normalization method comparison by Adank et al. (2004),

which found that the best performing normalization methods used information across vowels

(extrinsic) and within formants (intrinsic). The dataset included information from the

first three formants and from every vowel in the target language, making it well-suited for

normalization using the Nearey method. Normalization was implemented in R, using the

phonR package (McCloy, 2016). For speaker t and formant i, a normalized formant value

is equal to the di↵erence between log-transformed F

i

and the mean value of log-transformed

formant values across all included vowels.

F

Nearey1
ti

= F

L

ti

� µ

D

L
ti
(Adank et al., 2004, p. 3101, Eq. 8)

In total, 5 items were removed from the Welsh-English dataset, leaving 1045 tokens for

normalization and analysis. Although vowel tokens produced in words with allophonic vowel

length were collected as well, only tokens produced in environments allowing phonemic

contrasts in vowel length were included in this analysis. This resulted in a total of 559

tokens.

3.3.2 Methods: Welsh-Spanish group

Items A wordlist consisting of real Welsh words was created to elicit vowel productions.

Target segments were always in stressed syllables. As with items collected from Welsh-

English bilinguals, items fell into four types:

1. Voiced stop final - intended to elicit allophonically long vowels (ex: /b1d/ [b1:d] byd

‘world’)

2. Voiceless stop final - intended to elicit allophonically short vowels (ex: /b1t/ [b1t] byt

‘bit’)

3. Nasal final, length marking on vowel - intended to elicit phonemically long vowels

(ex: /c1:n/ [c1:n] cŷn ‘chisel’)
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4. Nasal final, no length marking on vowel - intended to elicit phonemically short vowels

(ex: /c1n/ [c1n] cyn ‘before’)

This resulted in a total of 24 items (6 peripheral vowels /i 1 e a o u/ * 4 environments).

See Appendix B.2 for the full list of Argentinean Welsh items.

Participants Nineteen speakers (14 female) of Argentinean Welsh (all bilingual with Span-

ish) participated in this task. Based on responses to a language survey, all participants

were deemed to be Spanish-dominant in their everyday language use, although the extent

of Spanish dominance varied.

Procedure All participants read each target word once in isolation followed by three repe-

titions of the item in a frame sentence Dw i’n dweud X hefyd ‘I say X also’. The order of

item presentation was randomized for each subject. Recording took place in a variety of

quiet rooms in private homes or buildings a�liated with the Welsh community. Recordings

were made with an over ear Countryman E6 omnidirectional microphone and a Zoom H4n

Pro Handy digital recorder using a 44.1 kHz sampling rate.

Analysis Item analysis of the Argentinean Welsh data set was identical to that described

in section 3.3.1 for data collected from Northern Welsh speakers. Of the total 1,824 tokens

recorded, 24 were removed due to noise, mispronunciation, equipment malfunction, formant

mis-tracking, or because the data point fell outside the ±2.24 sd cuto↵ for outliers. The

remaining 1800 data points were normalized using the Nearey1 method (as described above).

Only vowels produced in environments allowing phonemic vowel duration contrasts were

included here, resulting in a total of 889 tokens included in this analysis.

3.3.3 Results

An in-depth discussion of the vowel data collected from Welsh-English and Welsh-Spanish

bilinguals is beyond the scope of this paper, but see Bell (2018b) for a detailed acoustic

analysis of the same set of collected Welsh vowel data. For purposes of this analysis,

a summary figure is provided in 3.4, which shows mean values for Northern Welsh and
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Argentinean Welsh vowels that contrast in phonemic length. Ellipses around the mean

indicate a 95% confidence interval. A linear discriminant model was trained on Welsh-

English vowel data and used to model the Welsh vowel production ability of Welsh-Spanish

bilinguals using linear discriminant model categorization of their vowel productions.

Figure 3.4: Normalized F1-F2 plots of Welsh-English (L) and Welsh-Spanish (R) produc-
tions of phonemically long (top row) and phonemically short (bottom row) vowels.

3.4 Linear discriminant analysis

Linear discriminant analysis has been successfully used in the analysis of vowel production

data many times in previous research, primarily as a method to determine the most likely

patterns of L2 phoneme categorization by speakers of the target L1 (Elvin and Escudero,

2015, Strange et al., 2004).

Discriminant analysis determines, for a set of k items, the extent to which N continuous

variables contribute to group identity for individual data points. Subsequently, the initial



76

model may be used predictively, to categorize a set of novel data based on the weightings

assigned to the variables in the training group. While the training data provides the model

with group identity as a factor, the test data (aka the cross-validation set) is provided

without group identifiers. Thus, the model must use the factors that it has ‘learned’ are

important for token identification in order to assign labels to the tokens in the test set.

The linear discriminant functions produced by the analysis can be thought of as decision

boundaries: when new data is given to the model, each token is examined to determine where

it falls in relation to each of the decision boundaries and is thus assigned to a particular cat-

egory. The goal of linear discriminant analysis is a reduction of the feature space necessary

to adequately describe the separation of tokens into groups. Thus, a linear discriminant

model calculates the axes which best maximize class separability for a given dataset. Before

linear discriminant transformation, N variables are necessary to describe the dataset. After

transformation, the data can be projected into an N � 1 dimensional space, having reduced

the factors necessary for accurate classification. The input variables contribute di↵erent

amounts to each resulting linear discriminant, as represented by coe�cients output by the

model.

To investigate the di↵erences in the realization of phonemic and allophonic vowel dif-

ferences between Northern Welsh and Argentinean Welsh, a linear discriminant model was

trained on vowel data collected from speakers of Northern Welsh. Linear discriminant anal-

ysis was implemented using the lda() function from the MASS package in R (R Core Team,

2013, Venables and Ripley, 2002). All values used in linear discriminant analysis were cen-

tered and scaled using the BoxCox method from the caret package in R (Kuhn, 2017) before

being submitted to the model, as one of the assumptions of linear discriminant analysis is

normality of the data. The model was given access to vowel labels and corresponding values

for normalized F1 and F2, and duration.

The model successfully categorized 54.1% of the dataset, based on the results of cross

validation. Table 3.3 shows the contribution of each variable (transformed values of F1,

F2, and duration) to the ranked linear discriminants determined by the model. The higher

ranked the linear discriminant is, the greater contribution it makes to separation of the data
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into the target classes. Both F1 and F2 were large contributors to the first and second linear

discriminants, while duration contributed less, only outweighing the other two variables in

the third linear discriminant.

LD1 LD2 LD3
trans.f1 norm -2.26 0.99 -0.01
trans.f2 norm 1.32 1.43 0.03
trans.duration -0.55 0.33 1.19

Table 3.3: Coe�cients for the contributions of each of the three continuous variables used
to train the linear discriminant model on Northern Welsh vowels with unpredictable length.

a a: e e: i i: o o: 1 1: u u:
0.08 0.67 0.86 0.75 0.55 0.50 0.53 0.55 0.31 0.58 0.52 0.65

Table 3.4: Percent correct categorizations for a Northern Welsh testing set of vowels with
phonemic length contrasts, using a model trained on Northern Welsh vowels.

Table 3.4 shows the overall percent correct categorizations for each target vowel in the

Northern Welsh data by the Northern Welsh model. Categorization by the model was

generally successful, with a notable exception of /a/, which received more categorizations

as /o/ than it did as itself. This was not true of /a:/, which was categorized correctly more

than 8 times more often than /a/. The most common mis-categorizations by the model

were of the /1 1:/ pair, which were commonly categorized as /i i:/. /1/ was categorized as

/i/ 40.5% of the time, which it was categorized as itself only 31% of the time.

The three linear discriminants produced by the model were responsible for 80.7%, 14.1%,

and 5.2% of the variation in the data, respectively. The first two linear discriminants,

plotted in figure 3.5, provide relatively good separation between contrasting vowel pairs,

with the exception of /i i:/ and /1 1:/, which are almost entirely overlapping. Contrasts

within vowel pairs are much less successfully separated, visually a�rming the information

shown by table 3.3 above that duration information did not greatly contribute to the most

e�cient discrimination of classes as determined by the model.

When the Argentinean Welsh vowel data as a whole was submitted to the Northern

Welsh model, the correct categorization rate su↵ered, falling to 39.7%, indicating that the
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Figure 3.5: Unpredictable vowel data (Argentinean Welsh) plotted on a cartesian plane
defined by the first two linear discriminants produced by a model trained on Northern
Welsh vowels of unpredictable length. Ellipses indicate 95% confidence intervals.
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realizations of vowels in the two dialects do not align exactly. The model performed poorly

in general when required to accurately discriminate between duration based vowel pairs,

often mis-categorizing the short member of a pair as the long member and vice versa. This

is an indication that acoustic cues to phonemic vowel length in Argentinean Welsh do not

align successfully with those cues used in Northern Welsh. As it did with the Northern

Welsh training set, the model struggled to discriminate /i i:/ and /1 1:/. although in this

case, very few instances of either vowel pair were categorized as /1 1:/ at all. Acoustically,

Argentinean Welsh /1 1:/ appear to correspond almost entirely to Northern Welsh /i i:/.

Actual group
Pred. group a a: e e: i i: o o: 1 1: u u:

a 10 2 0 0 0 0 0 0 0 0 0 0
a: 14 38 0 1 0 0 5 2 0 0 1 0
e 32 4 27 17 1 0 0 0 12 7 1 1
e: 0 0 35 45 3 2 0 2 7 8 5 5
i 0 0 3 0 32 17 0 0 40 21 4 2
i: 1 1 0 0 27 28 0 0 9 11 1 0
o 5 1 3 1 0 0 31 13 1 0 2 0
o: 0 0 2 0 0 0 22 41 0 0 2 1
1 0 0 4 2 7 7 0 0 2 9 5 5

1: 0 0 0 1 1 17 0 0 0 6 0 4
u 0 0 2 1 3 0 13 7 1 2 35 16
u: 0 0 0 0 0 0 5 6 0 4 20 34

Prop. corr. 0.16 0.82 0.36 0.66 0.43 0.39 0.41 0.58 0.03 0.09 0.46 0.50

Table 3.5: Categorizations for Argentinean Welsh vowels with phonemic length contrasts
by a model trained on Northern Welsh vowels. Overall percent correct categorizations are
shown in the final row.

Several patterns can be identified among the categorization results for separate speak-

ers. Figure 3.6 shows the vowel categorization results for three subjects whose results are

representative of several common categorization patterns. Figure 3.6A shows a highly accu-

rate production pattern, where almost all vowels were consistently categorized correctly by

the Welsh-English trained linear discriminant model. 3.6B shows the opposite, a pattern of

categorization spread throughout the vowel space, with similar vowels often mis-categorized

as one another. 3.6C is a clear example of another common pattern, in which the /1 1:/ are

almost entirely categorized as /i i:/, indicating a merger of these vowel categories.

To test the hypothesis that vowel production ability as modeled by LDA categorization
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Figure 3.6: Exemplars of three common categorization patterns of vowels produced by
Welsh-Spanish bilinguals by a linear discriminant model trained on Welsh-English bilingual
speech.

can be used to predict vowel perception ability (modeled by the results of the 4-item oddity

task presented in section 3.2), a linear mixed e↵ects model was created. The dependent

variable of the model was the d’ score obtained for each subject in the 4-item oddity vowel

discrimination task. Model creation was undertaken by comparing a null model to a model

with one additional predictor at a time; when the addition of a predictor improved the fit of

the model (determined by a Likelihood Ratio Test comparing the new and previous model),

the predictor was retained in the model and used in the next comparison.

Table 3.6 shows the tested models with a null model containing only random e↵ects in

the first row, and the best model in the last row. The final model included the maximal

justified random e↵ects structure, which in this case was random intercepts for vowel and

subject (Barr et al., 2013). The inclusion of target vowel as a factor improved the model

(X2(11, 15) = 47.332, p < 0.001), but the subsequent addition of production score values

did not improve the fit of the model. Neither percent correct LDA categorization by vowel

(X2(1, 16) = 0.026, p = 0.87), nor total percent correct LDA categorization (X2(1, 16) =

0.245, p = 0.62) improved the fit of the model. D’ as a metric of vowel perception ability

was not found to be predicted by either of the tested metrics of vowel production accuracy

produced by the linear discriminant model categorization of Welsh vowel productions by

Welsh-Spanish bilinguals.

Subsequently, a di↵erent measure of vowel perception accuracy was tested using the



81

dAIC df weight Resid. Dev
1. Null 25.3 4 <0.001 1290.8
2. Vowel 0.0 15 0.56 1243.5
3. Vowel + Percent correct by vowel 2.0 16 0.21 1243.4
4. Vowel + Total percent correct 1.8 16 0.23 1243.2

Table 3.6: Results of model selection process for a linear mixed e↵ects model testing the
influence of production ability on perception modeled by d’ scores on the 4-item oddity
task. All models included random intercepts by vowel and subject.

same method. Percent correct response on change trials of the 4-item oddity task was

the dependent variable of the model. Model creation followed the same methods de-

scribed above. Again, the addition of vowel as a categorical predictor improved the model

(X2(11, 15) = 43.30, p < 0.001), and again percent correct production by vowel did not

improve the model (X2(1, 16) = 0.28, p = 0.59). The non-significance of percent correct

production by vowel indicated that scores for individual vowels were not relevant to pre-

diction of vowel perception accuracy. Subsequently, the total proportion of correct vowel

categorizations by the linear discriminant model for each subject was included as a predic-

tive factor. This number indicated the success of vowel production across each subject’s

entire vowel space, and it was found to improve the model (X2(1, 16) = 10.18, p < 0.005).

Table 3.7 shows the results of all tested models; the first row is the results of the model with

only random e↵ects (random intercepts for vowel and subject), and the final row shows the

best fitting model.

dAIC df weight Resid. Dev
1. Null 29.5 4 <0.001 �112.1
2. Vowel 8.2 15 0.0164 �155.4
3. Vowel + Percent correct by vowel 9.9 16 0.0069 �155.7
4. Vowel + Total percent correct 0.0 16 0.9767 �165.6

Table 3.7: Results of model selection process for a linear mixed e↵ects model testing the
influence of production ability on perception modeled by percent correct response to change
trials in the 4-item oddity task. All models included random intercepts by vowel and subject.
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3.4.1 Results

A linear mixed e↵ects model was used to test whether vowel production accuracy (modeled

by a linear discriminant analysis using Welsh-English training data and Welsh-Spanish test

data) was a predictor of vowel perception accuracy (represented by Welsh-Spanish bilingual

participants’ performance on a 4-item oddity vowel discrimination task). The initial model

using d

0 as the dependent variable did not find any significant e↵ect of vowel production

accuracy (neither production accuracy by vowel nor production accuracy across all vowels).

While d

0, a measure of both response accuracy and response bias, was not found to be

a successful representation of vowel perception accuracy, so a second model was created.

When vowel perception ability was represented by the percent correct responses to change

type trials in the 4-item oddity task, production ability was found to predict perception

ability.

Results of this second model indicated that production accuracy across all vowels did

predict vowel perception accuracy, but production accuracy for individual vowels did not.

This result may be due to the nature of the vowel space and the contrasts contained therein:

in a relatively crowded vowel space such as that of Welsh, with 13 vowels, variation in the

production of a single vowel is limited, because any shift in height, backness, or duration

is likely to impinge upon the space occupied by a contrasting vowel. If a single vowel is

produced ‘incorrectly’ (determined here by classification of Welsh-Spanish productions by

a model trained on data from Welsh-English bilingual speech), neighboring vowels may also

be shifted, and this ripple e↵ect may continue throughout the entire vowel space. Thus,

relative accuracy of vowel production may be a feature more associated with the vowel space

as a whole rather than with a single phoneme, explaining why total percentage of correct

classifications significantly predicted vowel perception ability, but percentage of correct

classifications for individual vowels did not.

In the next section, the linear mixed e↵ects model reported here is modified by the

inclusion of language background factors resulting from participant responses to a language

background questionnaire. Results of the model will indicate which language background

factors, if any, make a contribution to vowel perception accuracy above and beyond that
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made by production ability.

3.5 Language dominance

Previous work has shown that a variety of language and individual background factors

influence speech perception and production in L2 or bilingual contexts. Early bilinguals

have been shown to outperform late bilinguals in L2 speech production (degree of foreign

accent), and perception of both L2 vowels and consonants (Flege, 1991, Munro et al., 1996,

Piske et al., 2002). Flege (2007) acknowledges that age of acquisition is often correlated

with other background factors, including length of residence in the L2-speaking country,

years of experience with an L2, and quality of L2 input (children often receive more and

higher quality L2 input than do adults). To assess the a↵ect of these and other potentially

influential language background factors, language background data was collected from all

participants using the Bilingual Language Profile (BLP), an instrument designed to assess

bilinguals’ relative language dominance based on responses to a variety of questions covering

a multitude of factors that have been deemed to be important for language dominance in

previous work (Birdsong et al., 2012, Gertken et al., 2014).

The BLP collects biographical information (age, education level, current country of

residence, etc.) as well as self-assessments of language history, use, proficiency, and attitudes

for a bilingual’s two languages. Language history, use, proficiency, and attitudes comprise

the four component modules of the questionnaire. The history module collects responses on

a scale of age (‘When [what age] did you feel comfortable speaking Welsh?’) or total years

(‘How many years have you spent in a family that speaks Welsh?’). The language use module

assesses current language practices for each language spoken using percentage response

scales. The question ‘What percentage of an average week do you use [Welsh/Spanish/other

languages] with family?’ requires a response that sums to 100%, for example ‘Welsh: 20%,

Spanish: 70%, other (English): 10%’. Language use practices at work/school, with friends,

and during self-directed speech and counting are also assessed. The language proficiency

module consists of responses along a Likert scale from 0 ‘not well at all’ to 6 ‘extremely

well’ to questions about a participants’ self-estimated proficiency in speaking, listening,
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reading, and writing each of their languages. The final module assesses the attitudes a

participant holds for each of their languages using statements such as ‘It is important to

me to speak Welsh like a native speaker’ or ‘I identify with a Welsh-speaking culture’. As

with the proficiency module, responses are on a Likert scale from 0 ‘strongly disagree’ to

6 ‘strongly agree’. The full BLP questionnaire is available in Appendix A.1. Responses

for each language are scored, and point values for each component are scaled separately,

so each contributes equally to the score for each language. The di↵erence between these

two scores represents the respondent’s language dominance, which ranges from positive to

negative 218. In this case, negative final scores indicated Spanish dominance and positive

scores indicated Welsh dominance. The greater the absolute value of the final score, the

more strongly dominant the respondent is in the relevant language.

The final linear mixed e↵ects model discussed above included vowel category and total

percent correct vowel production as predictors. That model was modified to determine

whether inclusion of language background factors could improve model fit. As a reminder,

the dependent variable was percent success on ‘change’ trials of the 4-item oddity discrim-

ination task. The model included a random intercept for vowel pair and subject. Table 3.8

shows the results of model comparison. Model 9 was determined to be the best model.

dAIC df weight Resid. Dev
4 Vowel + Total percent correct 2.8 16 0.109 �165.6
5 + dominance 4.3 17 0.054 �166.2
6 + use 4.5 17 0.048 �166.0
7 + attitudes 4.8 17 0.040 �165.6
8 + proficiency 4.6 17 0.046 �165.8
9 + history 0.0 17 0.453 �170.4
10 + Welsh AoA 1.2 18 0.250 �171.3

Table 3.8: Results of model selection process for the linear mixed e↵ects model testing
the e↵ect of language background factors on vowel production ability. All models included
random intercepts by subject and vowel.

Language background factors (centered and scaled) derived from participant responses

to the Bilingual Language Profile were added to the model one at a time, beginning with

overall language dominance followed by scores for each of the four modules (language use,
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attitudes, proficiency, and history). Language dominance score did not improve the model

(X2(1, 17) = 0.57, p = 0.45), nor did language use (X2(1, 17) = 0.36, p = 0.55), language

attitudes (X2(1, 17) = 0.0001, p = 0.99), or language proficiency (X2(1, 17) = 0.25, p =

0.62). Language history, however, did improve model fit (X2(1, 17) = 4.84, p < 0.05).

The final tested predictor was age of Welsh acquisition, the e↵ect of which on the model

approached significance (X2(2, 18) = 5.65, p = 0.059). As age of acquisition is one of the

components combined to calculate the BLP language history score, the fact that it did not

improve the model above and beyond the inclusion of language history is not surprising.

3.6 Discussion

Two experiments were used to investigate the perception (Experiment 1) and production

(Experiment 2) of phonemic vowel length contrasts in Welsh by Welsh-Spanish bilinguals

in Argentina. Experiment 1, a four-item oddity vowel discrimination task, required partic-

ipants to attend to Welsh vowel length phonemic contrasts that (1) have no equivalent in

Spanish, and (2) are realized by duration, an acoustic cue that is not phonemically meaning-

ful in Spanish. Overall performance on the task was poor, potentially due to some stimuli

being partially synthetic and created through splicing multiple items together. Using en-

tirely natural stimuli at the risk of not having a complete paradigm of minimal pairs may

ameliorate this e↵ect in the future.

Experiment 2 used linear discriminant analysis of vowels produced by Welsh-English

bilinguals to create a model of target Welsh vowel categorization. When used to categorize

vowel productions by Welsh-Spanish bilinguals, the model yielded perceptual assimilation

patterns similar to those that might be expected were Welsh-English bilinguals asked to

perform the vowel categorization task based on their knowledge of Welsh. Categorization

patterns of vowels produced by di↵erent Welsh-Spanish participants were observed to di↵er.

While some participants’ data was categorized with extreme accuracy, others’ was highly

variable in categorization, indicating variation between participants, which may be due to

di↵erences in language background factors, including language dominance.

The results of linear mixed e↵ects regression showed that performance on the task
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(quantified by percent correct response to trials that included an oddity stimulus) could

be predicted by subjects’ vowel production ability, a measure that was derived based on

the percent of vowel productions that were categorized accurately by Experiment 2’s linear

discriminant analysis. This provides evidence that the e↵ect of cross-linguistic interference

in the speech of fluent bilinguals is not the same across speakers, and may vary due to lan-

guage history or past experience with the language. Results showed that language history,

which may di↵er even between speakers who are equally fluent in both their languages,

a↵ects vowel perception performance.

Future work will benefit from expansion of the target subject pool to include Spanish

monolinguals and Welsh-English bilinguals. Addition of the Spanish monolingual popu-

lation will provide a baseline comparison for perception of Welsh vowel contrasts based

on a Spanish vocalic system una↵ected by potential cross-linguistic influence from Welsh.

Addition of the Welsh-English bilingual population will allow comparison of the e↵ects of

cross-linguistic interference on the perception of Welsh vowels from both Spanish and En-

glish. The vowel systems of Spanish and English di↵er greatly from each other as well as

from Welsh, and a more detailed investigation of the nature of cross-linguistic interference

from two majority languages on a single minority language would be a valuable expansion

of the field’s current knowledge about cross-linguistic interference.

This study modeled vowel production ability using a linear discriminant model created

using data collected from Welsh-English bilinguals living in Wales. The intent behind us-

ing this group was to ensure that the categorization results obtained from Welsh-Spanish

bilingual speech would be based on the speech of Welsh-dominant fluent bilinguals. How-

ever, Welsh spoken in Wales is undoubtedly subject to cross-linguistic interference from

English, just as Argentinean Welsh is subject to cross-linguistic interference from Spanish

(Bell, 2018b). Exactly how the vocalic system of Welsh in Wales may be a↵ected by English

CLI is unknown, and future research that attempts to investigate this contact must explic-

itly contrast features of both dialects of Welsh with data from the relevant other language

(English and Spanish).

The use of linear discriminant analysis to determine patterns of vowel categorization is
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not the only way that L2 vowel production ability can be quantified. It is also possible to

quantify production ability by direct comparison of acoustic values used in the production of

contrasting segments. For example, Euclidean distance between two contrasting vowels can

be used as a measure of vowel discrimination in production, and may allow for a more direct

comparison to vowel discrimination ability in perception. Such an investigation would likely

result in a more nuanced understanding of the correspondences between the use of acoustic

cues such as duration and vowel quality in production and perception of contrasting vowels.

Revitalization of the Welsh language is an ongoing priority in both Wales and Argentina,

and the results of this study provide support for continuing current e↵orts, particularly in

early childhood bilingual education. The demonstrated correlation of vowel perception and

production ability imply that improvement in one area is likely to lead to improvement in

the other. Explicit instruction has been shown to result in long-lasting improvement in

production and perception of non-native consonants (Bradlow et al., 1997), tones (Wang

et al., 1999), and vowels (Wang and Munro, 2004). The results presented here demon-

strate correlation between production and perception of Welsh vowels, and support the

idea that implementation of vowel contrast perception training would improve production

and perception of Welsh vowels by learners.
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Chapter 4

Identification

4.1 Introduction

Previous work (Bell, 2018a) has demonstrated that Welsh-Spanish bilinguals di↵er in their

Welsh vowel discrimination ability, and that these di↵erences are attributable to di↵er-

ences in vowel production ability and language background. Here, I report the results of a

subsequent experimental investigation of vowel perception focusing on vowel identification.

Phonetic descriptions of Welsh spoken in Wales have demonstrated that Welsh long and

short vowel contrast in both duration and spectral quality (Bell, 2018b, Mayr and Davies,

2011). There has not been an experimental investigation of the perception of Welsh vowels

aimed at identifying the reliance of native speakers on these cues. An AXB task with iso-

lated Welsh vowel stimuli was used to test participants’ reliance on the two major acoustic

cues that determine vowel identity in Welsh, namely duration and spectral quality (F1 and

F2). Vowel identification ability of Welsh-Spanish bilinguals is predicted to be a↵ected by

cross-linguistic interference from Spanish.

Often, multiple acoustic cues are available to listeners in the determination of phonemic

identity. In English, tense vowels /i e o u/ are produced with greater duration, and more

peripheral spectral values (higher and fronter for front vowels /i e/, higher and more back

for back vowels /o u/) than their lax counterparts /I E O U/, which are generally shorter

in duration and more centralized. Both cues are consistently used by L1 English speakers

in vowel production. In perception, however, native English speakers rely on vowel quality

more than on duration in vowel identification (Hillenbrand et al., 2000). This is not the case

for non-native speakers of English. L2 English speakers with a variety of L1 backgrounds,

including Spanish, Mandarin, Catalan, and Russian have been shown to rely more heavily

on duration than vowel quality in perception of the English /i I/ contrast (Flege et al.,

1997, Bohn and Flege, 1990, Cebrian, 2006, Morrison, 2008, Kondaurova and Francis, 2008,

Escudero et al., 2009). None of these languages have a phonemic duration distinction,
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however. Escudero and Boersma propose that duration is a ‘blank slate’; when duration is

not used in the L1, it is available for learners to co-opt when acquiring the L2. Bohn (1995)

has another explanation, that duration is a fall-back cue to vowel identity used by speakers

who are desensitized to irrelevant variation in spectral quality within native categories.

When fine phonetic variation is not relevant in the L1 (Desensitization Hypothesis), minor

variations in L2 vowel contrasts (such as English /i I/) are not accessible to learners. Another

potential explanation for this reliance on duration in English vowel perception rests on the

presence of L1 allophonic variation causes patterns of L2 acoustic cue reliance. Kondaurova

and Francis (2008) propose that allophony in duration due to Spanish lexical stress may

predispose Spanish speakers learning English to rely on duration over vowel quality as a

cue to vowel identity.

Categorical perception occurs when continuous acoustic values elicit the judgment that

stimuli with values up to a certain point (the decision boundary) belonging to one phonemic

category, while stimuli across the decision boundary belong to a contrasting category. Per-

ception of vowels is often less categorical than perception of consonants, which may be due

to di↵erences in processing of continuous (vowel) and discrete (consonant) segments (Pisoni,

1973, Fujisaki and Kawashima, 1971, Gerrits and Schouten, 2004). The generally longer

duration of vowel stimuli allows listeners to use acoustic properties of the speech signal

in making their categorical determination, while the shorter duration of consonant stimuli

requires that listeners abstract away from acoustic properties to phonetic categorization

during perception.

Holt and Lotto (2006) demonstrated that variability within the acoustic dimensions

used in phoneme categorization can a↵ect the likelihood that listeners will rely on a par-

ticular dimension. High within-category variability (such as is found in vowels) impedes

categorical perception, especially when the distribution of possible category values is over-

lapping. In contrast, broadly distributed variance in a continuum of acoustic values (such

as VOT values for unaspirated and aspirated stops in English) supports discriminability.

If between-category variation is low, confusion between the categories is more likely. The

informativeness of a cue to identification of categories within a contrast is also important. If
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changes in the value of a particular clue are not helpful in the separation of two categories,

that cue is uninformative, and listeners are likely to rely on it less strongly than on a cue

that is more highly informative. Essentially, the less variation there is within the range of

a cue’s values in speech, the less heavily speakers are to rely on it. The greater variation

there is within the range of a cue’s values, the more heavily it will be relied upon.

Welsh vowels di↵er in the amount of variation within and between contrasting long and

short categories (Mayr and Davies, 2011, Bell, 2018b). This article investigates the e↵ect of

this variation on patterns of acoustic cue reliance within a population of Argentinean Welsh

speakers. An AXB task is used to test vowel identification patterns of isolated vowel stimuli

that vary in duration and formant frequency between typical values for each long and short

vowel pair. AXB tasks are commonly used to elicit category identification judgments for

vowels (Best et al., 1996), syllables (Best et al., 1989), nasals (Harnsberger, 2001), and for

tone (Hallé et al., 2004).

Cross-linguistic interference from Spanish is predicted to a↵ect Argentinean Welsh

speakers’ patterns of reliance on duration as opposed to vowel quality in the identifica-

tion of Welsh vowels that contrast in phonemic duration. In general, speakers who are more

dominant in Spanish are predicted to rely more strongly on duration than speakers who are

less dominant in Spanish. This e↵ect may interact with the predictions above regarding

within- and between-category variance.

4.1.1 Vowels of Welsh and Spanish

The vocalic systems of Welsh and Spanish di↵er in multiple ways, from raw size (5 Spanish

vowels, 11-13 Welsh vowels),1 to overlap between phonemic vowels (Welsh vowels /@ 1 1:/

have no equivalents in Spanish), to the types of phonemic contrasts present in each language

(Welsh vowels contrast in length, Spanish vowels do not). Figure 4.1 and 4.2 provide

generalized schema of the distribution of Spanish and Welsh vowels.

1The two main dialects of Welsh spoken in Wales di↵er in that Southern Welsh does not have
the /1 1:/ vowels that Northern Welsh does. In Southern Welsh, these vowels have been merged with
high front vowels /i i:/. Because of its larger vowel inventory, further descriptions of Welsh vowels
correspond to the Northern Welsh system.
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Figure 4.1: The five vowels of Spanish are distributed around the periphery of the vowel
space.

Figure 4.2: The 13 vowels of Northern Welsh fall into 6 long-short vowel pairs and schwa,
which is unpaired.
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The five vowels of Spanish are distributed around the edges of the vowel space (4.1).

Each of these five vowels also exists in the set of Welsh vowels. Phonemically, Spanish /u/

corresponds to two Welsh vowels, both short /u/ and long /u:/, and the same is true for all

other overlapping vowels between the two languages. Phonemic vowel length contrasts in

Welsh have no equivalent in Spanish. In native Welsh stressed monosyllables closed by /n, l,

r/, vowel length is contrastive (môr /mo:r/ ‘sea’, mor /mor/ ‘so’); in all other environments,

vowel duration is predictable based on the following environment. Acoustic investigation

of unpredictable vowel contrasts in Welsh has shown them to be realized by a combination

of duration and spectral quality di↵erences (Mayr and Davies, 2011, Ball, 1981, Ball and

Williams, 2001). Because multiple acoustic cues are used in Welsh vowel production, it is

possible that Welsh speakers could primarily rely on one over the other in vowel perception.

Cross-linguistic interference is predicted to a↵ect the extent to which Welsh speakers rely

on duration and vowel quality in vowel identification; because all adult speakers of Welsh

are bilingual with either English or Spanish, comparison of the two contrasting bilingual

populations would highlight di↵erences between cross-linguistic interference from the two

languages. The present work focuses only on the Welsh-Spanish bilingual population.

I predict that cross-linguistic interference from Spanish will influence the relative reliance

on duration and spectral quality as cues to Welsh vowel identity for Welsh-Spanish bilin-

guals. The more dominant a bilingual participant is in Spanish, the more they are expected

to rely on vowel duration as opposed to spectral quality in Welsh vowel identification. The

present study uses an AXB vowel identification task conducted with Welsh-Spanish bilin-

guals to describe variation in individual reliance on duration and vowel quality as cues to

Welsh vowel identity. Task results are predicted to illustrate patterns of cross-linguistic

interference from Spanish on the perception of Welsh vowels. Specifically, planned logistic

regression of subject response data against stimulus variables (duration, F1, F2) will re-

veal (1) the extent to which changes in vowel duration and quality a↵ect the likelihood of

a particular response and (2) the relative weight of each variable in a participant’s vowel

identification process.

The results of the vowel identification task are predicted to demonstrate that Welsh-
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Spanish bilinguals rely more strongly on duration in vowel identification than they rely on

vowel quality. If this is the case, identification rates for each vowel pair will show a more

categorical decision boundary when calculated along the duration continuum than they will

when calculated along the vowel quality continuum.

4.2 Methods

An AXB vowel identification task was created to test patterns of vowel identification by

Welsh-Spanish bilinguals based on variation in vowel quality and duration.

4.2.1 Participants

Twenty-one bilingual speakers of Welsh and Spanish (6 male) took part in the task. The

mean age of participants was 42.3 years (age range: 23 to 66). All participants completed

a language background survey.

Previous work has shown that a variety of language and individual background factors

influence speech perception and production in L2 or bilingual contexts. Early bilinguals

have been shown to outperform late bilinguals in L2 speech production (degree of foreign

accent), and perception of both L2 vowels and consonants (Flege, 1991, Munro et al., 1996,

Piske et al., 2002). Flege (2007) acknowledges that age of acquisition is often correlated

with other background factors, including length of residence in the L2-speaking country,

years of experience with an L2, and quality of L2 input (children often receive more and

higher quality L2 input than do adults). To assess the a↵ect of these and other potentially

influential language background factors, language background data was collected from all

participants using the Bilingual Language Profile (BLP), an instrument designed to assess

bilinguals’ relative language dominance based on responses to a variety of questions covering

a multitude of factors that have been deemed to be important for language dominance in

previous work (Birdsong et al., 2012, Gertken et al., 2014).

The BLP collects biographical information (age, education level, current country of

residence, etc.) as well as self-assessments of language history, use, proficiency, and attitudes

for a bilingual’s two languages. Language history, use, proficiency, and attitudes comprise
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the four component modules of the questionnaire. The history module collects responses on

a scale of age (‘When [what age] did you feel comfortable speaking Welsh?’) or total years

(‘How many years have you spent in a family that speaks Welsh?’). The language use module

assesses current language practices for each language spoken using percentage response

scales. The question ‘What percentage of an average week do you use [Welsh/Spanish/other

languages] with family?’ requires a response that sums to 100%, for example ‘Welsh: 20%,

Spanish: 70%, other (English): 10%’. Language use practices at work/school, with friends,

and during self-directed speech and counting are also assessed. The language proficiency

module consists of responses along a Likert scale from 0 ‘not well at all’ to 6 ‘extremely

well’ to questions about a participants’ self-estimated proficiency in speaking, listening,

reading, and writing each of their languages. The final module assesses the attitudes a

participant holds for each of their languages using statements such as ‘It is important to

me to speak Welsh like a native speaker’ or ‘I identify with a Welsh-speaking culture’. As

with the proficiency module, responses are on a Likert scale from 0 ‘strongly disagree’ to

6 ‘strongly agree’. The full BLP questionnaire is available in Appendix A.1. Responses

for each language are scored, and point values for each component are scaled separately,

so each contributes equally to the score for each language. The di↵erence between these

two scores represents the respondent’s language dominance, which ranges from positive to

negative 218. In this case, negative final scores indicated Spanish dominance and positive

scores indicated Welsh dominance. The greater the absolute value of the final score, the

more strongly dominant the respondent is in the relevant language.

The mean BLP score of participants was �108.8 (sd = 43.8), the maximum score

(most Welsh-dominant) was �27.96 and the minimum score (most Spanish-dominant) was

�184.79. Figure 4.3 shows histograms of BLP section scores for Welsh-language questions

by all participants, as well as the overall dominance score result.

4.2.2 Stimulus creation

Stimuli consisted of isolated artificial instances of the twelve peripheral vowels of Welsh /a

a:, e e:, i i:, 1 1:, u u:, o o:/. Use of isolated vowel stimuli has been shown in the past to be



95

Figure 4.3: Histograms of Bilingual Language Profile response scores for all participants in
the Welsh vowel identification task. The right-most graph shows the language dominance
scores calculated for each subject using their responses to questions about their history, use,
proficiency, and attitudes regarding Spanish and Welsh.

problematic for vowel identification accuracy (Strange et al., 1976, Gottfried et al., 1985),

however, other research has shown that identification of isolated vowels is not worse than

vowels in context given that the clarity of the stimuli is su�ciently high (Macchi, 1980).

Use of isolated vowels was also deemed appropriate because both Welsh and Spanish have

frequent function word vocabulary consisting of isolated vowels (Welsh: a /a/ ‘and’, i /i/

‘to’; Spanish: a /a/ ‘to’, y /i/ ‘and’). The source-filter synthesis method in Praat, which

uses linear predictive coding (LPC) to synthesize a vocal filter and glottal source, was used

to create the stimuli based on values collected from fluent speakers of Northern Welsh in

Wales.

Formant values (F1, F2, F3) were extracted from productions by three female native

speakers of Welsh. All three were residents of Northern Wales, reported acquiring Welsh

since birth, and were scored as Welsh-dominant bilinguals based on their responses to the

language background questionnaire (Gertken et al., 2014). The full set of items recorded

for this purpose are listed in Appendix D.1.

Digital WAV files were read into Praat (version 6.0.36). Based on visual examination

of the spectrogram and waveform, vowel onset and o↵set were identified. Vowel onset was

hand-marked at the first positive zero-crossing following the onset of clear F2, and vowel
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o↵set was marked at the first positive zero-crossing following the disappearance of clear

F2. A Praat script was used to extract vowel duration and measurements in Hz of the

first three formants at 20, 40, 50, 60, and 80 percent of the duration of the vowel. Praat’s

automatic formant measurement tool was used, which calculates LPC coe�cients based on

the specified maximum number of formant measurements (here 5) to be found. Frequency

ceiling was set at 5500 Hz for female subjects and 5000 Hz for male subjects to ensure that

physiological sex di↵erences in vocal tract length were taken into account.

Automatic formant measurements were examined by the experimenter to determine

unlikely formant values, which were hand-checked, and discarded if measurements were

determined to have come from mis-tracked formants. Vowel data were also discarded if

they were determined to have been recorded in noise, were mispronounced by the speaker,

or if recording equipment malfunctioned. Outliers, defined as data points for which F1, F2,

or duration values fell more than 2.24 standard deviations from the mean of all collected

items, were automatically removed from the dataset.2.

To ameliorate variation in the data due to physiological di↵erences between speakers,

collected formant data was normalized using the Nearey1 method. Nearey1 is a formant-

intrinsic and vowel-extrinsic vowel normalization method that minimizes the retention of

inter-speaker variation while preserving variation due to dialect or other group di↵erences

(Adank et al., 2004, Nearey, 1978). Nearey1 was selected over other potential normalization

methods based on the results of normalization method comparison by Adank et al. (2004),

which found that the best performing normalization methods used information across vowels

(extrinsic) and within formants (intrinsic). The dataset included information from the

first three formants and from every vowel in the target language, making it well-suited for

normalization using the Nearey method. Normalization was implemented in R, using the

phonR package (McCloy, 2016). For speaker t and formant i, a normalized formant value

is equal to the di↵erence between log-transformed F

i

and the mean value of log-transformed

formant values across all included vowels.

F

Nearey1
ti

= F

L

ti

� µ

D

L
ti
(Adank et al., 2004, p. 3101, Eq. 8)

2The ±2.24 sd criterion was selected based on recommendation from Aguinis et al. (2013)
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Following normalization, mean values for duration, F1-F3, f0, and intensity were calcu-

lated for each vowel across speakers. These values represented the maximum and minimum

values that were used to calculate acoustic continua between the long vowel /a: e: i: 1: u:

o:/ and corresponding short vowel /a e i 1 u o/ of each pair.

Formant values (Hz) at 25%, 50%, and 75% of the vowel were converted to Bark using

the following equations from Traunmüller (1990). Resulting values less than 2.0 Bark or

greater than 20.1 Bark were adjusted with the recommended corrections. Bark conversion

was necessary in order to ensure that the final synthesized tokens would di↵er in perceptually

equal steps.

z = [26.81f/(1960 + f)]� 0.53 Convert Hertz (f) to Bark (z)

z < 2.0Bark : z0 = z + 0.15(2� z) Adjustment for low Bark values

z > 20.1Bark : z0 = z + 0.22(z � 20.1) Adjustment for high Bark values

Converted Bark values were used to calculate eight perceptually equal steps in F1, F2,

and F3, yielding values for a nine-step continuum for each vowel pair. The ends of each

continuum were equal to mean values of naturally produced stimuli. For each stimulus

(including the continuum end points), a vocal tract filter was created using linear predictive

coding (LPC). This resulted in 54 vocal tract filters (6 vowel pairs * 9 continuum steps

= 54 vocal tract filters). To create artificial vowels that sounded as if they could have

been produced by a single speaker, all filters were synthesized with a single glottal source

(Boersma and Weenink, 2013). All of the measurements on which the synthesis was based

were collected from female speakers, so simulated vowels replicated a female voice, meaning

that five formants in the 0 to 5500 Hz range were synthesized for each vowel Boersma and

Weenink (2013). Stimuli were given pitch and intensity contours derived from the same

source data at the same three time points.

Following synthesis, all tokens were were subjected to high-pass and low-pass filtering

using the Praat Vocal Toolkit (Corretge, 2012). Filtering out frequencies above 1200 Hz

and below 120 Hz resulted in more natural-sounding stimuli. Figure 4.4 shows the variation

in F1 and F2 for each of the synthesized continua. As the graph shows, some vowel continua



98

(notably /i i:/) exhibited a wide range of formant values, while others (/a a:/) showed very

little variation in F1 and F2 between the long and short vowel of the pair. This di↵erence in

spectral quality variation of the synthetic stimuli replicates a di↵erence that exists in natural

speech. Although continuum steps for each vowel pair were created to be perceptually equal

to the human ear (rather than equal in Hz) variation between continuum end points was

small enough that the non-linear nature of the vowel continua frequencies is not visible

in 4.4.

Figure 4.4: F1 and F2 values (Hz) for the vowel quality continuum used to synthesize stimuli
for the AXB identification task. Continuum steps were perceptually equal (calculated using
Bark values).

A second nine-step continuum was created for duration. Values for each vowel pair

ranged in equally sized steps between mean duration values for each target vowel. The size

of duration steps was therefore di↵erent Using the Praat Vocal Toolkit (Corretge, 2012),

these duration measurements were applied to only the stimuli at the ends of the quality-

based continuum for each vowel pair. Previous work shows that testing vowel identification

using the edges of the perceptual plane (and excluding values in the center) produces results

that are comparable to tests using the full matrix (Boersma and Escudero, 2005, Escudero
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Figure 4.5: Duration continua for each vowel pair varied from mean short vowel duration
to mean long vowel duration.

et al., 2009). The reduction in stimuli (32 in this case, whereas the full matrix would have

resulted in 81) was selected based on negative task fatigue consequences in previous work

with the same population (Bell, 2016). In total, 192 stimuli were created and used in the

task (32 stimuli * 6 vowel pairs = 192).

4.2.3 Trial structure

Each trial of the AXB forced-choice task consisted of three stimuli presented in sequence.

The A and B stimuli were always the continuum endpoints for the relevant X stimulus vowel.

The task therefore required that participants identify the target X stimulus by determining

which endpoint of the continuum it most resembled. The A stimulus was always the long

vowel endpoint of the synthesized continuum, and the B stimulus was always the short

vowel endpoint.

4.2.4 Procedure

Participants sat at a laptop computer running PsychoPy (Peirce, 2007) in a quiet room.

Instructions were given verbally in Welsh by the experimenter (clarification in Spanish was

provided if participants requested it), and participants were instructed in the designation

of the keyboard keys needed to respond. Participants were told that they would hear three
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sounds, and needed to decide whether the first pair of sounds was more similar, or the second

pair of sounds was more similar. The left arrow was used to indicate that the first two stimuli

(AX, labelled as ‘1-2’ on the screen) were more similar, and the right arrow was used to

indicate that the last two stimuli (XB, labelled as ‘2-3’ on the screen) were more similar.

After the experimenter left the room, participants took part in a short practice session

in which they discriminated vowel tokens of /i/ and /a/ from each other. These practice

tokens were artificial to help subjects become accommodated to hearing odd stimuli. After

the practice session, participants had the opportunity to ask the experimenter questions

about the procedure. Stimuli were presented in two blocks, with all stimuli appearing in a

randomized order once in each block. Participants generally completed the task in ten to

twenty minutes.

Responses to the AXB vowel identification task using isolated Welsh vowel stimuli that

varied regularly in spectral quality and duration were analyzed using binary logistic re-

gression. This analysis illustrates the direction and magnitude of the e↵ect that changes

in vowel duration and spectral quality between stimuli had on participants’ likelihood of

providing a particular response to the target stimuli (4.3.1). The coe�cients resulting from

the binary logistic regression for the variables of interest were subsequently used to calculate

the relative weight which each acoustic cue (duration and spectral quality) was assigned by

participants in vowel perception (4.3.3).

4.3 Results

The manipulated acoustic cues of vowel quality (F1, F2, F3) and vowel duration succeeded in

generating categorical perception of the artificial stimuli. Seven subjects’ data was removed

from the analysis because they correctly identified identical stimuli (those at the continuum

ends, which were identical to the A and B comparison items) less than 75% of the time. A

failure to match two identical stimuli indicated that the participants were not comfortable

with the experimental procedure, were not paying attention to the task, or had undisclosed

hearing issues. Data from the remaining 14 participants (four male) was used in the final

analysis.
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(a) Percent ‘short’ responses by duration. (b) Percent ‘short’ response by quality.

Figure 4.6: Percent ‘short’ responses averaged across subjects for each vowel in the vowel
identification task.

A basic analysis of response type percentages revealed that the synthesized stimuli

elicited responses generally consistent with categorical perception of Welsh duration based

vowel pairs. Figures 4.6a and 4.6b show the proportion of ‘short’ responses by all partici-

pants given to stimuli averaged over each step of the duration and quality continua.

Responses to some of the vowel pairs, notably /e e:/, did not show the predicted patterns

of categorical perception in either the duration or quality continuum; responses hovered

around chance across both continua. Other vowel pairs show that in general participants

relied more strongly on one cue than the other, as with /a a:/, which shows near ceiling

and floor response rates across the duration continuum, but near chance response rates

across the quality continuum. To further investigate such di↵erences between the target

vowel pairs and to illuminate potential di↵erences in responses between subjects, analysis

was undertaken using binary logistic regression.

4.3.1 E↵ect of acoustic values on vowel identification

Binary logistic regression was used to determine the contribution of vowel quality and vowel

duration values of the target stimuli to participant performance on the vowel identification

task, as similar previous work has done (Morrison, 2007, Morrison and Kondaurova, 2009,

Escudero et al., 2009, Casillas, 2015). A mixed e↵ects binary logistic regression model was

created to test the log likelihood that a subject would provide a ‘short’ vowel response to
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a given stimulus. The dependent binary variable was subject response, either 1 (‘short’)

or 0 (‘long’). The independent predictors included in the model were the stimulus values

duration (ms), F1 (Hz), and F2 (Hz), transformed by centering and scaling using the BoxCox

method of the caret package (Kuhn, 2017). Stimulus vowel pair was also included in the

model as a categorical predictor with six levels /a e i 1 o u/. The vowel pair factor was sum

contrast coded, so that model output would report each level of the variable in comparison

with the grand mean across all levels, rather than with an arbitrary reference level. Random

intercepts for vowel pair, and random slopes and intercepts by subject for duration, F1, and

F2 for were included in the model.

The final model was selected based on comparison of the model’s AIC with the addition

of each predictor beginning with a null model containing only the random e↵ects.Table 4.1

shows the results of model comparison, with the null (random e↵ects only) model in the

first row, and the best model, which included random intercepts and slopes by subject for

all three of the fixed e↵ects (F1, F2, duration) shown in the last row. This allows both the

intercept and the slope for the e↵ects of these three variable to vary by subject; essentially,

it allows the model to account for the fact that the e↵ect of changes in F1, F2, and duration

on subject responses may not be the same across all subjects.

dAIC df weight Resid. Dev
1. Null 118.8 12 <0.001 4580.4
2. Vowel 83.1 17 <0.001 4581.2
3. Vowel + dur 77.9 18 <0.001 4585.3
4. Vowel + dur + F1 0.6 19 0.43 4594.4
5. Vowel + dur + F1 + F2 0.0 20 0.57 4591.6

Table 4.1: Results of model selection process for the mixed e↵ects binary logistic regression
model. All models included random slopes by subject for duration, F1, and F2, and random
intercepts by vowel and subject.

Table 4.2 shows the results of the final model. The intercept value represents the

likelihood that a subject will answer ‘short’ (1) given predictor variables values equal to

their respective reference levels. The coe�cient of each target factor (duration and euclidean

distance from the most peripheral spectral values for each vowel) represent the change in the

log odds of the outcome given a one unit increase in the predictor variable. That is, a one
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unit increase in the transformed duration variable resulted in a 1.40 decrease in the log odds

of a ‘short’ vowel response. This is logical; increasing duration should reduce the likelihood

that a participant will perceive a short vowel. A one unit increase in the transformed F1

variable results in a 4.66 increase in the log odds of a ‘short’ vowel response. This is also

logical; an increase in F1 corresponds to vowel lowering (a component of centralization).

The same holds for the predicted 0.33 increase in F2. Essentially, the more central the F1

and F2 of a stimulus, the more likely participants were to perceive that vowel as short.

These e↵ects are tempered by the fact that they are computed at the reference level of

the vowel factor, which in this case is the grand mean computed for all levels of the vowel

factor. The vowel coe�cients output by the model represent the e↵ect that a particular

vowel level had on the log odds of a ‘short’ response compared to the grand mean. The

coe�cient for the final level of a categorical factor, in this case vowel /u/, is not included by

default in the output table 4.2, but can be calculated based on the sum of all other vowel

level coe�cients, because all coe�cients represent deviation from the grand mean across

vowel category levels. No predictions were made about participant response patterns due

to di↵erences in vowel pair identity, however, so these coe�cients are not discussed further.

Estimate Std. Error z value Pr(>|z|)
(Intercept) 0.32 0.12 2.64 0.01

trans.duration -1.40 0.10 -13.45 0.00
trans.F1 hz 4.64 0.15 30.57 0.00
trans.F2 hz 0.33 0.21 1.61 0.11

vowel.coded.a -5.93 0.22 -26.47 0.00
vowel.coded.e -3.10 0.15 -20.62 0.00
vowel.coded.i 2.37 0.30 8.02 0.00
vowel.coded.1 3.53 0.25 14.11 0.00
vowel.coded.o -1.60 0.24 -6.78 0.00
vowel.coded.u -4.74

Table 4.2: Results of mixed e↵ects binary logistic regression testing the contribution of
stimulus vowel variables duration, F1, and F2 on the likelihood of a ‘short’ vowel response
to a given stimulus.
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4.3.2 Cue reliance and boundary definition

The inclusion of random slopes by subject for the continuous variables of vowel duration,

F1, and F2 results in the output of model coe�cients that represent the contribution of each

of these factors to the likelihood of a particular subject giving a ‘short’ vowel response to a

stimulus. Using these coe�cients, it is possible to calculate several values which represent

di↵erence between subjects’ performance on the task. These measures have successfully

been used before in similar experimental investigations, including by Escudero et al. (2009)

in their investigation of L2 Dutch vowel weighting by speakers of German and English, and

by Casillas (2015) in his investigation of an English tense-lax vowel contrast with English

and Spanish speakers. Cue weighting, or individual subjects’ reliance on the acoustic cues

in vowel identification, is the ratio of the coe�cient for one cue variable to the sum of all

three variable coe�cients. From this point on, referenced cue weighting scores are those for

duration, calculated with the following equation.

Duration cue-weight = �

duration

/(�
duration

+ �

F1 + �

F2)

Table 4.3 gives the model intercepts for the target factors for each subject (duration, F1,

F2) and the calculated values for relative cue weighting and PCM. Cue weighting scores

near -0.5 indicate that a participant relied equally on duration and vowel quality in the

vowel identification task. Scores closer to zero indicate greater reliance on vowel quality.

Cue-weighting scores for each subject represent the extent to which duration (as opposed

to vowel quality) is used to create the category boundary between long and short Welsh

vowels. To test the hypothesis that relative cue-weighting is dependent on an individual

subject’s language dominance (or other language background factors), additional analysis

was undertaken.

Figure 4.7 plots the coe�cients of the duration and F1 factors for all subjects. All

participants relied more strongly on F1 than on duration (F1 coe�cient values are clustered

around 5 as opposed to the cluster of around 1.75 for duration). Some participants relied

more strongly on duration than other, for example subject ar 014, compared to the relatively

low reliance on duration by subject ar 104. Variation in cue reliance between subjects may
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subject �
dur

�
F1 �

F2 Cue weight
ar 008 -1.31 4.64 0.35 -0.35
ar 009 -1.54 4.74 0.46 -0.42
ar 010 -1.39 4.53 0.08 -0.43
ar 014 -1.95 4.95 0.32 -0.59
ar 019 -1.56 4.83 0.39 -0.43
ar 026 -1.55 4.75 0.46 -0.43
ar 029 -1.64 4.66 0.25 -0.50
ar 031 -1.42 4.52 0.13 -0.44
ar 101 -1.74 4.81 0.41 -0.50
ar 104 -1.03 4.37 0.21 -0.29
ar 105 -1.16 4.62 0.57 -0.29
ar 106 -1.44 4.49 -0.01 -0.47
ar 108 -1.15 4.57 0.40 -0.30

Table 4.3: Binary logistic regression coe�cients for predictors duration, F1, and F2. These
coe�cients were used to calculate cue weighting scores for each subject.

be an e↵ect of relative Spanish and Welsh language dominance. This prediction is tested

in section 4.3.3.

4.3.3 E↵ect of language background on relative cue weighting

A linear regression model was created to test the contribution of individual participants’

language background information to their reliance on duration relative to vowel quality cues

in Welsh vowel identification. Relative cue reliance was the dependent variable of the model.

The independent predictors included in the model were results of subjects’ responses to the

Bilingual Language Profile language background questionnaire as described in section 4.2,

which resulted in four numeric scores: language history, language use, language proficiency,

and language attitudes, as well as a fifth overall numeric measure of language dominance.

These scores were centered and scaled before being included in the model.

Language use, proficiency, attitudes, and overall language dominance were not found

to be significant predictors of participants’ cue-weighting scores, and were excluded from

the final model. The final model was able to account for 36.9% of the variance in the data

(R2=0.368, F(1,11)=6.43, p<0.03). Language history contributed significantly to prediction



106

Figure 4.7: Logistic regression coe�cients of duration and F1 of individual subjects. The
e↵ect of spectrum was relatively similar between subjects (little vertical variability), while
the e↵ect of duration was more variable between subjects.
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of cue-weighting scores (� = 0.053, p<0.03); a one unit increase in the transformed language

history variable resulted in an increase in the cue-weighting score of 0.0528 (table 4.4). The

more history participants reported having with the Welsh language, the more strongly they

relied on duration in identification of Welsh vowels.

Estimate Std. Error t value Pr(>|t|)
(Intercept) -0.4139 0.0207 -20.01 0.0000

trans.history welsh 0.0528 0.0208 2.54 0.0277

Table 4.4: Results of linear regression of cue weighting against transformed participant
language history scores.

4.4 Discussion

An AXB task was used to test Welsh vowel identification ability of a group of Welsh-

Spanish bilinguals. The results of the AXB task were submitted to logistic regression,

testing the contribution of acoustic properties of the synthesized vowel stimuli to participant

performance on the task. Participants relied on vowel duration, F1, and F2 to di↵erent

extents in the decision-making process. To investigate a potential reason for these di↵erences

between participants, a linear mixed e↵ects model was created to test whether language

background factors such as language dominance, history with Welsh, and frequency of

Welsh use as opposed to Spanish were responsible. Results indicated that language history

predicted the weight assigned by participants to duration in the identification of Welsh

vowels.

Cross-linguistic interference (CLI) in the language systems of bilinguals was predicted

to be influenced by an individual’s language dominance. Speakers who are more dominant

in language A than language B were predicted to show stronger e↵ects of CLI of language

A on language B than vice versa. Because of di↵erences in the size of vowel inventory

and use of acoustic cues to vowel identity in both languages, it was hypothesized that CLI

from Spanish would likely influence vowel identification ability and the relative amount that

participants would rely on duration and vowel quality as cues to Welsh vowel identity.
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Participants who reported having more history with the Welsh language (a composite

score calculated based on age of Welsh acquisition, amount of Welsh-medium education, and

amount of time spent in a family that spoke Welsh) were shown to rely more strongly on

vowel duration than were participants with comparatively less experience with the Welsh

language. Interestingly, an e↵ect of language history did not go hand-in-hand with the

predicted e↵ect of language dominance. This indicates that past experience with a non-

dominant language (in this case, Welsh) has a stronger e↵ect on the perception of vowels

in that language than does current use of the language, proficiency with the language, and

attitudes toward the language, which were the other three major components of the lan-

guage dominance score. The e↵ect of past language experience demonstrated here supports

previous work with fluent bilinguals which has shown that age of acquisition is one of the

strongest predictors of L2 perception ability.

Overall, participants were found to rely more strongly on vowel quality than on vowel

duration in their identification of Welsh long and short vowels. This result was contrary

to the hypothesis that Spanish bilinguals would rely on duration over relatively narrow

di↵erences in vowel quality for vowel identification purposes, as has been shown for L1

Spanish learners of English as an L2 (Kondaurova and Francis, 2008, Escudero and Boersma,

2004, Bohn, 1995). Variation in the weight assigned to duration and vowel quality as

cues to vowel identity between subjects was not found to be attributable to individuals’

relative dominance in Spanish, but language history did play a role. Linear mixed e↵ects

analysis of relative cue-weighting (4.3.3) revealed that relative reliance on vowel duration

increased as participant history with the Welsh language increased. Individual variation in

the successful perception and identification of phonemic categories is clear from these results,

but more research is needed to pin down the specifics of the factors underlying that variation.

Comparison of the Welsh-Spanish bilingual group to Welsh-English bilinguals, who are

a↵ected by cross-linguistic interference from English (rather than Spanish) is necessary

to elucidate general e↵ects of language dominance and cross-linguistic interference in the

bilingual mind.

Using synthesized vowel stimuli allowed the amount of variation between contrasting
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vowel categories to be controlled. However, it also made the task less natural for the partic-

ipants, although the possibility of improvement is pending the development and availability

of more natural-sounding speech synthesis. Variation between categories in the task stimuli

was drawn directly from between-category variation in recorded Welsh speech, but may not

have accurately reflected the variation that this group of participants is subject to in daily

life. Importantly, stimuli were synthesized based on acoustic measurements extracted from

Welsh-English bilinguals in Wales, but the test population was Welsh-Spanish bilinguals in

Argentina. Not only are both populations likely to be subject to cross-linguistic interference

from their other language, they are also subject to any e↵ects that being surrounded by

Spanish or English speech on a daily basis may have.

It is possible that the use of isolated vowel stimuli a↵ect listeners’ judgment of categorical

boundaries. Because vowels produced in natural speech vary in duration depending on

speech speed, the duration of a phonemically long vowel may be shorter in fast speech than

the duration of a phonemically short vowel in slow speech. Furthermore, the acoustic values

on which the synthesized stimuli were based were collected in a laboratory setting, which

may have led to hyperarticulation (Schouten and Van Hessen, 1992) or at least a lack of

natural reduction (Ernestus and Warner, 2011). To ameliorate the e↵ect these issues may

have on future data collection, it may be possible to present an entire AXB stimulus trial

within a frame sentence that would cue participants as to the speed of speech they are being

asked to judge. It may also prove useful to collect acoustic values on which to base stimulus

synthesis from connected natural speech, perhaps from available audio corpora such as the

Siarad or Patagonia corpora of Welsh bilingual speech (Deuchar et al., 2014).

The range of acoustic values that correspond to a particular vowel category is variable

between languages, and likely also between speakers. Within a language, in this case Welsh,

the range of values (both frequency and duration) that separate a production of /i:/ from one

of /i/ are di↵erent from the range that separates /a:/ from /a/. More in-depth investigation

of the potential e↵ects of this contrast is beyond the scope of this paper, but would likely

prove valuable in enhancing the broader understanding of how di↵erences in the extent of

variation both within and between categories a↵ects speech perception cross-linguistically.
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Chapter 5

Conclusion

This dissertation has presented the results of a series of experimental investigations of the

vocalic system of the dialect of Welsh spoken in Argentina. Using a variety of methods

developed in the fields of psycholinguistics, phonetics, and laboratory phonology, the three

articles that comprise this dissertation present a multifaceted view of Argentinean Welsh,

with a focus specifically on the vocalic system. Several overarching themes connect the

articles presented here. In order of increasing breadth, they are:

1. Cross-linguistic influence from Spanish (as opposed to from English) is responsible for

di↵erences between the vocalic systems of Welsh in Argentina and Welsh in Wales.

2. Experience with the less dominant language or L2 a↵ects production and perception.

3. L2 production and perception ability are related, and their relationship can be quan-

tified experimentally.

Cross-linguistic influence arises from contact between contrasting linguistic systems

within one mind. It can manifest in a variety of ways and across every aspect of language,

from syntax to morphology to phonetics. The focus here is on dynamic cross-linguistic inter-

ference, which occurs spontaneously during speech production and perception. Unlike static

interference, which consists of a mis-application of an La feature to the grammar of the Lb,

dynamic interference occurs during speech when La knowledge impedes the implementation

of Lb knowledge.1 One of the most common examples of dynamic interference is a foreign

accent, in which L2 production is consistently influenced by interference from the L1 sound

system. In the case of Welsh, di↵erences in the e↵ects of cross-linguistic interference from

Spanish and English were hypothesized to appear in the language’s vocalic system. Spanish

1La and Lb are used here instead of L1 and L2 in order to describe cross-linguistic interference
from second language acquisition as well as in a bilingual situation, where acquisition may have been
simultaneous.
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has a five vowel system, while Welsh and English have, at minimum, eleven and ten vowels

respectively, meaning that for a Spanish speaker to completely acquire the vocalic system

of Welsh or English, they must divide their extant vowel categories to accommodate novel

categories and contrasts. Acquisition of multiple L2 categories which assimilate perceptu-

ally to a single L1 category is generally considered to be di�cult (Best, 1995, Escudero,

2005). In the mind of a bilingual speaker of Spanish and Welsh, the amount of influence

that vocalic system di↵erences have on vowel production and perception may be due to a

number of factors, including language background and linguistic experience.

The most common measure of linguistic experience is age of acquisition; the earlier a

language was acquired, the more experience a speaker has with it. Language dominance

often goes hand-in-hand with past language experience, but not always (see Casillas (2015)

for one exception). Dominance of one language as opposed to another is due to a com-

bination of factors, including how often the language is spoken and in what contexts. If

a language is only used in specific contexts, like worship, or with only a few people, it is

unlikely to be the dominant language. Grosjean (2010) discusses the e↵ect that language

dominance can have on production and perception; language ability is generally understood

to be greater in the dominant language. Whether speech perception and production ability

are equally a↵ected by di↵erences in language dominance is uncertain.

A great deal of research has investigated whether L2 production and perception ability

are correlated with each other (Sheldon and Strange, 1982, Hombert and Carre, 1999,

Wang and Munro, 1999, Flege et al., 1997, 1999). This investigation of vowel production

and perception ability addresses the issue using data collected from a novel population,

Welsh-Spanish bilinguals in Argentina. The methods used to quantify this relationship are

addressed in the sections below, which are divided according to chapter.

5.1 Chapter 2: Production

Chapter 2 addresses the production of Welsh vowels by speakers of two dialects of Welsh,

Northern Welsh, which is spoken in Wales, and Argentinean Welsh. Comparison of these

dialects led to several conclusions. First, it was revealed that the acoustic cues used in



112

production to contrast phonemically long and short vowels in Welsh are di↵erent between

the two dialects. While Northern Welsh speakers rely generally on both spectral quality

and duration to distinguish long and short vowels in production, Argentinean Welsh speak-

ers rely more strongly on spectral quality. The inconsistency of reliance on duration was

hypothesized to be due to cross-linguistic influence from Argentinean Spanish, a language

which lacks phonemic contrasts in vowel duration. A subsequent analysis of the vowels of

the Spanish dialect in question was undertaken. It was revealed that di↵erences in the pro-

duction of phonemic vowel duration coincide with the absence of strong allophonic variation

in vowel duration in Argentinean Spanish. Spectrally, the vocalic system of Argentinean

Welsh aligned near-completely with that of Argentinean Spanish, indicating that cross-

linguistic interference may have caused a shift in the production of vowels in Argentinean

Welsh to be more similar to the vowels of Spanish.

5.2 Chapter 3: Discrimination

Chapter 3 reports the result of a vowel discrimination task. The task was designed to test

the ability of Welsh-Spanish bilinguals to discriminate phonemically long and short vowels

from each other. Productions of real Welsh words produced by Northern Welsh speaking

bilinguals in Wales were used to create a 4-item oddity task. Participants were asked to

identify the odd word out within each four word trial. The results of the task, while over-

all poor, were found to be correlated with individuals subjects’ vowel production ability

(quantified linear discriminant categorization of vowel productions by a model based on

Welsh-English bilingual speech) and with the amount of history with the Welsh language

participants reported having. The correlation of perception and production ability demon-

strated in the paper supports and adds to a growing body of research investigating the

nature of the perception-production interface in the bilingual mind.

5.3 Chapter 4: Identification

Chapter 4 investigated vowel perception ability through the lens of vowel identification,

rather than vowel discrimination, as was reported in chapter 3. Synthetic Welsh vowel
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stimuli were used to investigate the extent to which Welsh-Spanish bilinguals di↵ered in

their reliance on a set of acoustic cues used in Welsh vowel production. The set of test

items consisted of vowels synthesized to fall along several acoustic continua including F1,

F2 and duration. Participants had to match each test stimulus with acoustic cues that

fell somewhere along these continua two one of two flanking tokens whose acoustic values

were identical to mean values for the target vowels. Analysis of participant responses

demonstrated that again, language history was the only language background factor that

was a significant predictor of participant performance on the vowel discrimination task.

Participants who reported greater and earlier exposure to the Welsh language relied more

strongly on vowel duration in their identification of Welsh vowels, than did those with less

or later exposure. Overall, all participants relied more strongly on vowel quality di↵erences

than on duration in making their vowel identification decisions, a result which contradicted

the prediction that cross-linguistic influence with Spanish would predispose Welsh speakers

to rely on duration over vowel quality, as they have been shown to do in English (Flege,

1991, Morrison, 2008, Kondaurova and Francis, 2008, Escudero and Chládková, 2010).

5.4 Future directions

Cross linguistic interference has been shown to be responsible for di↵erences between the

dialects of Welsh investigated here, but other factors are most likely in play as well. Ad-

ditional research in the future is necessary to tease apart other potential influences on the

modern dialect of Welsh spoken in Argentina. Historical language change (also influenced

by Spanish bilingualism), e↵ects of second language acquisition of Welsh with a Spanish L1,

and contact with native Welsh speakers from Wales all warrant further individual attention.

5.4.1 Historical language change

The original Welsh immigrants to Argentina in 1865 came from all over Wales, and what

dialects of Welsh they spoke is unknown. It is unlikely that the colonists all spoke a

single dialect. Later waves of immigration from Wales to Argentina would have introduced

additional varieties, as well as novel changes in the language innovated during the time
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since the departure of the first colonists from Wales. The mixing of multiple dialects of

Welsh amongst the colonists likely led to the establishment of an idiosyncratic dialect of

Argentinean Welsh even before Spanish bilingualism became common in the population.

Furthermore, the Welsh dialects spoken in the 19th century likely di↵ered from those spoken

today. Perhaps comparison of historical dialects of Welsh in Wales with modern dialects

today could illuminate changes that may also have arisen in Argentinean Welsh, but the past

and present linguistic context of the dialect was and remains very complicated. Focusing

on historical change as the driver of modern di↵erences in Argentinean Welsh is not likely

to be productive.

5.4.2 Second language acquisition

It is also important to consider the potential e↵ects of second language acquisition of Welsh

both on the speech of individuals and on the Argentinean Welsh dialect as a whole. While

older adult speakers of Welsh in Argentina today report childhood acquisition of Welsh in

the home, sometimes alongside Spanish, many younger speakers learned Welsh as a second

language, either in a formal education setting or through community language programs.

Second language acquisition of Welsh may have e↵ects di↵erent to those from cross-linguistic

influence of Spanish in the Welsh bilingual population. Comparison of the e↵ects of di↵erent

methods of Welsh acquisition among members of the Argentinean Welsh community of all

ages would be a valuable direction for future research. Additionally, the presence of a

thriving system of Welsh-medium primary schools presents an opportunity to investigate

the course of childhood acquisition of Welsh. Most students in Welsh schools in Argentina

do not speak Welsh as a home language, but acquire it through passive and active learning

in the school setting, where half of the instructional time is conducted in Welsh and half in

Spanish, as mandated by Argentinean law.

5.4.3 Contact with Welsh educators

Welsh education in Argentina exists in several forms, including in Welsh-Spanish bilingual

primary schools, in Spanish medium schools that o↵er second language instruction in Welsh,
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and in extracurricular courses for adults. Educators from Wales play a major role in lan-

guage education in all of these contexts, often working alongside local educators who may or

may not speak Welsh as well as Spanish. The teacher exchange program that sends Welsh

teachers to Argentina works on a yearly basis, during which four to five trained Welsh lan-

guage educators re-locate to Welsh communities in Argentina. The program has existed in

one form or another since 1987, and the presence of non-Spanish-speaking Welsh residents

of these Welsh communities is treated as natural.

For beginning L2 Welsh and L1 Spanish speakers of any age, a great deal of Welsh input

they receive comes from this group educators, all of whom are bilingual Welsh and English

speakers. Furthermore, they are often of southern Welsh origin, meaning that they lack the

high central vowels /1 1:/, which have merged with /i i:/ in their dialect. The e↵ect that this

may have on the acquisition of Welsh by L1 Spanish speakers has not yet been investigated.

It is possible that even if L1 speakers of the Argentinean dialect of Welsh preserve the /1

1:/ and /i i:/ contrasts, it may not be passed on to younger L2 speakers, due to greater

exposure to Southern Welsh produced by Welsh educators in the community.

Future research will benefit from explicitly taking all these factors into account, as well

as from considering the contributions that comparison of these data with data collected from

Welsh-English bilinguals in Wales could make. The e↵ects of cross-linguistic interference

from two di↵erent majority language on a single minority language with no remaining mono-

lingual speakers have not been studied, and the Welsh community in Argentina provides a

unique opportunity to expand the field in that area.

5.5 Minority language bilingualism

Investigation of the consequences of bilingualism with an endangered minority language and

a global majority language is necessary to expand our understanding of language interaction

in the mind. A great deal of bilingual research focuses on language pairs that have similar,

if not equal, status in the speaker community (Catalan and Spanish in Barcelona, Canadian

French and English in Montreal, or Arabic and French in Morocco). The influence of past

colonization and present globalization makes such situations increasingly rare, as globally
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dominant languages such as English, Mandarin Chinese, Spanish, and French continue to

grow in influence and power. According to Ethnologue, almost three billion people, or 40%

of the world’s population, speak at least one of only eight majority languages as an L1, and

the number who speak one of those languages as an L2 is almost certainly higher (Lewis

et al., 2015). Indigenous languages around the world are especially threatened, and few are

lucky enough to have the resources available to speakers of Welsh today. If not for the e↵orts

of Welsh speakers in the 19th and 20th centuries who fought to maintain their language,

it may have been lost, or diminished to a point at which revival would have been unlikely.

Instead, Welsh is spoken today in both Wales and Argentina, by thriving communities who

have made language maintenance and revitalization their goal.
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Appendix A

Chapter 1

A.1 Bilingual Language Profile questionnaires

Included below are English, Spanish, and Welsh Bilingual Language Profile questionnaire

translations. PDF and Google Forms versions of the questionnaire are available from https:

//sites.la.utexas.edu/bilingual/.

https://sites.la.utexas.edu/bilingual/
https://sites.la.utexas.edu/bilingual/


1 

 

Bilingual Language Profile: English-Spanish 
 

We would like to ask you to help us by answering the following questions concerning your language history, use, 

attitudes, and proficiency. This survey was created with support from the Center for Open Educational Resources 
and Language Learning at the University of Texas at Austin to better understand the profiles of bilingual speakers in 

diverse settings with diverse backgrounds. The survey consists of 19 questions and will take less than 10 minutes to 

complete. This is not a test, so there are no right or wrong answers. Please answer every question and give your 

answers sincerely. Thank you very much for your help. 
 
 

I. Biographical Information 
 

Name _____________________________________________________  Today’s Date  _____/_____/________                  

 

Age_____       Male /     Female   Current place of residence: city/state________________  country_____________   

 

Highest level of formal education:  Less than high school    High school             Some college 
      College (B.A., B.S.)               Some graduate school       Masters  

              PhD/MD/JD                            Other: ____________ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please cite as : 
Birdsong, D., Gertken, L.M., & Amengual, M. Bilingual Language Profile: An Easy-to-Use Instrument to Assess 
Bilingualism. COERLL, University of Texas at Austin. Web. 20 Jan. 2012. <https://sites.la.utexas.edu/bilingual/>. 
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II. Language history 
In this section, we would like you to answer some factual questions about your language history by placing a check in the appropriate box. 
 
1. At what age did you start learning the following languages? 
 
    English     
              
     Since birth   1       2        3        4        5        6        7        8        9        10        11       12        13        14        15        16        17        18        19        20+ 
  
    Spanish     
              
     Since birth   1       2        3        4        5        6        7        8        9        10        11       12        13        14        15        16        17        18        19        20+ 
  
 
2. At what age did you start to feel comfortable using the following languages?     
 
    English     
              
   As early as I  1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+   not yet 
   can remember  

  
    Spanish     
              
   As early as I  1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+   not yet 
   can remember  

 
 
3. How many years of classes (grammar, history, math, etc.) have you had in the following languages (primary school through university)? 

 
    English     
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Spanish  

              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
 
 
4. How many years have you spent in a country/region where the following languages are spoken?  
 
    English  

              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Spanish  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
 
 
5. How many years have you spent in a family where the following languages are spoken?      
 
    English 
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Spanish  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
  
 
6. How many years have you spent in a work environment where the following languages are spoken?        
 
    English 
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
  
    Spanish          
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+



3 

 

III. Language use 
In this section, we would like you to answer some questions about your language use by placing a check in the appropriate box. Total use for 
all languages in a given question should equal 100%. 
 
7. In an average week, what percentage of the time do you use the following languages with friends?         
       
 English           

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Spanish         

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 

 Other languages         

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
    
 
8. In an average week, what percentage of the time do you use the following languages with family?    
      

 English           

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Spanish          

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Other languages         

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 
9. In an average week, what percentage of the time do you use the following languages at school/work?    
      

 English           

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Spanish          

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Other languages         

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
    
10. When you talk to yourself, how often do you talk to yourself in the following languages?   

      
 English           

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Spanish          

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Other languages         

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
    

11. When you count, how often do you count in the following languages?   
      
 English           

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Spanish          

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Other languages         

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
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IV. Language proficiency  
In this section, we would like you to rate your language proficiency by giving marks from 0 to 6.  
 
         0=not well at all    6=very well 

12. a. How well do you speak English?                                           0         1         2         3        4       5        6  
                          
      b. How well do you speak Spanish?                                          0         1         2         3        4       5        6 

 
 

13. a. How well do you understand English?                                  0         1         2         3        4       5        6   
                          
      b. How well do you understand Spanish?                                    0         1         2         3        4       5        6  

 

    
14. a. How well do you read English?                                            0         1         2         3        4       5        6   

                          
      b. How well do you read Spanish?                                           0         1         2         3        4       5        6  

 
 

15. a. How well do you write English?                                            0         1         2         3        4       5        6   
                          

      b. How well do you write Spanish?                                            0         1         2         3        4       5        6  
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V. Language attitudes 
In this section, we would like you to respond to statements about language attitudes by giving marks from 0-6.   
       
         0=disagree        6=agree 

16. a. I feel like myself when I speak English.                    0         1         2         3        4       5        6  
                     
      b. I feel like myself when I speak Spanish.                    0         1         2         3        4       5        6  
 
 
17. a. I identify with an English-speaking culture.                                  0         1         2         3        4       5        6  
 
      b. I identify with a Spanish-speaking culture.                                0         1         2         3        4       5        6  

 
 
18. a. It is important to me to use (or eventually use) English like a native speaker.           0         1         2         3        4       5        6  
       
      b. It is important to me to use (or eventually use) Spanish like a native speaker.            0         1         2         3        4       5        6  
 
 
19. a. I want others to think I am a native speaker of English.                             0         1         2         3        4       5        6  

       
      b. I want others to think I am a native speaker of Spanish.                            0         1         2         3        4       5        6  
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Bilingual Language Profile: Spanish-English 
 
Nos gustaría pedir su ayuda para contestar a las siguientes preguntas sobre su historial lingüístico, uso, actitudes y 

competencia. Esta encuesta ha sido creada con el apoyo del ‘Center for Open Educational Resources and 
Language Learning’ de la Universidad de Texas en Austin para poder tener un mayor conocimiento sobre los 

perfiles de hablantes bilingües independientemente de sus diversos orígenes y en diferentes contextos. La encuesta 

contiene 19 preguntas y le llevará menos de 10 minutos para completar. Esto no es una prueba, por tanto no hay 

respuestas correctas ni incorrectas. Por favor conteste cada pregunta y responda con sinceridad, ya que solamente 
así se podrá garantizar el éxito de esta investigación. Muchas gracias por su ayuda.  

 

 
 

I. Información biográfica 
 

Nombre _____________________________________________________  Fecha de hoy  _____/_____/________                  

 

Edad_____       Hombre /     Mujer  Lugar de residencia actual: ciudad_________________  País_______________   

 

Nivel más alto de formación académica: Menos de la escuela secundaria    Escuela Secundaria                                                
Un poco de universidad    Universidad (diplomatura, licenciatura.) 

       Un poco de escuela graduada       Máster  
               Doctorado                              Otra: ____________ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please cite as : 
Birdsong, D., Gertken, L.M., & Amengual, M. Bilingual Language Profile: An Easy-to-Use Instrument to Assess 
Bilingualism. COERLL, University of Texas at Austin. Web. 20 Jan. 2012. <https://sites.la.utexas.edu/bilingual/>. 
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II. Historial lingüístico 
En esta sección, nos gustaría que contestara algunas preguntas sobre su historial lingüístico marcando la casilla apropiada.  
 
1. ¿A qué edad empezó a aprender las siguientes lenguas? 
 
    Español     
              
     Desde el      1       2        3        4        5        6        7        8        9        10        11       12        13        14        15        16        17        18        19        20+ 
    Nacimiento 
 

    Inglés     
              
     Desde el      1       2        3        4        5        6        7        8        9        10        11       12        13        14        15        16        17        18        19        20+ 
    Nacimiento 

 

2. ¿A qué edad empezó a sentirse cómodo usando las siguientes lenguas?     
 
    Español     
              
   Tan pronto    1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+   aún no 
   como recuerdo  

  
    Inglés     
              
   Tan pronto    1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+   aún no 
   como recuerdo  

 
 
3. ¿Cuántos años de clases (gramática, historia, matemáticas, etc.) ha tenido en las siguientes lenguas (desde la escuela primaria a la 
universidad)? 
 
    Español     
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Inglés  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
 

 
4. ¿Cuántos años ha pasado en un país/región donde se hablan las siguientes lenguas?  
 
    Español  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Inglés  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
 
 
5. ¿Cuántos años ha pasado en familia hablando las siguientes lenguas?      

 
    Español 
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Inglés  

              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
  
 
6. ¿Cuántos años ha pasado en un ambiente de trabajo donde se hablan las siguientes lenguas?        
 
    Español 

              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
  
    Inglés          
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+
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III. Uso de lenguas 
En esta sección, nos gustaría que contestara algunas preguntas sobre su uso de lenguas marcando la casilla apropiada. El uso total de todas 
las lenguas en cada pregunta debe llegar al 100%. 
 
7. En una semana normal, ¿qué porcentaje del tiempo usa las siguientes lenguas con sus amigos?         
       
 Español           

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Inglés         

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 

 Otras lenguas         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
    
 
8. En una semana normal, ¿qué porcentaje del tiempo usa las siguientes lenguas con su familia?    
      

 Español           

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Inglés          

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Otras lenguas         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 
9. En una semana normal, ¿qué porcentaje del tiempo usa las siguientes lenguas en la escuela/el trabajo?    
      

 Español           

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Inglés          

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Otras lenguas         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
    
10. Cuando se habla a usted mismo, ¿con qué frecuencia se habla a sí mismo en las siguientes lenguas?   

      
 Español           

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Inglés          

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Otras lenguas         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
    

11. Cuando hace cálculos contando, ¿con qué frecuencia cuenta en las siguientes lenguas?   
      
 Español           

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Inglés          

                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Otras lenguas         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
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IV. Competencia  
En esta sección, nos gustaría que considerara su competencia de lengua marcando la casilla de 0 a 6. 
 
         0=no muy bien    6=muy bien 

12. a. ¿Cómo habla en Español?                                            0         1         2         3        4       5        6  
                          
      b. ¿Cómo habla en Inglés?                                           0         1         2         3        4       5        6 

 
 

13. a. ¿Cómo entiende en Español?                                   0         1         2         3        4       5        6   
                          
      b. ¿Cómo entiende en Inglés?                                     0         1         2         3        4       5        6  

 

    
14. a. ¿Cómo lee en Español?                                             0         1         2         3        4       5        6   

                          
      b. ¿Cómo lee en Inglés?                                            0         1         2         3        4       5        6  

 
 

15. a. ¿Cómo escribe en Español?                                            0         1         2         3        4       5        6   
                          

      b. ¿Cómo escribe en Inglés?                                                           0         1         2         3        4       5        6  
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V. Actitudes 
En esta sección, nos gustaría que contestara a las siguientes afirmaciones sobre actitudes lingüísticas marcando las casillas de 0 a 6. 
       
         0=no estoy de acuerdo       6=estoy de acuerdo 

16. a. Me siento “yo mismo” cuando hablo en Español.                   0         1         2         3        4       5        6  
                     
      b. Me siento “yo mismo” cuando hablo en Inglés.                   0         1         2         3        4       5        6  
 
 
17. a. Me identifico con una cultura Hispanohablante.                   0         1         2         3        4       5        6  
 
      b. Me identifico con una cultura Anglohablante.                                0         1         2         3        4       5        6  

 
 
18. a. Es importante para mi usar (o llegar a usar) Español como un hablante nativo.       0         1         2         3        4       5        6  
       
      b. Es importante para mi usar (o llegar a usar) Inglés como un hablante nativo.           0         1         2         3        4       5        6  
 
 
19. a. Quiero que los demás piensen que soy un hablante nativo de Español.              0         1         2         3        4       5        6  

       
      b. Quiero que los demás piensen que soy un hablante nativo de Inglés.                   0         1         2         3        4       5        6  
 
 
 



Bilingual Language Profile: Welsh-Spanish 

Proffil Iaith Dwyieithog: Cymraeg-Sbaeneg 

Hoffen ni ofyn i chi ein helpu ni gan ateb y cwestiynau canlynol ar eich cefndir iaith, defnydd 
iaith, hyfedredd iaith ac agweddau iaith. Crewyd yr arolwg hwn gyda chefnogaeth gan Ganolfan 
Adnoddau Addysgol a Dysgu Iaith Prifysgol Texas yn Austin er mwyn deall proffiliau siaradwyr 
dwyieithog mewn sefyllfaoedd amrywiol ac o gefndiroedd amrywiol yn well. Mae'r arolwg yn 
cynnwys 19 cwestiwn a bydd yn cymryd llai na 10 munud i’w gwblhau. Nid prawf yw hwn, a 
does gan y cwestiynau ddim atebion cywir nag anghywir. Os gwelwch yn dda, darllenwch bob 
cwestiwn a rhowch eich atebion yn ofalus er mwyn sicrhau llwyddiant i’r astudiaeth. Diolch yn 
fawr iawn am eich cymorth. 

 

I. Gwybodaeth Bywgraffyddol 

Enw_______________________________________ Dyddiad______/______/_____ 

Oed______ ☐ Dyn / ☐ Dynes Man preswylio cyfredol: Dinas/Sir____________Gwlad_______ 

Lefel uchaf o addysg ffurfiol: 

 

 

 

 

  

☐ Llai nag ysgol uwchradd ☐ Ysgol uwchradd   ☐ Rhywfaint o brifysgol 
☐ Prifysgol (BA, BS) ☐ Rhywfaint o brifysgol raddedigion ☐ Gradd meistr 
☐ PhD / MD / ayyb ☐ Arall:__________ 



II. Cefndir iaith 

Yn yr adran hon, hoffen ni i chi ateb rhai cwestiynau ffeithiol am eich cefndir iaith chi. 

1. Pa oed ddechreuoch chi ddysgu’r ieithoedd canlynol? 
Cymraeg 
 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
Ers 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+ 
geni 
Sbaeneg 
 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
Ers 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+ 
geni 
 

2. Pa oed ddechreuoch chi deimlo’n gyfforddus yn siarad yr ieithoedd canlynol? 
Cymraeg 
 ☐  ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
Ers dw i’n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+     ddim eto 
gallu cofio 
Sbaeneg 
 ☐  ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
Ers dw i’n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+     ddim eto 
gallu cofio 
 

3. Faint o flynyddoedd o addysg (gramadeg, hanes, mathemateg, ac ati) gafoch chi yn yr ieithoedd 
canlynol (ysgol gynradd drwy brifysgol)? 

Cymraeg 
 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+ 
Sbaeneg 
 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+ 
 

4. Am faint o flynyddoedd ydych chi wedi bod mewn gwlad/ardal lle mae'r ieithoedd canlynol yn cael 
eu siarad? 

Cymraeg 
 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+ 
Sbaeneg 
 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+ 
 

5. Am faint o flynyddoedd ydych chi bod mewn teulu lle mae'r ieithoedd canlynol yn cael eu siarad? 
Cymraeg 
 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+ 
Sbaeneg 
 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+ 



6. Am faint o flynyddoedd ydych chi bod mewn amgylchedd gwaith lle mae'r ieithoedd canlynol yn 
cael eu siarad? 

Cymraeg 
 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+ 
Sbaeneg 
 ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+ 
 

III. Defnydd iaith 

Yn yr adran hon, hoffen ni i chi ateb rhai cwestiynau am eich defnydd iaith chi. Dylai cyfanswm 
defnydd iaith ar gyfer pob cwestiwn fod yn 100%. 

7. Mewn wythnos arferol, am ba ganran o'ch amser ydych chi'n defnyddio'r ieithoedd canlynol 
gyda ffrindiau? 

Cymraeg ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Sbaeneg ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Ieithoedd eraill ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
 
8. Mewn wythnos arferol, am ba ganran o'ch amser ydych chi'n defnyddio'r ieithoedd canlynol 

gyda'ch teulu? 

Cymraeg ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Sbaeneg ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Ieithoedd eraill ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
 
9. Mewn wythnos arferol, am ba ganran o'ch amser ydych chi'n defnyddio'r ieithoedd canlynol 

yn yr ysgol/y gwaith? 

Cymraeg ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Sbaeneg ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Ieithoedd eraill ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
 
  



10. Pan ydych chi'n siarad wrthoch chich hunan, pa mor aml ydych chi'n siarad wrthoch chi’ch 
hunan yn yr ieithoedd canlynol? 

Cymraeg ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Sbaeneg ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Ieithoedd eraill ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
 
11. Pan ydych chi'n cyfrif, pa mor aml ydych chi'n cyfrif yn yr ieithoedd canlynol? 

Cymraeg ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Sbaeneg ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Ieithoedd eraill ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
 

IV. Hyfedredd/gallu iaith 

Yn yr adran hon, hoffen ni i chi amcangyfrif eich hyfedredd iaith trwy roi amcangyfrifon o 0 i 6. 

 

12. a.  Pa mor dda ydych chi'n siarad Cymraeg? 
b. Pa mor dda ydych chi'n siarad Sbaeneg? 

 

13. a.  Pa mor dda ydych chi'n deallt Cymraeg? 
b. Pa mor dda ydych chi'n deallt Sbaeneg? 

 

14. a.  Pa mor dda ydych chi'n darllen Cymraeg? 
b. Pa mor dda ydych chi'n darllen Sbaeneg? 

 

15. a.  Pa mor dda ydych chi'n ysgrifennu Cymraeg? 
b. Pa mor dda ydych chi'n ysgrifennu Sbaeneg? 

 

  

0=ddim yn dda o gwbl        6=yn dda iawn 
☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 
☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 

 

☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 
☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 

 

☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 
☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 

 

☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 
☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 

 



V. Agweddau iaith 

Yn yr adran hon, hoffen ni i chi ymateb i ddatganiadau o amgylch agweddau at iaith trwy roi 
amcangyfrifon o 0 i 6. 

 

 1. a.  Dw i'n teimlo fel fi fy hun wrth siarad Cymraeg. 
b. Dw i'n teimlo fel fi fy hun wrth siarad Sbaeneg. 

 

2. a.  Dw i'n uniaethu efo diwylliant siarad-Cymraeg. 
b. Dw i'n uniaethu efo diwylliant siarad-Sbaeneg. 

 

3. a.  Mae'n bwysig i mi ddefnyddio (neu ddefnyddio  
yn y diwedd) Cymraeg fel siaradwr mamiaith. 

b. Mae'n bwysig i mi ddefnyddio (neu ddefnyddio yn 
y diwedd) Sbaeneg fel siaradwr mamiaith. 

 

4. a. Dw i eisiau i bobl eraill feddwl mai siaradwr  
Cymraeg brodorol ydw i. 
b. Dw i eisiau i bobl eraill feddwl mai siaradwr 

Sbaeneg brodorol ydw i. 
 

 0=anghytuno    6=cytuno 
☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 
☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 

 

☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 
☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 

 

☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 
 
☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 

 

☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 

 
☐0 ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 
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Appendix B

Chapter 2

B.1 Northern Welsh items

item IPA gloss
hab /a/ [a:]
heb /e/ [e:] ‘without’
hib /i/ [i:]
hub /1/ [1:]
hob /o/ [o:]
hwb /u/ [u:]
hap /a/ [a]
hep /e/ [e]
hip /i/ [i]
hup /1/ [1]
hop /o/ [o]
hwp /u/ [u]
hâm /a:/ [a:]
hêm /e:/ [e:]
ĥım /i:/ [i:]
hûm /1:/ [1:]
hôm /o:/ [o:]
hŵm /u:/ [u:]
ham /a/ [a]
hem /e/ [e]
him /i/ [i]
hum /1/ [1]
hom /o/ [o]
hwm /u/ [u]
hymy /@/ [@]

Table B.1: Nonce words used to elicit productions of Welsh vowels from Welsh-English
bilinguals.
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B.2 Argentinean Welsh items

item IPA gloss
bad /a/ boat
bat /a/ bat
tan /a/ until
tân /a:/ fire
hed /e/ flight
het /e/ hat
llen /e/ curtain
llên /e:/ literature
�d /i/ feed
�t /i/ fit
pin /i/ pin
p̂ın /i:/ pine
cod /o/ code
cot /o/ coat
↵on /o/ stick
↵ôn /o:/ phone
cwd /u/ pouch
cwt /u/ tail
twn /u/ broken
tŵn /u:/ nonce
byd /1/ world
byt /1/ bit
cyn /1/ before
cŷn /1/ chisel

Table B.2: Nonce and real Welsh words used to elicit productions of Welsh vowels of
predictable and unpredictable length from Welsh-Spanish bilinguals.
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B.3 Spanish items

item vowel IPA gloss
padre a /"pa.dRe/ father
bata a /"ba.ta/ robe
dedo e /"de.do/ finger
beta e /"be.ta/ beta
ṕıdola i /"pi.do.la/ leapfrog
ćıtrico i /"si.tRi.ko/ citrus
código o /"ko.di.go/ code
coto o /"ko.to/ preserve
duda u /"du.da/ doubt
cutre u /"ku.tRe/ vulgar, common
tanto a /"tan.to/ so much
tenso e /"ten.so/ tense
tinta i /"tin.ta/ ink
tonto o /"ton.to/ fool
tundra u /"tun.dRa/ tundra
tanteo a /tan."teo/ score
tensión e /ten.si."on/ tension
tintero i /tin."te.Ro/ inkwell
tonter o /ton."ter/ nonsense
tuntún u /tun."tun/ thoughtlessly

Table B.3: Spanish items used to elicit vowel productions from Spanish monolinguals.
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Appendix C

Chapter 3

C.1 4-IO stimulus items

Vowel item IPA gloss
/i:/ t̂ın /ti:n/ ‘bottom’
/i/ tin /tin/ ‘tin can’
/e:/ llên /ìe:n/ ‘literature’
/e/ llen /ìen/ ‘curtain’
/a:/ tân /ta:n/ ‘fire’
/a/ tan /tan/ ‘until’
/o:/ tôn /to:n/ ‘tune’
/o/ ton /ton/ ‘wave’
/u:/ cŵn /ku:n/ ‘dogs’
/u/ crwn /krun/ ‘round’
/1:/ cŷn /c1:n/ ‘chisel’
/1/ cyn /c1n/ ‘before’

Table C.1: Welsh items recorded by Welsh-English bilinguals to create stimuli for a 4-IO
task.
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C.3 Welsh-Spanish bilingual production task items
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Item vowel following C gloss
can a n can
cân a n song
man a n place
mân a n small
tan a n until
tân a n fire
gen e n with
gên e n jaw
ger e r near
gêr e r gear
llen e n curtain
llên e n literature
pen e n head
pil i l pil
p̂ıl i l peel
pin i n pin
p̂ın i n pine
tim i m nonce
t̂ım i m team
↵on o n stick
↵ôn o n phone
mor o r as
môr o r sea
ton o n wave
tôn o n tune
↵urf u rf form
llun u n picture
llûn u n nonce
pum u m five
pur u r pure
un u n one
pwl w l fit
pŵl w l pool
twn w n broken
tŵn w n nonce
twr w r heap
tŵr w r tower
byr y r short
bŷr y r nonce
cyn y n before
cŷn y n chisel

Table C.3: Welsh words used to elicit productions of unpredictable length vowels from
Welsh-Spanish bilinguals.
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C.4 Welsh-English bilingual production task items

Item vowel
ham /a/
hâm /a:/
hem /e/
hêm /e:/
him /i/
ĥım /i:/
hum /1/
hûm /1:/
hom /o/
hôm /o:/
hwm /u/
hŵm /u:/

Table C.4: Nonce words used to collect long and short vowel productions fromWelsh-English
bilinguals.
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Appendix D

Chapter 4

D.1 Welsh-English bilingual production task items

short vowel gloss long vowel gloss
/a/ tan /tan/ until /a:/ tân /ta:n/ fire
/e/ llen /ìen/ curtain /e:/ llên /ìe:n/ literature
/i/ tin /tin/ tin /i:/ t̂ın /ti:n/ bottom
/o/ ton /ton/ wave /o:/ tôn /to:n/ tune
/u/ crwn /krun/ round /u:/ cŵn /ku:n/ dogs
/1/ cyn /k1n/ before /1:/ cŷn /k1:n/ chisel

Table D.1: Monosyllabic words used to collect long and short vowel productions from
Welsh-English bilinguals.
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