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exchanged ideas and helped each other. These people made my time in Barcelona so

memorable. I am so very grateful to Eva for sharing her phonological memory test and

our encouraging conversations. Special thanks goes to Mayya Levkina for the great time

we had working and spending spare time together, for her support and for being my friend.

My deepest thanks goes to my parents and my sister who have given me infinite love,

courage and guidance throughout my life. I would have never been who I am without

them. I wish to thank with all my heart my husband Viktor Kravchenko for broadening

my horizons, encouraging and supporting me (both morally and intellectually) throughout

this work. Finally, I wish to thank my son Daniel for being the strongest motivation to

finish this dissertation.

viii



Abstract

Many second language (L2) learners find L2 pronunciation difficult and experience

perception and production problems leading to accented speech. There exists a great

inter-learner variation in L2 phonological acquisition even among learners who have been

exposed to the L2 since childhood. Such individual differences have been the focus of

much second language acquisition (SLA) research. Relatively little attention has been

paid to the role of learners’ cognitive ability in the acquisition of L2 perceptual phono-

logical competence. This dissertation seeks to fill this gap by addressing the follow-

ing question: To what extent does cognitive ability contribute to learners’ acquisition of

L2 sounds? We hypothesized that phonological short-term memory, acoustic short-term

memory and attention control facilitate L2 learners’ acquisition of perceptual phonologi-

cal competence.

A group of 45 adult Catalan-Spanish bilingual learners of English were asked to par-

ticipate in a battery of L2 perception tests measuring their L2 vowel perception and cog-

nitive tests assessing their attention control ability and short-term memory capacity for

speech sounds. The target L2 sounds were those comprised in the English vowel contrasts

/i/-/I/, /I/-/E/, /A/-/2/, /A/-/æ/ and /2/-/æ/. The learners’ ability to perceive a cross-

language phonetic distance between these L2 vowels and those in their native language

(L1) and their success in establishing new phonetic categories for L2 vowels were as-

sessed by means of a perceptual assimilation task and a categorical vowel discrimination

task, respectively. The contribution of phonological short-term memory, acoustic short-

term memory and attention control was examined by relating the outcome measures of

cognitive tests to those of learners’ L2 vowel perception.

Overall, the results obtained partly confirmed the hypothesis. Short-term memory ca-

pacity for phonological and acoustic information and attention control ability significantly

contributed to explaining the variance in learners’ perception of L2 sounds. Attention

control and acoustic short-term memory were related to learners’ perception of cross-

language phonetic distance. Contrary to our predictions, larger phonological short-term

ix



memory and acoustic short-term memory capacities were associated with lower degree

of perceived phonetic distance between L2 and L1 sounds. In addition, lower attention

control was related to faster and more accurate discrimination of L2 sounds. Taken to-

gether, our findings indicate that cognitive ability plays a role in L2 learners’ acquisition

of perceptual phonological competence.

Keywords: individual differences, L2 perceptual phonological competence, phono-

logical short-term memory, acoustic short-term memory, attention control.
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Resumen

La mayorı́a de los aprendices de segundas lenguas (L2) tienen dificultades en la pro-

nunciación de una L2 y tienen problemas con la percepción y la producción del habla

que resultan en un acento extranjero. Existe una gran variación entre aprendices en

la adquisición fonológica de la L2, incluso entre los que han estado expuestos a su L2

desde la infancia. Tales diferencias individuales han sido el foco de investigación en la

adquisición de segundas lenguas. Se ha prestado relativamente poca atención al papel de

la capacidad cognitiva de los aprendices en la adquisición de la competencia perceptiva

en una L2. Esta tesis doctoral pretende llenar este vacı́o, abordando la siguiente pregunta:

¿En qué medida la capacidad cognitiva contribuye a la adquisición de los sonidos de una

L2? Nuestra hipótesis es que la memoria fonológica a corto plazo, la memoria acústica a

corto plazo y el control de la atención facilitan la adquisición de la competencia percep-

tiva de los aprendices de una L2.

Un grupo de 45 aprendices adultos catalán-español de inglés participaron en una

baterı́a de pruebas de percepción del habla midiendo su percepción vocalica en la L2

y de pruebas cognitivas midiendo su control de la atención y la capacidad de memoria

a corto plazo para los sonidos del habla. Las categorı́as fonéticas de la L2 en el foco

eran las comprendidas por los contrastes entre vocales inglesas /i/-/I/, /I/-/E/, /A/-/2/,

/A/-/æ/ y /2/-/æ/. La capacidad de los aprendices de percibir una distancia fonética

entre estas vocales y las de su lengua materna (L1) y su éxito en establecer vocales de

la L2 se evaluaron por medio de una tarea de asimilación perceptiva y una tarea de dis-

criminación de vocales, respectivamente. La contribución de la memoria fonológica, la

memoria acústica y el control de la atención se examinó relacionando las medidas cogni-

tivas con la percepción vocalica en la L2.

En general, los resultados obtenidos en parte confirman la hipótesis. La capacidad

de memoria a corto plazo para la información fonológica y acústica y el control de la

atención contribuyeron significativamente a explicar la variación en la percepción de los

sonidos de una L2. El control de la atención y la memoria acústica resultaron ser los
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mejores predictores del grado de la distancia fonética percibida entre los sonidos de la

L2 y la L1. Contrariamente a nuestras predicciones, la memoria fonológica y la memoria

acústica se asociaron con un mayor grado de similitud percibida entre los sonidos de

la L2 y la L1. Además, una menor capacidad del control de la atención se relacionó

con una percepción más precisa de oposiciones vocalicas de la L2. En conjunto, los

resultados sugieren que la capacidad cognitiva desempeña un papel en la adquisición de

la competencia perceptiva en una L2.

Palabras clave: las diferencias individuales, la competencia perceptiva en la L2, la

memoria fonológica, la memoria acústica, el control de la atención.
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Chapter 1

Introduction

All our knowledge is the offspring of our perceptions.

—LEONARDO DA VINCI (1452-1519)

1.1 Motivation of the dissertation

One of the goals people learning a second/foreign language (L2) pursue is to understand

L2 speech and to make themselves understood by an L2 speaker1. The ability to accu-

rately perceive and pronounce L2 sounds constitutes one of the L2 phonological aspects

learners have to master in order to achieve this goal. It has long been well established that

many learners struggle to accurately perceive and produce L2 sound contrasts that do not

signal differences in word meaning (henceforth phonological contrasts) in their native

language (L1; Flege & Hillenbrand, 1987; Goto, 1971; Mack, 1989; Pallier, Bosch, &

Sebastián-Gallés, 1997). Yet, there exist learners who accomplish this task with greater

ease than others and succeed in attaining a high level of L2 phonological competence.

Specifically, some learners are better able to accurately perceive and produce L2 sounds

than others. The explanation of this phenomenon requires joint efforts of the research in

second language acquisition (SLA) and psycholinguistics. This dissertation addresses the

1In the present dissertation the term “second language” will be used to refer to a language learned in a
naturalistic or formal instructional setting after an individual’s mother tongue(s) has been acquired.
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issue of inter-learner variation in L2 phonological competence by examining the role of

L2 learners’ cognitive skills in the acquisition of L2 phonological contrasts2.

According to the Common European Framework of Reference for Languages: learn-

ing, teaching, assessment (2002: 116-117) one of the core components of the phono-

logical competence is “the knowledge of, and skill in perception and production” of the

speech sounds (i.e. vowels and consonants) and the phonetic features distinguishing them.

The present dissertation is primarily concerned with L2 perceptual phonological compe-

tence, by which we understand the extent to which an L2 learner has established accurate

long-term representations for L2 sounds used contrastively in the L2 to convey differences

in meaning (i.e. L2 phonetic categories).

There are two reasons that explain the focus of this dissertation on perceptual phono-

logical competence. One of them concerns the role accurate perception of speech sounds

plays in successful communication. L2 learners’ inability to correctly identify the speech

sounds of which words are composed may cause miscomprehension of a spoken mes-

sage (McAllister, 1997; Strange & Shafer, 2008). For example, if an L2 learner does not

accurately perceive the English /i/-/I/ phonological contrast, which distinguishes words

like sheep /Si:p/ and ship /SIp/, (s)he may misinterpret an interlocutor’s message like I

took a picture of a black ship yesterday. In other words, the L2 learner may incorrectly

understand that the object in the picture is an ovine rather than a marine vessel. The other

reason is that the ability to accurately perceive L2 sounds has been found to facilitate

their production, leading to lower degrees of foreign accent (Bradlow, Akahane-Yamada,

Pisoni, & Tohkura, 1999; Flege, 1995; Hazan, Sennema, Iba, & Faulkner, 2005).

Therefore, achieving a high level of perceptual phonological competence may be con-

sidered one of the important tasks for L2 learners. The fact that we still do not fully

understand the sources of L2 learners’ difficulties in accomplishing this task indicates

2The distinction between the terms “L2 learning” and “L2 acquisition” (Krashen, 1981) is not discussed
in this dissertation. The term “learning” will be used to emphasize the process of developing L2 skills,
whereas the term “acquisition” will be understood as a successful mastery of those L2 skills (Flege, 1988).
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the need for further research on L2 speech perception. This will help better understand

the mechanisms underlying successful L2 speech learning3. Moreover, the research out-

comes can be used to design effective training programs aimed at improving L2 learners’

pronunciation skills.

1.2 Individual differences in L2 speech learning

It has been widely observed that some learners manage to attain a native-like level of L2

phonological competence whereas others do not. A substantial body of SLA studies has

been conducted in order to identify factors contributing to successful L2 speech learning

(see Piske, MacKay, & Flege, 2001; Purcell & Suter, 1980, for a review). The following

factors have been identified in previous research as making a significant contribution: the

age of onset of L2 learning (Baker, Trofimovich, Flege, Mack, & Halter, 2008; Flege &

MacKay, 2004; Flege, Yeni-Komshian, & Liu, 1999; Flege, MacKay, & Meador, 1999;

Long, 1990), the L2 learners’ L1 background (Flege, Bohn, & Jang, 1997), the length

of residence in an L2 environment (Flege et al., 1997; Guion, Flege, Akahane-Yamada,

& Pruitt, 2000; Purcell & Suter, 1980), the amount of L1 and L2 use (Flege & MacKay,

2004), the quantity and quality of L2 input (Flege, 2009; Flege & Liu, 2001; Moyer, 2009)

and L2 lexical knowledge (Bungaard-Nielsen, Best, & Tyler, 2011). Despite a growing

number of studies supporting the role of the above mentioned factors in L2 speech learn-

ing, the inter-learner variation in L2 phonological competence remains even when those

factors are controlled.

1.2.1 Age, experience and proficiency

Research on the age factor has shown that “the earlier the better” in second language ac-

quisition (Flege, 1987; Long, 1990). However, despite age being considered a strong con-

3The term “L2 speech learning” will be referred to as the process of gaining knowledge about the L2
phonological system through formal and/or naturalistic exposure.
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tributor, there exists a large inter-learner variation in L2 phonological acquisition among

late as well as early learners. On the one hand, there are exceptionally talented adult

L2 learners who have manged to acquire native-like L2 pronunciation skills (Birdsong,

2007; Bongaerts, 1999; Ioup, Boustagui, El Tigi, & Moselle, 1994; Moyer, 2014). L2

learners who started learning an L2 in childhood have been found not only to have a de-

tectable foreign accent, but also to differ from native speakers in L2 speech perception

(Flege, Yeni-Komshian, & Liu, 1999; Flege et al., 2006; Højen & Flege, 2006). More-

over, studies on L2 speech learning in a formal instructional setting demonstrate that older

L2 learners may be better able to accurately perceive L2 phonological contrasts and have

a lower degree of foreign accent than younger learners (Fullana, 2006; Garcı́a Lecumberri

& Gallardo, 2003).

There is also evidence that L2 experience, operationalized as length of residence in an

L2-speaking country, may not be a robust predictor of accurate L2 speech perception and

production (McAllister, 2001; Moyer, 1999). Several studies with bilingual populations

have shown that the extensive exposure to high-quality L2 input since early childhood

does not guarantee target-like perception and production of L2 vowel contrasts (Pallier et

al., 1997; Sebastián-Gallés, Echeverrı́a, & Bosch, 2005; Sebastián-Gallés & Soto-Faraco,

1999).

As regards L2 proficiency, often being measured in terms of L2 learners’ vocabulary

knowledge, previous SLA studies have provided contradictory results as to its role in

L2 speech learning. Bungaard-Nielsen et al. (2011) found that L2 learners with larger

vocabularies perceive many L2 vowel contrasts more accurately than those with smaller

vocabularies. However, the study showed that learners’ differences in vocabulary size

may not be related to the perception of L2 sounds which are perceptually too easy or

too difficult to discriminate. A number of recent studies found that L2 proficiency was

unrelated to inter-learner variation in accurate perception and production of L2 phonolog-

ical contrasts (Cerviño-Povedano & Mora, 2015; Darcy, Mora, & Daidone, 2014; Mora

& Safronova, submitted). Taken together, previous research findings suggest that inter-
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learner variation in L2 speech learning may exist irrespective of such important factors as

age of onset of L2 learning, experience and proficiency.

1.2.2 L1 influence on L2 speech learning

The influence of the previously acquired L1 has long been observed in many aspects of

learners’ L2 such as the lexicon, syntax and phonology (see Major, 2001; Odlin, 1989,

for a review). In L2 phonology, L1 influence is evident in L2 speakers’ foreign accent,

which often allows a native listener to identify the non-native speaker’s L1 background.

In research on L2 speech speech perception, L1 influence has been studied in relation to

the effects of previous experience with L1 speech on the accurate perception of L2 sounds

(Best & Tyler, 2007; Flege, 1995; Kuhl & Iverson, 1995). The presence of L1 influence

in L2 speech perception is the consequence of the phenomenon of categorical perception.

The origin of this phenomenon lies in humans’ innate capacity to classify items in

the world into categories. Perceived similarities and differences among items allow for

grouping some items into the same category while placing others into a different category

(Harnad, 2003; see also Lakoff, 1987; Rosch, 1978). The way categorical perception

influences learning of L2 sounds can be best captured by Trubetzkoy’s (1969) “phono-

logical sieve” metaphor. According to Trubetzkoy, one’s earlier acquired L1 phonological

system functions as a perceptual “sieve” through which L2 sounds are filtered and become

categorized on the basis of perceived similarity to L1 categories.

There are several L2 speech learning models which are concerned with the predic-

tion and explanation of difficulties in learning L2 sounds (see Boersma & Hamann, 2009;

Bohn, 2002, for a review of L2 speech perception models). Among them are the Per-

ceptual Assimilation Model (PAM-L2: Best & Tyler, 2007), the Speech Learning Model

(SLM: Flege, 1995, 2007), the Native Language Magnet model (NLM: Kuhl & Iverson,

1995; Kuhl et al., 2008) and the Second Language Linguistic Perception model (L2LP:

Escudero, 2009; van Leussen & Escudero, 2015). A common tenet of these models is
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that the previously acquired L1 phonological system influences learners’ perception of

L2 sounds, which governs the development of L2 phonological system.

These models contend that L2 learners’ perception of cross-language phonetic sim-

ilarity, that is, a degree of perceived distance between L1 and L2 sounds, determines

whether L2 sounds become assigned to newly created L2 phonetic categories or equated

with already existing L1 categories. A phonetic category is defined as a long-term mem-

ory representation for a wide range of different speech sounds identified as being the

same, “despite auditorily detectable differences between them along dimensions that are

not phonetically relevant” (Flege, 1995: 244). If L2 learners fail to perceive phonetic

differences between an L2 and an L1 sounds, the L2 sound will be perceptually mapped

onto the L1 category. For instance, for Catalan learners of English, English /2/ will be

perceptually mapped onto Catalan /a/. In this case a new phonetic category for the L2

sound (English /2/) would not be established (Flege, 1995). Moreover, if two or more L2

sounds are perceived similarly to the same L1 sound (for instance, English /A/-/2/ both

perceived as Catalan /a/), both L2 sounds will be assigned to the same L1 category. In

this scenario, L2 learners will have difficulties in learning such L2 sound contrasts (Best

& Tyler, 2007; van Leussen & Escudero, 2015), which might further lead to miscompre-

hension of L2 speech. In other words, the establishment of distinct phonetic categories

for L2 sounds like English /i/-/I/ by a learner whose L1 lacks this phonological con-

trast is crucial for his/her ability to distinguish differences in word meaning, such as the

difference in meaning between sheep /Si:p/ and ship /SIp/.

L2 learners can establish L2 phonetic categories, but this process is complex and

requires an ability to discern at least some phonetic differences between L2 and L1 sounds

as well as between contrasting L2 sounds (Best & Tyler, 2007; Flege, 1995). In other

words, in order to acquire L2 sounds, learners must be able to perceive a cross-language

phonetic distance between the sounds in their L1 and L2. The L2 speech learning models,

which will be discussed in detail in Chapter 2, do not suggest what mechanisms and

factors may contribute to this ability.
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This dissertation focuses on learners’ individual differences in the ability to establish

new phonetic categories for L2 sounds. We assumed that this ability is determined by

L2 learners’ perception of phonetic distance between L2 and L1 sounds, and indexed by

the accurate perception of L2 phonological contrasts. As discussed earlier in the chapter,

factors such as age of L2 learning, L2 experience and L2 proficiency were not always

found to explain all of the inter-learner variation in L2 speech learning. Therefore, it is

important to investigate L2 learners’ differences in perceptual phonological competence

from the perspective of their individual differences in cognitive ability.

1.2.3 Cognitive ability in L2 speech learning

In order to account for inter-learner differences in L2 acquisition, SLA research has fo-

cused on a psycholinguistic approach emphasizing the role of information processing

mechanisms and cognitive skills in L2 learning (Dörnyei, 2005; Dörnyei & Skehan, 2003;

Miyake & Friedman, 1998; Skehan, 1998; Robinson, 2002, 2012; Skehan, 2002, 2012).

The psycholinguistic approach to SLA views L2 learning as a cognitively demanding pro-

cess that requires L2 learners to make use of their cognitive abilities, such as memory and

attention. Inter-learner variation in rate and success of L2 acquisition has been attributed

to L2 learners’ differences in L2 aptitude, that is, variation in how efficient individuals are

in making use of the cognitive resources the task of learning an L2 requires (Robinson,

2005).

As regards cognitive abilities underlying L2 speech learning, working memory (Darcy,

Park, & Yang, 2011, 2015), phonological short-term memory (Aliaga-Garcia, Mora, &

Cerviño-Povedano, 2011; Cerviño-Povedano & Mora, 2011, 2015; MacKay, Meador, &

Flege, 2001), acoustic short-term memory (Mora & Safronova, submitted; Safronova &

Mora, 2012a; Tanaka & Nakamura, 2004), attention (Darcy et al., 2014; Francis, Bald-

win, & Nusbaum, 2000; Francis & Nusbaum, 2002; Guion & Pederson, 2007) and inhi-

bition (Darcy, Mora, & Daidone, 2016; Lev Ari & Peperkamp, 2014) have been found to

be related to learners’ L2 speech perception and production.

7
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Being a mental “workbench” at which necessary information is temporarily stored

and processed, working memory is implicated in the execution of complex cognitive tasks

such as learning, comprehension and problem solving (Baddeley, 1996a, 2012; Cowan,

2008). In SLA research working memory has been proposed to constitute a central com-

ponent of L2 learning aptitude (Dogil & Reiterer, 2009; Dörnyei, 2005; Dörnyei & Ske-

han, 2003; Miyake & Friedman, 1998; Sawyer & Ranta, 2001; Skehan, 2002). A greater

working memory capacity is believed to play an important role in the acquisition of L2

speech because it may “allow learners more time to process and learn from the input by

maintaining longer access to it, and better storage quality might promote more accurate

perception and learning” (Darcy et al., 2015: 63-64).

In particular, SLA research is concerned with two working memory components,

namely, the phonological loop and the central executive. The former has been often

associated with phonological short-term memory, referred to as a temporary storage of

verbal information by the means of subvocal rehearsal. For example, when we have to

memorize a car number we need to repeat it using our inner speech. This ability has

been found to be related to successful acquisition of L1 and L2 vocabulary (Atkins &

Baddeley, 1998; Baddeley, Gathercole, & Papagno, 1998; Papagno & Vallar, 1995; Sil-

bert et al., 2015, among others) and L2 grammar (O’Brien, Segalowitz, Collentine, &

Freed, 2006). Regarding L2 phonology, previous studies have provided evidence that

phonological short-term memory promotes L2 learners’ gains in perceptual acquisition

of L2 sounds under conditions of naturalistic exposure (MacKay et al., 2001) and pho-

netic training (Aliaga-Garcia et al., 2011). The results of these studies suggest that greater

phonological short-term memory capacity is related to L2 learners’ accurate perception of

L2 vowels and consonants and can be a predictor of successful acquisition of L2 sounds.

Learning L2 speech also requires storing and processing acoustic information con-

tained in speech input. In other words, if we have to decide whether two words are

produced by the same speaker we need to be able to temporarily store the acoustic in-

formation characterizing the speaker’s speech sounds (e.g., pitch and intensity). Previous

8
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research has suggested that, despite operating primarily at the categorical (i.e. phonolog-

ical) level, working memory is also capable of processing acoustic information, which

makes acoustic memory its potential component (Baddeley, 2007, 2012; Friedrich, 1990;

Joseph et al., 2015; Williamson, Baddeley, & Hitch, 2010). Acoustic short-term mem-

ory has received considerable attention regarding its role in the discrimination of vowels

and consonants on the basis of acoustic information it can temporarily store (Fujisaki &

Kawashima, 1970; Pisoni, 1973, 1975). Yet, little is known about the contribution of

acoustic short-term memory to L2 speech learning. Only a few studies have investigated

the relationship between acoustic short-term memory and L2 speech learning (Mora &

Safronova, submitted; Safronova & Mora, 2012a; Tanaka & Nakamura, 2004). Overall,

their results indicate that a larger acoustic short-term memory capacity is associated with

a more native-like perception and production of L2 sounds.

The central executive component of working memory has been studied in SLA in

terms of the role its attention control functions play in language learning. Attention con-

trol functions such as selective attention (Francis & Nusbaum, 2002), directing of at-

tention (Guion & Pederson, 2007), inhibition (Darcy et al., 2016; Lev Ari & Peperkamp,

2014) and attention shifting (Darcy et al., 2014; Mora & Safronova, submitted; Safronova

& Mora, 2013) have been found to be related to learning of L2 sounds. This disserta-

tion is primarily concerned with attention shifting, that is, the ability to quickly switch

the focus of attention back and forth between multiple tasks while maintaining accurate

performance in those tasks (Isaacs & Trofimovich, 2011; Monsell, 2003; Segalowitz &

Frenkiel-Fishman, 2005). For example, while reading a magazine, we may have to shift

our attention once we hear a phone call. An efficient attention-shifting ability will be

needed to understand the calling person’s message and then get back to the magazine.

This ability may potentially play an important role in L2 speech learning by contribut-

ing to L2 users remaining sensitive to differences between L2 sounds while comprehend-

ing the incoming speech (Segalowitz, 1997). According to Segalowitz (1997), individual

differences in attention control may lead to inter-individual variation in L2 attainment.
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Indeed, attention shifting has been found to significantly predict L2 learners’ proficiency

(Segalowitz & Frenkiel-Fishman, 2005) and to be related to L2 learners’ differences in

L2 speech perception and production (Darcy et al., 2014; Mora & Safronova, submitted;

Safronova & Mora, 2013).

In sum, L2 psycholinguistic studies provide evidence that there is a relationship be-

tween cognitive ability and L2 speech learning. The ability to establish new phonetic

categories for L2 sounds may require L2 learners’ cognitive abilities such as acoustic

short-term memory, phonological short-term memory and attention control. Specifically,

larger short-term memory capacity for acoustic and phonological information, and effi-

cient ability to shift attention between linguistic dimensions may enhance L2 learners’

ability to perceive the acoustic-phonetic distance between L2 and L1 sounds, and be-

tween contrasting L2 sounds while processing L2 speech. Still, it is not known to what

extent these cognitive skills contribute to learners’ perception of cross-language phonetic

differences and their acquisition of L2 perceptual phonological competence.

1.3 The present dissertation: aims, research questions

and hypotheses

The purpose of this dissertation is to investigate the role of phonological short-term mem-

ory, acoustic short-term memory and attention control in the acquisition of L2 percep-

tual phonological competence. More specifically, this dissertation aims at finding out if

L2 learners’ ability to perceive a cross-language phonetic distance between L2 and L1

sounds, and their acquisition of contrasting L2 sounds is promoted by such cognitive

abilities. The following research questions are addressed:

1. To what extent do phonological short-term memory, acoustic short-term memory

and attention control contribute to L2 learners’ degree of perceived phonetic dis-

tance between L2 and L1 vowels?

10
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2. To what extent do phonological short-term memory, acoustic short-term memory

and attention control contribute to L2 learners’ perception of L2 vowel contrasts?

We hypothesize that there exists a relationship between phonological short-term mem-

ory, acoustic short-term memory, attention control and L2 learners’ acquisition of per-

ceptual phonological competence. Specifically, these cognitive abilities contribute to L2

learners’ ability to perceive a cross-language phonetic distance between L2 and L1 vow-

els, and to their perception of L2 vowel contrasts.

In order to answer the research questions, we assessed L2 learners’ vowel percep-

tion by means of two L2 vowel perception tasks. Their phonological short-term mem-

ory, acoustic short-term memory and attention control were measured through a battery

of speech-based cognitive tasks. The learners’ linguistic background information was

recorded and their vocabulary knowledge was assessed to take into account L2 learning-

related factors such as age of onset of L2 learning, amount of L2 exposure and L2 profi-

ciency when analyzing individual differences in the acquisition of L2 perceptual phono-

logical competence.

1.4 Outline of the dissertation

This chapter has introduced the main issues concerning learners’ individual differences

in the acquisition of L2 phonological competence, which are discussed in detail in the re-

maining six chapters of this dissertation. The following two chapters provide an overview

of previous research outcomes as regards learning of L2 sounds and cognitive skills.

Specifically, Chapter 2 discusses the origin of L2 learners’ difficulties in the acquisition

of L2 perceptual phonological competence by describing the mechanisms involved in

speech perception, such as categorical perception and cross-language phonetic similarity.

The chapter also reviews current L2 speech learning models.

Chapter 3 presents a review of previous research on individual differences in cogni-

tive ability and L2 speech learning. In particular, the focus is on working memory as the

11
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central component of L2 learning aptitude. Baddeley’s (2002b, 2012) model of working

memory is discussed. Previous research findings on the role of phonological short-term

memory and attention control in L2 speech learning are presented. The nature of acous-

tic short-term memory as a potential component of working memory and its role in the

acquisition of L2 perceptual phonological competence are discussed.

Chapter 4 presents the methodology of the study we conducted to estimate the contri-

bution of L2 learners’ phonological short-term memory, acoustic short-term memory and

attention control to learners’ perception of cross-language phonetic distances and their

acquisition of L2 perceptual phonological competence. The chapter describes L2 percep-

tion and cognitive tasks used to assess the participants’ L2 vowel perception, phonological

short-term memory, acoustic short-term memory and attention control abilities.

The results obtained are presented in Chapter 5. Chapter 6 evaluates and discusses

the results in the light of previous research findings, suggests possible implications and

presents the limitations of the study. Chapter 7 concludes this dissertation by outlining its

contribution to the field of SLA and proposing directions for future research.
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Chapter 2

Issues in L2 speech perception

2.1 Introduction

The acquisition of L2 phonological contrasts is partly determined by learners’ success in

identifying and discriminating pairs of contrasting L2 sounds. L2 speech perception is

affected by L2 learners’ previous linguistic experience with their L1 (Best & Tyler, 2007;

Flege, 1995). More than 70 years ago one’s L1 was compared to a perceptual “sieve”

filtering out the acoustic-phonetic properties of L2 sounds (Trubetzkoy, 1969: 51). Since

then much L2 speech research has investigated the mechanisms involved in L2 speech

perception.

The present chapter aims at reviewing previous research outcomes concerning the

aspects of speech perception associated with learners’ difficulties in acquiring L2 percep-

tual phonological competence. This will set the context for a research-based theoretical

framework that will be useful in providing a better understanding of the mechanisms

underlying L2 speech learning.

13
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2.2 The nature of speech perception

In order to understand what causes L2 learners’ difficulties in L2 speech learning it is

important to look into the mechanisms involved in L1 and L2 speech perception. This

section presents an overview of the modes and levels of human speech perception. This

will help explain how L2 speech perception works and how it determines the acquisition

of L2 phonological competence.

2.2.1 Modes of speech perception

One of the central distinctions in speech perception theory is that between two main

modes of speech perception, namely, the continuous and the categorical modes (Pisoni

& Lazarus, 1974; Strange, 2002; Wode, 1994). These two modes are given at birth and

“constitute the original innate sensitivities for speech perception” (Wode, 1994: 334).

The interaction of the continuous and the categorical modes of perception constitutes a

mechanism for L1 and L2 phonological acquisition that remains intact throughout the

lifespan.

The continuous mode of speech perception is responsible for encoding acoustic prop-

erties of speech sounds. It allows discriminating sounds according to a gradual scale

based on acoustic dimensions such as loudness, pitch and voicing. Due to its high sen-

sitivity to low-level acoustic details the continuous mode plays an important role in the

perception of acoustic properties of L1 and L2 sounds and in shaping the L1 and L2

phonological systems. Once a phonological system has been established, the perceptual

system starts to operate primarily in the categorical mode.

The categorical mode of perception emerges from a fundamental human cognitive

capacity to classify what we see, hear and feel into distinct categories on the basis of sim-

ilarity between the items assigned to a particular category (Lakoff, 1987; Repp, 1984).

Categorical perception is considered crucial for the efficient working of an organism as

14
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it allows processing of “maximum information with the least cognitive effort” (Rosch,

1978: 28). Categorical perception accomplishes this by minimizing the infinite differ-

ences among the stimuli within the same category and emphasizing between-category

differences. Therefore, the stimuli within the same category are perceived as more simi-

lar than stimuli belonging to different categories.

In speech perception research categorical perception is defined as “the tendency for

adult listeners of a particular language to classify the sounds used in their language as one

phoneme or another, showing no sensitivity to intermediate sounds” (Kuhl, 2004: 833).

Due to its absolute, all-or-none nature, the categorical mode of perception allows speech

processing to work rapidly and efficiently (Wode, 1994). The effects of categorization on

the perception of speech segments (i.e. vowels and consonants) have long been observed

and is well documented by previous studies on speech perception (Beddor & Strange,

1982; Kuhl, 1991; Liberman, Harris, Hoffman, & Griffith, 1957; Miyawaki et al., 1975;

Pisoni, 1973, 1975).

For instance, Liberman et al. (1957) found that listeners categorize a continuum of

synthetic stop consonants (/b/-/d/-/g/) into sharply distinct categories. The participants

in their study were more accurate at discriminating between sounds they had previously

identified as belonging to different phonemes (e.g., /b/ vs. /g/) than between sounds

that were different realizations of the same phoneme (e.g., two tokens of /b/). There is

evidence that the ability to categorize speech sounds into categories emerges very early

in life. Young infants have been found to be able to distinguish vowels like /i/-/a/ and

/i/-/u/ which constitute two different categories (Trehub, 1973), and pay less attention to

the differences within the same category, for instance, between two tokens of /b/ sound

(Eimas, Siqueland, Jusczyk, & Vigorito, 1971).

To sum up, in the course of phonological acquisition one’s perceptual system estab-

lishes categories for speech sounds on the basis of the continuous mode. In order to

facilitate the rapid and efficient processing of information the perceptual system starts to

operate primarily in the categorical mode ignoring acoustic differences between speech
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sounds assigned to the same phonetic category. The emergence of the categorical mode,

brought about by the development of the L1 phonological system, causes difficulties for

subsequent L2 speech learning. While developing the L2 phonological system, learners

may ignore acoustic properties of L2 sounds and form L2 phonetic categories on the ba-

sis of already established L1 categories. Learning L2 sounds thus requires learners to use

both modes when perceiving L2 speech, which involves temporarily storing continuous

and categorical information about L2 speech input in memory (the two short-term mem-

ory stores are discussed in Chapter 3). An overview of the levels of speech perception

may help shed more light on how the L1 phonological system affects L2 phonological

acquisition.

2.2.2 Modeling speech perception and spoken word recognition

The process of perceiving and recognizing an incoming spoken word has been modeled

as a process consisting of four levels (see Figure1): acoustic, phonetic, phonological

(or phonemic) and lexical (Pisoni & Luce, 1987; Ramus et al., 2010; van Leussen &

Escudero, 2015). The acoustic level is the level at which the perceptual system conducts

a preliminary analysis of the raw acoustic signal represented in terms of acoustic cues,

such as spectral structure, frequency, intensity, and temporal attributes. At this level the

perceptual system can detect speaker-specific acoustic differences between two tokens of

the same speech sound (e.g., [A:] in cot) produced by two different speakers of American

English.

The phonetic level is the level at which the acoustic cues are used to identify speech

sounds (or phones) specified by the phonetic properties that distinguish their pronuncia-

tion from that of other speech sounds (Atkinson-King, 1980; Pisoni & Luce, 1987). For

example, at this level the perceptual system makes use of spectral cues such as height and

backness to identify English [A:] in cot and [2] in cut as being different speech sounds

This is the first level where the categorization of speech sounds on the basis of their

physical differences takes place.

16



Chapter 2. Issues in L2 speech perception

At the phonological level phones are linked to their abstract phonological represen-

tations that contrast word meaning in language (i.e. phonemes). In the example given

above, English phones [A:] and [2] will be mapped onto two distinct English phonemes

/A/ and /2/, respectively. In other words, at this level speech sounds are categorized as

instances of the respective phonemes which are further connected to the word meanings

(cot vs. cut) at the lexical level. This last level of speech perception allows the listener to

comprehend a spoken word.

In the course of L1 phonological acquisition speech perception becomes attuned to

the properties of the native language at the phonetic and phonological levels (Ramus et

al., 2010). This facilitates accurate, ballistic and effortless L1 speech processing while

affecting the perception of L2 sounds. For instance, Catalan does not have a phonological

distinction between /A/ and /2/ (Carbonell & Llisterri, 1999). Therefore, the attunement

of speech perception to the L1-specific phonetic properties of Catalan may cause Catalan

listeners to identify English [A:] and [2] as phonetic variants (i.e. allophones) of a single

native /a/ vowel (Rallo Fabra & Romero, 2012). This may prevent these English phones

from being mapped onto distinct English /A/ and /2/ vowel categories and, as a result,

lead to the miscomprehension of a spoken word.

To summarize, successful word recognition requires the establishment of accurate

language-specific representations of speech sounds (i.e. phonetic categories). In order for

the L1 and L2 phonological systems to be acquired, the continuous and the categorical

modes of speech perception must interact so that the language-specific acoustic-phonetic

properties of speech sounds can be extracted and used to shape the L1- and L2-specific

categories. It appears that the already established L1 phonological system affects the

perception of L2 speech and, as a result, the acquisition of a L2 phonological system.

The switch of the perceptual system to the rapid and efficient categorical mode makes

L2 sounds be erroneously equated with L1 sounds at the phonetic level and subsequently

connected to L1 categories at the phonological level. The issue of the L1 influence on L2
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Figure 1. Model of speech perception and word comprehension adapted from Pisoni & Luce (1987), Ramus
et al. (2010) and van Leussen & Escudero (2015).

speech perception and the acquisition of a L2 phonological system has been addressed by

several L2 speech learning models reviewed in the following sections.

2.3 Models of L2 speech perception

Previous research on L2 speech perception has proposed several models seeking to ex-

plain and predict L2 learners’ difficulties in L2 speech learning as being attributed to the

influence of previous linguistic experience with the L1. The concept of perceived cross-

language phonetic similarity, that is, the degree of perceived acoustic-phonetic distance

between L1 and L2 sounds, is central for such models. The present section first describes

the developmental changes which occur in non-native speech perception and affect learn-
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ers’ perception of L2 speech1. The current L2 speech learning models are reviewed to

gain a better understanding of the mechanisms underlying L2 speech learning and the

acquisition of L2 perceptual phonological competence.

2.3.1 Developmental changes in non-native speech perception

Previous research has shown that at birth infants are capable of discriminating between

speech sounds not found in the L1. However, within the first year of life their ability to

distinguish between non-native speech sounds rapidly declines as linguistic experience

with the native language increases (Kuhl et al., 2006; Polka & Werker, 1994; Werker &

Tees, 1984). Thus, the normal development of the perceptual system in the L1 involves a

gradual change from a language-universal to a language-specific mode of perception. By

adulthood people fail to distinguish between many non-native speech sounds. The Native

Language Magnet model (NLM: Kuhl, 1991; Kuhl & Iverson, 1995; Kuhl et al., 2008)

and the Perceptual Assimilation Model (PAM: Best, 1994, 1995; Best & McRoberts,

2003) have been proposed to explain the mechanisms by which linguistic experience

alters discriminability of non-native speech sounds.

The NLM model explains that the developmental change from language-universal to

language-specific speech perception is caused by the development of and eventual com-

mitment to the L1 phonological system. Kuhl argues that the establishment of L1 phonetic

categories is facilitated by the massive exposure to the L1 along with infants’ remarkable

speech processing capacity. The model holds that infants acquire L1 categories by us-

ing their innate abilities of pattern detection and statistical learning (Kuhl, 2004, also see

Kuhl et al., 2008, for the expanded NLM model’s predictions regarding the acquisition of

two first languages simultaneously). They analyze the distributional frequency of sounds

in the L1 and group the speech sounds near the modal values or prototypes. Once the L1

1The term non-native speech perception is used to refer to speech perception by listeners who have
not been previously exposed to the target language, whereas L2 speech perception is understood as speech
perception by learners of the target language.
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phonetic prototypes have been formed they begin to work as magnets attracting nearby

speech sounds on the basis of their acoustic similarity. The NLM model posits that the

perceptual magnet effect of the L1 dramatically affects non-native speech perception and

further L2 speech learning in adulthood. According to the model, L1 phonetic prototypes

warp the acoustic space underlying speech perception by attracting acoustically similar

L2 sounds and making them become perceived as instances of particular L1 phonetic

categories. Due to the minimization of the within-category differences those L2 and L1

sounds, and between contrasting L2 sounds will be difficult to distinguish.

Similar to the NLM model, the Perceptual Assimilation Model holds that previous L1

exposure and the emergence of an L1 phonological system alter speech perception early

in life. The PAM proposes a mechanism known as perceptual assimilation to account for

the decline of discriminability of non-native contrasts in adulthood. The PAM follows an

articulatory rather than a purely acoustic approach to explain this developmental change

in L2 speech perception. Best (1994) explains that very young infants are not yet influ-

enced by the L1 and are able to perceive articulatory and acoustic distinctions in both

native and non-native sound contrasts. During the first year of life infants begin to learn

articulatory patterns of L1 speech sounds. Gradually speech perception attunes to the

L1 phonological system, which results in speech sounds being perceived at the level of

phonological contrasts (i.e. phonological level). At this level non-native speech sounds

become readily assimilated (i.e. perceived as equivalent) to the L1 categories on the ba-

sis of their articulatory-gestural similarities. In other words, once the L1 phonological

system is established we perceive sounds in other languages as instances of our L1 sound

categories.

Both the NLM and the PAM point out that the change in speech perception driven

by L1 experience does not alter the sensory ability to discriminate speech sounds (Best,

1994; Kuhl & Iverson, 1995). Rather, “the change occurs at a higher level, one that

involves memory and/or attention” (Kuhl & Iverson, 1995: 142). This idea has been

supported by a number of studies showing a link between the decline in non-native speech
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perception and the development of cognitive skills in childhood (Conboy, Sommerville,

& Kuhl, 2008; Diamond, Werker, & Lalonde, 1994; Lalonde & Werker, 1995; Werker &

Pegg, 1992). For example, Conboy et al. (2008) found that the perception of non-native

contrasts was negatively associated with inhibitory control early in life. The results of the

study suggest that the decline in the ability to discriminate non-native sounds is promoted

by infants’ developing capacity to ignore acoustic information in speech that is irrelevant

for their L1. In other words, increasing experience with the L1 and cognitive development

alter speech perception in such a way that only the acoustic-phonetic details used to define

phonetic categories in the native language are attended to, whereas irrelevant acoustic-

phonetic information is ignored (Werker, 1995).

In summary, the experience with the L1 and the development of cognitive abilities

begin to affect individuals’ non-native speech perception very early in life. The observed

decrease in non-native speech perception may cause difficulties for learners who acquire

their L2 phonological system. This issue has been addressed by the current L2 speech

learning models reviewed in the following section.

2.3.2 Explaining L2 speech learning difficulties

There are several models of L2 speech learning striving to explain learners’ difficulties in

acquiring L2 sounds. Similar to the models reviewed above, these models emphasize the

role of previous experience with the L1 in L2 speech perception. This section reviews L2

speech learning models’ predictions concerning learners’ difficulties in acquiring L2 per-

ceptual phonological competence. Previous empirical studies on L2 speech learning are

also reviewed in this section. This overview aims to shed light on the perceptual mech-

anisms explaining learners’ difficulties in the acquisition of L2 perceptual phonological

competence and identify the research methods used in its assessment.
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2.3.2.1 The Speech Learning Model

The Speech Learning Model (SLM: Flege, 1995; Flege, Schirru, & MacKay, 2003; Flege,

2007) is concerned with the difficulties experienced L2 learners have in acquiring L2

sounds, which involves the establishment of L2-specific phonetic categories. Flege (1995:

244) defines a phonetic category as a long-term memory representation for a wide range

of speech sounds identified as being the same “despite auditorily detectable differences

between them along dimensions that are not phonetically relevant”. The SLM posits that

L2 sounds become equated with L1 sound(s) due to the mechanism of equivalence clas-

sification that causes identification of perceptually similar L2 and L1 sounds as phonetic

variants of the same L1 category and blocks formation of new categories for L2 sounds.

An important tenet of the SLM is that “the mechanisms and processes used in learn-

ing the L1 sound system, including category formation, remain intact over the life span”

(Flege, 1995: 239). L2 learners may establish accurate L2 phonetic categories provided

they have had enough L2 experience to be able to discern at least some of the acoustic-

phonetic differences between perceptually close L2 and L1 sounds. The model explains

L2 learners’ difficulties in perceiving acoustic-phonetic differences between L2 and L1

sounds in terms of the levels of speech perception (see Section 2.2.2). Flege (1995: 241)

claims that L2 learners’ failure to discern the differences between L2 and L1 sounds,

and between contrasting L2 sounds may occur at the acoustic and the phonological level

of speech perception. On the one hand, L2 learners may initially fail to detect sensory

(i.e. acoustic) differences between speech sounds pre-attentively as a result of categorical

speech perception caused by the acquisition of the L1 phonological system. On the other

hand, under some listening conditions, L2 learners can attend to acoustic-phonetic differ-

ences which may be discarded at the phonological level during online speech processing.
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2.3.2.2 The Perceptual Assimilation Model

The Perceptual Assimilation Model, as applied to L2 speech learning (PAM-L2: Best

& Tyler, 2007) aims at predicting experienced adult L2 learners’ difficulties in learning

L2 phonological contrasts in terms of perceived similarity between L2 and L1 speech

sounds. In line with the SLM, the model attributes L2 learners’ difficulties in L2 speech

learning to the interaction between L1 and L2 sound systems and the influence of L1

phonetic categories on the perception of L2 sounds. The PAM-L2 is particularly con-

cerned with the acquisition of L2 phonological contrasts, which is determined by the way

contrasting L2 sounds are perceptually assimilated, that is, perceived as acoustically and

phonetically similar to L1 sounds. The PAM-L2 proposes four types of perceptual assim-

ilation patterns of L2 sounds to L1 categories that predict learners’ success in acquiring

L2 phonological contrasts (see Table 1).

Table 1
Four cases of L2 phonological contrast assimilation and learnability predictions.

L2 contrast cases Learning Assimilation type
One L2 sound = L1 category No learning of the

equivalent L2 sound
Two-Category
Uncategorized-Categorized

Both L2 sounds = same L1 category, but one is
perceived as a better exemplar

Successful for the
“deviant” L2 sound

Category-Goodness

Both L2 sounds = same L1 category Problematic Single-Category
Neither L2 sound = single L1 category Successful Uncategorized

According to the model the learning of an L2 phonological contrast will be successful

if both L2 sounds are assimilated to different L1 categories or if one of them is assimilated

to an L1 category and the other one is uncategorized. The Single-Category and Category-

Goodness assimilation patterns are believed to be the most problematic for L2 learners.

These two assimilation patterns constitute the main focus of the present dissertation. In

the case of Single-Category assimilation both contrasting L2 sounds are perceived as

equally good or poor instances of the same L1 category. In this situation L2 learners

have difficulties discriminating such L2 sounds, which are equated at the phonetic and

phonological level to the same L1 category. The success in acquiring this type of L2
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phonological contrast depends on the learners’ ability to form a new phonetic category

for at least one of the L2 sounds by detecting the acoustic-phonetic differences between

L2 sounds.

In the case of Category-Goodness assimilation both L2 sounds are assimilated to the

same L1 category, but one of them is perceived as being perceptually closer to the L1

category than the other. The PAM-L2 predicts that a new phonetic category is likely to

be formed for the “deviant” L2 sound in a contrast (i.e. one perceived as a worse-fitting

phonetic category of the same L1 sound). Finally, when neither of the two contrasting

L2 sounds is perceived as belonging to any single L1 category, but rather to several L1

categories, new L2 phonetic categories for one or two sounds may be easily acquired.

The PAM-L2 explains L2 learners’ difficulties in L2 speech learning by arguing that

L2 learners shift their attention away from the phonetic level, at which the differences

underlying contrasting L2 sounds are detected, and focus on the phonological level, which

becomes their dominant level of processing during L2 speech perception Best and Tyler

(2007).

2.3.2.3 The Second Language Linguistic Perception

The Second Language Linguistic Perception model (L2LP: Escudero, 2009; van Leussen

& Escudero, 2015) aims at explaining the process of acquisition of L2 phonological con-

trasts from initial (non-native) to final (native-like) performance. Similar to the SLM and

the PAM-L2, this model predicts that learners’ difficulties in L2 speech learning are re-

lated to the influence of L1 categories on L2 speech perception. The L2LP, based on the

optimal perception hypothesis (Escudero, 2009), states that learners initially create a copy

of their L1 phonological system and L2 sounds are perceived in terms of L1 categories.

Beginning L2 learners perceptually assimilate L2 sounds to L1 categories on the basis of

perceived acoustic-phonetic similarity between the L1 and L2 sounds.

Over the course of L2 learning this copy is being adjusted in a L2-specific way by

the means of the alternation of the existing L1 categories (i.e. shifting category bound-

24



Chapter 2. Issues in L2 speech perception

aries or splitting categories) or the creation of new L2 phonetic categories. Similar to the

PAM-L2, the L2LP model is concerned with the acquisition of L2 phonological contrasts

by L2 learners. The model predicts three scenarios of learning L2 phonological contrasts

L2 learners may face. In the case of the most challenging New scenario (the equivalent

of the PAM’s Single-Category assimilation type) where two L2 sounds are assimilated

to a single L1 category, learners must create a new L2 category or split the existing L1

category to which both L2 sounds are assimilated. In the Similar scenario (the PAM’s

Two-Category assimilation type), in which two L2 sounds are assimilated to two L1 cat-

egories, learners must adjust L1 categories so that their boundaries match those of the L2

contrast. According to the L2LP, this scenario causes less learning problems than the New

scenario. Finally, there is the Subset scenario (the PAM’s Uncategorized or Categorized-

Uncategorized assimilation type) in which one of L2 sounds in a contrast is perceived as

more than one L1 category. This scenario is predicted to cause few problems since L2

learners face little difficulty in perceiving this contrast.

Similar to the SLM and the PAM-L2, this model refers to the levels of speech percep-

tion to explain how L2 phonological contrasts are learned. According to the L2LP, L2

speech learning represents an alternation of the initially created copy of the L1 phono-

logical system. This requires attunement of the connections between different levels of

speech perception in an L2-specific way. In other words, it can be said that L2 perceptual

speech learning takes place if the L2 learners’ perceptual system can accurately encode

L2-specific acoustic-phonetic properties of L2 sounds at the phonetic level and accurately

map them onto distinct L2 categories.

On the whole, learners’ difficulties in acquiring L2 sounds derive from early and ex-

tensive experience with the L1, which dramatically affects the perception of L2 speech

later in life. The influence of the previously acquired L1 phonological system leads to

L2 learners’ categorizing L2 sounds as instances of L1 categories at both phonetic and

phonological levels of speech perception. The assimilation of contrasting L2 sounds to

the same L1 category decreases the likelihood of acquiring such L2 phonological con-
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trasts, that is, the likelihood of establishing L2 phonetic categories for those speech

sounds. L2 speech learning may be facilitated by learners’ ability to discern acoustic-

phonetic differences between L2 and L1 sounds, and between contrasting L2 sounds. In

other words, L2 learners’ perceptual sensitivity to acoustic-phonetic properties of L1 and

L2 sounds may help learners overcome the influence of the L1 phonological system on the

acquisition of L2 phonological contrasts (Odlin, 1989). Taken together, the predictions

of L2 speech learning models suggest that the degree of perceived acoustic-phonetic dis-

tance between L2 and L1 sounds underlying ability to establish new phonetic categories

for L2 sounds is an important determinant of L2 learners’ perceptual phonological com-

petence.

This dissertation is framed within the models reviewed above. In particular, the PAM-

L2 assimilation patterns are used to identify learners’ difficulties in the perception of L2

vowel contrasts examined in the present study (see Chapter 5).

2.4 Perceived cross-language phonetic similarity and dis-

crimination of L2 sounds

In order to predict and explain learners’ difficulties in L2 speech learning, previous studies

have assessed L2 learners’ degree of perceived cross-language phonetic similarity and the

ability to accurately perceive L2 phonological contrasts2. These abilities have often been

measured through identification and discrimination tasks (see Bohn, 2002; Mora, 2008;

Strange & Shafer, 2008, for comprehensive reviews). The former requires L2 learners to

compare L2 sounds against internalized L1 categories and has been considered a useful

method of assessing the perception of cross-language phonetic distances (Cebrian, Mora,

& Aliaga-Garcia, 2011; Strange, 2007) and predicting/explaining discriminability of con-

trasting L2 sounds (Guion et al., 2000). The latter has been used to test learners’ ability

2In this dissertation the terms phonetic similarity and phonetic distance are used to refer to L2 learners’
perceived distance between L2 and L1 sounds, and between contrasting L2 sounds.
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to establish L2 phonetic categories. This section aims at providing an overview of pre-

vious studies on L2 learners’ perception of cross-language phonetic similarity and their

perception of L2 phonological contrasts.

2.4.1 Degree of perceived cross-language phonetic similarity

In support of the L2 speech learning models reviewed above numerous studies have

shown that perceived cross-language phonetic similarity, which may cause a pair of con-

trasting L2 sounds being assimilated to the same L1 sound, influences learners’ success

in acquiring L2 phonological contrasts (Aoyama, Flege, Guion, Akahane-Yamada, & Ya-

mada, 2004; Rallo Fabra & Romero, 2012; Flege & MacKay, 2004; Flege, MacKay, &

Meador, 1999; Guion et al., 2000; Lengeris, 2009; Levy, 2009b, among others).

A study conducted by Levy (2009b), confirmed the predictions made by the PAM-L2

by showing that the Single-Category assimilation when two L2 vowel sounds are per-

ceptually equated with the same L1 category poses a big challenge for perception of L2

vowel contrasts in both naive listeners and L2 learners. Levy examined American English

listeners differing in their experience with French. She implemented a cross-language as-

similation overlap method to analyze the perceptual assimilation data obtained via a per-

ceptual assimilation task which required listeners to classify L2 vowel stimuli as instances

of L1 vowel categories. Perceptual overlap is referred to as “... the smaller percentage of

responses when two members of a pair of non-native or L2 sounds are assimilated to the

same native category” (Levy, 2009: 2671). For example, in a French contrast /u/-/y/, /u/

was identified as /u/ 95% of the time and /y/ was categorized as /u/ in 6.8% of instances.

Thus, the vowels perceptually overlapped at 6.8%. The results revealed significant corre-

lations between the degree of perceptual overlap and accuracy in the discrimination of L2

vowel contrasts, suggesting that the more often two French vowels were assimilated to a

single L1 category, the less accurate the discrimination of the vowel contrast was.

Similar findings were obtained by Guion et al. (2000) in a study on consonant per-

ception. They used a fit index, which combined the percentage of identification and the
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goodness-of-fit rating, to assess the degree of phonetic similarity between L1 and L2 con-

sonants and make predictions about the acquisition of L2 phonetic categories. Japanese

listeners varying in English-language experience were asked to map English consonants

onto L1 categories and provide a goodness-of-fit rating (i.e. how well the L2 sounds

matched the L1 categories). The results indicated that the degree of perceived similarity

between L2 and L1 sounds, as measured by the fit index, predicted the discrimination ac-

curacy of L2 sounds. In line with PAM and PAM-L2 predictions, our study was conducted

under the assumption that learners’ difficulties in acquiring L2 phonological contrasts de-

pends on the degree to which the contrasting L2 sounds are identified as instances of a

single L1 category.

Consistent with Levy’s (2009) and Guion et al.’s (2000) findings, research on Catalan-

Spanish bilingual listeners’ perception of English vowels has shown that L2 learners’

difficulties in learning L2 phonological contrasts are related to learners’ assimilating L2

vowels to L1 vowel categories (Cebrian, 2007; Rallo Fabra & Romero, 2012). For exam-

ple, Rallo Fabra and Romero (2012) tested the ability of Catalan learners of English to dis-

criminate seven Catalan–English (/a/–/æ/, /a/–/A/, /E/–/E/, /a/–/2/, /i/–/i/, /i/–/I/,

and /u/–/u/) and four English–English (/A/–/2/, /E/–/æ/, /i/–/I/, and /u/–/U/) vowel

contrasts. The results showed that Catalan learners had difficulties in perceiving the

Catalan-English /a/–/æ/, /E/–/E/, and /a/–/2/ vowel pairs and English /A/–/2/ and

/E/–/æ/ vowel pairs. The observed discrimination difficulties were explained by the L2

learners’ tendency to assimilate perceptually similar L2 and L1 sounds and L2 vowel

pairs to the same L1 category.

Overall, the findings of previous studies confirm that L2 learners’ difficulties in ac-

quiring L2 phonological contrasts are attributed to the differences between L2 and L1

phonological systems and degree of perceived cross-language phonetic similarity which

make L2 learners’ categorize L2 sounds as instances of the same L1 category. These

factors affect L2 learners’ accuracy in discriminating such L2 sounds and impede the ac-

quisition of L2 phonological contrasts. Taken together, previous research indicates the
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importance of measuring L2 learners’ degree of perceived phonetic distance between L2

and L1 speech sounds as well as their ability to discriminate contrasting L2 sounds in

assessing L2 learners’ speech perception.

2.4.2 Discrimination of contrasting L2 sounds

Whereas perceptual assimilation tasks have been primarily used in previous speech per-

ception research to predict and explain L2 learners’ difficulties in acquiring L2 sound

contrasts, the ability to discriminate contrasting L2 sounds has long been used as a mea-

sure of L2 perceptual phonological competence (Darcy et al., 2014, 2015; Gottfried,

1984; Højen & Flege, 2006). The assessment of this ability requires taking into account

acoustic cue weighting and task design.

2.4.2.1 Weighting of L2 acoustic cues

Acoustic cue weighting refers to the differential contribution of some acoustic cues (e.g.,

formant frequency, duration and voice onset time) to the categorization of speech sounds

(Holt & Lotto, 2006). L2 learners’ use of acoustic cues in the discrimination of contrast-

ing L2 sounds has received much attention in research on L2 speech perception (Bohn,

2002; Cerviño-Povedano & Mora, 2011; Flege et al., 1997; Holt & Lotto, 2006; Lengeris,

2009; McAllister, Flege, & Piske, 2002; Ylinen et al., 2010). There exist two views on

learners’ use of L2 acoustic cues while perceiving L2 speech sound contrasts. On the one

hand, some researchers have argued that L2 acoustic cue weighting is highly dependent

on learners’ L1 background and L2 experience, that is, it is subject to linguistic experi-

ence (Flege et al., 1997; McAllister et al., 2002). For example, McAllister et al. (2002)

examined the production and perception of the Swedish vowel length contrast by native

speakers of Swedish, Estonian, English and Spanish, which differ in the use they make of

vowel duration. The results showed that L1-Estonian speakers, who use temporal cues to

distinguish vowels in their L1, were more target-like in the perception and production of

Swedish vowel contrasts than L1-English and L1-Spanish speakers who do not use dura-
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tion to distinguish vowels in their L1. McAllister et al. proposed the Feature hypothesis,

which posits that L2 features like temporal cues not used in the learners’ L1 to signal

phonological contrasts will be difficult to perceive and produce.

On the other hand, several studies have shown that the use of temporal cues may

be relatively language independent (Bohn, 1995; Bohn & Flege, 1990; Cebrian, 2006;

Cerviño-Povedano & Mora, 2011). For example, investigating the perception of Ameri-

can English vowels by native Spanish and German learners, Bohn (1995, Bohn & Flege,

1990) found that adult L2 learners tended to rely more heavily on duration rather than on

spectral cues when identifying English vowels3. Taking into account the fact that duration

is used phonologically in German but not in Spanish, Bohn proposed the Desensitization

hypothesis which states that “... duration cues in vowel perception are easy to access

whether or not listeners have had specific linguistic experience with them” (Bohn, 1995:

294). Similarly, Lengeris (2009) suggested that duration does not have a special status in

L2 vowel perception and may be available to L2 learners who do not use duration in their

L1.

Both Bohn (1995) and McAllister et al. (2002) point out that the extent to which

temporal cues are used in the discrimination of L2 speech sounds may depend on the task

procedure, as in a two-alternative forced-choice test. The role of the task design in the

assessment of L2 learners’ ability to discriminate L2 sounds is discussed below.

2.4.2.2 Effects of task variables on discrimination

The effects of task variables, such as the nature of the stimuli and the inter-stimulus inter-

val, on the discrimination of speech sounds has long been of concern in speech perception

research (see Bohn, 2002; Mora, 2008; Strange & Shafer, 2008, for discussion). Sev-

eral task procedures have been adopted in L2 speech research for assessing L2 learners’

3Both spectral (formant frequency) and temporal (duration) acoustic cues differentiate English tense
and lax vowels like /i/ and /I/. However, native speakers of English rely much more on the spectral
dimension than the temporal dimension in categorizing tense-lax vowels (Holt & Lotto, 2006).
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discrimination ability (see Flege, 2003; Mora, 2008, for a review of existing methods).

Among them are AX, AXB, ABX and oddity discrimination tasks. The common feature

of these tasks is that they aim at measuring whether L2 learners have established new

phonetic categories for L2 sounds. In order to assess the establishment of L2 phonetic

categories, previous studies have widely used a categorical discrimination task. This task

measures learners’ ability to accurately discriminate L2 sounds at the phonological rather

than the acoustic level of speech perception, which is controlled by varying the interstim-

ulus interval or using multiple speakers’ voices.

For example, Gottfried (1984) designed a cross-speaker categorical ABX discrimina-

tion task to examine the perception of French vowels by English inexperienced listeners

and L2 learners of French. The participants were presented with a triad of monosyllabic

stimuli produced by three different speakers. The vowel stimuli A and B were tokens of

a different vowel category and X was a token of the categories of either A or B. Thus, the

task required listeners to categorize vowels as one vowel category or the other while ig-

noring inter-speaker variation. A 1000 ms interstimulus interval was used to increase the

memory load. Using this task Gottfried showed that both experienced and inexperienced

L2 listeners had difficulty in categorically perceiving L2 vowel contrasts.

More recent studies, extending Gottfried’s task, have further increased task demands

by using more complex stimuli in which the target vowels are embedded in disyllabic

(Levy & Strange, 2008) or trisyllabic (Darcy et al., 2014) nonwords. Thus, a cross-

speaker categorical discrimination task based on vowels presented in a more complex

context and produced by several speakers more closely resembles what listeners do dur-

ing speech processing. As Strange and Shafer (2008: 167) pointed out, such type of tasks

can be considered “a sensitive measure of differences in higher-order phonetic percep-

tion processes in L1 and L2 listeners, and may be a better measure of their perceptual

capabilities in real world situations”.

The importance of using a categorical discrimination task was demonstrated by Højen

and Flege (2006) who tested Spanish monolinguals’ perception of English vowel con-
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trasts using a categorical AXB task. In their task a manipulated fundamental frequency

(F0) of the stimuli and interstimulus intervals of 0 ms and 1000 were used to avoid the

participants’ reliance on auditorily detectable differences between the speech stimuli. The

results showed that in comparison with native English speakers early Spanish learners of

English obtained near-chance scores for three difficult vowel contrasts ( /I/-/eI/, /a/-

/2/ and /U/-/oU/), suggesting that participants had difficulties in perceiving these En-

glish vowels as distinct vowel categories. It is important to mention that the categorical

task used by Højen and Flege (2006) hindered lower acoustic level of speech perception.

Specifically, the task forced the participants to perceive sound contrasts at the phonolog-

ical level which operates with the existing categories and did not let them rely on the

acoustic differences between the speech stimuli.

Overall, the results of the studies reviewed above suggest that in the assessment of

L2 learners’ discrimination of contrasting L2 sounds it is important to be aware of the

task factors which may affect L2 learners’ performance. Using multiple speakers’ voices

and rather long interstimulus intervals may help ensure that the higher phonological level

rather than the lower acoustic level of speech perception is assessed. In other words, the

task measuring discrimination of L2 sounds should resemble what listeners do during

natural speech processing.

2.4.3 Cross-language similarity of English vowels to Catalan vowels

In this dissertation we examine the perception of five General American English vowel

contrasts /i/-/I/, /I/-/E/, /A/-/2/, /A/-/æ/ and /2/-/æ/ in Catalan learners of English.

These particular vowel contrasts were chosen on the basis of previous L2 speech per-

ception research showing that Catalan learners of English may have difficulties in per-

ceiving these vowel contrasts. These difficulties have been attributed to differences be-

tween the English and Catalan vowel inventories and the perceived phonetic similar-

ity between Catalan and English vowel sounds (Cebrian, 2006; Cebrian et al., 2011;
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Cerviño-Povedano & Mora 2011; Mora & Fullana, 2007; Rallo Fabra, 2005; Rallo Fabra

& Romero, 2012).

Catalan has a smaller vowel inventory than General American English (see Figure 2),

with three front vowels, /i/, /e/, and /E/, three back vowels, /O/, /o/, and /u/) and

two central vowels, /@/ and /a/ (Rallo Fabra & Romero, 2012). According to the cross-

language data provided by previous studies (see Cebrian, 2002; Rallo Fabra & Romero,

2012), the English vowels in the present study are located in close proximity of Catalan

vowels.

Figure 2. Vowel charts for Eastern Catalan (red) and General American English (black). The spectral
frequency values are borrowed from Rallo Fabra & Romero (2012: 493-494).

For example, English /i/ and /I/ are acoustically and perceptually close to Catalan

/i/. English /I/ is close to Catalan /e/ and English /E/ may be perceived as intermedi-

ate between Catalan /e/ and /E/. English /æ/ occupies an intermediate position in the

acoustic space between Catalan /E/ and /a/. The low central and back English vowels

/2/ and /A/ are located in the proximity of Catalan /a/. Vowel inventory data along with

PAM-L2 predictions (Best & Tyler, 2007) suggest that Catalan learners of English may

have difficulties in acquiring the L2 vowel contrasts we target in the present study due
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to single-category assimilation of contrasting L2 vowels to perceptually close L1 vowel

categories.

2.5 Summary

This chapter has set the theoretical framework for the part of this dissertation concerning

the acquisition of L2 perceptual phonological competence. The chapter has discussed

the most important issues in L2 speech learning that have been emphasized by previous

speech perception research. As can be inferred from previous research outcomes, early

changes in L2 speech perception, caused by the already established L1 phonological sys-

tem, significantly affect subsequent learning of L2 phonological contrasts. L2 learners’

difficulties in acquiring L2 phonological contrasts are attributed to learners’ tendency to

map L2 sounds onto a single perceptually similar L1 sound category.

In order for successful L2 speech learning to take place, L2 learners must be able

to establish accurate L2 phonetic categories which will be further mapped onto distinct

phonemes. The establishment of L2 phonetic categories is determined by the ability to

discern acoustic-phonetic differences between L2 and L1 sounds, and between contrast-

ing L2 sounds. The ability to acquire new L2 categories might require L2 learners to

attend to both continuous and categorical sources of information in L2 speech input. That

is, during L2 speech perception both acoustic and phonological sources of information

will contribute to learners’ perceptual sensitivity to acoustic-phonetic properties of L2

sounds and help them shape their L2 phonological system.

The evidence provided by the studies reviewed in this chapter suggests that L2 learn-

ers’ success in acquiring L2 sounds is facilitated by learners’ ability to perceive a cross-

language phonetic distance between L2 and L1 sounds, and is indicated by their ability

to accurately discriminate contrasting L2 sounds. The former can be measured using a

perceptual assimilation task which requires identification and similarity judgment of L2

speech sounds as instances of L1 categories. The latter can be assessed through a cat-
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egorical discrimination task which requires L2 learners to discriminate L2 sounds in a

categorical manner. These tasks are used in our study to assess L2 learners’ perception of

L2 vowel sounds.

As discussed in Chapter 1, several factors have been shown to contribute to the acqui-

sition of both perceptual and productive phonological competence. Among those factors

are previous experience with the L2, general level of competence in the L2, and the

amount and quality of the L2 input received, all of which have been thoroughly investi-

gated in previous SLA research. However, cognitive mechanisms involved in L2 speech

perception may also contribute substantially to learners’ success in L2 speech learning

and still remain under-researched. The next chapter reviews this line of research.
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Chapter 3

Cognitive ability in L2 speech learning

3.1 Introduction

It is widely observed that individuals differ in their ability to perform certain tasks. For

example, some people are much better at drawing or at story-writing than others. This

may be attributed to individual differences, that is, “dimensions of enduring character-

istics that are assumed to apply to everybody and on which people differ by degree”

(Dörnyei, 2005: 4). Individual differences have long been observed and extensively in-

vestigated in the field of SLA (see Dörnyei, 2005; Segalowitz, 1997, for a review of

individual differences), but have received little attention in research on L2 phonological

acquisition.

Regarding inter-learner variation in L2 phonological competence, there exist excep-

tionally talented L2 learners who manage to acquire native-like competence in L2 speech

perception and production despite learning the language quite late in life (Birdsong, 2007;

Bongaerts, 1999; Ioup et al., 1994; Moyer, 2014). On the other hand, many L2 learners

struggle with L2 pronunciation and find it very hard to attain a high level of L2 perceptual

(and productive) phonological competence. Over the last decade, studies investigating

inter-learner variation in L2 phonological competence have taken a psycholinguistic ap-

proach investigating the relationship between L2 learners’ individual differences in cog-
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nitive ability and L2 learning. The individual differences in cognitive ability have been

put forward as candidates to explain inter-learner variation in L2 phonological acquisition

in this line of SLA research.

Research on executive functions has identified three core cognitive abilities that are es-

sential for the performance of complex cognitive tasks, such as problem solving, decision

making and learning. They are working memory (implies storing information in mind and

working with it), inhibition (disactivation of irrelevant information) and attention shift-

ing (flexible switching between the demands of different tasks), with the latter two being

important aspects of attention (or executive) control (Baddeley, 2002a; Diamond, 2013;

Miyake et al., 2000). Attention control can be described as an umbrella concept covering

a variety of mechanisms that underlie our capacity to choose what we focus attention on

and what we ignore (Astle & Scerif, 2009). Working memory and attention control are

multicomponent and interrelated abilities which support and need one another (Diamond,

2013). Specifically, we focus on cognitive abilities such as phonological short-term mem-

ory (a working memory component in charge of temporarily storing verbal information),

acoustic short-term memory (a component of working memory in charge of temporarily

holding acoustic properties of speech sounds), and attention-shifting function of attention

control.

The present chapter provides an overview of previous research on cognitive abilities

involved in information processing and language learning. The current model of working

memory is provided. The chapter also reviews previous research on working memory

and attention control as regards their role in L2 speech learning. This will help under-

stand how cognitive ability contributes to the acquisition of L2 perceptual phonological

competence.
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3.2 Memory and attention in information processing and

L2 learning

Previous research investigating aptitude as a factor in SLA has focused on individual dif-

ferences in cognitive ability as a means of explaining inter-learner variation in L2 learn-

ing. L2 learning aptitude may be defined as “... strengths individual learners have—relative

to their population—in the cognitive abilities information processing draws on during L2

learning...” (Robinson, 2005: 46). L2 learning aptitude is thus viewed as a multicom-

ponent construct consisting of cognitive abilities involved in L2 learning (Dörnyei &

Skehan, 2003; Robinson, 2005, 2012; Skehan, 2002, 2012). Working memory has been

proposed as a central component of L2 learning aptitude (Dogil & Reiterer, 2009; Jilka

et al., 2008; Miyake & Friedman, 1998; Skehan, 1998, 2012). The purpose of the present

section is to introduce the concept of working memory and determine its role in language

learning.

3.2.1 The working memory model

Information processing can be referred to as manipulation of new information. It is in-

volved, for instance, in learning a poem by heart or making a decision about which car

to buy. It comprises encoding, storing, retrieving and transformation of information (see

Figure 3) and takes place in three stages (Atkinson & Shiffrin, 1968; Baddeley, 1997,

1999; Wickens, Gordon, & Liu, 1997). It starts with initial encoding of information com-

ing from our senses (sight, hearing, taste, smell and touch). The information that receives

attention is further transferred to working memory for further processing. Working mem-

ory can be compared to a mental workbench where information from sensory memory

and long-term memory is temporarily maintained so that it can be evaluated, transformed

and acted on (Baddeley, 2012, 2002b; Wickens et al., 1997). Finally, the processed in-

formation can be encoded into the unlimited and long-lasting long-term memory, which
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passively stores information for later use. This memory storage can be thought of as a

repository of our acquired knowledge. Thus, working memory takes a central role in

transferring information to long-term memory, which underlies the acquisition of new

knowledge.

Figure 3. The information processing model adapted from Atkinson & Shiffrin (1968) and Wick-
ens et al. (1997).

According to the influential model (see Figure 4) proposed by Alan Baddeley (2002b,

2012, 2000) working memory is a multicomponent system that consists of three short-

term memory stores responsible for temporarily holding different types of information

and attention-related processes, termed the central executive (Cowan, 2008; Baddeley,

2000, 2012, also see Miyake & Shah, 1999, for alternative working memory models).

The visuo-spatial sketchpad is a short-term memory store which holds and manipulates

information about objects and locations. The phonological loop is a short term-memory

storage mechanism responsible for temporarily maintaining verbal-acoustic information

and its serial order in memory. The episodic buffer is in charge of the temporary storage

of integrated episodes from multiple dimensions. It connects the so-called slave systems

(the phonological loop and the visuo-spatial sketchpad) to the long-term memory store.

Finally, the central executive is a multifunctional system responsible for the supervision

of the slave subsystems, attention control (focusing, dividing and switching attention) and

activation of long-term memory (i.e. retrieving information from and encoding it to long-

term memory (Baddeley, 1996b, 2002b, 2012). Working memory is considered crucial

for learning new information, and for comprehension and decision-making (Baddeley,

1996a, 2012). In the next section we review previous research on the role of working

memory in language learning.
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Figure 4. The multicomponent model of working memory adapted from Baddeley (2000, 2012).

3.2.2 Working memory in language learning

The short-term storage and attentional components of the working memory model de-

scribed above have been considered essential cognitive abilities implicated in successful

language learning (Robinson, 2003; Skehan, 1998, 2012, 2002). In order for new linguis-

tic information to be learned, it must be processed. As discussed above, this requires rele-

vant information to be attended to, manipulated in working memory and, finally, encoded

into long-term memory. Attentional mechanisms such as focusing, inhibition, detection

and attention-shifting are critical to language processing. They are responsible for encod-

ing linguistic material in working memory, keeping it active, and for retrieving existing

knowledge from and transferring new knowledge to long-term memory (Robinson, 2003;

Segalowitz, 2010; Tomlin & Villa, 1994).

These cognitive abilities are thought to be implicated at various L2 learning stages

(Skehan, 1998, 2002, 2012). The stages are segmenting the linguistic input stream, de-

tecting relevant information and inferring new language rules and modifying existing ones

on the basis of detected patterns. The ability to hold information temporarily in short-

term memory and drawing attention to its properties play a crucial role in the process of

acquiring new representations and restructuring existing ones held in long term-memory.
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The stages in learning L2 sounds may be identified as following: segmenting the

speech stream, detecting relevant acoustic-phonetic properties that distinguish L2 sounds

and establishing new L2 phonetic categories. Thus, the short-term storage for L2 speech

and attentional mechanisms may potentially play an important role in L2 speech learning.

Short-term memory and attention control capacity are limited and vary among individuals

(Cowan, 2001, 2005). Consequently, because short-term memory and attention control

are involved in L2 learning, individual differences in these cognitive abilities can be a

source of individual differences in L2 acquisition.

The following sections discuss the role of individual differences in short-term mem-

ory capacity and attention control in determining L2 learners’ perceptual phonological

competence. We focus on the phonological loop and the central executive components of

Baddeley’s model of working memory described above.

3.3 Short-term memory stores for speech sounds

As discussed in Chapter 2, the perceptual system simultaneously operates in a continu-

ous mode, processing the acoustic properties of the speech sounds in the incoming input,

and in a categorical mode, assigning these speech sounds to phonological representations

stored in long-term memory. Research on speech perception suggests the existence of

two short-term memory stores for the categorical and continuous information about the

speech input (Fujisaki & Kawashima, 1970; Joseph et al., 2015; Pisoni, 1973; Tanaka &

Nakamura, 2004). One of them is thought to be responsible for the temporary storage of

phonological (i.e. categorical) information, whereas the other temporarily holds acoustic

(i.e continuous) properties of speech sounds. In this dissertation these short-term memory

stores are referred to as phonological short-term memory and acoustic short-term mem-

ory. What is the place of these short-term stores in working memory? How do these

short-term memory stores contribute to L2 speech learning? This section aims to answer
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these questions by reviewing previous research on the phonological loop component of

Baddeley’s working memory model (Baddeley et al., 1998).

3.3.1 Phonological short-term memory

3.3.1.1 Phonological short-term memory capacity

The phonological short-term memory associated with Baddeley’s phonological loop com-

ponent of working memory is a limited capacity store responsible for the temporary main-

tenance of auditory verbal (i.e. phonological) information (Baddeley, 1992, 2007, 2012;

Baddeley et al., 1998). As shown in Figure 5, the phonological loop consists of two

main components, a phonological short-term store that temporarily holds phonological

information and a sub-vocal rehearsal mechanism that allows refreshing of the decaying

phonological information by the means of inner vocalization (Baddeley, 2000; Tanaka &

Nakamura, 2004). Its capacity is said to vary among individuals, but on average it is ca-

pable of holding the amount of material one can produce within two seconds (Baddeley,

1992). According to Baddeley, the phonological loop mainly operates at the phonolog-

ical level. More specifically, the phonological short-term memory holds phoneme- or

syllable-sized phonological units (Baddeley, 1992; Baddeley et al., 1998).

A typical example of phonological short-term memory at work is memorizing a tele-

phone number, doing arithmetical calculations like 2+5*8, or comprehending this very

sentence. In order to do these simple tasks, one has to mentally hold and repeat the se-

quence of numbers or words and retrieve them in a correct order without paying much

attention to details like the size or font of the numbers or text. Thus, the function of the

phonological short-term memory is to temporarily hold phonological information while

the long-term phonological representations are being formed (Baddeley et al., 1998). This

function of phonological short-term memory has been investigated in relation to language

learning (see Baddeley, 2003; Gathercole & Thorn, 1998, for a review).
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Figure 5. The phonological loop model (Baddeley et al., 1998, Baddeley, 2003).

3.3.1.2 Phonological short-term memory in L2 speech learning

Individuals’ capacity to hold phonological information and its serial order in phonolog-

ical short-term memory has long attracted the attention of researchers in the field of L1

and L2 language acquisition. Phonological short-term memory has been considered a

“language learning device” and one of the most important cognitive abilities contributing

to L2 learning aptitude (Baddeley et al., 1998; Miyake & Friedman, 1998). In language

acquisition research phonological short-term memory has been found to be a strong pre-

dictor of vocabulary learning in L1 by children (Gathercole, Willis, Emslie, & Baddeley,

1992; Gathercole, Service, Hitch, Adams, & Martin, 1999) as well as in L2 by children

and adults (Atkins & Baddeley, 1998; Masoura & Gathercole, 1999; Papagno & Val-

lar, 1995; Service, 1992). Several SLA studies have associated phonological short-term

memory with acquisition of L2 grammar (French & O’Brien, 2008; O’Brien et al., 2006)

and L2 phonology (Cerviño-Povedano & Mora, 2011, 2015; MacKay et al., 2001; Mora

& Safronova, submitted; Tanaka & Nakamura, 2004).

44



Chapter 3. Cognitive ability in L2 speech learning

Regarding L2 speech learning, MacKay et al. (2001), for instance, have provided ev-

idence of the contribution of phonological short-term memory to inter-learner variation

in L2 speech learning. They examined the perception of English consonants by 72 L1-

Italian learners of English. Their phonological short-term memory was assessed through

a task that required learners to repeat Italian nonwords of increasing syllable length. The

phonological short-term memory was negatively correlated with participants’ error rate

in consonant identification, explaining 15% of the unique variance in the subjects’ identi-

fication of word-final consonants, and 8% of the variance in word-initial consonants. The

researchers suggested that phonological short-term memory could play an important role

in L2 speech perception by facilitating the establishment of L2 phonetic categories.

Recently, studies conducted by Cerviño-Povedano and Mora (2011, 2015) have pro-

vided evidence for the role of phonological short-term memory in L2 speech perception

and phonetic cue weighting. These studies on Catalan-Spanish bilingual EFL learners’

perception of English vowel contrasts have demonstrated that phonological short-term

memory, as measured through a serial nonword recognition task, is associated with target-

like perception of L2 vowels. The results of both studies showed that L2 learners with

greater phonological short-term memory capacity used a more native-like cue weighting

in L2 vowel perception (i.e. could better attend to spectral cues) than the participants with

lower phonological short-term memory capacity.

To sum up, previous SLA research has shown that individuals’ phonological short-

term memory capacity may play an important role in L1 and L2 acquisition and L2 speech

learning, in particular. As discussed in Chapter 2, in order to establish new phonetic cat-

egories for L2 sounds learners need to be able to perceive acoustic-phonetic properties of

L2 sounds (Flege, 1995; Flege at al., 2003). The analysis of L2 speech input for such in-

formation may not only be aided by the ability to hold verbal information in phonological

short-term memory but also by acoustic short-term memory.
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3.3.2 Acoustic short-term memory

Although the phonological loop has been considered responsible for storing acoustic ver-

bal information primarily at the phonological level, it may temporarily store the acoustic

properties of speech and non-speech sounds (Baddeley, 2007; Friedrich, 1990). Recently,

Williamson et al. (2010) have suggested that the original working memory model may

need to be improved by including an additional short-term store for detailed acoustic

information such as pitch in music and speech. They argue that the acoustic and phono-

logical stores are fundamentally different, and thus do not overlap but share a common

rehearsal mechanism. This calls for research on the nature of the acoustic store and its

potential role in L2 speech learning.

3.3.2.1 Acoustic short-term memory capacity

The acoustic short-term memory, as viewed by early research on speech and memory is

a temporary storage for acoustic properties of sounds encoded at the acoustic level of

speech perception (see Chapter 2), that is, prior to the level of phonological encoding

(Cowan & Morse, 1986; Crowder & Morton, 1969; Darwin & Baddeley, 1974; Frank-

ish, 2008; Friedrich, 1990). Acoustic short-term memory is believed to temporarily hold

relatively raw acoustic information which rapidly decays after a period of 200-350 ms

(Baddeley, 1997; Cowan, 1984). Similar to phonological short-term memory, acous-

tic short-term memory comprises a subvocal rehearsal mechanism that allows acoustic

information (e.g., pitch) to be temporarily maintained in working memory, which facili-

tates accuracy in the discrimination of speech sounds (Hickok, Buchsbaum, Humphries,

& Muftuler, 2003; Keller & Saults, 1995; Koelsch et al., 2009).

Acoustic short-term memory capacity has been previously assessed using non-speech

stimuli in tasks requiring subjects to recall auditorily presented stimuli (Li, Cowan, &

Saults, 2013; Prosser, 1995). It has been found to be limited in capacity to two or three

items and to depend on the quality of the items to be recalled. For example, Li et al.
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(2013) estimated the acoustic short-term memory capacity using a tone probe task and a

sequence recognition task. The former required participants to recall the serial position

of a tone probe in the target sequence (increasing from two to six items). In the latter

two sequences of tones were presented, with or without a change in one of the tones and

the participants had to decide if the sequences were the same or different. They found

the acoustic short-term memory capacity to be three items as measured by the single tone

probe task and two items as measured by the sequence recognition task. They also found

that when using multidimensional sounds (by adding timbre from musical instruments)

instead of pure tones as stimuli in the single tone probe task, the acoustic short-term

memory capacity increased. They explained that the acoustic short-term memory capacity

increases with increasing acoustic dissimilarity between sounds.

3.3.2.2 Acoustic short-term memory in L2 speech learning

Previous speech perception research has shown that acoustic short-term memory is in-

volved in speech perception and, in particular, in the discrimination of vowels and con-

sonants, because it stores acoustic information necessary to distinguish speech sounds

(Darwin & Baddeley, 1974; Fujisaki & Kawashima, 1970; Joseph et al., 2015; Pisoni,

1973, 1975). For example, acoustic short-term memory is believed to play a crucial

role in the discrimination of contrasting speech sounds in an ABX discrimination task

(Fujisaki & Kawashima, 1970). In this task participants hear a triad of speech sounds

and have to decide which of the first two sounds matches the third. If the A and B (e.g.,

English /A/ and /2/) sounds are identified as being the same phonetic categories (e.g.,

/A/ and /2/ identified as single native /a/ vowel by a Russian speaker), the decision on X

has to be made on the basis of acoustic details stored in acoustic short-term memory.

A recent study by Joseph et al. (2015) has demonstrated that acoustic short-term mem-

ory determines accuracy in the perception of speech sounds. In their experiment partic-

ipants memorized sequences of speech sounds, containing one, two, or four syllables

and had to recall one of the speech sounds in the sequence. They found that acoustic

47



Chapter 3. Cognitive ability in L2 speech learning

short-term memory was useful when participants were presented with the one syllable se-

quences. When the number of items to be held in memory increased accurate perception

of speech sounds decreased.

The contribution of acoustic short-term memory to learners’ perception of L2 sounds

has received little attention in SLA. To the best of our knowledge, only a few studies

have investigated the role of acoustic short-term memory in L2 speech perception and

production (Mora & Safronova, submitted; Safronova & Mora, 2012a, 2012b; Tanaka

& Nakamura, 2004). For instance, Tanaka and Nakamura (2004) investigated the role

of acoustic short-term memory in the L2 pronunciation of 30 adult Japanese learners of

English. Acoustic short-term memory was measured through a discrimination task that

presented participants with pairs of sequences of pure tones that increased in length from

two to six sounds. The subjects had to decide if the two sequences in a pair were the

same or different in terms of either melody or pitch. The acoustic short-term memory

scores were then related to native speakers’ ratings of the learners’ accuracy and fluency

of pronunciation in English (segmental features, stress position, intonation and rhythm).

The results showed that acoustic short-term memory (specifically, short-term memory

for melody) was positively correlated with pronunciation ratings of both segmental and

prosodic features.

There is evidence that the perception of speech and non-speech may be different

in nature and that L2 speech learning may have a speech-specific origin (Dı́az, Baus,

Escera, Costa, & Sebastián-Gallés, 2008; Surprenant & Watson, 2001). Recent stud-

ies on acoustic memory have used speech-like stimuli to measure L2 learners’ acoustic

short-term memory (Mora & Safronova, submitted; Safronova & Mora, 2012a, 2012b).

Mora and Safronova (submitted) and Safronova and Mora (2012a, 2012b) measured sub-

jects’ acoustic short-term memory capacity using rotated speech which preserves speech-

specific acoustic details of normal speech (i.e. pitch changes, spectral and temporal infor-

mation) but lacks intelligibility since it cannot be phonologically encoded (Scott, Blank,

Rosen, & Wise, 2000; Scott, Rosen, Lang, & Wise, 2006). Using a serial nonword recog-
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nition task procedure they assessed the role of acoustic short-term memory in Catalan-

Spanish learners’ cue weighting in L2 vowel perception. The results indicated that L2

learners with larger acoustic short-term memory capacity are better able to rely on the

spectral differences underlying the English tense-lax /i/-/I/ vowel contrast. The authors

suggested that a larger acoustic short-term memory capacity facilitates target-like L2 cue

weighting

Although acoustic short-term memory has received little attention in SLA research,

the existing evidence suggests that this memory store for acoustic information may con-

tribute to L2 learners’ perception of acoustic-phonetic details of L2 sounds. As discussed

in Chapter 2, this ability is crucial for learners’ acquisition of L2 perceptual phonological

competence. Thus, more research is needed to investigate the relationship between acous-

tic short-term memory and L2 speech learning. Moreover, learning L2 sounds may re-

quire not only storage of sequences of speech sounds and their acoustic properties but also

focusing attention on the relevant phonological and acoustic information during speech

processing. The role of the attention control is discussed below.

3.4 Attention control

3.4.1 Attention control functions: attention shifting

Attention (or executive) control, one of the core human executive functions, constitutes

one of the responsibilities of the central executive component in Baddeley’s working

memory model (see Figure 2). As Baddeley (1996b: 8) points out: “One important

role of the central executive should be to act as an attentional controller, selecting certain

streams of incoming information and rejecting others”. Research on the functions of

central executive has suggested that it is not a unitary system, rather it should be viewed

as a complex multi-functional system that can be divided into several attention control
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functions such as focusing attention, dividing attention, selective attention, inhibition and

attention shifting (Baddeley, 1996b, 2002a; Miyake et al., 2000).

Attention shifting, which is the focus of this dissertation, also referred to as atten-

tion switching or task switching, is considered an important aspect of executive control

(Miyake et al., 2000). Its function concerns shifting back and forth between multiple tasks

and involves inhibition of the information irrelevant to the performance of the current task

(Diamond, 2013; Miyake et al., 2000; Monsell, 2003). To switch from one task to another,

we need to inhibit (or deactivate) previous task and load a new task into working memory

(i.e. activate). In this sense attention shifting requires inhibition (Diamond, 2013; Miyake

et al., 2000). Previous research on attention shifting has used a dual task-switching proce-

dure which requires shifting attention between two task sets, such as deciding on the digit

(odd or even) and the letter (vowel or consonant), or the color and the shape of figures

(Jersild, 1927; Rogers & Monsell, 1995; Rubin & Meiran, 2005; Prior & MacWhinney,

2010, also see Monsell, 2003, for a review of task-switching paradigms).

A common outcome of the attention control tasks is that individuals’ performance is

faster and more accurate on repeat than on shift trials, even if the alternation between

task sets is predictable. Therefore, two basic measures of the attention-shifting skill have

been used, namely, shift costs, calculated as the difference between the reaction times

in shift and repeat trials, and error rates (Monsell 2003; Prior & MacWhinney, 2010;

Rogers & Monsell, 1995). Error rates reflect the number of incorrect responses and serve

as a measure of test takers’ ability to stay on focus for repeat trials and to refocus their

attention for shift trials. These measures are thought to indicate the load placed on an

individual’s processing system when having to refocus attention (Segalowitz & Frenkiel-

Fishman, 2005).

Attention-shifting skill is important for the accomplishment of many simple every-day

situations such as answering the phone while writing an e-mail. While completing these

simple tasks one must shift focus of attention to select and do those which are relevant to

the current goals, while suppressing irrelevant tasks (Monsell, 2003). Attention shifting
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is also involved in the performance of other cognitively complex tasks such as language

learning, which is discussed in the following section.

3.4.2 Attention shifting in L2 speech learning

Learners’ acquisition of L2 competence requires rapid and flexible attention control,

which implies foregrounding relevant and backgrounding irrelevant information when de-

coding linguistic input. This has been demonstrated by Segalowitz and Frenkiel-Fishman

(2005) who investigated the relationship between individual differences in English/French

bilinguals’ attention-shifting ability and L2 proficiency. They used Rogers and Monsell’s

(1995) alternating runs task-switching procedure to present the participants with two lin-

guistic tasks: time adverbials (e.g. now vs. later) and causal connectives (e.g. because

vs. despite). The participants had to shift between the two tasks alternating predictably

in a sequence “...time-time cause-cause time-time...”. The shift costs, that is, the dif-

ference between reaction times on shift (time-cause, cause-time) and repeat (time-time,

cause-cause) trials and error rates were used as measures of attention control. The re-

sults showed that bilinguals who were better able to shift their attention efficiently were

more proficient in their L2 (French). Moreover, attention-shifting ability was found to

account for 32% of the unique variance in L2 proficiency. These results may suggest that

efficient attention-shifting ability plays an important role in attaining high levels of L2

competence.

Attention control has also been shown to play an important role in L2 speech learning

(Francis et al., 2000; Francis & Nusbaum, 2002; Guion & Pederson, 2007). Francis et

al. (2000), for example, found that training L2 learners to focus attention on the relevant

acoustic cues signaling the differences between L2 sounds is an important factor promot-

ing the successful L2 speech learning. Very few studies have investigated the specific

contribution of attention-shifting ability to the L2 learners’ phonological competence. To

the best of our knowledge, only a few studies have explored the individual differences
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in attention shifting and L2 speech perception and production (Darcy et al., 2014, 2011;

Mora & Safronova, submitted; Safronova & Mora, 2012b, 2013).

For example, in order to investigate attention control in L2 speech perception Safronova

and Mora (2013, 2012b) and Mora and Safronova (submitted) developed a speech-based

adaptation of Segalowitz and Frenkiel-Fishman’s (2005) attention-shifting task. In this

novel task 58 Catalan-Spanish participants were asked to shift focus of attention from

one speech-based dimension (segmental duration: long vs. short) to another (voice qual-

ity: female vs. male) in the perception of vowel sounds. Shift costs were found to be

unrelated to the perception of English /i/-/I/ vowel contrast. The participants’ lower

error rates were significantly correlated with more accurate L2 vowel discrimination (ac-

counting for 33.6% of unique variance). The results suggested that the ability to accu-

rately foreground relevant acoustic information rather than the speed of attention shifting

provided L2 learners with an advantage in L2 speech learning (Safronova & Mora, 2013).

In another recent study, Darcy et al. (2014) examined the role of attention control in

16 L1-Spanish learners of English and 18 L1-English learners of Spanish perception of

L2 vowel and consonant contrasts measured via an ABX task. The participants’ attention-

shifting ability was measured using a speech-based attention-shifting task which required

participants to perform two task sets alternating predictably every two trials. In the first

subtask participants had to decide if nonwords started with a nasal consonant or not,

whereas in the second subtask they had to judge if they were English sounding or not.

The results showed that L1-English learners’ lower shift costs were significantly related

to more accurate perception of L2 vowel and consonant contrasts. However, they found

no relationship between attention control and perception scores for L1-Spanish learners of

English. The authors suggested that a more efficient attention control might facilitate the

processing of relevant acoustic information and may lead to the development of accurate

L2 phonetic categories. In a more recent study Darcy et al. (2015) found that attention

control also operationalized as attention shift cost was unrelated to adult Korean learners’
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perception (N = 30) of English vowel /i/-/I/, /u/-/U/ and /æ/-/E/, and consonant /p/-/f/

and /ô/-/l/ contrasts.

To summarize, attention control, and its attention-shifting function, in particular, can

potentially play an important role in L2 learners’ acquisition of perceptual phonological

competence. However, findings so far do not yield a clear picture of the contribution of

attention control in L2 speech learning. Specifically, it is still not well understood how

accuracy and speed in attention shifting promote L2 learners’ acquisition of L2 phono-

logical contrasts. This is one of the aims of this dissertation.

3.5 Summary

This chapter has addressed the issue of the role of cognitive ability in L2 learning. Short-

term memory and attention control are considered crucial cognitive skills underlying the

processing of L2 input, and as a result the acquisition of new L2 knowledge. The L2

studies reviewed suggest that inter-learner variation in L2 learning can be attributed to

learners’ individual differences in phonological short-term memory and attention control.

Research on speech perception and memory suggests the existence of two distinct

short-term memory storage systems responsible for maintaining phonological (i.e. cat-

egorical information) and acoustic (i.e. continuous information) properties of speech in

working memory. Although the exact nature of acoustic short-term memory is still not

clear, it may constitute a part of working memory and play an important role in the per-

ception of L2 sounds.

Despite the growing evidence supporting the relationship between phonological short-

term memory, acoustic short-term memory, attention control and L2 speech learning,

little research has been done to investigate the role of these cognitive skills in L2 speech

learning. As discussed in Chapter 2, L2 speech learning is a challenging task which

requires L2 learners to deal with the influence of their L1 phonological system. In order

to acquire L2 perceptual phonological competence L2 learners must learn to perceive
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acoustic-phonetic properties distinguishing L1 and L2 sounds, and contrasting L2 sounds

(Best & Tyler, 2007; Flege, 1995, 2007; Flege et al., 2003).

This dissertation aims to add to previous L2 psycholinguistic research on L2 speech

learning by investigating the role of phonological short-term memory, acoustic short-term

memory and attention control in learners’ cross-language speech perception and their ac-

quisition of L2 perceptual phonological competence. On the basis of previous research

outcomes we predict that greater phonological short-term memory, acoustic short-term

memory and more efficient (accurate and fast) attention control are associated with learn-

ers’ ability to perceive phonetic distance between L1 and L2 sounds and to acquire L2

phonological contrasts.

In order to investigate the role of L2 learners’ cognitive ability and their perceptual

phonological competence, we set out an experiment in which we related learners’ phono-

logical short-term memory, acoustic short-term memory and attention control abilities to

their perception of a cross-language phonetic distance between L2 and L1 vowel sounds

and the ability to discriminate between contrasting L2 vowel sounds. The detailed de-

scription of the methodology and the results obtained are reported in the following chap-

ters.
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The study

This chapter presents the methodology of our study investigating the relationship between

phonological short-term memory, acoustic short-term memory, attention control and L2

learners’ perceptual phonological competence. Our aim was to relate the scores of the

phonological short-term memory, acoustic short-term memory and attention control tasks

to the scores of the L2 vowel perception tasks and estimate the contribution of these cog-

nitive abilities to the variance in L2 perceptual phonological competence. As discussed

in Chapter 1, previous research has identified factors such as age of onset of L2 learn-

ing, experience with the L2 and amount of L2 use, length of residence in an L2-speaking

environment and L2 proficiency to be the strongest predictors of successful L2 speech

learning. In the present study we also obtained measures for these L2 learning-related

factors in order to facilitate analyses of individual differences in L2 perceptual phonolog-

ical competence. This chapter aims at describing the design of the study by providing

information about the participants’ background as well as a detailed description of the

tasks used to assess the participants’ cognitive skills and their perception of L2 sounds.

The chapter justifies the measures employed and describes the procedures followed to

administer the experiment.

We address the issue of inter-learner variation in the acquisition of L2 sounds by

testing Catalan-Spanish bilingual learners’ perception of American English vowels, com-
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prising /i/-/I/, /I/-/E/, /A/-/2/, /A/-/æ/ and /2/-/æ/ vowel contrasts, which are phono-

logical in English and do not exist in Catalan and Spanish. Our choice of these English

vowel contrasts is explained in Section 4.2.2 below.

4.1 Participants

4.1.1 L2 learners

The L2 participants in this study were 58 Catalan-dominant Catalan-Spanish bilingual

EFL learners, who were undergraduate and graduate students at the University of Barcelona.

They were selected from a larger pool of Catalan-Spanish bilinguals on the basis of two

online questionnaires (see Appendices A and B and Section 4.2.1 for details). The partic-

ipants were informed about the main purposes of the research, procedures as well as the

potential benefits. They agreed to participate in the study voluntarily by signing a consent

form. The undergraduate students were given course credit and graduate students were

given a USB memory drive for their participation.

Table 2
Demographic characteristics of the group of L2 learners.

Measure N M SD Lowest Highest
Age at testing (years) 45 20.2 3.0 18 31
AOL (years)a 45 6 2.7 2 15
Current daily use of Catalan (%) 45 60.9 15.7 30 90
Current daily use of Spanish (%) 45 21.6 13.5 0 45
Dominance in Catalan (BLP score) 45 62.9 36.9 11.2 150.1
Current daily use of English (%) 45 17.5 9.4 1 40
Current weekly use of English (hours)b 45 22.6 14 3 57
Average LoS (weeks)c 45 3.3 7.6 0 40
AmE exposure (%) 45 47.8 26.2 0 100
Self-estimated proficiency 45 6.8 1.1 3.50 8.75
a AOL = age of onset of L2 learning.
b L2 use measure included an amount of hours a week participants used English

at home and with native English-speaking friends, watched films, listened to
music and read books in English.

c LoS = length of stay abroad.
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The participants were asked to perform two L2 speech perception tasks assessing the

ability to perceive a cross-language phonetic distance between L2 and L1 vowels, and the

L2 vowel discrimination skills. They also performed a battery of speech-based cognitive

tasks measuring their phonological short-term memory, acoustic short-term memory and

attention control abilities.

Out of 58 participants, only those who reported no speech/hearing disorders and ob-

tained valid data in all the tasks were selected for further data analyses. The partic-

ipants whose performance on the control conditions of the L2 vowel perception and

cognitive tasks was below or above 2.5 standard deviations (SD) from the group mean

were excluded from further analyses. Data from 45 participants (male = 9, female =

36, Mage = 20.2 years, range = 18− 31 years, SD = 3.0) were considered valid in the

analyses (see Table 2).

4.1.2 Native speakers

A group of 16 native speakers of American English were recruited to provide baseline

data for the L2 vowel discrimination task. They were undergraduate and graduate students

in Indiana University (Bloomington, USA). The study was advertised by the researcher

in the students’ classrooms. The students were informed about the purpose, experimental

procedures, risks and benefits of the study.

The volunteers gave their oral consent and were asked to fill in an anonymous lin-

guistic background questionnaire that was used to control for the participants’ language

background, such as American English-speaking parents, place of birth and residence,

exposure to and use of other languages (see Appendix C). The participants were paid for

taking part in the experiment.

The data from the participants who reported being bilinguals in another language

(N = 1) or who performed on the control condition beyond 2.5 SD from the group

mean (N = 1) were discarded. The data from 14 native speakers (male= 6, female=
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8, Mage = 24.2,range = 18−33) were further analyzed and compared to the L2 learners’

performance1.

4.2 Instruments

4.2.1 Questionnaires

4.2.1.1 Bilingual language profile questionnaire

The participants in the group of L2 learners were selected by means of a modified ver-

sion of the online Bilingual language profile (BLP) questionnaire (Birdsong, Gertken,

& Amengual, 2012). The questionnaire was used as a tool for identifying participants’

dominance in Catalan. The original BLP questionnaire was adapted to a specific bilin-

gual environment in Catalonia and to the needs of the present study (see Appendix A)2.

The questionnaire was administered in Catalan and consisted of five modules: Personal

information, Linguistic background, Language use, Linguistic competence and Attitudes

which aimed to elicit information about the participants’ age of onset of acquisition of

Catalan and Spanish, linguistic competence in each language, frequency of use and expo-

sure and their personal attitudes towards Catalan and Spanish.

The global dominance score for each language was calculated by adding up the scores

in four modules (Personal information module was not scored). The maximum score was

268 for each language (150 + 50 + 40 + 28 = 268). In order to ensure that each module

received equal weighting of 67 points (268/4= 67) in the global dominance score, the

total score in the modules was multipled by factors of 0.446 (Linguistic background),

1.34 (Language use), 1.675 (Linguistic competence) and 2.393 (Attitudes)3.

1The baseline data were collected with the permission of Indiana University Institutional Review Board
(IRB study 1401229361).

2The questionnaire was designed using Google Forms.
3The description of the scoring method can be found at https://sites.la.utexas.edu/bilingual/scoring-

and-interpreting-the-results/
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In order to obtain the participants’ dominance index, the global score for Spanish was

subtracted from the global score for Catalan. A BLP score near zero indicated balanced

bilingualism whereas a more positive or a more negative score reflected the participants’

dominance in Catalan or Spanish, respectively. Those participants who obtained a posi-

tive score (>0) in the BLP were asked to participate in the present study. The descriptives

of the BLP scores are presented in Table 2.

4.2.1.2 Linguistic background questionnaires

The L2 learners selected on the basis of the BLP were further asked to fill in an anony-

mous online linguistic background questionnaire (see Appendix B). The questionnaire

aimed at acquiring information about L2 learners’ age of onset of learning English,

amount of exposure and use of English, the variety of spoken English (British or Ameri-

can English), amount of exposure to British and American English and length of stay in

an English-speaking country. These data were collected in order to explore the relation-

ship between the above mentioned L2 learning-related factors and individual differences

in L2 perceptual phonological competence (see Table 2 for descriptives).

The participants reported having started to learn English at about the age of 6 years

(SD = 2.7,range = 2−15 years) and being exposed to English, primarily, through formal

classroom instruction in a Foreign Language context, extracurricular classes (e.g., private

language schools) and mass media.

Regarding L2 exposure and L2 use, the questionnaire asked the participants to esti-

mate the amount of hours a week they used English at home, with native English-speaking

friends, watching films, listening to music and reading books in English. The sum of

self-estimated hours of weekly use of English was used as a measure of participants’ L2

exposure in the present study. As shown in Table 2 participants reported using English in

the above mentioned domains on average 22.6 hours a week (SD = 14.0).

The participants were also asked to report the variety of English they used and were

more exposed to. Twenty-four percent of participants reported being exposed to British
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English and American English 50% of their time, 40% and 36% reported being exposed

more frequently to British English or American English, respectively. As shown in Table

2, participants reported being exposed to American English 47.8% of the time (SD= 26.2,

range = 0 − 100). Twenty-six participants (58%) claimed they spoke English with a

British accent and 19 participants (42%) believed they spoke English with an American

accent. Since the present study focuses on the perception of American English, the possi-

bility of an advantage of learners more often exposed to American English was taken into

account by exploring the relationship between amount of exposure to American English

and L2 perception measures.

Eighteen participants (40%) reported having lived in an English-speaking country for

periods longer than two weeks. For most of those participants the stay abroad lasted from

2 weeks to one month (N = 14). Thirty-three participants (60%) reported they had never

stayed abroad for more than 2 weeks. On average participants had lived in an English

speaking country for 3.3 weeks (SD = 7.6). We assessed the effect of stay abroad on L2

learners’ perceptual phonological competence.

The linguistic background questionnaire also asked participants to self-estimate their

L2 proficiency in speaking, listening, reading, writing and pronunciation on a nine-point

scale (1= Very poor, 9= Near native) and provide information about English proficiency

level certificates (PET, FCE, CAE and CPE) obtained. The participants’ average self-

reported proficiency ranged from 3.50 to 8.75 (M = 6.81, SD= 1.11). Eleven participants

(24%) reported holding PET or FCE certificates, nine participants (20%) having CAE or

CPE certificates and twenty-five (56%) holding no certificate in English. Along with the

scores of the vocabulary size tests (see Sections 4.2.6 and 5.3) these data suggest that the

participants’ proficiency level ranged from low-intermediate to advanced.

4.2.2 L2 perception tasks

In this study we used a perceptual assimilation task and a categorical vowel discrimination

task to assess the participants’ L2 vowel perception. The perceptual assimilation task
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served as an instrument to measure the participants’ degree of perceived phonetic distance

between L2 and L1 vowels, and the distance between perceptually similar L2 vowels

in L2 learners’ phonological system. We used this task to assess L2 learners’ ability

to establish new phonetic categories for L2 sounds, which, as discussed earlier in the

dissertation (see Chapter 2), determines learners’ success in L2 speech learning. The

categorical ABX vowel discrimination task was used as a measure of the participants’

categorical perception of L2 vowel contrasts, that is, their L2 perceptual phonological

competence.

The L2 perception tasks targeted the participants’ perception of five General Ameri-

can English vowel contrasts /i/-/I/, /I/-/E/, /A/-/2/, /A/-/æ/ and /2/-/æ/. As discussed

in Chapter 2, L1-Catalan learners of English may have difficulties in acquiring these En-

glish vowel contrasts due to the differences in English and Catalan vowel inventories

and the perceived phonetic similarity between Catalan and English vowels. The present

section provides a detailed description of the L2 vowel perception tasks.

4.2.2.1 Perceptual assimilation task

The participants’ cross-language vowel perception was assessed by means of a perceptual

assimilation task (Bungaard-Nielsen et al., 2011; Cebrian, 2009; Cebrian et al., 2011;

Guion et al., 2000; Lengeris, 2009). In this task participants had to identify L2 sounds

in terms of L1 categories and provide goodness-of-fit ratings. As discussed in Chapter 2,

the perceptual assimilation task has been widely used to assess the degree of perceived

phonetic similarity between L2 and L1 sounds (Bohn, 2002; Lengeris, 2009; Strange,

2007). The task has also been used to predict the discriminability of contrasting L2

sounds by providing an estimate of how often two members of an L2 sound contrast

are assimilated to a single L1 phonetic category (Levy, 2009b). Perceptual assimilation

scores may indicate the ability to establish distinct phonetic categories for L2 sounds.

In the present study the perceptual assimilation task required participants to identify

six American English vowels /i/, /I/, /E/, /A/, /2/ and /æ/ as instances of Catalan vowel
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categories and rate English vowels as regards their goodness of fit to the Catalan vowel

categories. As an experimental control, four Catalan vowels /i/, /e/, /E/ and /a/ were

included for identification and rating. The English and Catalan vowels were embedded in

/bVs/ consonantal contexts which created CVC monosyllabic stimuli for both languages

(Cebrian, 2009). The English and Catalan stimuli were beace (/i/), biss (/I/), bess (/E/),

boss (/A/), buss (/2/), bass (/æ/), and biss (/i/), bèss (/E/), béss (/e/) and bass (/a/),

respectively. The stimuli were examined by two phonetically trained native speakers (i.e.

a native speaker of English and a native speaker of Catalan) to ensure that the stimuli

conformed to the phonotactics and syllabification rules of both languages.

The English stimuli were elicited in a carrier phrase It rhymes with , I say .

I say again (e.g., It rhymes with kiss, I say biss. I say bis again). The stimuli

were recorded by three volunteer male native speakers of American English (Mage = 30

years, range= 28−33 years). The speakers filled in an anonymous linguistic background

questionnaire eliciting information about their place of birth and residence, proficiency in

other languages and parents’ mother tongue (see Appendix C). The speakers came from

several places in the USA (Vermont, Oklahoma and Connecticut) who at the moment

of the recording were living in Bloomington (Indiana, USA). Each speaker produced

eight repetitions of the phrases at a normal speaking rate and with falling intonation.

The recordings (Praat and Edirol UA-25 USB Audio Capture device) were made in a

soundproof booth in the L2 Psycholinguistics Lab at Indiana University (Bloomington,

Indiana, USA).

The Catalan vowel stimuli were elicited from three male native speakers of East-

ern Catalan living in the Barcelona area 4. The Catalan speakers (Mage = 43 years,

range = 35 − 52 years) were selected on the basis of the language background ques-

tionnaire, where they reported speaking Catalan as their first and dominant language and

using Catalan 75-100% on a daily basis (see Appendix D). Each Catalan speaker pro-

4Two speakers were from Mataró and one speaker was from Badalona.
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duced eight repetitions of the stimuli embedded in a carrier phrase Rima amb , ara

dic . Ara dic , meaning “It rhymes with , I say . I say again” (e.g.,

Rima amb pis, ara dic biss. Ara dic biss). The Catalan stimuli were digitally recorded

using Marantz PMD660 in sound-attenuated conditions.

Figure 6. F1 and F2 frequencies (in Hz) measured within a 20 ms window positioned at the vowel peak
intensity in each of the English (blue) and Catalan (red) vowel stimulus for the perceptual assimilation task.
Phonetic labels are located at the mean F1 vs. F2 values. The ellipses surrounding English (solid line) and
Catalan (dashed line) are drawn for illustration purposes only.

All recordings were digitized at a 44.1 kHz sampling rate with 16-bit resolution. The

CVC stimuli were extracted from the carrier sentences and were normalized for ampli-

tude (70 dB). The best four tokens per speaker and language were selected on the basis

of auditory judgment and acoustic measurements (see Appendix E, Table E.1). In order

to neutralize potential effects of cross-language differences in consonants on the partici-

pants’ perceptual judgment of CVC nonwords, the saliency of nonword final /s/ in both

languages was smoothed (smoothing factor of 7 points). The Catalan stimuli were fur-

ther processed by removing the prevoicing of the initial /b/ consonant to minimize the
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differences in prevoicing of this consonant in the two languages5. Figure 6 plots the F1

and F2 frequences of the English and Catalan vowels used in the perceptual assimilation

task. The mean F1 and F2 frequencies as well as mean vowel duration of the English and

Catalan vowel stimuli as produced by three male native speakers in each language are

presented in Table 36.

Table 3
Mean F1 vs. F2 frequencies (in Hz) and mean duration (in ms) of the vowel stimuli in the perceptual
assimilation task.

Vowel F1 SD F2 SD Duration SD

E
ng

lis
h

/i/ 316 14.8 2176 17.1 119 5.2
/I/ 450 27.9 1797 42.7 107 6.2
/E/ 589 25.9 1659 35.7 109 4.7
/æ/ 670 42.9 1653 50.9 135 5.0
/2/ 672 48.8 1296 43.9 111 5.8
/A/ 761 51.8 1154 77.5 138 3.5

C
at

al
an

/i/ 291 11.4 2103 32.9 132 9.8
/e/ 395 22.5 1954 57.1 131 5.9
/E/ 511 26.6 1802 57.8 132 6.7
/a/ 649 31.9 1362 51.9 131 6.5

A total of 120 stimuli, which included four tokens for each of the six English and

the four Catalan vowels as produced by three different male speakers in each language,

were randomly presented to the participants using OpenSesame experiment builder and

presentation software (Mathôt, Schreij, & Theeuwes, 2012). The stimuli were presented

to the participants for two kinds of auditory judgment. They were first asked to identify

each vowel stimuli as one out of seven Catalan vowel categories. A set of seven line

drawing pictures (see Figure 7) used as representative exemplars for seven Catalan vowels

were presented to the participants as all possible response alternatives: serp (/e/) “snake”,

gos (/o/) “dog”, nas (/a/) “nose”, llit (/i/) “bed”, foc (/O/) “fire”, set (/E/) “seven”, and

suc (/u/) “juice”. The pictures were used to represent the response categories instead of

5In contrast with English voiced stops Catalan are prevoiced because voicing begins during the stop
closure, before the stop release, which results in negative voice onset time (Ladefoged, 2012; Recasens,
1996).

6F3 frequency related to lip rounding is not presented because it is non-distinctive in English and
Catalan.
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orthographic labels (e.g., Guion et al., 200; Levy, 2009), in order to avoid the possible

effect of the orthographic similarity of labels on the participants’ judgment of similarity

between speech sounds (Bohn, 2002).

After having selected the Catalan category best matching the L2 vowel stimulus, par-

ticipants were asked to listen to the token again by clicking on the button Escolta (“Lis-

ten”) displayed on the screen, and to rate the token for a goodness of fit to the selected

Catalan category using a seven-point scale scale (1= totally different to 7= identical). Next

stimulus was presented by participant’s clicking on Següent (“Next”) button. If necessary

participants could take a short break after the first 60 trials.

Figure 7. L1 response categories in the perceptual assimilation task.

Participants were instructed in Catalan, both orally by the researcher and visually by

the instructions displayed on the screen (see Appendix E, Figure E.1). The instructions

explained the task procedure, the use of the response categories and the rating scale.

Participants were asked to listen to the stimuli over the headphones and provide their

responses with a mouse click by ticking the boxes displayed on the screen. Prior to the

test block a six-trial practice block was given to familiarize participants with the task.

Participants’ responses were analyzed in terms of the percentages of identification of

English vowels as instances of Catalan categories as well as their goodness of fit ratings.

The main purpose of the task was to assess participants’ perception of a cross-language

phonetic distance between English and Catalan vowels, and the degree of perceptual over-

lap of English vowels in the /i/- /I/, /I/- /E/, /A/- /2/, /A/- /æ/ and /2/- /æ/ vowel con-

trasts. The measure of the participants’ degree of perceived phonetic distance between

L2 and L1 vowels was a perceived cross-language phonetic similarity score (henceforth

perceived phonetic similarity score). This score was obtained by computing fit indexes for

L2 vowels identified as instances of L1 vowel categories (Guion et al., 2000). First, the fit
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indexes were calculated for each target L2 vowel by multiplying its highest proportion of

identification by the corresponding goodness-of-fit rating. For example, English /i/ and

/A/ were identified as Catalan /i/ and /a/, respectively, 100% of the time. English /I/

was identified at 50% and 50% rates as Catalan /i/ and /e/. English /E/ was assimilated

to Catalan /E/ and /a/ in 50% and 42% of the cases, respectively. English /2/ was iden-

tified as Catalan /a/ and /o/ in 70% and 30% of instances, respectively. English /æ/ was

assimilated to Catalan /a/ at 75% and to Catalan /E/ at 25% rates. In a given example the

highest percentages of identification for English /i/, /A/, /I/, /E/, /2/ and /æ/ are 100,

100, 50, 50, 70 and 75, respectively.

The proportions of identifications were then multiplied by the goodness of fit rating.

If a L2 vowel was identified as two L1 Catalan categories at similar rates like English

/I/ in the example, the fit index for that L2 vowel was calculated on the basis of the

highest goodness-of-fit rating. The total perceived phonetic similarity score was com-

puted by averaging fit indexes of six target L2 vowel categories and converting it to a

percentage score. In the example described above the perceived phonetic similarity score

would be calculated as follows: CLPS = mean(1x6.5, 0.50x5, 1x7, 0.50x4.5, 0.70x6,

0.75x3.5)x100/7 = 59.7%. It was predicted that lower perceived phonetic similarity scores

would indicate L2 learners’ better ability to perceive phonetic distance between L2 and

L1 vowels and, thus, reflect L2 learners’ better ability to establish new phonetic categories

for L2 sounds.

In order to measure the distance between perceptually similar L2 vowels in the L2

learners’ phonological system, a cross-language assimilation overlap score (henceforth

assimilation overlap score) was obtained. The score was computed using the cross-

language assimilation overlap method which assesses the degree of perceptual overlap

between two L2 vowels in a contrast assimilated to a single L1 vowel category (Levy,

2009). The method introduced by Levy (2009) is based on the estimation of how often

two contrasting L2 vowels are identified as instances of the same native category. The as-

similation overlap score was calculated for each participant and each of the five English
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vowel contrasts which participants were later asked to discriminate in the L2 vowel dis-

crimination task (see Section 4.2.2.2). It was computed by adding up the smaller percent-

ages of responses when two members of a vowel contrast were perceptually assimilated

to a particular Catalan vowel. For example, for the /i/ - /I/ vowel contrast, the partici-

pant ID25 assimilated English /i/ to Catalan /i/ at 92% rate and assimilated English /I/

to Catalan /i/ 8% of the time. Therefore, the perception of English /i/ and /I/ for this

participant overlapped in 8% of the cases (i.e. the smaller percentage). In addition, both

/i/ and /I/ were perceived as closest to Catalan /e/ for an overlap of 8%. Then all the

overlap percentages for a given vowel contrast were added up. Thus, the overlap score

for the English /i/ - /I/ contrast was 16%.

A single assimilation overlap score was calculated by averaging the total overlap score

for the five English vowel contrasts. Lower scores were predicted to reflect lower degree

of assimilation of L2 vowels to a single L1 category, thus, to indicate a better ability to

establish new phonetic categories for L2 vowels.

4.2.2.2 ABX vowel discrimination task

The participants’ accuracy in the perception of L2 phonological contrasts was assessed

by means of a categorical ABX discrimination task. As discussed in Chapter 2, this task

has proved to be a reliable method to measure listeners’ between- and within-category

discrimination of speech sounds (Fujisaki & Kawashima, 1970; Pisoni, 1973, 1975). The

task has been often used in previous L2 speech perception studies to assess L2 learners’

phonological competence, that is, the extent to which L2 phonetic categories have been

established (Darcy et al., 2014, 2015; Gottfried, 1984). In an ABX task participants hear

three stimuli in a row and decide if the third stimulus (X) is the same as the first one (A)

or the same as the second one (B).

The task was designed to asses participants’ perception of five test English vowel

contrasts (/i/- /I/, /I/- /E/, /A/- /2/, /A/- /æ/ and /2/- /æ/). A control vowel contrast

/i/- /A/ was included to ensure that the participants did the task properly. The test and
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control vowel contrasts were embedded into six consonantal contexts with a "CVCVC

structure (see Table 4). The nonword initial consonants and consonants following the test

vowels varied in their place and manner of articulation. The consonants following the test

vowels were all voiceless in order to avoid natural lengthening of vowels preceding voiced

consonants in English. The stimuli were examined by a native speaker of American

English to make sure that they conformed to English phonology.

Table 4
Stimuli for the ABX vowel discrimination task.

Vowel contrast Condition Consonantal contexts Example stimuli
Item A Item B

/i/ vs. /I/ Test ["p k@s] ["pAk@s] ["p2k@s]
/I/ vs. /E/ Test ["k fIv] ["kifIv] ["kIfIv]
/A/ vs. /2/ Test ["s tS@n] ["sitS@n] ["sAtS@n]
/A/ vs. /æ/ Test ["t sIS] ["tæsIS] ["t2sIS]
/2/ vs. /æ/ Test ["l tIf] ["lAtIf] ["lætIf]
/i/ vs. /A/ Control ["m k@t] ["mIk@t] ["mEk@t]

The "CVCVC nonwords were embedded in a carrier phrase that included a real En-

glish word to illustrate how the test vowels should be pronounced (e.g., It sounds like

puppet. I say puckus. I say puckus again.). Three male native speakers of standard

American English living in Bloomington (Indiana, USA) volunteered in the recording

session (Mage = 32 years). The speakers filled in a linguistic background questionnaire

(see Appendix C) eliciting information about their place of birth, parents’ mother tongue

and linguistic background. Then they recorded the stimuli at a normal speaking rate on

a falling intonation. The stimuli were digitally recorded (Praat and Edirol UA-25 USB

Audio Caprture device) in a soundproof booth at a sampling rate of 44.1 kHz with a 16-

bit resolution on a mono channel in the L2 Psycholinguistics Lab at Indiana University

(Bloomington). The target stimuli were extracted from the recorded carrier sentences and

were normalized for amplitude (70 dB) using Praat speech analysis software (Boersma &

Weenink, 2012).

The best tokens per speaker selected on the basis of auditory judgments and acoustic

measurements were included as stimuli in the task. Figure 8 plots the average frequencies
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of the six test vowels. The description of the mean vowel stimuli duration per consonantal

context is presented in Table 5. For more detailed information about the stimuli such as

F0, F1, F2 average values and vowel duration for each speaker see Appendix F, Table F.1.

Figure 8. F1 vs. F2 formant frequencies for six tested vowels produced by three male speakers of American
English.

The stimuli were then organized into experimental trials where each stimulus A, B

and X, presented with an interstimulus interval of 1200 ms, was spoken by a different

male voice. Such trial design was chosen in order to force participants to rely on abstract

phonological representations rather than on auditorily detectable differences between the

speech stimuli (Flege, 2003; Guion et al., 2000; Werker & Logan, 1985). To counter-

balance order effects each vowel contrast was presented in four possible permutations:

ABA, ABB, BAA and BAB, yielding a total of 144 trials (6 vowel contrasts x 6 conso-

nantal contexts x 4 ABX combinations).

Participants were told that in this task, testing their perception of English vowels, they

would hear three English nonwords where the first nonword (A) and the second nonword

(B) were always different and that the task was to decide if the third nonword (X) was the

same as the first or the second nonword. They were instructed to respond as accurately
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Table 5
Vowel duration (in ms) of the stimuli in the ABX vowel discrimination task (SD in parentheses).

Vowel Consonantal context Mean vowel
["p k@s] ["k fIv] ["s tS@n] ["t sIS] ["l tIf] ["m k@t] duration (ms)

/i/ 96 (1.0) 86 (6.0) 96 (4.0) 75 (16.0) 93 (3.1) 94 (1.0) 90 (4.1)
/I/ 76 (2.3) 65 (13.3) 61 (4.0) 58 (3.1) 63 (3.8) 74 (8.0) 66 (1.2)
/E/ 71 (3.8) 68 (3.8) 77 (4.2) 65 (1.0) 78 (6.6) 87 (8.3) 74 (2.3)
/æ/ 100 (13.4) 111 (18.0) 118 (18.2) 102 (14.2) 118 (9.1) 125 (12.7) 112 (13.4)
/2/ 74 (3.5) 63 (3.8) 74 (6.4) 59 (4.0) 67 (6.1) 69 (1.0) 68 (0.7)
/A/ 87 (9.5) 99 (8.5) 128 (25.7) 103 (11.2) 111 (15.6) 111 (16.5) 106 (13.8)

and as fast as possible by pressing left or right Shift keys. The key assignment was

reminded to participants by the picture displayed on the screen (see Appendix F, Figure

F.1). Participants were given 3000 ms to respond. The next trial was presented 1500 ms

after response or after 3000 ms if no response was given.

In order to familiarize participants with the procedure, the task started with a four-trial

practice block in which visual feedback was provided. Feedback consisted of a picture

of a tick or a cross appearing in the middle of the screen, or the string Too slow! if

the 3000 ms time limit had elapsed. The experiment began after the participants had

done the practice block and reported having understood the instructions. Trials in the

test block were presented randomly in two sub-blocks of 72 trials with a short pause in

between. In order to raise participants’ interest and motivation at the end of the practice

and test blocks they received visual feedback consisting of their average reaction time and

accuracy score.

To avoid the potential effects of the differences in hardware performance on the reli-

ability of the reaction time data, participants performed the task on the same PC. OpenS-

esame software recorded participants’ responses and reaction times. The reaction times

for the correct responses were screened for each participant and those above and be-

low 2.5 SDs from the overall participant’s mean reaction times were not considered for

analysis (2% of total reaction times). The percentage of correct responses (henceforth

discrimination accuracy scores) and average reaction times (henceforth discrimination

reaction time scores) on test vowel stimuli were calculated and served as measures of the
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participants’ L2 vowel discrimination ability. It was hypothesized that more accurate and

effortless performance (i.e. higher accuracy scores and lower reaction time scores) would

reflect the participants’ higher level of competence in the perception of L2 phonological

contrasts.

4.2.3 Phonological memory task

In the present study phonological short-term memory is understood as a temporary stor-

age for phonologically encoded (i.e. categorized) verbal information of the speech stim-

uli. Participants’ phonological short-term memory capacity was assessed using a Catalan

version of the serial nonword recognition task created by Cerviño-Povedano and Mora

(2011). In this task participants hear a pair of sequences of Catalan nonwords and have

to decide if the order of the nonwords in the sequences is the same or different. The

sequences of nonwords increase in length as the task progresses, thereby placing more

demands on the test takers’ phonological short-term memory capacity.

Some of the studies on phonological short-term memory capacity reviewed in Chapter

3 used the serial nonword recognition task, administered in participants’ L1, as a reliable

measure of phonological short-term memory capacity (O’Brien et al., 2006; O’Brien,

Segalowitz, Freed, & Collentine, 2007; Cerviño-Povedano & Mora, 2011; Isaacs &

Trofimovich, 2011). As Cerviño-Povedano and Mora (2011) explain, the serial non-

word recognition task can be considered a better measure of the phonological short-term

memory capacity than, for instance, nonword repetition or digit span, due to its avoiding

articulatory constraints and minimizing lexical knowledge effects on the subjects’ perfor-

mance.

The stimuli in the phonological short-term memory task came from Cerviño-Povedano

and Mora (2011). The task consisted of 24 pairs of 144 Catalan consonant-vowel-consonant

(CVC) nonword sequences organized into three blocks of five-, six- and seven-item se-

quence pairs (see Appendix G, Table G.1). The nonwords in each sequence were sepa-

rated by 300 ms of silence and presented in a sequence in such a way that all nonwords
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within a sequence contained a different vowel as well as a variety of consonants. Ev-

ery block consisted of eight trials containing four same sequence pairs of two identical

nonword (NW) sequences (e.g., NW1, NW2, NW3, NW4, NW5 - NW1, NW2, NW3,

NW4, NW5) and four different sequence pairs in which two of the nonwords in a sec-

ond sequence switched positions (e.g., NW1, NW2, NW3, NW4, NW5 - NW1, NW3,

NW2, NW4, NW5). The position of the first and the last items in a sequence always

remained constant to minimize the salience of the transposed items (Cerviño-Povedano

& Mora, 2011: 57). The interstimulus interval between the two sequences in a sequence

pair was 1000 ms. Same and different sequence pairs within each block were randomly

presented to the participants but the blocks were presented according to the sequence

length. In order to familiarize participants with the task a short four-trial practice block

preceded the experimental blocks.

The task was administered through OpenSesame. The instructions were given to par-

ticipants orally by the researcher and were also displayed on the screen (see Appendix G,

Figure G.1). Participants were asked to decide as fast and as accurately as possible if the

order of the Catalan nonwords in two sequences was the Same or Different by pressing

left or right Shift keys, respectively. The task started once participants confirmed that they

had understood the instructions and had completed the practice block. The measure of

the participants’ phonological short-term memory capacity was a weighted score, which

takes into account the greater difficulty of correctly identifying pairs of longer sequences

(O’Brien et al., 2007; Cerviño-Povedano & Mora, 2011). The measure was obtained

by assigning five, six and seven points to the correct responses at five-, six- and seven-

item sequences, respectively, for a total score of 144, which was then converted into a

percentage score.

4.2.4 Acoustic memory tasks

In this study acoustic short-term memory is defined as an individual’s storage for acoustic

properties of speech stimuli at the acoustic (i.e. a pre-phonological) level. This ability
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was assessed through two versions of an auditory recognition task. In one version, par-

ticipants were presented with two sequences of speech stimuli and had to decide if the

sequences were the same or different (Tanaka & Nakamura, 2004). In the other version,

participants were presented with a single sequence of speech stimuli and had to judge if

a probe item was a member of the sequence or not (Prosser, 1995). The stimuli presented

for recognition were nonwords that had been manipulated through frequency rotation so

that they kept certain speech-like features (duration and pitch) but could not be encoded

phonologically. Frequency rotation was implemented by inverting the speech spectrum

around a center frequency (also known as rotated speech).

As discussed in Chapter 3, spectrally-rotated speech (see Figure 9) is as complex as

normal speech (i.e. it preserves pitch, duration, intensity, voicing of the consonants and

formant-like acoustic features of vowels) but lacks intelligibility and cannot be encoded

phonologically (Blesser, 1972; Scott et al., 2000). These characteristics of rotated speech

make it adequate for testing the storage capacity of acoustic memory (Safronova & Mora,

2012a). It was hoped that rotated speech would force participants to rely exclusively on

their acoustic memory due to the unavailability of phonological coding and storage.

Figure 9. Spectrograms of normal Catalan /ma/ syllable (left) and its spectrally rotated version (right).
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The two acoustic memory tasks were a serial sound recognition task and a target sound

recognition task. The tasks aimed to test participants on their ability to hold the acoustic

properties of speech in short-term memory. We assumed that the ability to hold a larger

amount of acoustic information in memory would enhance a more accurate perception of

L2 speech sounds.

4.2.4.1 Serial sound recognition task

The serial sound recognition task is based on a whole-display recognition paradigm

(Rouder, Morey, Morey, & Cowan, 2011) and is similar in nature to the serial nonword

recognition task used in the present study for assessing phonological short-term memory

capacity. In the serial sound recognition task participants hear two sequences of speech-

like sounds (with sequences increasing in length) and have to decide whether the two

sequences are the same or different as regards the order of the sounds in both sequences

(Mora & Safronova, submitted; Safronova, 2011; Safronova & Mora, 2012a).

The stimuli in this task were 96 Catalan CV syllables consisting of five Catalan vow-

els (/i/, /e/, /a/, /o/ and /u/) produced in a variety of consonantal contexts. The

stimuli were selected from a larger list of 140 Catalan syllables (a combination of the

seven stressed vowels of Catalan vowels and twenty consonants) spoken by a phoneti-

cally trained Catalan native speaker and digitally recorded (Marantz PMD660) in a sound

attenuated booth at a 44.1 kHz sampling rate frequency with a 16-bit resolution. The

recorded stimuli were pre-processed by normalizing amplitude (70 dB), and applying a

linear amplitude ramp (10 ms) to both ends of the sound files (Owren, 2008). To avoid

participants’ reliance on differences in the CVs’ duration, which may be a perceptually

salient feature in this task, the duration of the CV syllables were shortened/lengthened

to the mean duration of the stimuli in a trial using the PSOLA algorithm in Praat. The

stimuli were further processed using a speech rotation technique (Blesser, 1972; Scott et

al., 2000; Scott, Rosen, Beaman, Davis, & Wise, 2009). The technique involved low-pass

filtering the original speech stimuli at 4000 Hz and applying spectral inversion at 2000
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Hz, after which the modified speech stimuli were low-pass filtered again at 3800 Hz. This

acoustic manipulation, performed using a rotation script for Praat (see Appendix H), pro-

duced unintelligible “alien-sounding” stimuli that preserved the acoustic complexity of

normal speech.

The rotated stimuli were then organized into three-, four- and five-item sequence pairs

with 200 ms interstimulus intervals between the items in a sequence and 750 ms between

the two sequences in a pair (see Appendix H, Table H.1). To ensure the discriminabil-

ity of the rotated items the CV syllables in a sequence were distributed on the basis of

saliency of the consonants (manner, place of articulation and voicing) and vowel quality

(frontness/backness). For example, each sequence consisted of CV syllables beginning

with various consonants (stop, affricate, fricative, nasal, lateral and trill). None of the

syllables in a sequence had the same consonant. The CV sequences did not comprise two

or more adjacent alveolar, bilabial, dental or velar consonants, and two or more voiced or

voiceless consonants.

Eight trials at each sequence length consisted of four same and four different sequence

pairs. The latter were created by changing the position of one of the syllables in the

second sequence (see Figure 10). The sequences were distributed in three test blocks of

three-, four- and five-item sequences. Eight trials within each test block (for a total of 24

test trials) were randomly presented to participants with a 4000 ms delay upon response

to give them time to recover from the previous trial.

Participants were informed that in this task they would hear a pair of sequences con-

sisting of “strange” sounds and would have to decide whether the two sequences were the

same or different by pressing the left or right Shift key, respectively. The key assignment

was reminded to the participants by two pictures displayed on the screen (green and red

rectangles with the labels same and different written on them). They were instructed to be

as accurate as possible and to respond within five seconds (see Appendix H, Figure H.1).

A four-trial practice block was provided to familiarize participants with the stimuli

and procedure. In the practice block participants received visual feedback that consisted
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Figure 10. Sample trials of “same” (left) and “different” (right) three-item sequences in the serial sound
recognition task.

of a picture of a tick (correct) or a cross (wrong) appearing in the middle of the screen.

The task began after the participants had performed the practice block and reported having

understood the instructions. At the end of the task visual feedback consisting of partici-

pants’ percentage of correct responses was displayed on the screen. Similar to the scoring

method used in the phonological short-term memory task, the measure of the participants’

acoustic short-term memory capacity was a weighted score (out of 96) converted into a

percentage score.

4.2.4.2 Target sound recognition task

The target sound recognition task was based on a single-probe recognition paradigm (Li

et al., 2013; Prosser, 1995; Rouder et al., 2011). Participants had to decide if a sequence

of sounds comprised a target sound presented after it (with sound sequences increasing

in length as the task progressed). The task was assumed to tap on not only the ability to

keep in memory sequences of acoustically complex items increasing in length, but also

the ability to retrieve one of the items after a relatively long interstimulus interval of 3000

ms. Therefore, participants with an ability to store more acoustic information for longer

periods of time were predicted to perform better on this task.
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The stimuli in this task were 101 Catalan CV syllables. The stimuli recording, pre-

processing and spectral rotation method were those described in Section 4.2.4.1. In or-

der to neutralize the effect of the stimuli duration, the original CV syllables were short-

ened/lengthened to the mean duration of all CV stimuli (400 ms) in this task using PSOLA

algorithm in Praat. This stimuli duration manipulation procedure was performed to en-

sure the equal duration of the target sound in each trial at each sequence length. The

rotated syllables were separated by 200 ms interstimulus interval and were distributed in

two-, tree- and four-item sequences (see Appendix H, Table H.2) followed by 3000 ms

silence and a target sound which matched one or none of the items in the sequence (see

Figure 11). Three test blocks containing eight trials (four Yes and four No trials at each

sequence length) were created.

Figure 11. Sample trials of “yes” (left) and “no” (right) three-item sequences in the target sound recognition
task.

In this task the trials in each test block (for total of 24 test trials) were randomly

presented with 4000 ms delay upon response to give participants time to recover from

the previous trial. In each trial the presentation of a sequence was cued by a picture of

a music folder which signaled the participants to listen to the sequence and remember

it. After a 1500 ms pause a picture of a loudspeaker, which served as a cue to the target

sound to be played shortly, appeared on the screen and a target sound was presented 1500

ms after that (see Figure 12).
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Participants were told that in this task they would hear a sequence of “strange” sounds

followed by a target sound presented to them through headphones (see Appendix H, Fig-

ure H.2). They were instructed to follow the visual cues and judge whether or not the

target sound belonged to the sequence by pressing the assigned key. The key assignment

was reminded to the participants by pictures of green and red rectangles with the labels

Yes and No written on them. Participants were asked to be as accurate as possible (or

guess if necessary) and respond within five seconds. Before the task started a two-trial

practice block had been provided to familiarize participants with the stimuli and proce-

dure. In the practice block participants received visual feedback (picture of a tick or a

cross standing for correct or incorrect answer, respectively). No feedback was provided

during the test block. At the end of the task visual feedback consisting of participants’

percentage of correct responses was displayed on the screen.

Figure 12. Illustration of the target sound recognition task procedure.
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The scoring method used to obtain a measure of the acoustic short-term memory

capacity was similar to the method used in the phonological memory task and acoustic

memory serial sound recognition task. The weighted score was computed by assigning

scores of two, three and four points to the correct responses on two-, tree- and four-item

sequences, respectively. The total score (out of 72 points) was converted into a percentage

score. It was predicted that higher scores would reflect a better ability to preserve a larger

amount of acoustic information in acoustic short-term memory.

4.2.5 Attention-shifting task

The participants’ phonological attention control was assessed through a speech-based

attention-shifting task (Mora & Safronova, submitted; Safronova, 2011; Safronova &

Mora, 2013). This task, based on the predictable alternating-runs task-switching paradigm

(Rogers & Monsell, 1995; Segalowitz & Frenkiel-Fishman, 2005), measured the par-

ticipants’ ability to rapidly and accurately shift focus of attention between two acoustic

speech-related dimensions - voice quality (female vs. male) and segmental duration (long

vs. short). In order to complete this task, participants have to be able to accurately and

rapidly bring to the perceptual foreground the speech dimension required by the current

sub-task (e.g. sound duration) while inhibiting the irrelevant dimension (e.g. voice in

which the sound was produced). We chose the voice quality and duration dimensions

because the perception of speech involves the perception of spectral (e.g., pitch) and

temporal information. For instance, the perception of English tense-lax vowel contrasts

involves listeners’ perception of spectral and temporal differences between the vowels.

The stimuli in this task were the same as the stimuli used by Safronova and Mora

(2013), which were seven Catalan vowels produced in isolation by two phonetically

trained male and female Catalan native speakers whose voices (male vs. female) rep-

resented the quality dimension (i.e. the first task set). The vowel stimuli were digitally

recorded (Marantz PMD660) in a soundproof booth at a 44.1 kHz sampling rate frequency

with a 16-bit resolution and were normalized for amplitude (70 dB). To create the second

79



Chapter 4. The study

task set (i.e. duration dimension), vowel stimuli were lengthened to 500 ms and shortened

to 200 ms using the PSOLA algorithm in Praat. The vowel stimuli were then organized in

a test block consisting of 224 randomly presented trials (7 vowels x 2 voices x 2 durations

x 8 identical copies of each stimulus) with a break after first 112 trials. Eight warm-up

trials were added at the beginning of the test block and another eight warm-up trials -

after the break, which were excluded from the data analysis.

In each trial the presentation of the task sets was cued by two alternating pictures

displayed in the center of the screen. The quality task (Q) was represented by a picture

of male vs. female located on the left side of the screen and the duration task (D) was

represented by a picture of long and short horizontal lines located on the right side of

the screen (see Figure 13). The response labels were displayed below the pictures to

remind participants about the key assignment. The picture corresponding to the upcoming

task lit up blue and was followed by the presentation of a vowel stimulus. The pictures

alternated predictably creating a sequence of repeat trials (i.e. QQ - DD - QQ ...), which

required participants to stay on the same task, and shift trials (i.e. QD - DQ ...) requiring

reallocation of their attention to the other task.

Figure 13. Visual cues to the attention-shifting task.

Participants were informed that the task consisted of two predictably alternating sub-

tasks requiring identification of the voice gender or the duration of a vowel sound (see

Appendix I, Figure I.1). They were instructed to follow the visual cues to the tasks and

to decide as fast and accurately as possible whether the voice was male or female and
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whether the vowel was short or long by pressing the appropriate key. Prior to the test

block participants completed a practice session consisting of tree practice blocks (48 trials

in total). The first two blocks (12 trials each) provided separate training on the quality

and duration sub-tasks. In the third block (24 trials) two task sets appeared in alternating

runs, thus, simulating the test block procedure. In the practice blocks, if participants

made a mistake or exceeded the 3000 ms response time limit the message “Oops!” and

“Too slow!” were displayed on the screen, respectively. At the end of each practice

and test block participants were presented with feedback showing their average error rate

and reaction time. No feedback was provided during the test block in order to prevent

participants from focusing on accuracy only.

The task was administered using OpenSesame software. The reaction times on trials

where an incorrect response was given were discarded. For each participant the data

were screened and the reaction times which were beyond 2.5 SD from the participant’s

mean reaction time for each sub-task and trial type (i.e. reaction time on quality/duration

on repeat/shift trials) were excluded from the analysis (for a total of 3% of the data).

The measures of participants’ attention control were obtained by computing the response

latency differences between shift and repeat trials, referred to as shift cost as well as

mean error rate on repeat and shift trials (Prior & MacWhinney, 2010; Rogers & Monsell,

1995; Segalowitz & Frenkiel-Fishman, 2005). Regarding the accuracy measure, the total

percentage of errors rather than the accuracy shift cost (Rogers & Monsell, 1995) was

used due to non-significant differences between error rates in shift and repeat trials found

in the present study (for details see Chapter 4). It was assumed that a more efficient

phonological attention control, as indexed by lower shift cost and error rate scores, would

be associated with learners’ better ability to perceive cross-language phonetic distance

and their higher level of L2 perceptual phonological competence.
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4.2.6 Vocabulary size task

A vocabulary size estimate was used as a method to assess participants’ proficiency level

in English. Recent research on the role of vocabulary size in L2 speech perception has

shown that a larger vocabulary size is associated with a more accurate L2 vowel percep-

tion (Bungaard-Nielsen et al., 2011). Therefore, in the present study participants’ overall

proficiency was measured through a receptive vocabulary score obtained from combining

X Lex (Meara, 2005) and Y Lex test scores (Meara & Miralpeix, 2006) which estimate

the vocabulary size in the 0-10000 word range. This scoring method has been found to

reflect different L2 proficiency levels and has been widely used in previous L2 speech re-

search as a reliable phonologically-related measure of L2 proficiency (Cerviño-Povedano

& Mora, 2015; Darcy et al., 2014; Miralpeix, 2012).

In X Lex and Y Lex tests participants were presented with a series of English words

appearing in the middle of the screen and were asked to decide whether or not they knew

the meaning of each word by clicking the appropriate button (a happy or a sad face).

Participants were asked to be honest and were informed that some of the words were

English nonwords. The sum of X Lex and Y Lex corrected scores was used as a measure

of the participants’ proficiency level7.

4.3 General procedure

The L2 learners were tested in small groups of two participants in a quiet room at the

University of Barcelona (Spain). The experiment was conducted in a single session that

lasted approximately one hour and a half. The tasks were administered using two PCs

and two sets of soundproof headphones to ensure maximum sound quality and to avoid

any external distractions. Taking into account possible effects of the task order on the re-

7There are two types of X Lex and Y Lex test scores: raw scores and corrected scores. The latter are
the raw scores adjusted to the number of nonwords the participants claimed they knew.
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sults of the experiment, the task presentation followed one of two orders counterbalanced

across participants (see Table 6).

Table 6
General procedure: tasks order.

Order 1 Order 2
Attention shifting taska Serial nonword recognition taskc

Target sound/Serial sound recognition taskb Perceptual assimilation taske

Vowel discrimination task (ABX)d Serial sound/Target sound recognition task
Vocabulary size task (X Lex and Y Lex)f

This task distribution resulted in half of the participants beginning the experiment

with the acoustic short-term memory task (either serial sound recognition task or the

target sound recognition task) and the other half of the participants doing phonological

short-term memory first. The acoustic short-term memory tasks were never presented

sequentially or immediately before or after the phonological short-term memory task.

Once a participant completed the first task set (Order 1) he/she was asked to switch to

another PC in order to complete the second task set (Order 2) and vice versa.

The group of native speakers of American English was tested individually under

sound-attenuated conditions in the L2 Psycholinguistics lab at Indiana University (Bloom-

ington, USA). The order of the tasks was the same for all participants in the group. They

were first asked to fill out the linguistic background questionnaire and then performed the

ABX vowel discrimination task, which provided baseline data in the present study.
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Results

This chapter provides a detailed description of the data analyses and reports the results

obtained regarding the relationship between the L2 learners’ cognitive abilities, percep-

tion of cross-language phonetic distance and L2 perceptual phonological competence.

The first part of the chapter is devoted to the results of preliminary analyses of the L2

learners’ performance in L2 vowel perception and cognitive tasks. Specifically, the de-

scription of the participants’ performance in the perceptual assimilation task and the L2

vowel discrimination task is provided. The L2 learners’ L2 vowel discrimination scores

are compared with the baseline data. The results of exploratory analyses aimed at vali-

dating the work of the cognitive tasks are also reported in the first part of this chapter.

The second part of the chapter focuses on the contribution of phonological short-term

memory, acoustic short-term memory and attention control to L2 learners’ acquisition of

perceptual phonological competence. The results regarding the contribution of factors

such as age of onset of L2 learning, L2 proficiency, length of stay abroad and amount of

L2 use to learners’ perception of cross-language phonetic distance and to their L2 per-

ceptual phonological competence are also reported. The research questions are answered

and the predicted hypothesis is verified by reporting the results of a series of correlation

analyses between the measures of L2 learners’ cognitive skills and L2 vowel perception.

Prior to performing correlation analyses exploratory data analyses were conducted for all
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the measures obtained to verify the normality of distribution and homogeneity of variance

needed to perform parametric tests (Field, 2009). All statistical analyses were performed

in SPSS 20. An alpha level of .05 was used as a significance criterion in the present study.

5.1 L2 vowel perception

The present section reports the results of the cross-language perceptual assimilation task

and the categorical L2 vowel discrimination task which were used to assess the partici-

pants’ L2 vowel perception. The assimilation scores of Catalan and English vowels are

presented. The focus is made on the perceived cross-language phonetic similarity and

the cross-language assimilation overlap scores measuring the participants’ degree of per-

ceived phonetic distance between L2 and L1 vowels, and the degree of perceptual overlap

between contrasting L2 vowels, respectively. The section further reports the results of the

categorical L2 vowel discrimination task. The learners’ L2 vowel discrimination scores

are compared with those of the native speakers.

5.1.1 Perception of cross-language phonetic distance

This section reports the results of the perceptual assimilation task. The identification

scores of the control Catalan (/i/, /e/, /E/ and /a/) and the test English (/i/-/I/, /I/-

/E/, /A/-/2/, /A/-/æ/ and /2/-/æ/) vowels are presented. The section also describes the

perceived cross-language phonetic similarity and the cross-language assimilation overlap

scores which measured the participants’ perception of a cross-language phonetic distance

between L2 and L1 vowels.

5.1.1.1 Identification of Catalan vowels

The average percentages of identification of the control Catalan vowel stimuli in terms

of Catalan vowel categories are presented in Table 7. The average goodness-of-fit ratings

(in parentheses) indicate the average ratings of the perceived degree of similarity between
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the Catalan vowels and the selected vowel response categories. The average fit indexes

represent a combination of identification and goodness-of-fit scores (Guion et al., 2000).

For example, to calculate a fit index for Catalan vowel /a/, the proportion of assimilation

of this vowel to Catalan /a/ was multiplied by the goodness-of-fit rating to obtain a score

out of seven (e.g., 0.97 x 5.0 = 4.8), where the maximum score indicates the perfect fit

between the vowel stimulus and the selected L1 vowel category.

Contrary to our expectations the control Catalan vowel stimuli were not identified at

perfect 100% accuracy rate. As the data in Table 7 demonstrate, the correct identifica-

tion rates were the highest for Catalan /a/ and /i/. The former was correctly identified

by the participants 97% of the time and received an average goodness-of-fit rating of 5.

Participants identified Catalan /i/ at 82% accuracy rate with an average goodness-of-fit

rating of 4.5. Catalan /a/ and /i/ obtained the highest mean fit indexes of 4.8 and 3.7, re-

spectively, which however did not indicate a perfect match to the native vowel categories.

The results for Catalan /E/, which was correctly identified in 59% of instances with 4.6

goodness-of-fit rating and in 31% of cases heard as /e/, coincide with the previous re-

search findings demonstrating that Catalan listeners may to some extent mis-identify and

have difficulties discriminating /e/ and /E/ (Cebrian, 2006; Pallier et al., 1997). Catalan

/e/ was correctly identified least often (50%) and received an average goodness-of-fit

rating of 4.9. Surprisingly, in 44% of instances Catalan /e/ was identified as Catalan /i/,

which as shown in Figure 6, is acoustically close to Catalan /i/ and English /I/ and /E/

(see Section 4.2.2.1). As suggested by the mean fit indexes of 2.5 and 2.8, Catalan /e/ and

/E/ were perceived as relatively distinct from the Catalan /e/ and /E/ vowel categories.

The unexpectedly low correct identification scores for Catalan /e/ and /E/ obtained

in the present study might be explained by several factors. First, the participants’ vowel

identification scores might have been affected by the task design in which the presen-

tation of the control Catalan stimuli were mixed with the test English stimuli. Second,

participants could have had difficulties in distinguishing Catalan /e/ and /E/ due to the

fact that these two Catalan mid vowels might be undergoing a process of merging, espe-
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Table 7
Mean percentages identification and goodness-of-fit ratings (in parentheses) of Catalan vowel stimuli in
terms of Catalan vowel categories.

Catalan Catalan response category Fit indexa
vowel stimuli /i/ /e/ /E/ /a/ /O/ /o/ /u/

/i/
82 17 1

3.7 (1.52)(4.5) (4.5) (4.2)

/e/
44 50 6

2.5 (2.10)
(3.6) (4.9) (3.6)

/E/
5 31 59 5

2.8 (1.65)
(2.4) (4.1) (4.6) (2.4)

/a/
1 2 97

4.8 (1.19)
(1.8) (3.5) (5.0)

Note. The goodness-of-fit ratings are based on a scale from 1= totally different to 7= iden-
tical. Boldfaced values indicate the modal identification response. Mean fit indexes (SD in
parentheses) are provided for the modal identification responses.

a Fit indexes were derived from the proportion of identifications and goodness ratings (see the
text).

cially in Barcelona where both Catalan and Spanish are widely spoken. In addition, the

participants’ use of Spanish might have had an effect on the participants’ perception of

Catalan mid vowels (for the participants’ amount of daily use of Catalan, Spanish and En-

glish see Chapter 4)1. Finally, the differences in the participants’ experience with English

might have also affected the identification of L1 vowels (Cebrian, 2006). Nonetheless,

the fact that the percentages of identification and goodness-of-fit ratings of the Catalan

vowels were relatively high and no instances of the misuse of the response categories

were observed may suggest that the participants understood the task and did it properly.

5.1.1.2 Identification of English vowels

The participants’ mean percentages of assimilation of the test English vowels (/i/, /I/,

/E/, /æ/, /2/ and /A/) to the Catalan vowel categories and the mean goodness-of-fit

ratings indicating the perceived degree of similarity between the L2 and L1 vowels are

presented in Table 8. The highest assimilation rates were obtained by English /i/, /æ/,

/2/ and /A/. English /i/ was identified as Catalan /i/ 95% of the time with the goodness-

1There is no mid /e/ and /E/ vowel contrast in Spanish which includes only /e/ vowel sound.
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of-fit rating= 4.7. English /æ/, /2/ and /A/ were assimilated to Catalan /a/ vowel 83%,

95% and 97%, respectively, and received relatively high goodness ratings (i.e. 4.1, 4.3

and 4.7, respectively). These data suggest that English /i/ and /æ/, /2/ and /A/ were

perceived as similar to their Catalan counterparts by the participants in the present study.

Overall the mean assimilation scores obtained for English /i/, /æ/, /2/ and /A/ in the

present study coincide with the perceptual mapping data for the Catalan and American

English vowels reported by previous research (Rallo Fabra, 2005).

Table 8
Mean percent identification and goodness-of-fit rating (in parentheses) of English vowel stimuli in terms of
Catalan vowel categories.

English Catalan response category
vowel stimuli /i/ /e/ /E/ /a/ /O/ /o/ /u/

/i/
95 5

(4.7) (3.8)

/I/
42 37 21

(3.1) (3.7) (4.0)

/E/
14 51 35

(3.8) (4.3) (3.3)

/æ/
2 15 83

(4.1) (3.9) (4.1)

/2/
1 1 95 3

(3.3) (3.7) (4.3) (2.7)

/A/
97 3

(4.7) (2.9)

Note. The goodness-of-fit ratings are based on a scale from (1= to-
tally different to 7= identical. Boldfaced values indicate the modal
identification response.

Similar to the perceptual assimilation results reported by previous studies (Cebrian,

2009; Rallo Fabra, 2005), Table 8 shows that neither English /I/ nor /E/ were clearly

mapped onto a single Catalan vowel category. Most frequently participants assimilated

English /I/ to Catalan /i/ in 42% of instances with an average goodness-of-fit rating of

3.1. However, 37% and 21% of the time the vowel was identified as Catalan /e/ and /E/

and received mean goodness ratings of 3.7 and 4.0, respectively. English /E/ was most

frequently identified as Catalan /E/ in 51% of instances with an average goodness-of-

fit rating of 4.3. The second perceptually closest L1 vowel category was /a/ to which
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English /E/ was assimilated 35% of the time with an average goodness-of-fit rating of

3.3.

The assimilation scores of the English vowel stimuli were further analyzed by calcu-

lating the overall fit to the Catalan vowel categories (i.e. fit index) individually for each

participant (Guion et al., 2000). The fit indexes for the English vowel stimuli as well as

mean proportions of identification and goodness-of-fit ratings are shown in Table 9. The

fit indexes ranged from 1.2 (English /E/ identified as Catalan /a/) to 4.6 (English /A/

identified as Catalan /a/). The highest mean fit indexes were obtained by English /i/

(M = 4.5,SD = 1.4) identified as Catalan /i/ and /A/, /2/ and /æ/ (M = 4.6, SD = 1.3;

M = 4.0, SD = 1.1; M = 3.4, SD = 1.2) identified as Catalan /a/. These results suggest

that English /i/, /A/, /2/ and /æ/ were perceived as best matching the selected L1 vowel

categories. The pairwise comparisons (Bonferroni corrected p< .02) of the fit indexes re-

vealed statistically significant differences in fit indexes between /A/ and /2/ (z =−3.07,

p < .02, r = −.46), /A/ and /æ/ (z = −4.54, p < .001, r = −.68) and /æ/ and /2/

(z = −2.69, p < .02, r = −.40). These results suggest that despite being assimilated to

the same Catalan /a/ vowel, English /A/, /2/ and /æ/ differed in the degree of fit to that

L1 vowel category, thus indicating Category-Goodness assimilation (Best, 1995; Best &

Tyler, 2007).

Table 9
Mean proportion of identifications, goodness-of-fit ratings and fit indexes for English vowels (SD in paren-
theses).

English Catalan Proportion of Goodness Fit index
vowels vowel category identification rating

/i/ /i/ 0.95 (0.1) 4.7 (1.2) 4.5 (1.4)
/I/ /i/ 0.42 (0.3) 3.1 (1.1) 1.3 (1.2)

/e/ 0.37 (0.3) 3.7 (1.4) 1.4 (1.3)
/E/ /E/ 0.51 (0.3) 4.3 (1.2) 2.2 (1.5)

/a/ 0.35 (0.3) 3.3 (1.2) 1.2 (1.0)
/æ/ /a/ 0.83 (0.2) 4.1 (1.1) 3.4 (1.2)
/2/ /a/ 0.95 (0.1) 4.3 (1.7) 4.0 (1.1)
/A/ /a/ 0.97 (0.1) 4.7 (1.2) 4.6 (1.3)

Note. Identifications below 30% are not included.
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The mean fit indexes obtained for English /I/ and /E/, most frequently identified as

Catalan /i/ (M = 1.3, SD = 1.2) and /E/ (M = 2.2, SD = 1.5), respectively, suggest

that these two English vowels were perceived as distinct from the respective Catalan

categories. Also these results show that English /I/ and /E/ were assimilated to two

distinct L1 categories, predicting good discrimination of this L2 vowel contrast (Best,

1995; Best & Tyler, 2007). As Table 9 shows, both English /i/ and /I/ were assimilated

to the same Catalan /i/ vowel category. However, the difference in the fit indexes (z =

−5.83, p < .001, r = −.87) may indicate Category-Goodness assimilation (Best, 1995;

Best & Tyler, 2007).

The mean fit index of the English vowels to the Catalan vowel categories, calculated

on the basis of the modal identification responses (see Table 8) was 3.3 (SD = 0.7). Sim-

ilar mean fit index of 3.4 was obtained for the correctly identified control Catalan vowels

(SD = 0.8). The results of the t-test showed that the difference in the overall fit indexes

between Catalan and English vowels was not significant (t(44) = .33, p > .05), suggest-

ing that both Catalan and English vowels were perceived as equally good instances of L1

Catalan vowel categories.

5.1.1.3 Perceived phonetic distance between L2 and L1 vowels

The participants’ perceived phonetic similarity scores are presented in Table 10. As ex-

plained in Chapter 4, the perceived cross-language phonetic similarity scores were pre-

dicted to indicate the participants’ degree of perceived phonetic distance between L2 and

L1 vowels.

As Figure 14 shows, English /i/ and /A/ were perceived the perceptually closest to

the selected L1 categories as indicated by the mean perceived phonetic similarity scores

of 65.6% (SD= 18.8) and 66.3% (SD= 18.5), respectively. English /æ/ and /2/ obtained

perceived phonetic similarity scores of 57.9% (SD = 16.5) and 50.0% (SD = 15.7). Fi-

nally, perceived phonetic similarity scores of English /I/ and /E/ (M = 34.1%, SD = 14.5
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and M = 38.5%, SD = 16.6, respectively) may suggest that these English vowels were

perceived relatively different from the selected L1 categories.

Table 10
Descriptive statistics for participants’ perceived cross-language phonetic similarity scores (CLPS) in per-
centage.

English Mean SD Median Range
vowels

/i/ 65.6 18.8 68.6 18.6 - 92.9
/I/ 34.1 14.5 34.3 8.6 - 61.4
/E/ 38.5 16.6 35.7 12.9 - 75.7
/æ/ 50.0 15.7 51.4 11.4 - 90.0
/2/ 57.9 16.5 54.3 22.9 - 90.0
/A/ 66.3 18.5 70.0 21.4 - 94.3

CLPS 52.0 10.2 52.8 30.7 - 74.0

Figure 14. Participants’ perceived cross-language phonetic similarity scores (CLPS).

The analyses conducted for English vowels showed that there was a significant effect

of Vowel on the participants’ perceived phonetic similarity scores (χ2(5) = 93.11, p <

.001). As shown in Table 11, the pairwise comparisons (Bonferroni correction p < .003)

revealed statistically significant differences between /i/ and /I/, /i/ and /E/, /i/ and /æ/,

/E/ and /A/, /E/ and /2/, /E/ and /æ/, /A/ and /2/, /A/ and /æ/, /I/ and /A/, /I/ and

/2/, /I/ and /æ/. There were no statistically significant differences between /i/ and /A/,
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/i/ and /2/, /2/ and /æ/, and /I/ and /E/. These results suggest that vowels in L2 vowel

contrasts differ in the degree of perceived similarity to the perceptually closest L1 vowel

category. In other words some test L2 vowels were perceived as being perceptually closer

to the L1 vowels than other L2 vowels.

Table 11
The results of the pairwise comparisons of cross-language phonetic similarity scores for each English vowel
pair.

Vowels z p r
/i/ vs. /I/ -5.52 < .001 -.82
/i/ vs. /E/ -5.13 < .001 -.76
/i/ vs. /æ/ -3.86 < .001 -.57
/E/ vs. /A/ -5.19 < .001 -.77
/E/ vs. /2/ -4.17 < .001 -.62
/E/ vs. /æ/ -3.27 < .003 -.49
/A/ vs. /2/ -3.31 < .003 -.49
/A/ vs. /æ/ -4.68 < .001 -.70
/I/ vs. /A/ -5.35 < .001 -.80
/I/ vs. /2/ -4.96 < .001 -.74
/I/ vs. /æ/ -4.14 < .001 -.62
/i/ vs. /A/ -.33 > .05 -.05
/i/ vs. /2/ -2.77 > .003 -.41
/2/ vs. /æ/ -2.38 > .01 -.35
/I/ vs. /E/ -1.52 > .05 -.23

5.1.1.4 Cross-language assimilation overlap

The mean assimilation overlap scores for English /i/-/I/, /I/-/E/, /A/-/2/, /A/- /æ/ and

/2/-/æ/ vowel contrasts are presented in Table 12 and Figure 15. As explained in Chap-

ter 4, cross-language assimilation overlap score measured the degree of perceptual assim-

ilation overlap between vowels in the above mentioned L2 vowel contrasts and served as

a measure of distance between perceptually similar L2 vowels in the L2 learners’ phono-

logical system (Levy, 2009).

The data analyses revealed a statistically significant effect of Vowel Contrast on the

participants’ assimilation overlap scores (χ2(4) = 119.12, p < .001). As shown in Ta-

ble 13, the pairwise comparisons (Bonferroni corrected p < .005) revealed statistically

significant differences between English /i/-/I/ and /2/-/A/, /i/-/I/ and /2/-/æ/, /i/-/I/
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Table 12
Descriptive statistics for participants’ cross-language assimilation overlap scores (CLAO) in percentage.

English Mean SD Median Range
vowel contrast

/i/ - /I/ 45.98 29.58 50.0 0.0 - 100
/I/ - /E/ 29.57 19.01 25.8 0.0 - 75.0
/A/ - /2/ 94.29 11.79 100.0 41.7 - 100
/A/ - /æ/ 81.63 20.69 90.9 25.0 - 100
/2/ - /æ/ 82.89 17.74 90.9 33.3 - 100

Total CLAO 66.87 10.34 70.0 45.3 - 81.7

and /A/-/æ/, /I/-/E/ and /2/-/A/, /I/-/E/ and /2/-/æ/, /I/-/E/ and /A/-/æ/, /2/-/æ/ and

/2/-/A/, and /A/-/æ/ and /2/-/A/. There were no statistically significant differences be-

tween English /i/-/I/ and /I/-/E/, and between /A/-/æ/ and /2/-/æ/. The results suggest

that L2 vowel contrasts differ in the degree to which the contrasting vowels are percep-

tually assimilated by the participants to the same L1 category. This means that some

contrasting L2 vowels might be perceived as being phonetically closer to each other in

comparison with other L2 vowel pairs.

Table 13
The results of the pairwise comparisons of cross-language assimilation overlap scores for English vowel
pairs.

Vowel pairs z p r
/i/-/I/ vs. /2/-/A/ -5.48 < .001 -.82
/i/-/I/ vs. /2/-/æ/ -5.14 < .001 -.77
/i/-/I/ vs. /A/-/æ/ -4.91 < .001 -.73
/I/-/E/ vs. /2/-/A/ -5.84 < .001 -.87
/I/-/E/ vs. /2/-/æ/ -5.76 < .001 -.86
/I/-/E/ vs. /A/-/æ/ -5.73 < .001 -.85
/2/-/æ/ vs. /2/-/A/ -3.80 < .001 -.57
/A/-/æ/ vs. /2/-/A/ -3.84 < .001 -.57
/i/-/I/ vs. /I/-/E/ -2.77 > .005 -.41

/A/-/æ/ vs. /2/-/æ/ -1.08 > .05 -.16

Taken together with the English vowel assimilation data presented in Table 9, the

results reported above suggest that the target L2 vowel contrasts may differ in their de-

gree of discriminability. For example, high discrimination accuracy may be predicted

for English /I/ and /E/ which were most of the time mapped onto two distinct L1 cate-
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Figure 15. Participants’ cross-language assimilation overlap scores (CLAO).

gories and showed a mean overlap of 29.57% (see Figure 16). Some lower discrimina-

tion accuracy rates may be predicted for English /i/-/I/ which almost 50% of the time

(M = 45.98) were assimilated to a single Catalan /i/ and differed in the goodness-of-fit

ratings suggesting Category-Goodness assimilation (Best & Tyler, 2007). A rather low

discriminability is expected for English /A/-/æ/ and /2/-/æ/ contrasts which on average

perceptually overlapped in 81.63% and 82.89% of cases, respectively. The English vowel

contrast /A/-/2/ is predicted to be difficult to discriminate as indicated by their fit indexes

to a single Catalan /a/ vowel (see Table 9) as well as by the mean assimilation overlap of

94.29%.

Figure 16. Prediction of discriminability of English vowel contrasts.

5.1.1.5 Inter-learner variation in perceived cross-language phonetic distance

Overall, the results obtained by the perceptual mapping task are in line with the data

reported by previous cross-language studies (Cebrian, 2006; Rallo Fabra, 2005). The
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perceptual assimilation results of the present study show that the Catalan-Spanish bilin-

gual EFL learners tended to assimilate English vowels to the perceptually closest Catalan

counterparts (see Figure 6, Section 4.2.2.1). Moreover, participants were found to assim-

ilate the contrasting L2 vowels to a single L1 category. However, as shown in Table 12

and Table 13, participants varied in the degree of perceived phonetic distance between

L2 and L1 vowels (M = 52.0, SD = 10.2, range = 30.7− 74.0) as well as between the

contrasting L2 vowels (M = 66.87, SD = 10.34, range = 45.3−81.7). This inter-subject

variation suggests that there were L2 learners who were likely to have established distinct

phonetic categories for contrasting L2 vowels as reflected by the lower perceived phonetic

similarity and assimilation overlap scores.

The Shapiro-Wilk’s test revealed that the participants’ overall perceived phonetic sim-

ilarity scores were normally distributed (p > .05) whereas cross-language assimilation

overlap scores violated the assumption of normality (p < .05). Therefore, both paramet-

ric and nonparametric tests were performed to examine the contribution of L2 learners’

cognitive skills to the observed inter-subject variation in the degree of perceived phonetic

distance between L2 and L1 vowels and the degree of perceptual overlap between L2

vowels. The results of the analyses are reported in the second part of this chapter.

5.1.2 Perception of L2 phonological contrasts

The present section reports the results regarding the participants’ perception of English

/i/-/I/, /I/-/E/, /A/-/2/, /A/-/æ/ and /2/-/æ/ vowel contrasts. In order to verify whether

L2 learners’ perceptual phonological competence reached native-like level, their L2 vowel

discrimination scores were compared with those of the native American English speakers.

5.1.2.1 L2 vowel discrimination scores

Exploratory data analyses showed that the L2 learners’ (L2Ls) and native speakers’ (NSs)

overall discrimination accuracy scores and discrimination reaction time scores were nor-

mally distributed as the results the Shapiro-Wilk’s test were not significant (p > .05). The
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Levene’s test showed that the variances were equal for L2 learners and native speakers

(F(1,57) = 0.68, p > .05) in the case of the overall discrimination reaction time scores,

but for overall discrimination accuracy scores the variances were significantly different

in the two groups (F(1,57) = 18.65, p < .01)2.

The contrast-wise inspection of the data revealed that in general the discrimination ac-

curacy scores were not normally distributed within both groups of participants (p < .05),

except for L2 learners’ and native speakers’ correct discrimination accuracy scores of the

/A/-/2/ contrast and the /i/-/I/ contrast for L2 learners (p > .05). The Shapiro-Wilk’s

tests showed that the native speakers’ reaction times did not violate the assumption of

normality (p > .05). However, L2 learners’ reaction times in all vowel contrasts, except

for /i/-/I/, were not normally distributed (p < .05). The Levene’s test showed that the L2

learners’ and native speakers’ discrimination reaction time scores in each vowel contrast

did not violate the assumption of homogeneity of variance (p > .05). However, in the

case of discrimination accuracy scores, the variances were equal only for discrimination

accuracy scores of the control /i/-/A/ (F(1,57) = 3.97, p > .05) and the test /A/-/2/

(F(1,57) = 3.45, p > .05) vowel contrasts.

Taking these results into account, parametric tests were applied to assess L2 learn-

ers’ overall performance on the L2 vowel discrimination task. The t-tests conducted for

the inter-group comparisons in the case of overall discrimination accuracy scores, were

adjusted for the violation of the assumption of homogeneity of variance. For the inter-

group comparisons of discrimination accuracy scores for vowel pairs both nonparametric

and parametric tests (in the case of identification scores for /A/-/2/ and reaction times in

/i/-/i/) were applied.

2When comparing groups of native and non-native speakers data are likely to violate the assumption
of homogeneity of variance where non-native speakers demonstrate a much larger variance than native
speakers (Larson-Hall, 2009).
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5.1.2.2 Comparing L2 learners’ and native speakers’ performance

Descriptive statistics for discrimination accuracy scores and discrimination reaction time

scores obtained in the categorical ABX discrimination task are presented in Tables 14 and

15. There was a statistically significant effect of Vowel Contrast on the L2 learners’ per-

centages of correct identification (χ2(5) = 131.08, p < .001) whereas for native speakers

the effect was not significant (χ2(5) = 10.13, p > .05). Wilcoxon signed rank tests (Bon-

ferroni corrected p < .003) conducted for the pairwise comparisons showed that for L2

learners there were statistically significant differences among all the L2 vowel contrasts

(p < .003) except for /i/-/I/ and /A/-/æ/ (p > .05). In the case of native speakers there

were no statistically significant differences in percentages of correct identification among

the L2 vowel contrasts (p > .003).

There was also a significant effect of Vowel Contrast on L2 learners’ reaction times

(χ2(5) = 98.55, p < .001). The pairwise comparisons (Bonferroni corrected p < .003)

showed that there were significant differences in the discrimination reaction time scores

among all the L2 vowel contrasts except for /i/-/I/ and /A/-/2/, /i/-/I/ and /2/-/æ/,

/2/-/æ/ and /A/-/æ/, and /2/-/æ/ and /A/-/æ/ (p > .05). There was a statistically non-

significant effect of Vowel Contrasts on the native speakers’ discrimination reaction time

scores (Wilks’ Lambda = 0.63, F(5,9) = 0.79, p > .05, η2
p = .31). The pairwise compar-

isons showed that the difference among the native speakers’ reaction times on L2 vowel

contrasts were not significant (p > .05). These results suggest that native speakers were

able to accurately and rapidly discriminate all test L2 vowels. In contrast, L2 learners’

discrimination accuracy and speed seemed to vary as a function of the vowel contrast,

suggesting that some L2 phonological contrasts were more difficult for them to acquire

than others.

Table 14 and Figure 17 show that native speakers were overall more accurate in the

L2 vowel discrimination task (M = 96.3, SD = 2.2, range = 91.7−99.2) than L2 learn-

ers (M = 81.2, SD = 7.0, range = 65.8−93.3). The independent-samples t-tests showed
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Table 14
Average % DIS (SD in parentheses) for the L2 learners (L2Ls) and native speakers (NSs) groups.

Contrast
% DIS

L2Ls NSs

M SD SE Mdn Lowest− M SD SE Mdn Lowest−
Highest Highest

/i/ - /a/ 95.9 4.7 0.69 95.8 83.3-100 97.1 2.4 0.6 96.00 92.0-100
/i/ - /I/ 79.0 9.3 1.39 79.2 62.5-100 97.3 3.9 1.0 100.00 87.5-100
/I/ - /E/ 91.4 6.7 1.00 91.7 79.2-100 96.7 3.7 1.0 95.83 87.5-100
/A/ - /2/ 70.2 9.4 1.41 70.8 50.0-87.50 92.0 6.6 1.8 91.67 79.2-100
/A/ - /æ/ 79.4 14.1 2.10 83.3 41.7-100 97.0 3.8 1.0 97.92 87.5-100
/2/ - /æ/ 85.8 10.9 1.62 87.5 58.3-100 98.5 2.1 0.5 100.00 95.8-100

% DIS 81.2 7.0 1.0 82.5 65.8-93.3 96.3 2.2 0.6 96.7 91.7-99.2

that the difference between the groups was significant (t(56.99) = −12.65, p < .001)

and presented a large effect size of r = .86. A series of Mann-Whitney U tests and an

independent-samples t-test (in the case of English /A/-/2/) were conducted to compare

L2 learners’ and native speakers’ accuracy scores for each vowel contrast. As expected,

the analyses revealed statistically non-significant differences in discrimination of the con-

trol /i/-/A/ contrast (U = 242, z =−1.36, r = .18). However, the tests showed that there

were statistically significant inter-group differences in discrimination of each one of the

test contrasts: /i/-/I/ (U = 29.50,z = −5.12, p < .001,r = .67), /I/-/E/ (U = 166.50,

z = −2.71, p < .01, r = .35), /A/-/æ/ (U = 57, z = −4.63, p < .001, r = .60), /2/-

/æ/ (U = 41.50, z = −4.95, p < .001, r = .64) and /A/-/2/ (t(57) = −8.01, p < .001,

r = .73).

As demonstrated by Table 15 and Figure 18, native speakers were also faster (M =

396.9, SD = 133.5) in the vowel discrimination task than L2 learners (M = 540.3, SD =

172.9). The independent-samples t-tests showed that the differences in reaction times be-

tween native speakers and L2 learners were significant (t(57) = 2.84, p < .01, r = .35).

A series of Mann-Whitney U tests and an independent-samples t-test revealed statisti-

cally significant inter-group differences in the reaction times on test /i/-/I/ (t(52.09) =

−10.59, p < .001, r = .83), /A/-/2/ (U = 182, z = −2.37, p < .05, r = .31), /A/-/æ/

(U = 195, z = −2.14, p < .05, r = .28) and /2/-/æ/ (U = 190, z = −2.23, p < .05,
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Figure 17. Native speakers’ and L2 learners’ percentage of correct discrimination (% DIS) in the L2 vowel
discrimination task.

r = .29) contrasts. There were no statistically significant differences between native

speakers’ and L2 learners’ reaction times on the control /i/-/A/ and test /i/-/E/ vowel

contrasts (U = 304, z =−.20, r = .03 and U = 239, z =−1.35, r = .18, respectively).

Pearson product-moment correlation coefficients were computed to assess the rela-

tionship between the discrimination accuracy scores and discrimination reaction time

scores. The correlation analysis of native speakers’ and L2 learners’ data revealed non-

significant correlation between the two measures (NSs: r = .485, N = 14, p(two −

tailed) > .05; L2Ls: r = −.25, N = 45, p(two− tailed) > .05). Therefore, faster re-

action times on correctly identified trials were not associated with higher accuracy rate in

the L2 vowel discrimination task. In other words, the participants who discriminated L2

vowels more accurately did not respond faster on the correct trials than the participants

who performed less accurately on the vowel discrimination task. This suggests that accu-

racy and speed in discrimination measured two unrelated constructs and that the reaction
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times might have failed to measure individual differences in the efficiency of L2 vowel

discrimination in the present study.

Table 15
Average reaction times (SD in parentheses) for the L2 learners (L2Ls) and native speakers (NSs) groups.

Contrast
Reaction time

L2Ls NSs
M SD SE Mdn Range M SD SE Mdn Range

/i/ - /a/ 411.5 140.4 20.9 391.0 663 396.4 125.1 33.4 404.5 414
/i/ - /I/ 570.4 193.3 28.8 530.8 818 393.0 139.6 37.3 390.9 435
/I/ - /E/ 446.1 151.9 22.6 409.5 680 383.0 127.0 33.9 369.1 389
/A/ - /2/ 565.7 199.7 29.8 536.8 849 416.6 157.7 42.1 360.9 481
/A/ - /æ/ 503.5 176.0 26.2 496.4 903 394.8 119.5 31.9 431.2 395
/2/ - /æ/ 542.9 207.6 30.9 500.3 916 406.4 151.9 40.6 386.7 500
DIS RT 540.3 172.9 25.8 518.0 734 396.9 133.5 35.7 411.5 431

Overall, the analyses of baseline data suggest that the task worked as expected. Thus,

no modifications to the measures of the L2 learners’ L2 vowel discrimination ability were

made. In sum, the analysis of the L2 vowel discrimination scores showed that native

speakers significantly outperformed L2 learners in the ability to perceive vowel contrasts,

which are phonological in the native speakers’ but not in L2 learners’ L1, demonstrating

above 96% accuracy rate. Thus, a range of 90-100% total correct discrimination accuracy

was set as a native-like level of vowel discrimination ability. The L2 learners performed

the L2 vowel discrimination task at an average accuracy rate of 80%, which was below

the native-like level. Overall, L2 learners were not only significantly less accurate but

also much slower in the discrimination of L2 vowel contrasts than the group of native

speakers. Moreover, the analysis of discrimination accuracy scores indicated a much

bigger intra-group variation in accurate L2 vowel perception among L2 learners (SD =

7.0, range = 65.8−93.3) than among native speakers (SD = 2.2, range = 91.7−99.2).

These results may suggest that there were L2 learners who were likely to establish L2

phonetic categories for the target L2 vowels and, thus, attain a more native-like level of

L2 perceptual phonological competence. The following sections are devoted to the results

regarding the contribution of the cognitive skills to the observed individual differences in

L2 vowel perception.
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Figure 18. Native speakers’ and L2 learners’ average reaction times (RTs) in the vowel discrimination task.

5.1.3 Relationship between L2 speech perception measures

In order to examine the relationship between the measures used to assess the participants’

L2 vowel perception, a series of Pearson r and Spearman rs correlation analyses were

conducted. As shown in Table 17, there was no significant correlation between the partic-

ipants’ perceived phonetic similarity scores, assimilation overlap scores, discrimination

accuracy and discrimination reaction time scores (p(two− tailed) > .05). The results

suggest that the degree of perceived phonetic distance between L2 and L1 vowels, percep-

tual overlap of L2 vowels and L2 vowel discrimination ability were unrelated. However,

the correlation analysis between assimilation overlap scores and discrimination accuracy

scores based on one-tailed distribution revealed a weak but significant correlation be-

tween the two measures of L2 speech perception (rs = −.256, p(one− tailed) < .05).

The negative correlation suggests that the lower overlap scores contributed to the higher

accuracy in L2 vowel discrimination. Thus, the lower degree of perceptual overlap be-
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tween contrasting L2 vowels may to some extent contribute to accurate perception of L2

vowel contrasts.

The results obtained may suggest that the L2 vowel perception tasks used in this study

might have measured different abilities involved in L2 speech perception. The ability to

perceive overall phonetic similarity between L2 and L1 sounds, as measured by the per-

ceptual assimilation task, may not be directly employed in perception of L2 speech con-

trasts which might to a larger extent draw on the perceived distance between contrasting

L2 sounds. In contrast to the cross-language similarity score, the perceptual assimila-

tion overlap score might be better able to capture this ability and as result was found to

contribute to the accuracy in discrimination of L2 sounds. This idea may be supported

by the SLM and the PAM-L2 prediction that the learning of L2 phonological contrasts

might require L2 learners’ ability to discern phonetic differences between contrasting L2

sounds (Best & Tyler, 2007; Flege, 1995). This finding also fits well Levy’s (2009) re-

sults showing the relationship between the degree of perceptual assimilation overlap and

discriminability of contrasting L2 sounds.

5.2 L2 learning-related factors and L2 speech perception

In order to control for the potential contribution of factors such as age of onset of L2 learn-

ing, L2 proficiency, L2 use and length of stay abroad to the perception of cross-language

phonetic distance and the discrimination of contrasting L2 sounds, we carried out a series

of Pearson r and Spearman rs correlation analyses. As we assumed L2 learning-related

factors might be predictors of L2 phonological competence, one-tail correlations were

performed3.

The analyses yielded a non-significant relationship between L2 proficiency, age of on-

set of L2 learning, amount of L2 use, exposure to American English and the participants’

perceived phonetic similarity and assimilation overlap scores (see Table 17). The absence

3A one-tailed test sets the level of significance (p < .05) in one tail of the distribution.

103



Chapter 5. Results

of the relationship between the amount of exposure to American English, the perceived

phonetic similarity and the assimilation overlap scores suggests that the differences in

the amount of exposure to American English did not affect the vowel judgments in the

perceptual assimilation task. The participants’ length of stay abroad was found to signif-

icantly correlate (negatively) with the assimilation overlap scores (r = −.350, p < .01),

suggesting that a longer stay abroad was associated with a lower degree of perceptual

assimilation overlap between L2 vowels. However, the length of stay abroad and the per-

ceived phonetic similarity scores were found to be unrelated. Therefore, a longer stay

in an L2-speaking country may facilitate the L2 learners’ ability to avoid assimilating a

pair of perceptually similar L2 vowels to the same L1 category, but may not significantly

contribute to the perceived degree of phonetic distance between L2 and L1 vowels.

The L2 proficiency, age of onset of L2 learning, amount of L2 use, length of stay

abroad and exposure to American English were found to be unrelated to the discrimi-

nation accuracy scores and the discrimination reaction time scores (see Table 17), sug-

gesting that the participants’ L2 vowel discrimination ability as assessed in the present

study was independent of these L2 speech learning-related factors. The results regarding

the relationship between the participants’ exposure to American English and L2 vowel

discrimination ability may also indicate no effect of the American English vowel stimuli

used in the ABX discrimination task on the participants’ discrimination scores. Overall,

the results obtained indicate that learners’ ability to discriminate contrasting L2 sounds

was not associated with L2 proficiency and other L2 speech learning-related factors.

5.3 Cognitive abilities

5.3.1 Performance on the cognitive tasks

Prior to examining the relationship between cognitive abilities and L2 speech perception

exploratory data analyses were conducted. The results of the Shapiro-Wilk’s test indi-
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cated that the data obtained by the cognitive tasks were normally distributed (p > .05).

The analysis of the standardized scores revealed no univariate outliers for any of the cog-

nitive variables examined in the present study4. Hence, parametric tests were applied in

order to explore the relationship among the participants’ phonological short-term mem-

ory, acoustic short-term memory and attention control scores.

Another goal of the exploratory data analyses was to confirm that the cognitive tasks

assessing the participants’ phonological short-term memory, acoustic short-term memory

and attention control worked properly. Figure 19 shows the participants’ performance on

the cognitive tasks. A Friedman test was carried out to see if there was an effect of increas-

ing sequence length on the participants’ performance on the phonological and the acous-

tic memory tasks. The results revealed a significant effect of increasing sequence length

on the participants’ percentage of correct identification in the phonological short-term

memory task (χ2(2) = 47.94, p < .001) and acoustic short-term memory serial sound

recognition task (χ2(2) = 45.50, p < .001). However, the effect was non-significant in

the case of the acoustic short-term memory target sound recognition task (χ2(2) = 18.50,

p > .05). The results suggest that increasing sequence length placed demands on the

participants’ phonological short-term memory and acoustic short-term memory capacity

measured using a serial nonword/sound recognition procedure.

Post hoc analysis with Wilcoxon signed-rank tests was conducted for the pairwise

comparisons. A Bonferroni correction was applied, resulting in a significance level set at

p < .017. For the phonological short-term memory task median percentages of correct

identification at five-, six-, and seven-item sequences were Mdn = 87.5, Mdn = 62.5 and

Mdn = 50.0 (see Figure 19a). The analysis yielded statistically significant differences

between the percentages of correct identification at five- and six- (z = −5.05, p < .001,

r = −.75), five- and seven- (z = −5.47, p < .001, r = −.81) and six-and seven-item

lengths (z =−2.54, p < .017, r =−.36).

4Cases with standardized scores in excess of ±3.29 are potential outliers (Tabachnick & Fidell, 2013).
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(a) PSTM

(b) ASTM SSRT (c) ASTM TSRT

(d) AC, shift cost (ms) (e) AC, error rate (%)

Figure 19. Median scores for the phonological short-term memory (PSTM), acoustic short-term memory
serial sound recognition (ASTM SSRT) and target sound recognition (ASTM TSRT), and attention control
(AC) tasks.
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Regarding acoustic short-term memory as measured by the serial sound recognition

task, median percentages of correct identification at three-, four-, and five-item sequences

were Mdn = 87.5, Mdn = 75.0 and Mdn = 62.5 (see Figure 19b). Wilcoxon signed-

rank tests also showed that the differences between the percentages of identification at

three- and four- (z =−4.62, p < .001, r =−.69), three- and five- (z =−5.36, p < .001,

r =−.80), and four- and five-item (z =−3.04, p < .01, r =−.45) were statistically sig-

nificant. The analysis of the acoustic memory target sound recognition scores (see Figure

19c) revealed statistically significant differences between the percentages of correct iden-

tification at two- and four- (Mdn= 75.0, Mdn= 62.5, z=−3.15, p< .01, r =−.47), and

three- and four-item lengths (Mdn = 75.0, Mdn = 62.5, z =−3.78, p < .001, r =−.56).

However, there were no significant differences between the percentages of correct re-

sponses given on two- and three-item sequences (Mdn = 75.0, Mdn = 75.0, z = −.94,

p > .017, r = −.14) indicating the same degree of difficulty in holding two- and three-

item sequences in acoustic short-term memory.

Figures 19d and 19e illustrate the participants’ average reaction time (RT) and er-

ror rate (ErR) in repeat and shift trials in the attention control task. The results of the

Wilcoxon Signed Rank tests showed that as expected participants were significantly faster

in repeat than in shift trials (Mdnrepeat = 722.5, Mdnshift = 798.8, z = −5.84, p < .001,

r = −.87). However, no statistically significant differences in error rates were found

between shift and repeat trials (Mdnrepeat = 3.6, Mdnshift = 2.7, z = −1.04, p > .05,

r =−.15). These results may be explained by the participants’ overall high accuracy rate

in the attention control task (MErR = 3.0, SD = 1.6, MdnErR = 2.7, range = 0− 7.1).

Taken together with the fact that there was no correlation between error rate and mean re-

action time scores (r =−.250, p > .05) as well as between error rate and shift cost scores

(SC, r = .132, p > .05) the results suggest that participants did not sacrifice accuracy for

speed when staying on the same sub-task and shifting attention from one sub-task to the

other.
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A closer inspection of the attention control scores on quality and duration sub-tasks

showed that participants were overall faster (MdnRT = 892, MdnRT = 925, z = −4.95,

p < .001, r = −.74) and more accurate (MdnErR = 1.8, MdnErR = 3.6, z = −3.89,

p < .001, r =−.58) when responding on quality than on duration trials. The participants

were also found to respond much faster (Mdn = 783, Mdn = 819, z = 4.05, p < .001)

when shifting attention to voice quality trials than to duration trials. These results suggest

that the quality and duration dimensions in the attention control task might not be equal.

However, no statistically significant differences were found between shift costs calculated

separately for each task dimension (Mdnduration = 78.5, Mdnquality = 94.2, z = −1.78,

p > .05, r = −.27), which indicates a similar degree of attentional cost for both task di-

mensions. Therefore, the overall attention control shift cost scores were used as a measure

of the participants’ attention control in further analyses. Overall, the results of the pre-

liminary analyses suggest that, except for the acoustic memory target sound recognition

task, the tasks assessing the participants’ cognitive skills worked as expected.

5.3.2 Relationship between cognitive abilities

In order to explore the relationship between cognitive abilities, we conducted a series of

Pearson r correlation analyses between the measures of phonological short-term memory,

acoustic short-term memory and attention control. As Table 17 shows, there was no

relationship between phonological memory scores, acoustic memory (either serial sound

or target sound recognition scores) and attention control (either error rate or shift cost

scores). The analyses revealed no relationship between the acoustic memory serial sound

recognition task and the target sound recognition scores (r = .243, p(two−tailed)> .05).

On the other hand, phonological short-term memory was found to correlate significantly

with acoustic memory as assessed by the serial sound recognition task (r = .438, p <

.01). However, a non-significant correlation was found between phonological short-term

memory and acoustic short-term memory measured through the target sound recognition

task (r = .272, p(two− tailed)> .05).
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The results obtained show that there was some relationship between cognitive abili-

ties. Specifically, the significant correlation between acoustic short-term memory (mea-

sured by the serial sound recognition task) and phonological short-term memory task indi-

cate the existence of a relationship between phonological short-term memory and acoustic

short-term memory which are thought to play in concert in speech processing (Strange,

2002; Wode, 1994). On the one hand, larger phonological short-term memory capacity

may facilitate storage of larger amount of acoustic properties of speech sounds. On the

other hand, in this study participants might have relied on both their phonological short-

term memory and acoustic short-term memory in order to discriminate the sequences of

CVC nonwords in the phonological short-term memory task. The observed correlations

between the phonological memory scores and the acoustic memory serial sound recog-

nition scores may also reflect the effects of the common task procedure. As discussed

in previous research, serial order recognition and single item recognition may involve

distinct processes (Henson, Hartley, Burgess, Hitch, & Flude, 2003). Thus, the similar-

ities/differences in the task procedures may have caused a lack of relationship between

the two acoustic short-term memory tasks and a moderate correlation between acoustic

memory serial sound recognition scores and phonological memory scores.

The analyses of the relationship between the cognitive and L2 learning-related vari-

ables revealed that the participants’ L2 proficiency level, as measured by the receptive vo-

cabulary size, was negatively and weakly correlated with phonological short-term mem-

ory scores (r =−.327, p(two− tailed)< .05)5. This finding is consistent with previous

research outcomes demonstrating that phonological short-term memory ability might be

a more significant predictor of L2 proficiency and accurate pronunciation for lower pro-

ficiency L2 learners than for advanced L2 learners (Hummel, 2009). No relationship was

5L2 proficiency scores and percentage of exposure to American English were normally distributed
whereas age of onset of L2 learning and L2 use did not meet the assumptions of normality of distribution.
Nonparametric tests were applied to length of stay abroad scores since it could not be considered an interval
measure.
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found between acoustic short-term memory, attention control and any of the L2 learning-

related factors (see Table 17).

Overall, the preliminary analyses suggest that the cognitive tasks used in the present

study measured different constructs. The correlation found between phonological short-

term memory and acoustic short-term memory scores indicates a relationship between the

two types of short-term memory. On the other hand, these results may reflect some com-

mon cognitive mechanisms required in both tasks, such as an ability to hold sequences of

speech-like stimuli in memory by means of subvocal rehearsal.

5.4 Cognitive abilities and L2 speech perception

The aim of this section is to address the central research question regarding the relation-

ship between cognitive abilities and learners’ acquisition of L2 perceptual phonological

competence. The relationship was explored by means of a series of Pearson r and Spear-

man rs zero-order correlation analyses. Since the present study aimed to examine the

contribution of cognitive abilities to L2 phonological competence, the correlation analy-

ses were based on one-tailed distributions. Table 16 presents the descriptive statistics for

all the variables examined in the present study.

5.4.1 Cognitive abilities and perceived cross-language phonetic dis-

tance

In order to examine the relationship between cognitive abilities and participants’ per-

ception of cross-language phonetic distance, we correlated the measures of phonological

memory, acoustic memory and attention control with the perceived phonetic similarity

scores and the perceptual assimilation overlap scores. As Table 17 shows phonological

short-term memory and acoustic short-term memory, as measured by the serial sound

recognition task, significantly correlated with perceived phonetic similarity (r = .312,

p < .05 and r = .271, p < .05, respectively). Greater phonological short-term mem-
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ory and acoustic short-term memory capacity were associated with lower degree of per-

ceived distance between L2 and L1 vowels. These results may suggest that both acoustic

and phonological short-term memory may be involved in learners’ categorization of L2

sounds as instances of perceptually close L1 sounds. Acoustic short-term memory op-

erationalized as an ability to retrieve a single acoustic element from a large sequence of

acoustic elements (i.e. as measured by the target sound recognition task) was found to

be unrelated (r = .175, p > .05) to the degree of perceived cross-language phonetic dis-

tance. Therefore, short-term memory storages for the sequences of verbal and acoustic

information rather than the ability to retrieve a particular acoustic element from speech

input is associated with learners’ ability to perceive phonetic distance between L2 and L1

sounds.

Table 16
Descriptive statistics for L2 perception, cognitive and demographic variables (N = 45).

Measure Mean SD Median Lowest Highest
CLPS 52.0 10.2 52.8 30.7 74.0
CLAO* 66.9 10.3 70.0 45.3 81.7
% DIS 81.2 7.0 82.5 65.8 93.3
DIS RT 540.3 172.9 518 270 1004
ASTM SSRT 73.3 11.6 76.0 37.5 100
ASTM TSRT 66.4 8.9 66.7 51.4 87.5
PSTM 67.5 11.0 68.7 47.2 91.0
AC SC 96.3 59.3 93.8 3 222
AC ErR 3.0 1.6 2.7 0 7.1
L2 proficiency 6350 932.8 6350 4000 8500
AOL 6.2 2.2 6.0 2 15
L2 use 22.6 14.0 20.0 3.0 57.0
AmE exposure 47.8 26.2 50.0 0 100
LoS 3.3 7.6 0.0 0 40

Note. CLPS = perceived cross-language phonetic similarity; CLAO = cross-language assimilation over-
lap; % DIS = L2 vowel discrimination accuracy; DIS RT = L2 vowel discrimination reaction time;
ASTM SSRT = acoustic short-term memory serial sound recognition task; ASTM TSRT = acoustic
short-term memory target sound recognition task; PSTM = phonological short-term memory; AC SC=
attention control shift cost; AC ErR = attention control error rate; L2 proficiency = combined X-Lex/Y-
Lex vocabulary size score; AOL = age of onset of L2 learning; L2 use= hours/week of L2 use at home,
work, with friends and reading, listening to music, etc.; AmE use = percentage of overall exposure to
American English; LoS = length of stay abroad (weeks).

The attention control shift cost scores were also found to significantly correlate with

the perceived phonetic similarity scores (r = .510, p < .01). In contrast to phonological
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short-term memory and acoustic short-term memory; higher attention control ability, as

reflected by lower shift costs, was associated with higher degree of perceived phonetic

distance between L2 and L1 vowels. Thus, a more efficient phonological attention con-

trol, which implies shifting attention between the acoustic cues, may promote a better

ability to perceive phonetic distances between L2 and L1 sounds and facilitate the estab-

lishment of new phonetic categories for L2 sounds. The attention control error rate scores,

which measured the participants’ ability to accurately foreground the relevant acoustic di-

mension and inhibit the irrelevant one, were not found to be associated with the degree of

perceived cross-language phonetic distance (p > .05).

The results of the correlation analyses between the cognitive abilities and the degree

of L2 vowel perceptual assimilation overlap revealed a significant correlation between

acoustic short-term memory serial sound recognition scores and assimilation overlap

scores (rs = −.318, p < .05). A larger acoustic short-term memory capacity was as-

sociated with a lower degree of the perceptual assimilation overlap between L2 vowels.

Therefore, a larger acoustic short-term memory capacity may facilitate the establishment

of distinct L2 vowel categories as reflected by a lower degree of single-category assimi-

lation of contrasting L2 vowels. A statistically non-significant relationship (see Table 17)

was found between phonological short-term memory, acoustic short-term memory (as

measured by the target sound recognition task), attention control and assimilation overlap

scores (p > .05), suggesting that these abilities might not be directly related to the degree

of perceptual overlap between L2 vowels sounds assimilated to a single L1 category.

5.4.2 Cognitive abilities and L2 vowel discrimination

In order to explore the relationship between cognitive abilities and learners’ perception

of L2 vowel contrasts, we correlated the measures of phonological memory, acoustic

memory and attention control with the L2 vowel discrimination accuracy and reaction

time scores. As Table 17 shows, phonological short-term memory and acoustic short-term

memory (as measured by the serial sound recognition task) correlated significantly with
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Chapter 5. Results

discrimination accuracy scores (r = .291, p < .05 and r = .299, p < .05, respectively).

These results suggest that larger phonological short-term memory and acoustic short-term

memory capacities were associated with L2 learners’ ability to accurately discriminate

contrasting L2 vowels. Therefore, both types of short-term memory may facilitate the

establishment of L2 phonetic categories.

As regards attention control, contrary to our expectations, attention control error rate

but not attention control shift cost scores correlated significantly with the discrimination

accuracy scores (r = .314, p < .05), that is, higher error rates in the attention control task

were associated with a higher accuracy in the L2 vowel discrimination task. In other

words, L2 learners with a lower ability to accurately foreground the relevant acoustic

dimension were better able to accurately discriminate L2 vowels. These results may be

explained by the fact that when discriminating L2 vowel contrasts participants might have

over-relied on temporal differences between L2 vowels. Therefore, more accurate L2

vowel discrimination ability, as measured in the present study might be partly predicted

by the participants’ lower ability to inhibit irrelevant acoustic cues.

Attention control, as measured by error rate scores, was found to be the only variable

which significantly correlated with discrimination reaction time scores (r = −.317, p <

.05). This result suggests that less accurate attention-shifting was associated with faster

reaction times on correctly identified trials in the L2 vowel discrimination task. In other

words, accurately bringing relevant acoustic cues to the perceptual foreground may slow

down accurate discrimination of contrasting L2 vowel sounds.

Moreover, having explored the relationship between phonological short-term mem-

ory, acoustic short-term memory, attention control and the participants’ L2 vowel discrim-

ination ability separately by contrast, we found that cognitive skills predicted the discrimi-

nation accuracy for some of the L2 contrasts and not for others. Specifically, phonological

short-term memory (r = .279, p < .05), acoustic short-term memory (r = .293, p < .05)

and attention control (ErR, r = .298, p < .05) contributed significantly to learners’ ac-

curate perception of English /A/-/2/ contrast. The acoustic short-term memory capacity
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was also found to be related to the discrimination of English /æ/ and /2/ (rs = .326,

p < .05). These results indicate that the perception of English /A/-/2/ and /æ/-/2/ con-

trasts was especially difficult and cognitively demanding for L2 learners as they percep-

tually assimilate these contrasting L2 vowels to the same native /a/ vowel (see Table 8).

5.5 Contribution of cognitive abilities to L2 speech per-

ception

This section aims to answer two specific research questions asked in this dissertation:

1. To what extent do phonological short-term memory, acoustic short-term memory

and attention control contribute to L2 learners’ degree of perceived phonetic dis-

tance between L2 and L1 vowels?

2. To what extent do phonological short-term memory, acoustic short-term memory

and attention control contribute to L2 learners’ perception of L2 vowel contrasts?

A series of standard multiple regression analyses were conducted in order to estimate

the unique contribution of phonological short-term memory, acoustic short-term memory

and attention control to L2 learners’ perception of cross-language phonetic distance and

their perception of L2 vowel contrasts (see Table 18 and Table 19). This section reports

the results obtained.

5.5.1 Contribution of cognitive abilities to cross-language vowel per-

ception

This section answers the first research question regarding the extent to which phonologi-

cal short-term memory, acoustic short-term memory and attention control contribute to L2

learners’ perception of phonetic distance between L2 and L1 vowels. Standard multiple

regression analyses were conducted with the measures of cognitive abilities as predictor
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Table 18
Significance of the regression models with the measures of cognitive abilities (Predictors) and L2 speech
perception (Dependent variables).

Regression Dependent Predictors F R2 p % Contribution
model variables

PSTM
1 CLPS ASTM SSRT 6.76 .331 = .001 33.1%

AC SC
ASTM SSRT

2 CLAO LoS 5.72 .214 < .01 21.4%

PSTM
3 % DIS ASTM SSRT 2.95 .178 < .05 17.8%

AC ErR

Note. CLPS = perceived cross-language phonetic similarity; CLAO = cross-language assimilation over-
lap; % DIS = L2 vowel discrimination accuracy; ASTM SSRT = acoustic short-term memory measured
by the serial sound recognition task; PSTM = phonological short-term memory; AC SC = attention
control shift cost; AC ErR = attention control error rate; LoS = length of stay abroad.

variables, and the perceived cross-language phonetic similarity scores and the perceptual

assimilation overlap scores as dependent variables6.

5.5.1.1 Cognitive abilities and perceived cross-language phonetic distance

In order to measure the extent to which cognitive abilities contribute to L2 learners’ de-

gree of perceived distance between L2 and L1 vowels, the regression model included the

measures of phonological short-term memory, acoustic short-term memory (as measured

by the serial sound recognition task) and attention control (as measured by shift cost) as

predictor variables and the perceived phonetic similarity scores as a dependent variable

(see Regression model 1 in Table 18). As Table 18 shows, the model was found to be

statistically significant (F(3,41) = 6.76, p = .001) and accounted for 33.1% of variance

in the perceived phonetic similarity scores (R2 = .331, Ad justedR2 = .282). As shown

in Table 19, attention control was found to make the strongest unique 21.1% contribu-

tion (beta = .479, Partr = .459, p = .001), when the variance explained by phonological

6Prior to performing all standard multiple regression tests the assumptions of multicollinearity, nor-
mality, linearity and homoscedasticity had been tested (Tabachnick & Fidell, 2013). The results revealed
no violations of the assumptions required for conducting linear regression.
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Table 19
Estimated unique contribution of cognitive abilities (Predictors) to L2 speech perception (Dependent vari-
ables).

Regression Dependent Predictors beta Part r p % Unique
model variables contribution

PSTM .255 .229 > .05 5.2%
1 CLPS ASTM SSRT .025 .022 > .05 0.05%

AC SC .479 .459 = .001 21.1%
2 CLAO ASTM SSRT -.305 -.302 < .05 9.1%

LoS -.311 -.309 < .05 9.5%
PSTM .148 .131 > .05 1.7%

3 % DIS ASTM SSRT .193 .173 > .05 3.0%
AC ErR .246 .238 > .05 5.7%

Note. CLPS = perceived cross-language phonetic similarity; CLAO = cross-language assimilation over-
lap; % DIS = L2 vowel discrimination accuracy; ASTM SSRT = acoustic short-term memory measured
by the serial sound recognition task; PSTM = phonological short-term memory; AC SC = attention
control shift cost; AC ErR = attention control error rate; LoS = length of stay abroad.

short-term memory and acoustic short-term memory was partialled out. The contribution

of phonological short-term memory (beta = .255, Partr = .229, p > .05) and acoustic

short-term memory (beta = .025, Partr = .022, p > .05) did not reach significance level.

These results suggest that taken together all three cognitive abilities significantly con-

tribute to L2 vowel perception. Attention control appears to be the best predictor of L2

learners’ ability to perceive a cross-language phonetic distance between L2 and L1 vowel

sounds thus facilitating formation of new L2 phonetic categories for L2 sounds.

5.5.1.2 Cognitive abilities and perceptual assimilation overlap

As reported earlier in the chapter (see Section 5.4.1), the perceptual assimilation overlap

scores were found to be related to the acoustic memory serial sound recognition scores

and participants’ length of stay abroad. In order to estimate the unique contribution of

acoustic short-term memory to the degree of perceptual assimilation overlap between L2

vowels, a standard multiple regression analysis was carried out7. The regression model,

which included the measures of acoustic memory and length of stay abroad as predictor

7Despite the assimilation overlap scores were non-normally distributed the analysis of the residuals in-
dicated no violations of normality, linearity, and homoscedasticity and no outliers were evident(Tabachnick
& Fidell, 2013).

117



Chapter 5. Results

variables and the perceptual assimilation overlap scores as a dependent variable (see Re-

gression model 2 in Table 18), was found to be statistically significant (F(2,42) = 5.72,

p < .01) and accounted for 21.4% of the variance in the degree of perceptual assimilation

overlap (R2 = .214, Ad justedR2 = .177). When the variance explained by the length of

stay abroad was partialled out (beta = −.311, Partr = −.309, p < .05), acoustic mem-

ory, as measured by the serial sound recognition task was found to significantly contribute

(beta = −.305, Partr = −.302, p < .05) to the degree of phonetic distance between L2

vowels by explaining a unique 9.1% of variance in assimilation overlap scores (see Ta-

ble 19). The results obtained suggest that a larger acoustic short-term memory capacity

together with a longer stay in an L2-speaking country may facilitate the establishment of

distinct phonetic categories for contrasting L2 sounds.

5.5.2 Contribution of cognitive abilities to L2 vowel discrimination

In order to answer the second research question, the contribution of cognitive skills to

L2 vowel discrimination was estimated by performing a standard multiple regression test

between L2 learners’ phonological short-term memory, acoustic short-term memory se-

rial sound recognition, and attention control error rate scores as predictor variables and

discrimination accuracy scores as a dependent variable (see Regression model 3 in Table

18). As Table 18 shows, the model accounted for a significant 17.8% of variance in accu-

rate L2 vowel discrimination (R2 = .178, Ad justedR2 = .118, F(3,41) = 2.95, p < .05).

However, the evaluation of each one of the cognitive variables in the model revealed that

neither phonological short-term memory (beta = .148, Partr = .131, p > .05) nor acous-

tic short-term memory (beta = .193, Partr = .173, p > .05) or attention control error rate

(beta = .246, Partr = .238, p > .05) made a significant unique contribution to predict-

ing accuracy in L2 vowel discrimination (see Table 19). Only attention control error rate

scores were found to be closely associated with the discrimination reaction time scores

(r = −.317, p < .05). The results obtained indicate that the participants who were bet-

ter able to accurately shift attention between speech dimensions discriminated L2 vowels
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much more slowly than those who were less accurate in the attention-shifting task. At-

tention control, as measured by error rate, accounted for 10% of variance in predicting

learners’ speed in L2 vowel discrimination (R2 = .100). These results suggest that ac-

curately bringing relevant acoustic cues (i.e. spectral cues) to the perceptual foreground

is a cognitively demanding task and may lead to a slower speed in the discrimination of

contrasting L2 vowels.

Overall, the results obtained suggest that L2 learners’ accuracy in perception of L2

vowel contrasts is predicted by a joint contribution of phonological short-term memory,

acoustic short-term memory and attention control abilities. It appears that larger phono-

logical short-term memory and acoustic short-term memory capacity, and lower attention

control, operationalized as the ability to accurately bring irrelevant acoustic cues to the

perceptual background, are associated with a more accurate L2 vowel discrimination.

Moreover, lower ability to inhibit irrelevant acoustic cues seems to also predict learners’

speed in L2 vowel discrimination.

5.6 Summary

On the whole, our results indicate that learners’ perception of L2 sounds is associated

with their cognitive abilities rather than with L2 proficiency and other L2 speech learning-

related factors. Phonological short-term memory, acoustic short-term memory and atten-

tion control significantly contribute to L2 learners’ speech perception. These cognitive

abilities were found to be related to the degree of perceived phonetic distance between

L2 and L1 sounds, and vowel discrimination ability. Contrary to our predictions phono-

logical and acoustic short-term memory were associated with lower degree of perceived

distance between L2 and perceptually closest L1 vowels. More efficient attention control

as reflected by lower shift cost was associated with higher degree of perceived cross-

language phonetic distance. Taken together, phonological short-term memory, acoustic

short-term memory and attention control accounted for 33.1% of variance in the degree
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of perceived cross-language phonetic distance. Only attention control ability was found

to make a significant unique contribution of 22.1% to the perceived distance between L2

and L1 sounds.

L2 learners’ acoustic short-term memory capacity and length of stay abroad were

found to be associated with lower degree of perceptual overlap between contrasting L2

sounds. The short-term memory for acoustic details and experience of stay abroad as

measured in the present study were found to make a significant contribution of 9.1% and

9.5%, respectively, to the learners’ higher degree of phonetic distance between contrasting

L2 sounds.

Phonological short-term memory, acoustic short-term memory and attention control

were also found to be related to the discrimination of L2 vowels. Larger phonologi-

cal and acoustic short-term memory capacities were associated with more accurate L2

vowel perception. Attention control error rate, reflecting L2 learners’ ability to accurately

foreground relevant and background irrelevant acoustic cues, was found to be related

to slower and less accurate L2 vowel discrimination. Only taken together phonological

short-term memory, acoustic short-term memory and attention control abilities made a

significant contribution of 18% to the accuracy of L2 vowel discrimination. Learners’

speed in L2 vowel discrimination was explained by 10% contribution of L2 learners’

lower ability to bring the relevant acoustic cues to the perceptual foreground.

On the whole, the results suggest that the cognitive abilities examined play an impor-

tant role in L2 learners’ ability to establish new L2 phonetic categories. These cognitive

abilities seem to contribute to different extents to L2 learners’ speech perception. The fol-

lowing chapter interprets and discusses the results obtained in light of previous research.

120



Chapter 6

Discussion

This dissertation investigated the role of cognitive ability in learners’ acquisition of L2

sounds. Current theory in L2 acquisition along with considerable empirical evidence

suggest that learners’ success in acquiring L2 phonological competence is reflected in

their ability to form phonetic categories for L2 sounds. In order to establish an accurate

L2 sound system, learners must learn to discern the acoustic-phonetic differences between

L2 and L1 sounds, and between contrasting L2 sounds. As discussed in Chapter 1, an

early age of onset of L2 learning and extensive amount of L2 experience cannot explain

all of the variance in L2 phonological competence.

Specifically, in this dissertation, we examined the extent to which phonological short-

term memory, acoustic short-term memory and attention control may contribute to learn-

ers’ ability to perceive cross-language phonetic differences between L2 and L1 sounds

and their acquisition of L2 perceptual phonological competence. We hypothesized that

L2 learners’ individual differences in L2 speech perception may be partly attributed to

the individual differences in phonological short-term memory, acoustic short-term mem-

ory and attention control. We predicted that these cognitive abilities might significantly

contribute to L2 learners’ ability to perceive a cross-language phonetic distance between

L2 and L1 sounds, and to perceive L2 phonological contrasts.
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In order to test this hypothesis, we conducted a correlational study with a group of

adult Catalan-Spanish learners of English as a Foreign Language. The participants were

asked to perform L2 vowel perception tasks assessing their competence in perception of

L2 sounds. The participants also took part in a battery of cognitive tasks assessing their

phonological short-term memory capacity, acoustic short-term memory capacity and at-

tention control. The cognitive task scores were then related to the L2 vowel perception

scores. When examining the role of individual differences in L2 speech perception we

also analyzed L2 learning-related factors such as L2 proficiency, age of onset of L2 learn-

ing, amount of L2 use and length of residence in an L2-speaking environment. Overall,

the results revealed that learners’ cognitive skills are related to their ability to establish

new phonetic categories for L2 sounds. The purpose of this chapter is to evaluate and

discuss the nature of the relationship between cognitive ability and L2 speech perception

in light of previous research findings. The chapter also aims to point out the limitations

and the implications of this study for research and practice.

6.1 Individual differences in L2 speech perception

In this dissertation learners’ L2 perceptual phonological competence was understood as

the extent to which L2 learners’ have established phonetic categories for L2 sounds. This

is determined by their ability to distinguish between L2 and L1 sounds and indicated

by their ability to discriminate contrasting L2 sounds. The results obtained showed that

L2 learners do experience difficulties in learning L2 sound contrasts that do not occur

in their native language. The observed individual variation in learners’ L2 perceptual

phonological competence scores and the comparison of the learners’ performance with

that of the native speakers suggests that some participants in this study might have been

more successful in L2 speech learning than others and might have achieved a higher level

of perceptual phonological competence than others. This section discusses the results
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concerning L2 learners’ performance in L2 vowel perception tasks in light of previous

research findings.

The results regarding the degree of perceived phonetic distance between L2 and L1

sounds showed that L2 learners readily assimilated the target English vowels /i/-/I/, /I/-

/E/, /A/-/2/, /A/-/æ/ and /2/-/æ/ to the perceptually closest L1 phonetic categories /i/,

/e/, /E/ and /a/, and perceived most L2 vowels as instances of the closest L1 category

with various degrees of goodness of fit. The observed differences in fit indexes and the

degree of perceptual assimilation overlap suggest that learners perceived some L2 sounds

as better fitting L1 categories than others. In general, the perceptual assimilation results

support the view of current L2 speech learning models that learners’ perception of L2

sounds is highly influenced by the differences between L1 and L2 phonological inven-

tories and the perceived phonetic similarity between L1 and L2 sounds (Best & Tyler,

2007; Flege, 1995; Flege et al., 2003; van Leussen & Escudero, 2015). As predicted by

the SLM and the PAM-L2, L2 learners’ ability to discern differences between L2 and L1

sounds, and between contrasting L2 sounds is crucial for new L2 phonetic categories to

be established. The observed inter-learner variation in the degree of perceived phonetic

distance between L2 and L1 sounds and the amount of perceptual assimilation overlap

between L2 sounds appears to indicate that L2 learners vary in the ability to establish

phonetic categories for L2 sounds.

As for the L2 learners’ ability to perceive L2 phonological contrasts, the findings

of the present study are in line with previous research results showing that L2 learners

have difficulties acquiring some contrasting L2 sounds (Goto, 1971; Mora & Fullana,

2007; Pallier et al., 1997). The overall L2 learners’ performance on the categorical vowel

discrimination task, which targeted L2 learners’ perception of English /i/-/I/, /I/-/E/,

/A/-/2/, /A/-/æ/ and /2/-/æ/ vowel contrasts, was significantly less accurate and slower

than that of the native speakers. These results are consistent with the predictions made by

previous research that contrasting L2 sounds that are mapped onto the same L1 phonetic

category will be difficult to discriminate (Best & Tyler, 2007; Guion et al., 2000; Levy,
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2009b). As a result, this will hinder the establishment of phonetic categories for these

L2 sounds. The task used to assess L2 learners’ perception of L2 phonological contrasts

was designed to tap the phonological level of speech perception, which would measure

the extent to which L2 learners have established new phonetic categories for the target L2

sounds (Darcy et al., 2015; Gottfried, 1984). Therefore, the L2 learners’ poorer perfor-

mance in this task may be explained by their inability to map the contrasting L2 sounds

onto distinct L2 categories. The results also yielded considerable inter-learner variation in

overall vowel discrimination accuracy and speed. There were L2 learners who performed

the task at a near-native level, which suggests that there are L2 learners who are more

successful in establishing new phonetic categories for L2 sounds than others.

Although the relationship between perceived cross-language phonetic distance and

the perception of L2 sound contrasts was not the primary goal of this dissertation, the

relationship observed between L2 vowel perception measures is worth mentioning. The

two-tailed correlation analyses yielded no relationship between the degree of perceived

cross-language phonetic distance, the degree of perceptual overlap between contrasting

L2 sounds and L2 vowel discrimination ability. This suggests that these measures might

have assessed different abilities involved in L2 speech perception. Despite being cru-

cial to predicting and explaining L2 learners’ difficulties in acquiring certain L2 sound

contrasts (Guion et al., 2000; Levy, 2009b), the degree of perceived phonetic distance be-

tween L2 and L1 sounds as measured in the present study may be relatively independent

from learners’ perception of contrasting L2 sounds. On the other hand, the one-tailed

correlation analyses revealed a significant relationship between the degree of perceptual

overlap and L2 vowel discrimination accuracy. These results may mean that the extent

to which perceptually similar L2 sounds overlap in the L2 learners’ phonological space

predicts L2 learners’ ability to accurately perceive L2 phonological contrasts. This is

supported by previous research suggesting that the likelihood of acquiring perceptually

similar L2 sounds depends on the learners’ ability to detect phonetic differences between

contrasting L2 sounds (Best & Tyler, 2007).
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6.2 The role of age, L2 exposure and proficiency

In order to provide a deeper analysis of individual differences in L2 perceptual phonologi-

cal competence, we obtained measures of such L2 learning-related factors as age of onset

of L2 learning, L2 use, length of stay abroad and L2 proficiency. In the present study

neither the age of onset of L2 learning, nor amount of L2 use or L2 proficiency were

found to be related to the measures of L2 vowel perception. The results obtained coincide

with some previous research findings showing that early age of onset of L2 learning, large

vocabulary and exposure to high-quality L2 input do not always explain inter-learner vari-

ation in L2 perception and production (Bungaard-Nielsen et al., 2011; Cerviño-Povedano

& Mora, 2015; Darcy et al., 2014; Flege et al., 2006; Flege & MacKay, 2004; Højen &

Flege, 2006; Pallier et al., 1997; Sebastián-Gallés & Soto-Faraco, 1999). This section

aims to discuss main findings regarding the relationship between L2 learning-related fac-

tors, the perception of cross-language phonetic distance and L2 perceptual phonological

competence.

Specifically, except for the L2 learners’ length of stay abroad none of L2 learning-

related factors were found to be related to the degree of perceptual overlap between con-

trasting L2 vowels. Length of stay in an English-speaking country was found to make a

significant 9.5% contribution to L2 learners’ degree of perceptual overlap between con-

trasting L2 sounds. The results suggest that a longer stay may promote L2 learners’

better ability to establish distinct phonetic categories for contrasting L2 sounds percep-

tually equated with the same L1 category. This is in line with previous research findings

showing the contribution of longer residence abroad to L2 learners’ acquisition of L2

perceptual and productive competence (Flege et al., 1997; Guion et al., 2000; Purcell &

Suter, 1980).

The observed lack of relationship between L2 phonological competence and L2 learning-

related factors may be explained by the nature of the participants’ context of L2 learning.

The participants in our study were instructed learners in an EFL context. In contrast
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to the naturalistic setting, the foreign language classroom context does not usually pro-

vide learners with a substantial amount of high-quality L2 input which is said to play an

important role in acquiring L2 pronunciation skills in both contexts (Piske, 2007). The

limited amount of high-quality L2 input necessary for the development of accurate L2

phonetic categories may cause the differences in foreign language learners’ age of onset

of L2 learning, amount of L2 use and L2 proficiency play a less important role in L2

phonetic category formation. This idea is supported by a recent Darcy et al.’s (2016)

study on L2 speech perception and production and cognitive ability in foreign language

learners. The results of their study showed a significant relationship between learners’

inhibitory control skill and perception and production of L2 segments. Similar to our

study they also failed to observe any relationship between the demographic variables and

L2 speech perception. Taken together, the results of the present and the Darcy et al.’s

(in press) study may be interpreted to mean that in the foreign language learning setting,

characterized by a limited amount of L2 input and a large amount of L1 exposure and use,

learners’ cognitive ability may play a more important role in the development of accurate

L2 sound representations than factors such as age of onset, L2 use and proficiency. These

L2 learning-related factors have been often found to explain individual differences in L2

phonological acquisition among immersion L2 learners. It may be the case that they play

a bigger role in L2 phonological development in the naturalistic setting, where an earlier

onset of exposure to a substantial high-quality L2 input and a larger amount of natural

L2 use make a big difference in the development of L2 phonology, than in the instructed

foreign language learning context. In other words, foreign language learners may need

to use their cognitive ability in order to process a limited amount of L2 input to form ac-

curate L2 sound representations to a larger extent than immersion L2 learners acquiring

their L2 in a naturalistic context.

Another explanation for the results obtained may be the failure of the measures used in

the present study to uncover the relationship between L2 perceptual phonological compe-

tence and L2 learning-related factors. Despite being used in previous L2 speech learning
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research as a reliable measure of L2 proficiency, L2 vocabulary size has been found to be

unrelated to learners’ perception of L2 vowel contrasts (Darcy et al., 2014; Cerviño-

Povedano & Mora, 2015; Mora & Safronova, submitted; Safronova & Mora, 2013).

The explanation for the lack of the relationship between L2 learning-related factors and

the acquisition of L2 contrasts may lie in the nature of the sound contrasts we exam-

ined. Support for this idea comes from the study by Bungaard-Nielsen et al. (2011) who

showed that the increasing L2 vocabulary development and extended L2 exposure may

not promote acquisition of L2 vowel contrasts which are assimilated according to Single-

Category and Two-Category assimilation types (see Chapter 2). As Bungaard-Nielsen

et al. (2011) explain, the former is predicted to be difficult for learning and the latter is

believed to be well differentiated even by the least experienced learners.

This explanation is supported by the results of the present study which yielded signif-

icant differences in accuracy and reaction times between target L2 vowel contrasts. This

suggests that some of the contrasts might have been perceptually more salient and easier

to discriminate than others irrespective of L2 learners’ experience with the L2. Moreover,

as reported in Chapter 5, we found that the cognitive skills predicted the discrimination

accuracy for some of the L2 contrasts and not for others. Specifically, phonological short-

term memory, acoustic short-term memory (as measured by the serial sound recognition

task) and attention control (as measured by error rate) contributed significantly to learn-

ers’ accurate perception of the English /A/-/2/ contrast. The acoustic short-term memory

capacity was also found to be related to the discrimination of English /æ/ and /2/. The

perceptual difficulty of /A/-/2/ and /æ/-/2/ contrasts might have required participants

to use their cognitive skills to discriminate these L2 vowels to a larger extent than other

contrasting L2 vowels which were more often assimilated to different L1 categories and

thus were perceptually easier to differentiate.
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6.3 The relationship between cognitive ability and L2 speech

perception

The central question asked in this dissertation is whether phonological short-term mem-

ory, acoustic short-term memory and attention control significantly contribute to L2 learn-

ers’ perception of L2 sounds. We hypothesized that these cognitive skills would signif-

icantly contribute to learners’ ability to distinguish between L2 and L1 sounds, and be-

tween contrasting L2 sounds. The results obtained have confirmed our hypothesis by

showing a significant relationship between phonological short-term memory, acoustic

short-term memory, attention control and perception of L2 sounds. This section evaluates

and discusses the contribution of each cognitive ability to learners’ perception of cross-

language phonetic distance and their acquisition of L2 perceptual phonological compe-

tence.

6.3.1 Contribution of cognitive ability to the degree of perceived pho-

netic distance between L2 and L1 sounds

As discussed in Chapter 2, cross-language phonetic similarity has long been found to

affect non-native speech perception (Best, 1995) and L2 speech learning (Best & Tyler,

2007; Flege, 1995). According to previous research, L2 learners use their L1 phono-

logical system as a blueprint for the development of their L2 phonological system (van

Leussen & Escudero, 2015). This makes L2 learners’ categorize L2 sounds as instances of

perceptually similar L1 sounds, which hinders the establishment of accurate L2 phonetic

categories. Current L2 speech learning models (see Chapter 2) suggest that learners’ suc-

cess in the acquisition of L2 sounds, that is, the establishment of new phonetic categories

for L2 sounds is determined by their ability to perceive acoustic-phonetic differences be-

tween L2 and L1 sounds, and between contrasting L2 sounds (Best & Tyler, 2007; Flege,
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1995). This dissertation is the first attempt to examine the contribution of L2 learners’

cognitive skills to this ability.

This issue was addressed by our first research question: To what extent do phono-

logical short-term memory, acoustic short-term memory and attention control contribute

to L2 learners’ degree of perceived phonetic distance between L2 and L1 vowels? The

results obtained showed that phonological short-term memory, acoustic short-term mem-

ory and attention control (shift cost) accounted for 33.1% of variance in the L2 learners’

phonetic distance scores. Only attention control ability was found to make a significant

unique 22.1% contribution to learners’ degree of perceived phonetic distance between L2

and L1 sounds. As expected, more efficient attention control was associated with a higher

degree of perceived cross-language phonetic distance. This finding suggests that the abil-

ity to shift attention efficiently back and forth between the acoustic cues may promote the

establishment of L2 phonetic categories by facilitating the detection of acoustic-phonetic

differences between L2 and L1 sounds. This idea is supported by previous research find-

ings showing that paying attention to relevant acoustic cues distinguishing sounds facil-

itates L2 speech learning (Darcy et al., 2014; Francis & Nusbaum, 2002; Francis et al.,

2000; Guion & Pederson, 2007).

Contrary to our hypothesis both phonological short-term memory and acoustic short-

term memory were found to be significantly related to a lower degree of perceived pho-

netic distance between L2 and L1 sounds. Our finding suggests that the short-term mem-

ory mechanisms for maintenance of phonological and acoustic information may con-

tribute to a larger degree of perceived cross-language phonetic similarity between L2 and

L1 sounds. Since this study has been the first attempt to investigate the relationship be-

tween cross-language vowel perception and cognitive ability it is difficult to explain these

results in the light of previous research on L2 speech perception and cognitive ability.

One possible explanation of our findings concerns the nature of categorical perception

(Lakoff, 1987; Rosch, 1978). As mentioned in Chapter 2, categorization allows the rapid

and efficient information processing due to the minimization of differences between items
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assigned to the same category. Phonological short-term memory and acoustic short-term

memory may thus aid in the categorization of L2 sounds as instances of L1 categories

and make L2 learners perceive a lower degree of phonetic distance between L2 and L1

sounds to which the former are perceptually assimilated. This can be explained by the

nature of working memory to hold two types of information, continuous and categorical,

where the latter is critical for high working memory performance under the conditions of

high memory load (Joseph et al., 2015; Li et al., 2013). Specifically, the tasks measuring

the L2 learners’ phonological and acoustic short-term memory were designed to place

high demands on the short-term memory capacity, which might have forced participants

to process speech and speech-like stimuli in a categorical manner. In the L2 vowel per-

ceptual assimilation task requiring participants to categorize L2 vowels as instances of

L1 categories and to judge the similarity between them. The participants might have used

their short-term memory to keep the information that allowed them to rapidly categorize

L2 sounds as instances of L1 phonetic categories.

However, due to the correlations being relatively weak, neither phonological short-

term memory nor acoustic short-term memory made a significant unique contribution to

L2 learners’ ability to perceive phonetic distance between L2 and L1 sounds. There-

fore, it appears that attentional mechanisms such as attention-shifting ability may play a

bigger role in the perception of acoustic-phonetic differences between L2 and L1 sounds

than the capacity to temporarily hold acoustic and phonological information in short-term

memory.

Acoustic short-term memory was the only cognitive ability found to be related to

L2 learners’ degree of perceptual assimilation overlap between contrasting L2 sounds.

Consistent with our hypothesis, the acoustic short-term memory capacity significantly

contributed (9.1 %) to the degree of the perceptual assimilation overlap between contrast-

ing L2 sounds. This finding suggests that the acoustic short-term memory capacity may

play a role in the establishment of distinct phonetic categories for perceptually similar L2

sounds. Our results support previous research outcomes showing that short-term memory
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for acoustic properties of speech facilitates accurate L2 speech perception and production

by allowing L2 learners’ perceptual system to better encode acoustic details signaling dif-

ferences between L2 sounds (Mora & Safronova, submitted; Safronova & Mora, 2012b;

Tanaka & Nakamura, 2004).

On the whole, the findings suggest that phonological short-term memory, acoustic

short-term memory and attention control are related to learners’ perception of L2 sounds.

Our results are consistent with research showing that short-term working memory, which

comprises short-term memory storage and attentional mechanisms, plays a role in ac-

quiring L2 speech perception and production skills (Darcy et al., 2015; Rota & Reiterer,

2009). The findings of the present study suggest that the ability to establish phonetic

categories for L2 sounds is predicted by a larger acoustic short-term memory capacity

and a more efficient attention control. These abilities may contribute to a more accurate

L2 speech perception by promoting the detection of acoustic-phonetic properties of L2

sounds.

6.3.2 Contribution of cognitive ability to the perception of L2 phono-

logical contrasts

The second research question addressed in this dissertation is: To what extent do phono-

logical short-term memory, acoustic short-term memory and attention control contribute

to L2 learners’ perception of L2 vowel contrasts? We predicted that these abilities would

significantly contribute to L2 learners’ perception of L2 vowel contrasts. We found that

phonological short-term memory, acoustic short-term memory and attention control, as

measured by error rate, made a significant 18% contribution to the accuracy in perception

of L2 phonological contrasts. None of the cognitive abilities were found to make a unique

contribution to the perception of L2 vowel contrasts. Attention control, as measured by

error rate scores, was correlated with the discrimination reaction time scores and made
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10% unique contribution to explaining speed in the discrimination of L2 phonological

contrasts.

As discussed in Chapter 3, a considerable body of research has demonstrated that

phonological short-term memory plays an important role in L1 and L2 acquisition. In

research on L2 speech learning it has also been found to significantly contribute to L2

learners’ ability to establish new L2 phonetic categories (Cerviño-Povedano & Mora,

2011, 2015; MacKay et al., 2001). Results obtained in this study support previous re-

search by demonstrating a significant correlation between phonological short-term mem-

ory capacity and the discrimination of L2 vowel contrasts. Similarly, larger acoustic

short-term memory capacity was found to be associated with a more accurate perception

of L2 phonological contrasts. This finding is consistent with previous research on acous-

tic memory showing that the ability to temporarily maintain larger amounts of acoustic

information in short-term memory facilitates accurate perception and production of L2

speech (Mora & Safronova, submitted; Safronova & Mora, 2012b; Tanaka & Nakamura,

2004).

These findings fit well previous research on memory and speech perception suggest-

ing that the discrimination of sounds involves two levels: acoustic and phonological

(Fujisaki & Kawashima, 1970; Pisoni, 1973; Tanaka & Nakamura, 2004). The acqui-

sition of L2 phonetic categories may be enhanced by the capacity to hold acoustic and

phonological information in memory by means of a rehearsal mechanism. Greater mem-

ory capacity allows for the processing of a larger amount of L2 speech input to be an-

alyzed and the acoustic-phonetic patterns between sounds to be noticed. On the basis

of the detected acoustic-phonetic features new and accurate phonetic categories for L2

sounds can be inferred (Darcy et al., 2015; Skehan, 2012).

We also predicted that efficient (fast and accurate) attention-shifting skill might be

related to L2 learners’ more accurate perception of L2 phonological contrasts. This hy-

pothesis was not clearly upheld. We failed to observe a relationship between learners’

perception of L2 phonological contrasts and attention control as measured by the shift
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cost. Our results are in line with previous studies investigating L2 learners’ perception

of English vowel contrasts showing that smaller attention shift cost (i.e. better attention

control ability) may not contribute to accurate perception of L2 phonological contrasts

(Darcy et al., 2014, 2015; Safronova & Mora, 2012b). This may suggest that the abil-

ity to rapidly re-allocate focus of attention may not be involved in L2 learners’ accurate

perception of English vowel contrasts. Rather, the ability to focus attention on particu-

lar acoustic cues, which may be perceptually more salient than others, may be a better

predictor of the L2 learners’ fast and accurate discrimination of L2 vowel contrasts.

This idea is supported by our results that showed a significant relationship between L2

learners’ vowel discrimination ability and attention control as measured by the error rates.

Specifically, we found that L2 learners with lower attention control skill to accurately

shift attention between two speech dimensions (i.e. those who had higher error rates)

could discriminate L2 phonological contrasts more accurately and rapidly. Moreover, the

accuracy in foregrounding relevant information explained 10% in L2 learners’ speed in

L2 vowel discrimination. These results suggest that learners’ L2 vowel discrimination

ability might be partly predicted by their lower ability to inhibit irrelevant acoustic cues.

The fact that attention control accuracy and shift cost measures were found to be unrelated

suggests that they measured two different constructs. That is, shift costs might have

assessed attention control as a ballistic process (Segalowitz, 2010) and error rates assessed

the attention-shifting dimension that involves focusing and inhibiting attention (Miyake

et al., 2000).

One possible explanation of these results is that the participants who were faster and

more accurate in discriminating L2 phonological contrasts might have over-relied on tem-

poral cues when perceiving contrasting L2 vowels. This idea is in line with Bohn’s (1995)

Desensitization hypothesis predicting that L2 learners’ may attend to duration when per-

ceiving L2 speech contrasts whether or not this acoustic cue is employed phonologically

in their L1. This has also been demonstrated by several studies with Catalan-Spanish

bilingual learners of English who were found to ignore spectral differences between L2
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vowels and over-rely on duration when perceiving L2 vowel contrasts (Cebrian, 2006;

Cerviño-Povedano & Mora, 2011; Safronova & Mora, 2013). The fact that temporal cues

are more salient and easy-to-attend than spectral cues is supported by the results of the

present study. Our results showed that the two task sets in the attention-shifting task (i.e.

voice quality and duration) differed in difficulty. Specifically, the participants responded

much faster when shifting attention to voice quality trials than to duration trials. As ex-

plained in previous attention-shifting studies, such asymmetrical shifting costs indicate

that it is easier to shift to the harder of the two tasks because larger inhibition is required

to suppress the easier of the two tasks (see Costa & Santesteban, 2004; Monsell, Ye-

ung, & Azuma, 2000, for discussion of asymmetrical shifting costs). Therefore, when

distinguishing between contrasting L2 vowels, it may be perceptually easier to bring the

temporal differences to the perceptual foreground than the spectral ones.

Taken together with previous research outcomes, our findings indicate that the joint

contribution of phonological short-term memory, acoustic short-term memory and at-

tention control may facilitate learners’ establishment of new phonetic categories for L2

sounds (at least for L2 vowel sounds) on the basis of perceptually more salient acoustic

cues, which may not be the primary cues used by native speakers. On the other hand, it

may be the case that the participants in our study used their cognitive abilities to attend

to the more salient temporal differences between the L2 vowels in order to discriminate

the test L2 vowel contrasts in the categorical L2 vowel discrimination task. This inter-

pretation of the results raises a question whether the ABX categorical discrimination task

used in the present study measures L2 phonological competence in L2 vowel perception.

Future research may need to employ various measures of L2 speech perception (Flege,

2003) to uncover the relationship between cognitive skills and learners’ competence in

L2 vowel perception.

Overall, the results of the present study highlight the significant contribution of short-

term storage and attentional mechanisms to L2 learners’ perception of L2 sounds. In-

terestingly, the degree of perceived phonetic distance between L2 and L1 sounds and the
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perception of L2 phonological contrasts appear to tap certain cognitive skills. Specifically,

the efficient attention-shifting skill is the best contributor to L2 learners’ ability to per-

ceive phonetic distance between L2 and L1 sounds, whereas acoustic short-term memory

significantly predicts the degree of perceptual assimilation overlap between contrasting

L2 sounds. As for the perception of L2 phonological contrasts, the joint contribution of

phonological short-term memory, acoustic short-term memory and attention control sig-

nificantly predicts L2 learners’ accuracy in the discrimination of contrasting L2 sounds.

The attention control plays a role in fast and accurate discrimination of L2 sounds. These

results suggest that the ability to perceive cross-language phonetic distance and the ability

to discriminate contrasting L2 sounds may require different sets of cognitive mechanisms.

6.4 Limitations of the present study

The present study has some specific limitations that should be taken into account when

considering its findings. The first and the most important limitation concerns the par-

ticipants. First of all, a relatively small number of participants makes us evaluate the

significance of the results with caution. The method of selecting the Catalan dominant

participants, which was one of the factors limiting the number of participants, may need

further validation. Future research may take these issues into account and involve a bigger

number of participants.

The second limitation is related to the design of the cognitive and L2 vowel percep-

tion tasks. The speech samples in the perceptual assimilation task were not examined by

native speakers to ensure that only good examples of English and Catalan vowels were

used as stimuli in the task (Guion et al., 2000). This might have had an effect on the over-

all judgment of vowels by the participants in the present study. The instructions given

to the participants in the perceptual assimilation task might have influenced the results

regarding the relationship between cognitive abilities and cross-language phonetic dis-

tance. Specifically, the participants were instructed to judge the similarity between the
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L2 sounds and L1 sounds (Lengeris, 2009). As pointed out by Bohn (2002), the instruc-

tions to rate either similarity or dissimilarity may affect the results because similarity and

difference are not the same. In the perceptual assimilation task used in our study the

highest point of the rating scale was the label “identical”. Thus, the way the scale was

set up might have forced participants to employ their phonological short-term memory

and acoustic short-term memory to attend to similarities between the L2 and L1 sounds

which may not be the same as perceiving distance between the sounds. Future research

may solve this issue by asking participants to judge the goodness of fit between L2 speech

stimuli and L1 categories by deciding if the stimuli are good or bad examples (Guion et

al., 2000) or whether the stimuli are more L1 or L2 sounding (Levy, 2009a).

Despite our designing the L2 vowel discrimination task to be categorical by using a

long interstimulus interval, multiple voices and disyllabic nonwords, participants might

have relied on temporal cues while discriminating English tense-lax vowels. Future re-

search can use other measures of categorical L2 speech perception such as AXB or oddity

discrimination task (Flege, 2003) as well as various interstimulus intervals to ensure cat-

egorical nature of the task. For example, Højen and Flege (2006) used a shorter or 0 ms

interstimulus interval. Another way future research may solve this issue is by manipu-

lating vowel duration when testing L2 learners’ perception of English tense-lax vowel

contrasts (Mora & Safronova, submitted; Moya-Galé & Mora, 2012; Cerviño-Povedano

& Mora, 2011).

Phonological short-term memory was measured by using a serial nonword recogni-

tion based on recognition of CVC nonwords (Cerviño-Povedano & Mora, 2011). The

participants might have focused on vowels when deciding if there was a change in or-

der of the nonwords, which might have led to the correlation with acoustic short-term

memory. Acoustic short-term memory is thought to be particularly important for vowel

perception due to the fact that vowel traces may survive longer than those of consonants

(Repp, 1984). Other phonological memory tasks such as a digit span (Gathercole, Hitch,

& Martin, 1997) and a nonword repetition task (Gathercole et al., 1997; Masoura & Gath-
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ercole, 1999) can be used by future studies to confirm or reject the results of the present

study. As regards acoustic short-term memory measured by means of rotated speech stim-

uli, more research is needed to further validate this new method of assessing short-term

memory for speech-related acoustic details.

Last but not least, the results of the present study may be biased by using vowels

as stimuli in the tasks assessing L2 perceptual phonological competence. The cogni-

tive abilities investigated in this study might be making a differential contribution to the

perception of vowels and consonants (Repp, 1984), as well as to other dimensions of

L2 phonology such as word stress or phonotactics (Darcy et al., 2015). Thus the re-

sults obtained should be interpreted with caution and should not be generalized to all

aspects of L2 perceptual phonological competence. Future research may address this is-

sue by examining learners’ competence in the perception of L2 consonant contrasts and

suprasegmentals.

6.5 Theoretical and practical implications

Despite the limitations outlined above, the present study has several implications which

may be useful for SLA research as well as L2 teaching and learning practice. In the

present section we point out major theoretical and practical implications of our results.

Overall, our findings lend further support to the evidence that an individual’s cognitive

ability plays a role in L2 speech learning (Darcy et al., 2014, 2015; Guion & Pederson,

2007; MacKay et al., 2001; Mora & Safronova, submitted). Our results indicate that

individual differences in phonological short-term memory, acoustic short-term memory

and attention control are significantly related to inter-learner variation in L2 speech per-

ception. Future research on L2 phonological acquisition might consider the results of

the present study useful when accounting for L2 learners’ individual differences in L2

phonological acquisition.
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Our findings imply that learners’ success in L2 speech learning is at least to some

extent predicted by acoustic short-term memory and attention-shifting skills which may

facilitate learners’ ability to distinguish between L2 and L1 sounds, and contribute to

lower degree of perceptual overlap between L2 sounds assimilated to the same L1 sound.

L2 learners’ ability to distinguish between L2 and L1 sounds and between contrasting L2

sounds which allows learners to eventually create new categories for L2 sounds consti-

tutes one of the key tenets of current L2 speech learning models (see Chapter 2). How-

ever, the models do not account for the mechanisms that underlie this ability. Our study

has highlighted the importance of cognitive ability in L2 speech perception, which may

have an impact on the L2 speech learning models. Current L2 speech learning models

may incorporate the idea that learning L2 sounds in the foreign language learning setting

may require learners’ cognitive skills such as attention shifting and acoustic short-term

memory.

Another theoretical implication concerns current models of working memory. This

study investigated two well-known components of working memory for speech process-

ing, namely, phonological short-term storage and attention control (Baddeley, 2000, 2012).

Following the line of previous research on memory and speech, we predicted that auditory

working memory would comprise a short-term memory store for acoustic information

(Joseph et al., 2015; Tanaka & Nakamura, 2004; Williamson et al., 2010). Our find-

ings add to the existing evidence that acoustic short-term memory is implicated in speech

processing (Fujisaki & Kawashima, 1970; Joseph et al., 2015) and L2 learners’ speech

perception (Mora & Safronova, submitted; Safronova & Mora, 2012b). Thus, our find-

ings may add to research on working memory, its organization and role in speech learning

by proposing acoustic short-term memory as a potential component of working memory

for speech.

Regarding practical implications, the present study indicates that better cognitive abil-

ities may promote L2 speech learning. This can raise L2 teachers’ and L2 learners’

awareness of the role of cognitive ability in L2 speech learning and inspire them to en-
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rich L2 learning practice by including exercises on working memory. In particular, L2

pronunciation training (Bradlow et al., 1999; Hazan et al., 2005), proved to be useful

for improving L2 learners’ perception and production skills, may be enriched by includ-

ing working memory training exercises especially those targeting phonological, acoustic

memory and attention control skills. Those exercises may lead to increasing acoustic

short-term memory capacity and attention-shifting skills in order to promote L2 learners’

ability to accurately perceive L2 sounds and facilitate the creation of accurate L2 phonetic

categories.

Recent research has provided evidence that memory and attention can be trained.

There are studies on working memory training showing that performance on working

memory tasks can be significantly improved by training (Mezzacappa & Buckner, 2010;

Clarady et al., 2009), and may facilitate improvement of language skills. For instance,

Clarady et al. (2009) used a 10 hour computer-based brain training program by Posit Sci-

ence to train nine foreign language practitioners. The program consisted of combinations

of different kinds of 15-minute training exercises focusing on auditory working memory

and language-related memory. One type of exercise included recognition of sequences of

either audio tones or phonemes that increased in length and the item similarity. After 10

hours of training the participants showed a tendency to improve their auditory working

memory and language skills such as reading and listening comprehension.

Finally, although the present study did not directly examine learners’ cue weighting in

L2 speech perception, our results suggest that cognitive skills may affect L2 learners’ abil-

ity to accurately weight acoustic cues such as spectral quality and duration when acquiring

L2 phonological contrasts. Specifically, greater short-term memory for phonological and

acoustic information and lower ability to background irrelevant acoustic cues is related

to L2 learners’ over-reliance on salient temporal cues when perceiving English tense-lax

vowel contrasts. Lending further support to the evidence for EFL learners’ over-reliance

on duration (Cebrian, 2006; Cerviño-Povedano & Mora, 2011; Safronova & Mora, 2013),

our findings may be important for research on L2 phonological acquisition and for L2 pro-
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nunciation training. In particular, when assessing subjects’ L2 phonological competence,

future SLA studies on EFL learners’ vowel perception may take into account the possi-

bility that L2 learners establish L2 vowel categories on the basis of perceptually more

salient acoustic cues. L2 pronunciation training programs may include exercises that

train L2 learners’ attention skills. This may help learners direct their attention to relevant

acoustic cues signaling differences between L2 sounds, which will promote the learners’

acquisition of L2 phonology (Francis et al., 2000; Guion & Pederson, 2007; Kondaurova

& Francis, 2010).
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Conclusion

In this dissertation we aimed to shed light on the role of cognitive ability in the ac-

quisition of L2 perceptual phonological competence, which has been relatively under-

researched to date. In order to do so, we assessed the contribution of phonological short-

term memory, acoustic short-term memory and attention control to L2 learners’ degree of

perceived cross-language phonetic distance and their perception of L2 phonological con-

trasts. Specifically, we looked at the role of these cognitive abilities in Catalan-Spanish

bilingual EFL learners’ perception and acquisition of English vowels in the /i/-/I/, /I/-

/E/, /A/-/2/, /A/-/æ/ and /2/-/æ/ contrasts. To achieve our goals, we set out an ex-

periment, in which a group of 45 adult Catalan-Spanish bilinguals, who started learning

English at different ages and differed in the amount of experience with English, took part

in a battery of tests assessing their L2 vowel perception and cognitive skills.

Overall, the results obtained indicate an important role of phonological short-term

memory, acoustic short-term memory and attention control in L2 learners’ acquisition of

perceptual phonological competence. This dissertation makes several important contri-

butions to the current knowledge about L2 speech perception and L2 phonological ac-

quisition. This chapter concludes the present dissertation by outlining the key findings

and their potential contribution to the field of SLA as well as by suggesting directions for

future research.
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7.1 Contribution of the dissertation

In Chapter 2 we paid special attention to the perceptual mechanisms underlying L2 speech

perception and determining learners’ success in learning L2 sounds. As suggested by

previous research, over the course of L1 phonological development, the L1 phonological

system turns into a perceptual sieve that filters out acoustic-phonetic features not relevant

for L1 speech perception. This makes L2 sounds become perceptually assimilated (i.e.

categorized) to existing L1 categories, which blocks the ability to accurately perceive L2

sound contrasts. This difficulty appears to persist during L2 speech learning as perceived

cross-language phonetic similarities impede the establishment of new L2 phonetic cate-

gories, that is, the acquisition of L2 perceptual phonological competence. Crucially, in

order to acquire L2 sounds, L2 learners must be able to distinguish between L2 and L1

sounds and learn the acoustic-phonetic properties of contrasting L2 sounds (Best & Tyler,

2007; Flege, 1995; van Leussen & Escudero, 2015. However, little is known so far about

the factors underlying this ability.

The findings of this dissertation make several important contributions. The first con-

cerns the relationship between cognitive ability and L2 learners’ degree of perceived pho-

netic distance between L2 and L1 sounds. To our knowledge, this is the first study in the

field of L2 speech research which has examined the role of L2 learners’ cognitive ability

in their perception of cross-language phonetic similarity. Our findings show that cognitive

abilities, such as phonological short-term memory and acoustic short-term memory, are

significantly related to the perceptual assimilation of L2 sounds to L1 categories, suggest-

ing that larger phonological and acoustic memory capacities may facilitate L2 learners’

perception of L2 sounds as examples of L1 sounds. On the other hand, the attention shift-

ing appears to be a unique significant predictor of L2 learners’ ability to discern phonetic

differences between L2 and L1 sounds. Moreover, acoustic short-term memory signif-

icantly contributes to the phonetic distance between perceptually similar L2 sounds in

L2 learners’ phonological space. Therefore, the L2 learners’ ability to establish new L2
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phonetic categories may require attention control and short-term memory for acoustic

properties of L2 sounds.

Another important contribution is related to learners’ competence in the perception of

L2 phonological contrasts. Our results confirm that L2 learners do have difficulties ac-

quiring L2 phonological contrasts. We found that Catalan-Spanish EFL learners’ signif-

icantly differed from native speakers of English in the ability to discriminate contrasting

English vowels. The inter-learner variation in the perception of L2 vowel contrasts was

significantly related to individual differences in phonological short-term memory, acous-

tic short-term memory and attention control. The interaction of these cognitive abilities

appears to significantly predict learners’ accuracy in the perception of L2 phonological

contrasts. However, our findings suggest that better cognitive abilities may promote L2

learners’ acquisition of a “pseudo” native-like L2 phonological competence by facilitat-

ing the establishment of L2 phonological categories on the basis of more perceptually

salient acoustic cues.

The findings of this dissertation shed new light on the role of cognitive ability in the

acquisition of L2 perceptual phonological competence. Despite the strong evidence re-

ported in this dissertation, more research is needed in order to better understand the exact

nature of the relationship between cognitive skills and L2 speech perception and to exam-

ine the contribution of cognitive skills to other aspects of L2 phonological competence.

In the following section we lay out potential avenues for future research.

7.2 Future research avenues

While attempting to accomplish its goals this dissertation brings to light other interesting

questions related to the role of individual differences in cognitive ability and L2 phono-

logical acquisition. These questions deserve to be addressed in future research. First and

foremost this dissertation has dealt with the segmental dimension of L2 phonology and

L2 learners’ perception of L2 vowels, in particular. Specifically, we assessed L2 learn-
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ers’ perception of English vowel contrasts which L2 learners of English may perceive

with over-reliance on duration (Cebrian, 2006; Cerviño-Povedano & Mora, 2011; Bohn

& Flege, 1990). Investigating the role of cognitive ability in L2 vowel perception of L2

learners of English may thus fail to uncover the potential role of cognitive skills such as

attention control in the acquisition of L2 phonological competence (Darcy et al., 2014,

2015; Safronova & Mora, 2013). This calls for future research with L2 learners of other

languages such as L1-English learners of Spanish (Darcy et al., 2014). In their study

Darcy et al. (2014) found that efficient attention control was related to L1-English learn-

ers” of Spanish but not L1-Spanish learners’ of English perception of L2 vowel contrasts.

Since the categorical perception of vowels and consonants might be essentially dif-

ferent (see Repp, 1984, for a review), the contribution of the cognitive skills investigated

in this dissertation may appear to be different for vowels and consonants. Future research

may address this issue by assessing L2 learners’ perception of different classes of L2

sounds. Moreover, L2 phonological competence comprises learners’ ability to perceive

and produce segmental and suprasegmental features of L2 speech such as intonation,

rhythm and stress patterns. There has been few attempts to investigate the relationship

between cognitive abilities and various dimensions of L2 phonology (Darcy et al., 2015).

Thus, future research may extend this study to other components of L2 perceptual phono-

logical competence and examine the contribution of cognitive ability to L2 speech pro-

duction.

In this dissertation we assessed learners’ L2 perceptual phonological competence at

a single point in time. Future research may also address the issue of the relationship

between cognitive ability and L2 phonological competence by adopting a longitudinal

approach. This may help shed more light on the contribution of learners’ cognitive skills

at different stages of the development of L2 phonological competence. Moreover, longi-

tudinal studies which would involve training L2 learners’ cognitive and L2 cue-weighting

skills are needed. Such studies could investigate whether L2 learners may improve their

cognitive skills and use them to weigh L2 acoustic cues in a target-like manner.
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7.3 Concluding remarks

We opened this dissertation with an epigraph quoting Leonardo da Vinci: “All our knowl-

edge is the offspring of our perceptions”. Our findings add to the evidence that this

holds true for L2 learners’ phonological knowledge, which is determined by the way they

perceive L2 sounds. On the whole, the results of this dissertation show that such cog-

nitive skills such as phonological short-term memory, acoustic short-term memory and

attention control are involved in learners’ perception of cross-language phonetic distance

between L2 and L1 sounds, and appear to play a role in their acquisition of L2 perceptual

phonological competence. Still, more research is needed to further investigate the nature

of this relationship. This will help advance our knowledge of the factors promoting L2

phonological acquisition.
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Appendices

Appendix A. Online bilingual language profile question-

naire (in Catalan)

The questionnaire is available online at http://goo.gl/forms/o86HS9JkdR

Questionari sobre bilingüisme CATALÀ-CASTELLÀ

Ens agradaria demanar la teva ajuda per contestar a les preguntes següents sobre el teu

historial lingüı́stic, i sobre l’ús, actituds i competència lingüı́stiques en Català i Castellà.

Aquesta enquesta conté 18 preguntes que pots respondre en uns 10 minuts. Això no

és una prova, i per tant no hi ha respostes correctes ni incorrectes. Si et plau, contesta

cada pregunta responent amb sinceritat, ja que només aixı́ podrem obtenir dades fiables

d’aquesta recerca.

Moltes gràcies per la teva ajuda i participació.

Si et plau, prem el botó per començar.

*Required

I. Informació biogràfica

Nom *

Cognoms *
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Data de naixement * Per exemple: 18/10/1990

Sexe *

◦ Home

◦ Dona

Lloc de residència actual: ciutat *

Lloc de residència actual: provı́ncia *

Lloc de residència actual: paı́s *

Lloc de naixement (ciutat) *

NO cal respondre si és el mateix que el lloc de la teva residència actual

Quant de temps has viscut / vas viure al teu lloc de naixement? *

Per exemple: 2,10 (2 anys i 10 mesos)

Quant de temps has viscut al teu lloc de residència habitual? *

Per exemple: 2,10 (2 anys i 10 mesos)

Nivell educatiu més alt assolit *

Indica’n només un

◦ Primària

◦ Secundària
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◦ Batxillerat

◦ Formació professional - Grau Mitjà

◦ Formació professional - Grau Superior

◦ Universitat - Diplomatura, llicenciatura o grau)

◦ Universitat - Màster

◦ Universitat - Doctorat

II. Historial lingüı́stic

En aquesta secció et demanem que responguis a unes preguntes sobre el teu historial lingüı́stic. Si et plau,

respon a la pregunta seleccionant la resposta apropiada al menú desplegable.

1. A quina edat i amb qui vas començar a aprendre les següents

llengües?

A quina edat vas començar a aprendre CATALÀ? *

Tria una opció:

0 - Des del naixement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+

A quina edat vas començar a aprendre CASTELLÀ? *

Tria una opció:

0 - Des del naixement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+

Amb qui vas aprendre a parlar CATALÀ principalment? *

Tria una opció:

Pares, La meva parella, Familiars, Amics i/o companys de feina, Coneguts, Desconeguts

Amb qui vas aprendre a parlar CASTELLÀ principalment? *

Tria una opció:

Pares, La meva parella, Familiars, Amics i/o companys de feina, Coneguts, Desconeguts

En quina llengua va apendre a parlar la teva mare? *
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◦ CATALÀ

◦ CASTELLÀ

En quina llengua va apendre a parlar el teu pare? *

◦ CATALÀ

◦ CASTELLÀ

2. Fes una estimació en % de la formació que has rebut en CATALÀ/

CASTELLÀ

Per exemple: 30 / 70 significa que has rebut el 30% de la formació en CATALÀ i el 70% en CASTELLÀ

% de CATALÀ/ CASTELLÀ durant l’educació PRIMÀRIA *

Tria NO APLICABLE si no has rebut aquest tipus de formació

0/100 10/90 20/80 30/70 40/60 50/50 60/40 70/30 80/20 90/10 100/0 NO APLICABLE

% de CATALÀ/ CASTELLÀ durant l’educació SECUNDÀRIA *

Tria NO APLICABLE si no has rebut aquest tipus de formació

0/100 10/90 20/80 30/70 40/60 50/50 60/40 70/30 80/20 90/10 100/0 NO APLICABLE

% de CATALÀ/ CASTELLÀ durant el BATXILLERAT *

Tria NO APLICABLE si no has rebut aquest tipus de formació

0/100 10/90 20/80 30/70 40/60 50/50 60/40 70/30 80/20 90/10 100/0 NO APLICABLE

% de CATALÀ/ CASTELLÀ durant la FORMACIÓ PROFESSIONAL *

Tria NO APLICABLE si no has rebut aquest tipus de formació

0/100 10/90 20/80 30/70 40/60 50/50 60/40 70/30 80/20 90/10 100/0 NO APLICABLE

% de CATALÀ/ CASTELLÀ durant la els estudis UNIVERSITARIS *

Tria NO APLICABLE si no has rebut aquest tipus de formació

0/100 10/90 20/80 30/70 40/60 50/50 60/40 70/30 80/20 90/10 100/0 NO APLICABLE
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3. Fes una estimació en % de l’ÚS que se’n fa del CATALÀ i el

CASTELLÀ en el teu ENTORN

El teu ENTORN inclou aquells contextos comunicatius on utilitzes una llengua: a casa teva, a la feina, amb

familiars. . . Fes una estimació del % de CATALÀ i CASTELLÀ en el teu entorn INDEPENDENTMENT

de si es correspon amb teva llengua principal o no.

% d’ús de CATALÀ i CASTELLÀ a CASA (amb les persones amb les que vius) *

Per exemple: 30 / 70 significa que en aquest entorn es parla CATALÀ un 30% i CASTELLÀ un 70%

0/100 10/90 20/80 30/70 40/60 50/50 60/40 70/30 80/20 90/10 100/0

% d’ús de CATALÀ i CASTELLÀ a la FEINA (amb les persones amb les que tre-

balles) *

Per exemple: 30 / 70 significa que en aquest entorn es parla CATALÀ un 30% i CASTELLÀ un 70%

0/100 10/90 20/80 30/70 40/60 50/50 60/40 70/30 80/20 90/10 100/0

% d’ús de CATALÀ i CASTELLÀ a l’ESCOLA/INSTITUT/UNIVERSITAT (amb

les persones amb les que estudies) *

Per exemple: 30 / 70 significa que en aquest entorn es parla CATALÀ un 30% i CASTELLÀ un 70%

0/100 10/90 20/80 30/70 40/60 50/50 60/40 70/30 80/20 90/10 100/0

% d’ús de CATALÀ i CASTELLÀ en contextos comunicatius frequents com BO-

TIGUES *

Per exemple: 30 / 70 significa que en aquest entorn es parla CATALÀ un 30% i CASTELLÀ un 70%

0/100 10/90 20/80 30/70 40/60 50/50 60/40 70/30 80/20 90/10 100/0

4. Quant de temps has treballat en un entorn on principalment es

parla CATALÀ / CASTELLÀ?

CATALÀ? *

En ANYS

Tria una opció: 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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CASTELLÀ? *

En ANYS

Tria una opció: 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+

III. Ús de les llengües

En aquesta secció et demanem que responguis a preguntes sobre el teu % d’ús de CATALÀ, CASTELLÀ i

ALTRES LLENGÜES. Si et plau, respon a la pregunta seleccionant la resposta apropiada al menú desple-

gable.

5. En una setmana normal, quin percentatge del temps utilitzes les

següents llengües amb els teus amics?

La suma del % d’ús de CATALÀ+CASTELLÀ ha de ser 100%.

En una setmana normal, quin percentatge del temps utilitza CATALÀ amb els teus

amics? *

Tria una opció: 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

En una setmana normal, quin percentatge del temps utilitza CASTELLÀ amb els

teus amics? *

Tria una opció: 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

6. En una setmana normal, quin percentatge del temps utilitzes les

següents llengües amb la teva famı́lia?

La suma del % d’ús de CATALÀ+CASTELLÀ ha de ser 100%.

En una setmana normal, quin percentatge del temps utilitzes CATALÀ amb la teva

famı́lia? *

Tria una opció: 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

En una setmana normal, quin percentatge del temps utilitzes CASTELLÀ amb la

teva famı́lia? *
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Tria una opció: 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

7. En una setmana normal, quin percentatge del temps utilitzes les

següents llengües a la feina o a l’escola/institut/universitat?

La suma del % d’ús de CATALÀ+CASTELLÀ ha de ser 100%.

En una setmana normal, quin percentatge del temps utilitzes CATALÀ a la feina o

a l’escola/institut/universitat? *

Tria una opció: 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

En una setmana normal, quin percentatge del temps utilitzes CASTELLÀ a la feina

o a l’escola/institut/universitat? *

Tria una opció: 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

8. Quan parles amb tu mateix, amb quina freqüència parles amb tu

mateix en les següents llengües?

La suma del % d’ús de CATALÀ+CASTELLÀ ha de ser 100%.

Quan parles amb tu mateix, amb quina freqüència parles amb tu mateix en

CATALÀ? *

Tria una opció: 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Quan parles amb tu mateix, amb quina freqüència parles amb tu mateix en

CASTELLÀ? *

Tria una opció: 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

9. Quan fas càlculs contant, amb quina freqüència contes en les

següents llengües?

La suma del % d’ús de CATALÀ+CASTELLÀ ha de ser 100%.

Quan fas càlculs contant, amb quina freqüència contes en CATALÀ? *

Tria una opció: 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Quan fas càlculs contant, amb quina freqüència contes en CASTELLÀ? *

Tria una opció: 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

IV. Competència

En aquesta secció et demanem que evaluı̈s el teu nivell de competència lingüı́stica en les següents llengües

del 0 al 10. Si et plau, respon a les preguntes marcant la casella apropiada.

10. Com parles en les següents llengües?

Com parles en CATALÀ? *

Una competència “10” vol dir un nivell nadiu (sense accent). Una competència “0” vol dir que no pots

parlar aquesta llengua.

0 1 2 3 4 5 6 7 8 9 10

no sé parlar CATALÀ c c c c c c c c c c c excel·lent

Com parles en CASTELLÀ? *

Una competència “10” vol dir un nivell nadiu (sense accent). Una competència “0” vol dir que no pots

parlar aquesta llengua.

0 1 2 3 4 5 6 7 8 9 10

no sé parlar CASTELLÀ c c c c c c c c c c c excel·lent

11. Quin és el teu nivell de comprensió oral de les següents llengües?

“0” vol dir que no entens aquesta llengua “GENS”. “10” vol dir que entens aquesta llengua “PERFECTA-

MENT”, amb un nivell nadiu.

Quin és el teu nivell de comprensió oral en CATALÀ? *

0 1 2 3 4 5 6 7 8 9 10
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GENS c c c c c c c c c c c EXCEL·LENT

Quin és el teu nivell de comprensió oral en CASTELLÀ? *

0 1 2 3 4 5 6 7 8 9 10

GENS c c c c c c c c c c c EXCEL·LENT

12. Com llegeixes en les següents llengües?

“0” vol dir que no pots llegir en aquesta llengua. “10” vol dir que llegeixes en aquesta llengua “PERFEC-

TAMENT”, amb un nivell nadiu.

Com llegeixes en CATALÀ? *

0 1 2 3 4 5 6 7 8 9 10

GENS c c c c c c c c c c c EXCEL·LENT

Com llegeixes en CASTELLÀ? *

0 1 2 3 4 5 6 7 8 9 10

GENS c c c c c c c c c c c EXCEL·LENT

13. Com escrius en les següents llengües?

“0” vol dir que no pots escriure en aquesta llengua. “10” vol dir que escrius en aquesta llengua “PERFEC-

TAMENT”, amb un nivell nadiu.

Com escrius en CATALÀ? *

0 1 2 3 4 5 6 7 8 9 10
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GENS c c c c c c c c c c c EXCEL·LENT

Com escrius en CASTELLÀ? *

0 1 2 3 4 5 6 7 8 9 10

GENS c c c c c c c c c c c EXCEL·LENT

V. Actituds

En aquesta secció et demanem que responguis a les següents afirmacions sobre actituds lingüı́stiques mar-

cant una casella de l’1 al 7 Si et plau, respon a les perguntes marcant la casella apropiada.

14. Em sento “jo mateix” quan parlo en les següents llengües.

Em sento “jo mateix” quan parlo en CATALÀ. *

1 2 3 4 5 6 7

NO estic GENS d’acord c c c c c c c estic MOLT d’acord

Em sento “jo mateix” quan parlo en CASTELLÀ. *

1 2 3 4 5 6 7

NO estic GENS d’acord c c c c c c c estic MOLT d’acord

15. M’identifico amb les cultures següents.

M’identifico amb una cultura CATALANOPARLANT. *

1 2 3 4 5 6 7

NO estic GENS d’acord c c c c c c c estic MOLT d’acord
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M’identifico amb una cultura CASTELLANOPARLANT. *

1 2 3 4 5 6 7

NO estic GENS d’acord c c c c c c c estic MOLT d’acord

16. És important per a mi utilitzar / arribar a utilitzar les següents

llengües com un parlant nadiu.

És important per a mi utilitzar / arribar a utilitzar el CATALÀ com un parlant

nadiu. *

1 2 3 4 5 6 7

NO estic GENS d’acord c c c c c c c estic MOLT d’acord

És important per a mi utilitzar / arribar a utilitzar el CASTELLÀ com un parlant

nadiu. *

1 2 3 4 5 6 7

NO estic GENS d’acord c c c c c c c estic MOLT d’acord

17. Vull que els altres pensin que sóc un parlant nadiu de les següents

llengües.

Vull que els altres pensin que sóc un parlant nadiu de CATALÀ. *

1 2 3 4 5 6 7

NO estic GENS d’acord c c c c c c c estic MOLT d’acord
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Vull que els altres pensin que sóc un parlant nadiu de CASTELLÀ. *

1 2 3 4 5 6 7

NO estic GENS d’acord c c c c c c c estic MOLT d’acord

18. Consentiment i anonimat

Entenc que el meu anonimat com a participant queda en tot moment garantit i que les dades que se

n’obtinguin d’aquest qüestionari seràn utilitzades només per a fins cientı́fics en el marc de la recerca duta a

terme per investigadors de la Universitat de Barcelona.

Consentiment *

Dono la meva autorització perquè aquestes dades puguin ser utilitzades exclusivament per a fins de recerca.

◦ SÍ autoritzo l’ús anònim de les meves dades contingudes en aquest qüestionari

◦ NO autoritzo l’ús anònim de les meves dades contingudes en aquest qüestionari
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Appendix B. Online linguistic background questionnaire

for L2 learners

The questionnaire is available at http://goo.gl/forms/d4fBVuODtg

*Required

Personal Data

Subject ID *

Please type in the CODE you were sent through e-mail here

Group *

◦ A

◦ B

Sex *

◦ Male

◦ Female

Date of Birth *

dd/mm/yyyy

You are: *

◦ right-handed

◦ left-handed

◦ both
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Language Background

1. Indicate which language(s) you normally speak on daily basis: *

You can tick more than one box

� Catalan

� Spanish

� English

� Other:

2. Indicate your mother tongue (First Language or L1): *

You can tick more than one box

� Catalan

� Spanish

� English

� Other:

3. Indicate language(s) spoken at home most of the time: *

You can tick more than one box

� Catalan

� Spanish

� English

� Other:

4. Parents’ First Language(s) (mother tongue or L1): *

You can tick more than one box

� Catalan

� Spanish
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� English

� Other:

5. Language your parents normally speak between them: *

You can tick more than one box

� Catalan

� Spanish

� English

� Other:

6. Language you speak with your parents: *

You can tick more than one box

� Catalan

� Spanish

� English

� Other:

7.1. Please list all the languages you know in order of dominance and age at which

you started to learn them: *

For example, Catalan/0

7.2. *

For example, Spanish/2

7.3. *

For example, English/8
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7.4.

For example, German/18

7.5.

For example, Russian/20

7.6.

For example, Greek/30

8. Please list what percentage of the time you are currently and on average exposed

to each language you speak: *

Your percentages should add up to 100%. For example, Catalan/60%, Spanish/30%, English/10%

Language Use

9.1. Estimate the % of DAILY use of Catalan:*

Type in the number from 0 to 100. Please, make sure that the percentages in the next 3 questions add up to

100. For example: Catalan 70, Spanish 20 and English 10 = 100

9.2. Estimate the % of DAILY use of Spanish: *

9.3. Estimate the % of DAILY use of English:*

English Learning Experience
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10. Age at which you started learning English?*

11.1. How many hours a week did you study English in Primary School? *

For example: 2 hours

11.2.How many hours a week did you study English in Secondary School? *

For example: 2 hours

11.3. How many hours a week did you study English in High School? *

For example: 2 hours

11.4. How many hours a week do you study English at University? *

For example: 2 hours

12. Have you taken English courses/private classes outside your school/university?

*

If YES, please, specify whether it was in Primary/Secondary/High school/University, where (British Coun-

cil) and how long you took those classes (2 years, 4 hours a week).

13. Do you have any Certificate of English level? *

If YES, please, specify whether it is First Certificate/Advanced/Proficieny. If NO, type in NO.
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14.1. Estimate the number of hours spent DAILY listening to English spoken by

Non-Native speakers of English: *

For example, 2 hours

14.2. Estimate the number of hours spent DAILY listening to English spoken by

Native speakers of English: *

For example, 2 hours

14.3. Estimate the number of hours spent WEEKLY listening to Non-Native speak-

ers of English: *

For example, 14 hours

14.4. Estimate the number of hours spent WEEKLY listening to Native speakers of

English: *

For example, 14 hours

14.5 Estimate the number of hours spent DAILY speaking English with Non-Native

Speakers of English: *

For example, 2 hours

14.6 Estimate the number of hours spent DAILY speaking English with Native

Speakers of English: *

For example, 2 hours

14.7. Estimate the number of hours spent WEEKLY speaking English with Non-

Native Speakers of English: *

For example, 14 hours
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14.8. Estimate the number of hours spent WEEKLY speaking English with Native

Speakers of English: *

For example, 14 hours

15.1. Estimate the % of exposure to British and American English: *

For example: British 50% - American 50%

15.2. Do you think your pronunciation is more British- or American-like? *

◦ British

◦ American

16. For each of the items below, choose the response that corresponds to the amount

of time you estimate you spend on average doing each activity in English. *

Please, use this scale: 1 - never; 2 - a few times a year; 3 - monthly; 4 - weekly; 5 - daily

1 2 3 4 5

Watching English language television c c c c c
Reading newspapers/magazines in English c c c c c
Reading books in English c c c c c
Listening to songs in English c c c c c
Watching movies or videos in English c c c c c
Speaking English with native or fluent speakers c c c c c
Speaking English with nonnative speakers c c c c c
Writing e-mails/letters in English c c c c c
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17.1. FAMILY. Please, estimate how many hours per WEEK you use English with

your parents/relatives: *

17.2. WORK. Please, estimate how many hours per WEEK you use English at work:

*

17.3. NATIVE FRIENDS. Please, estimate how many hours per WEEK you use

English with your friends (Native Speakers of English): *

17.4. FILMS/MUSIC/BOOKS IN ENGLISH. Please, estimate how many hours per

WEEK you watch/listen to/read films/music/books: *

18. Rate your command of English on the scale: 1=VERY POOR and 9=NEAR-

NATIVE *

1 2 3 4 5 6 7 8 9

Reading: c c c c c c c c c
Listening: c c c c c c c c c
Speaking: c c c c c c c c c
Writing: c c c c c c c c c
Pronunciation: c c c c c c c c c

19. Have you ever lived in an English-speaking country more than 2 weeks? *

◦ Yes

◦ No

19.1. If YES, please, specify how many times, where, when, for how long and the

purpose of the stay: *
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If NO, please, type in ”no”

20. Have you previously received any type of Phonetic Training in English? *

◦ Yes

◦ No

20.1. If YES, please, specify where, when, for how long: *

If NO, please, type in ”no”

21. Do you have any speech or hearing problems/pathology? *

◦ Yes

◦ No

21.1. If YES, please, specify: *

If NO, please, type in ”no”
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Appendix C. Linguistic background questionnaire for En-

glish native speakers

Participant’s Code: Gender:
Gender: Place of Birth:
Age: Residence Country/State:

1. Your mother tongue:

2. Estimate your proficiency level in all the language that you speak (1 = low and 10

= high):

Language 1 2 3 4 5 6 7 8 9 10

English 1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

3. Countries/Cities where you lived and for how long (more than 1 year):

- currently: since

- previously 1: from to

- previously 2: from to

- previously 3: from to

4. Languages that you are most exposed to (please, specify: 1 - little, 7 - a lot):
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Language 1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

5. Parents’ linguistic background

Mother’s first language: Place of Birth:

Father’s first language: Place of Birth:

Language that your parents speak with each other:

Language that you speak with your parents:

6. Amount of language use (%)

Estimate the % of use of English during a week (Home+...+Shops/Restaurants = 100%):

Home 100 90 80 70 60 50 40 30 20 10 0

Work 100 90 80 70 60 50 40 30 20 10 0

Relatives 100 90 80 70 60 50 40 30 20 10 0

Friends 100 90 80 70 60 50 40 30 20 10 0

Shops/Restaurants 100 90 80 70 60 50 40 30 20 10 0

Estimate the % of usage of other languages you speak (Home+...+Shops/Restaurants =

100%)

Language:

Home 100 90 80 70 60 50 40 30 20 10 0

Work 100 90 80 70 60 50 40 30 20 10 0

Relatives 100 90 80 70 60 50 40 30 20 10 0

Friends 100 90 80 70 60 50 40 30 20 10 0

Shops/Restaurants 100 90 80 70 60 50 40 30 20 10 0
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Language:

Home 100 90 80 70 60 50 40 30 20 10 0

Work 100 90 80 70 60 50 40 30 20 10 0

Relatives 100 90 80 70 60 50 40 30 20 10 0

Friends 100 90 80 70 60 50 40 30 20 10 0

Shops/Restaurants 100 90 80 70 60 50 40 30 20 10 0

Language:

Home 100 90 80 70 60 50 40 30 20 10 0

Work 100 90 80 70 60 50 40 30 20 10 0

Relatives 100 90 80 70 60 50 40 30 20 10 0

Friends 100 90 80 70 60 50 40 30 20 10 0

Shops/Restaurants 100 90 80 70 60 50 40 30 20 10 0

Estimate the % of usage of English:

This week 100 75-100 50-75 25-50 0-25

This month 100 75-100 50-75 25-50 0-25

This year 100 75-100 50-75 25-50 0-25

Last 5 years 100 75-100 50-75 25-50 0-25

7. Have you ever had any hearing problem or language disability?

If yes, please, explain:
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Appendix D. Linguistic background questionnaire for

Catalan native speakers

Nom i Cognoms: Data naixament:
e-mail: Telèfon de contacte:
Lloc de naixement: Lloc de residència habitual:

1. Llengua materna o primera:

2. Altres llengües que parleu (indiqueu si bé, regular, poc):

(a) molt bé bé regular poc

(b) molt bé bé regular poc

(c) molt bé bé regular poc

3. Estimeu el vostre nivell de competència en les llengües estrangeres que parleu:

1= conec algunes paraules però no parlo mai

10= puc mantenir una conversa normal sobre temes diversos sense cap problema.

(a) 1 2 3 4 5 6 7 8 9 10

(b) 1 2 3 4 5 6 7 8 9 10

(c) 1 2 3 4 5 6 7 8 9 10

4. Llocs on heu viscut i temps (superiors a un any):

actualment: des de fins a
anteriorment 1: des de fins a
anteriorment 2: des de fins a

5. Llengües a les que heu estat exposats més (indiqueu si poc-1 o molt-7):

(a) poc 1 2 3 4 5 6 7 molt

(b) poc 1 2 3 4 5 6 7 molt

(c) poc 1 2 3 4 5 6 7 molt
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6.

Llengua materna o primera de la mare: Lloc de naixement:

Llengua materna o primera del pare: Lloc de naixement:

Llengua que parlen els vostres pares entre ells:

Llengua amb la que parleu amb els vostres pares:

7. Percentatge (%) d’ús habitual (marqueu una casella) de les llengües que parleu

Estimeu el % d’ús de CATALÀ en una setmana normal

Context 100 90 80 70 60 50 40 30 20 10 0

Casa 100 90 80 70 60 50 40 30 20 10 0

Feina 100 90 80 70 60 50 40 30 20 10 0

Familiars 100 90 80 70 60 50 40 30 20 10 0

Amics 100 90 80 70 60 50 40 30 20 10 0

Botigues etc 100 90 80 70 60 50 40 30 20 10 0

Estimeu el % d’ús de CASTELLÀ en una setmana normal

Context 100 90 80 70 60 50 40 30 20 10 0

Casa 100 90 80 70 60 50 40 30 20 10 0

Feina 100 90 80 70 60 50 40 30 20 10 0

Familiars 100 90 80 70 60 50 40 30 20 10 0

Amics 100 90 80 70 60 50 40 30 20 10 0

Botigues etc 100 90 80 70 60 50 40 30 20 10 0

Estimeu el % d’ús d’UNA 3a LLENGUA ( )en una setmana normal

194



Context 100 90 80 70 60 50 40 30 20 10 0

Casa 100 90 80 70 60 50 40 30 20 10 0

Feina 100 90 80 70 60 50 40 30 20 10 0

Familiars 100 90 80 70 60 50 40 30 20 10 0

Amics 100 90 80 70 60 50 40 30 20 10 0

Botigues etc 100 90 80 70 60 50 40 30 20 10 0

Estimeu el % d’ús de CATALÀ habitual (encercleu l’opció) en:

una setmana normal: 100 75-100 50-75 25-50 0-25

aquest mes: 100 75-100 50-75 25-50 0-25

aquest any: 100 75-100 50-75 25-50 0-25

últims 5 anys: 100 75-100 50-75 25-50 0-25

8. Comentaris

Tens algun problema de parla i/o oı̈da?

NO � SI � Especifica:

En un futur, t’agradaria poder participar en un altre estudi?

NO � SI �

Entenc que l’anonimat de les dades obtingudes mitjançant aquest qüestionari i aquest

estudi queda en tot moment garantit i autoritzo a utilitzar aquestes dades només amb fins

cientı́fics i de recerca.

, , de de 2014
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Appendix E. Perceptual assimilation task materials

Table E.1
Stimuli in the perceptual assimilation task.

Stimuli F0 F2 F1 Vowel Stimuli F0 F2 F1 Vowel
(Hz) (Hz) (Hz) duration (ms) (Hz) (Hz) (Hz) duration (ms)

C1 biss1 120 2138 281 144 C1 bass3 107 1423 608 125
C1 biss2 119 2118 271 138 C1 bass4 108 1381 604 134
C1 biss3 119 2075 283 135 C2 bass1 102 1435 689 125
C1 biss4 125 2168 278 143 C2 bass2 103 1378 656 131
C2 biss1 110 2067 309 130 C2 bass3 107 1361 662 140
C2 biss2 113 2097 292 137 C2 bass4 108 1376 656 135
C2 biss3 110 2110 293 142 C3 bass1 81 1309 658 122
C2 biss4 110 2110 296 129 C3 bass2 80 1278 655 120
C3 biss1 84 2062 292 119 C3 bass3 76 1326 692 130
C3 biss2 82 2133 291 132 C3 bass4 76 1324 676 130
C3 biss3 81 2068 300 120 E1 beace1 117 2181 312 111
C3 biss4 83 2089 306 115 E1 beace2 126 2183 339 120
C1 béss1 126 1920 354 127 E1 beace3 128 2157 310 115
C1 béss2 119 1979 363 131 E1 beace4 125 2169 314 120
C1 béss3 114 2069 384 136 E2 beace1 103 2163 308 119
C1 béss4 109 2049 377 138 E2 beace2 101 2211 301 121
C2 béss1 103 1912 409 131 E2 beace3 100 2163 305 112
C2 béss2 107 1978 425 137 E2 beace4 101 2183 306 123
C2 béss3 104 1935 418 138 E3 beace1 104 2175 327 118
C2 béss4 108 1931 419 131 E3 beace2 103 2202 300 129
C3 béss1 82 1904 389 120 E3 beace3 106 2155 325 114
C3 béss2 82 1960 394 126 E3 beace4 108 2172 345 124
C3 béss3 82 1931 400 126 E1 biss1 106 1766 446 95
C3 béss4 83 1880 409 125 E1 biss2 114 1796 478 100
C1 bèss1 118 1854 480 138 E1 biss3 108 1707 473 110
C1 bèss2 119 1889 517 131 E1 biss4 115 1756 477 112
C1 bèss3 117 1802 464 142 E2 biss1 104 1804 420 106
C1 bèss4 111 1885 465 134 E2 biss2 103 1793 419 105
C2 bèss1 113 1815 519 140 E2 biss3 102 1824 405 113
C2 bèss2 106 1788 519 137 E2 biss4 106 1784 422 116
C2 bèss3 106 1829 533 131 E3 biss1 106 1795 450 100
C2 bèss4 107 1821 525 133 E3 biss2 104 1860 485 106
C3 bèss1 77 1730 547 126 E3 biss3 104 1827 454 111
C3 bèss2 79 1724 516 120 E3 biss4 107 1856 474 105
C3 bèss3 82 1755 525 125 E1 bess1 120 1592 617 113
C3 bèss4 80 1733 521 126 E1 bess2 110 1638 604 105
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Stimuli F0 F2 F1 Vowel Stimuli F0 F2 F1 Vowel
(Hz) (Hz) (Hz) duration (ms) (Hz) (Hz) (Hz) duration (ms)

C1 bass1 117 1319 600 138 E1 bess3 110 1644 621 111
C1 bass2 108 1435 627 137 E1 bess4 106 1649 623 112
E2 bess1 100 1652 576 106 E1 buss3 107 1348 708 106
E2 bess2 97 1639 583 107 E1 buss4 114 1269 710 107
E2 bess3 101 1661 530 103 E2 buss1 101 1320 613 107
E2 bess4 95 1641 574 116 E2 buss2 98 1304 610 110
E3 bess1 99 1701 597 108 E2 buss3 97 1340 602 111
E3 bess2 110 1657 580 116 E2 buss4 97 1361 607 119
E3 bess3 104 1712 580 111 E3 buss1 110 1241 683 118
E3 bess4 106 1718 581 102 E3 buss2 104 1260 721 106
E1 baass1 106 1064 859 138 E3 buss3 102 1260 693 118
E1 baass2 112 1150 846 137 E3 buss4 98 1253 728 116
E1 baass3 119 1180 736 139 E1 bass1 110 1639 725 131
E1 baass4 115 1072 719 140 E1 bass2 107 1573 728 137
E2 baass1 96 1237 742 139 E1 bass3 104 1595 712 131
E2 baass2 96 1233 734 130 E1 bass4 108 1621 726 125
E2 baass3 97 1226 704 132 E2 bass1 101 1652 624 140
E2 baass4 95 1262 721 143 E2 bass2 98 1671 614 139
E3 baass1 107 1071 764 140 E2 bass3 99 1668 617 137
E3 baass2 107 1177 732 138 E2 bass4 95 1588 645 136
E3 baass3 101 1042 759 137 E3 bass1 102 1696 655 133
E3 baass4 101 1131 820 139 E3 bass2 102 1703 662 131
E1 buss1 109 1259 686 106 E3 bass3 100 1717 662 143
E1 buss2 109 1342 699 102 E3 bass4 108 1719 672 138

Note: C1, C2, C3 - Catalan stimuli, E1, E2, E3 - English stimuli
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Figure E.1. Instructions in the perceptual assimilation task.
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Appendix F. L2 vowel discrimination task materials

Table F.1
Stimuli in the L2 vowel discrimination task.

Stimuli F0 F1 F2 Vowel Stimuli F0 F1 F2 Vowel
(Hz) (Hz) (Hz) duration (ms) (Hz) (Hz) (Hz) duration (ms)

C1 V1 S1 156 257 2417 97 C4 V1 S1 143 238 2285 60
C1 V1 S2 159 205 2361 95 C4 V1 S2 157 215 2330 74
C1 V1 S3 130 278 2169 96 C4 V1 S3 145 273 2270 92
C1 V2 S1 150 395 2131 77 C4 V2 S1 157 432 1763 55
C1 V2 S2 154 373 2039 73 C4 V2 S2 177 477 1783 61
C1 V2 S3 173 462 1909 77 C4 V2 S3 157 406 1736 57
C1 V3 S1 141 602 1756 74 C4 V3 S1 130 616 1637 65
C1 V3 S2 134 647 1791 67 C4 V3 S2 170 647 1658 64
C1 V3 S3 149 651 1591 73 C4 V3 S3 150 649 1614 66
C1 V4 S1 122 860 1311 77 C4 V4 S1 125 772 1245 90
C1 V4 S2 132 765 1342 87 C4 V4 S2 149 703 1365 107
C1 V4 S3 150 861 1187 96 C4 V4 S3 139 872 1036 111
C1 V5 S1 119 843 1618 85 C4 V5 S1 125 763 1660 92
C1 V5 S2 152 735 1622 106 C4 V5 S2 154 721 1616 95
C1 V5 S3 151 814 1642 110 C4 V5 S3 159 760 1484 118
C1 V6 S1 146 655 1163 74 C4 V6 S1 134 602 1166 60
C1 V6 S2 168 671 1439 77 C4 V6 S2 159 620 1384 55
C1 V6 S3 156 646 1296 70 C4 V6 S3 166 762 1276 63
C2 V1 S1 145 221 2393 80 C5 V1 S1 128 256 2149 96
C2 V1 S2 153 215 2322 85 C5 V1 S2 148 200 2392 90
C2 V1 S3 129 257 2318 92 C5 V1 S3 123 216 2194 92
C2 V2 S1 157 419 1852 50 C5 V2 S1 124 414 1680 67
C2 V2 S2 163 434 1945 68 C5 V2 S2 151 381 1769 60
C2 V2 S3 149 437 1849 76 C5 V2 S3 116 431 1651 61
C2 V3 S1 141 565 1700 64 C5 V3 S1 126 616 1600 85
C2 V3 S2 149 639 1638 70 C5 V3 S2 138 612 1547 77
C2 V3 S3 149 632 1643 71 C5 V3 S3 118 628 1531 72
C2 V4 S1 117 862 1307 90 C5 V4 S1 108 754 1146 94
C2 V4 S2 145 708 1162 100 C5 V4 S2 128 719 1408 125
C2 V4 S3 149 774 1038 107 C5 V4 S3 126 853 1120 113
C2 V5 S1 115 786 1629 90 C5 V5 S1 110 772 1634 108
C2 V5 S2 142 737 1547 123 C5 V5 S2 126 755 1603 122
C2 V5 S3 147 796 1656 119 C5 V5 S3 114 838 1439 125
C2 V6 S1 142 598 1107 67 C5 V6 S1 110 593 1120 68
C2 V6 S2 171 685 1194 60 C5 V6 S2 134 646 1398 70
C2 V6 S3 166 629 1386 61 C5 V6 S3 134 735 1250 64
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Stimuli F0 F1 F2 Vowel Stimuli F0 F1 F2 Vowel
(Hz) (Hz) (Hz) duration (ms) (Hz) (Hz) (Hz) duration (ms)

C3 V1 S1 135 221 2368 92 C6 V1 S1 135 268 2392 93
C3 V1 S2 148 237 2407 96 C6 V1 S2 130 292 2355 95
C3 V1 S3 128 268 2287 100 C6 V1 S3 131 327 2299 94
C3 V3 S3 130 670 1552 82 C6 V3 S3 122 737 1750 84
C3 V4 S1 106 854 1382 100 C6 V4 S1 104 803 1219 92
C3 V4 S2 134 761 1375 150 C6 V4 S2 112 732 1258 120
C3 V4 S3 134 702 1399 135 C6 V4 S3 134 921 1153 121
C3 V5 S1 116 769 1705 97 C6 V5 S1 110 839 1759 110
C3 V5 S2 144 691 1722 127 C6 V5 S2 111 696 1670 133
C3 V5 S3 140 784 1651 130 C6 V5 S3 118 781 1681 131
C3 V6 S1 121 668 1306 70 C6 V6 S1 110 657 1147 68
C3 V6 S2 146 652 1482 70 C6 V6 S2 136 695 1347 69
C3 V6 S3 145 704 1376 81 C6 V6 S3 134 623 1388 70

Note: C1 - ["p k@s], C2 -["k fIv], C3 - ["s tS@n], C4 - ["t sIS], C5 - ["l tIf], C6 - ["m k@t], S = speaker, V1 -
/i/, V2 - /I/, V3 - /E/, V4 - /A/, V5 - /2/, V6 - /æ/

201



202



Figure F.1. Instructions in the L2 vowel discrimination task.

203



Appendix G. Phonological short-term memory task mate-

rials

Table G.1
Stimuli in the phonological short-term memory task (from Cerviño-Povedano and Mora, 2011).

Practice block 1 2 3 4
1 ner taS bon tiL

2 tEm keL fur Zit

3 Zis kEt Zul mañ

4 nut lim lOp neL

5-item length sequences 1 2 3 4 5
1 Lip poÙ kEs Lun San

2 geÙ Lat ÙOl Zik sum

3 soS mir nuÙ ñal kEr

4 nip seL Zun daL pOÙ

5 nal sEm bok mik Sul

6 Zut ñal toÙ teL bir

7 gEn gur diñ meL moL

8 keL kut nOl lis Lal

6-item length sequences 1 2 3 4 5 6
9 LEm toÙ bun Zes Lin ñOl

10 gor teS bOr ñin paL rEn

11 bur gEÙ Lan soL fer biñ

12 ris tas sep toS SEt kuS

13 for LEn sir dul teÙ ZOl

14 pEñ bor dup dap meS dil

15 LOs ler rin tES Zan rup

16 raL gis lek Lup soÙ LEs

7-item length sequences 1 2 3 4 5 6 7
17 doS mañ pOs ñEm Zit reÙ kum

18 fek puL roL git ñat gEm fOL

19 lat rOs muk tEÙ siñ fok pes

20 doñ tOr ken taS mip kun kEm

21 dOs lEm Lik ges kop nup lan

22 ger tar doÙ sEÙ kuñ tOs biL

23 fus met fik lop bEm faL fOl

24 biS lEk fal dOp lep kuÙ top

Note: Items in bold are transposed items.
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Figure G.1. Instructions in the phonological short-term memory task.
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Appendix H. Acoustic memory short-term task materials

Table H.1
Stimuli in the acoustic short-term memory serial sound recognition task.

Practice block
1 fi Lu

2 Se do ñi

3 su Ãi po li

4 ma re bu si go

Block I: Three-item sequences
1 ke Sa ni

2 Li to ba

3 ze ku Ri

4 gi Lu sa

5 po le Su

6 da mo si

7 ru Si go

8 so be Ùa

Block II: Four-item sequences
9 pu li fo ra

10 me zu ti no

11 bu ta ge So

12 te Zu ñi ga

13 ki La fu ne

14 Ùe ñu pi Zo

15 ka Zi lo de

16 su do fa ñe

Block III: Five-item sequences
17 Le mu Ãi ko za

18 fe Lo pa Ùu di

19 mi zo la tu Ãe

20 ña pe lu zi Ùo

21 se Ãu na ri bo

22 du ma Ùi ro Ze

23 Ãa re gu fi ño

24 bi Ão Se nu Za

Note: Items in bold are transposed items.
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Figure H.1. Instructions in the acoustic short-term memory serial sound recognition task.
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Table H.2
Stimuli in the acoustic short-term memory target sound recognition task.

Practice block
1 Lu Re Lu

2 Se nu Zo

Block I: Two-item sequences
1 zi ño zi

2 fu ge ge

3 Za Ri Za
4 na tu tu

5 me Ro za

6 lu pi Ùo

7 pe Za ru

8 ta Ão Le

Block II: Three-item sequences
9 la ke Ãi la

10 Li to ba to

11 ze ku mi mi

12 ti ga Su ga

13 po li ru ña

14 da mu si Ze

15 Ru Si do pa

16 so Ùa be ri

Block III: Four-item sequences
17 fo le pu gi fo

18 Ra gu Ùi mo gu

19 bu ne So ka ka

20 ñi Zu te ma te

21 Zi sa ñu de bo

22 Ùe du bi zo ra

23 La fi go se Ãu

24 zu fa ko ñe di

Note: Items in bold are the same items.
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Figure H.2. Instructions in the acoustic short-term memory target sound task.

213



Praat script for spectral rotation

1 # ====================================================================
2 # rotation script for Praat
3 # low-pass filtered rotated version
4 # ====================================================================
5
6 form Rotate Sound
7 real Rotation_frequency 2000
8 word Name_of_new_sound rotated
9 endform

10
11 Copy... temp
12 d = Get total duration
13 sf = Get sampling frequency
14 Create Sound from formula... sine Mono 0 ’d’ ’sf’ 1/2*sin(2*pi*’

rotation_frequency’*x)
15 select Sound temp
16 Formula... self * Sound_sine[col]
17 select Sound temp
18 Filter (pass Hann band)... 0 3800 20
19 Rename... ’name_of_new_sound$’
20
21 select Sound temp
22 plus Sound sine
23 Remove
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Appendix I. Attention-shifting task materials
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Figure I.1. Instructions in the attention-shifting task.
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