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Abstract 

Few studies have investigated first language (L1) attrition and second language (L2) 

acquisition of segmental and suprasegmental aspects of speech. The current research includes 

three separate studies that examined L1 attrition and L2 acquisition of prosody of wh-words, 

vowels formants and the voice onset time (VOT) of voiceless stops in late consecutive 

Arabic-English (A-E) and English-Arabic (E-A) bilinguals. All three studies explored 

whether late L2 learners’ language use and phonetic aptitude (i.e. talent) affect the prosody of 

wh-words, the formants of shared vowels and the VOTs of voiceless plosives among 

advanced learners of English and Arabic. 

Sixty participants participated in the three studies: 15 E-A bilinguals, 15 A-E 

bilinguals, 15 monolingual English speakers and 15 monolingual Arabic speakers. Both 

bilingual groups had been living in the L2 environment for about 20 years and had completed 

a proficiency test, a phonetic aptitude test and a language background questionnaire. 

In study I, the participants read brief dialogues of wh-question/answer pairs; the 

bilinguals read them in Arabic and English. To capture differences in slope steepness and the 

amount of curvature, the pitch contour of the wh-question words was analysed using growth-

curve analyses. The monolinguals’ results revealed a steep rise to a high target in Arabic wh-

words, but no such high target in English wh-words. The bilinguals’ results revealed that A-E 

and E-A bilinguals approximated the prosodic patterns of the L2. An asymmetrical pattern of 

L1 attrition was found, showing attrition among the E-A bilinguals, but not among the A-E 

bilinguals. Additionally, language use, but not phonetic aptitude, modulated how closely 

bilingual participants approximate native patterns. 

In study II, the participants read words containing different vowels that are shared 

across English and Arabic in isolation and in a carrier phrase. The bilinguals read the vowels 

in Arabic and English. The first three formants (F1, F2 and F3) were extracted at vowel mid-

points using Praat and then normalised. The monolingual groups’ results revealed differences 

in some of the shared vowels in Arabic and English. The bilinguals’ results revealed L1 

attrition among the A-E bilinguals and the E-A bilinguals. Language use and phonetic 

aptitude were not found to influence the vowel formants of A-E and E-A bilinguals in L1 

attrition and L2 acquisition. 

In study III, the participants narrated different cartoons, three in English and two in 

Arabic, and the bilinguals narrated them in both languages. VOT was measured using Praat 

from the interval between the plosive release and the onset of voicing. The monolinguals’ 
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results showed that the VOTs of voiceless plosives differed in Arabic and English. As in 

study I, the bilinguals’ results showed an asymmetrical pattern of L1 attrition, showing 

attrition among the E-A bilinguals, but not among the A-E bilinguals. As in study II, 

language use and phonetic aptitude were not found to influence the VOTs of A-E and E-A 

bilinguals in L1 attrition and L2 acquisition. 

The results suggest that L1 use may prevent L1 phonetic attrition, but only at the 

suprasegmental level. Some of the segmental results further support the Speech Learning 

Model (SLM): some areas of pronunciation are more vulnerable to attrition than others and 

some areas are more likely to achieve native-likeness than others. The present study revealed 

that some aspects of native-like L2 acquisition can occur alongside L1 attrition, which means 

that while these aspects are acquired well in the L2, they are susceptible to attrition in L1. 

However, this is not true for all aspects. Finally, the findings confirm that acquiring a 

language from birth is not sufficient to ensure L1 native-likeness in the production of 

bilingual speech.  
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Chapter One: Introduction 

1.1 Introduction 
 

Migration and intercultural contact are increasing worldwide, owing to a range of 

factors and events, including globalisation and economic pressures and the consequences of 

conflicts and natural disaster (Liu et al., 2014; Nauck, 2001). Such situations usually require 

the ability to communicate in more than one language (Nunan, 1999) in order to bridge the 

gap between different national histories, cultures and social norms. Thus, many researchers 

have become interested in how migrants and bilinguals generally engage with language: The 

acquisition of first and new languages has become an important channel of research in the 

migrant environment (Watson, 1995; Paradis et al., 2011). 

Considerable research has been conducted on the first and second languages (L1 and 

L2) of bilinguals, drawing distinctions between those who learn two languages 

simultaneously from birth or at a very young age and those who start learning the L2 only in 

their early teens or later in life. The terminology used in the literature for these different types 

of bilinguals include (i) simultaneous bilinguals, meaning that both languages are acquired at 

the same time, and (ii) sequential (consecutive, or successive) bilinguals, meaning that there 

is a delay between the acquisition of the L1 and the L2. The term ‘adult bilingual’ is also 

used to refer to those who have acquired a second language after the age of puberty – often 

also called second language acquisition (SLA; Lightbown & Spada, 2006).  

The participants in this study would be considered ‘late consecutive bilinguals’ 

(Hamers & Blanc, 2000; Wei, 2000; de Leeuw, 2008) since they acquired their L2 (either 

English or Arabic) after the age of puberty, that is, after having fully acquired their L1 (either 

English or Arabic). The distinction between simultaneous and sequential bilingualism is 

important in the literature because it is theorised that the level of maturity of the brain at the 

time of learning has a very significant effect on the outcome (Goetz, 2003). Most of this 

research has been directed at detecting the influence of the native L1 on the learning of the 

new L2 in late bilinguals, using terms such as ‘borrowing’, ‘transfer’ and ‘interference’, 

resting on the so-called critical period hypothesis (Long, 1990; Flege, 1999), which proposes 

that late language learning is never as effective as early language learning. However, the most 

recent research argues that it is not appropriate to use absolute terms when theorising about 

this process: There is great variation among individuals and one can learn a second language 
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at any age (Flege, 2003; Moyer, 2009; Hopp & Schmid, 2013). Some scholars such as Pallier 

(2007) have noted several critical language acquisition periods that occur throughout one’s 

life, while others prefer the looser term ‘sensitive period’, which offers more flexibility 

(Oyama, 1976; Piske et al., 2007). 

Research on individuals’ varying abilities to acquire another language (Long, 1990; 

Flege, 1999; Pallier, 2007) has helped develop and refine theories regarding the differences 

between typical language acquisition settings and backgrounds. Children typically acquire 

their first language through language input that is received from family members and/or 

peers, by interacting with others linguistically. Similarly, older children and adults who move 

to another language community may learn an L2 in a similarly naturalistic setting. The 

counterpart of such scenarios is the type of structured language learning that older children 

and adults often undergo in formal contexts (for example, at school or university) or access 

through different types of devices and media (such as computers and the internet; cf. Cook, 

1973; Bialystok, 2001).  

More recently, researchers have begun to understand that interference also works 

backwards, from the L2 to the L1 – in first language attrition (Mennen, 2004). The amount of 

overlap between an L1 and an L2, which varies according to context (Dorian, 1982), is highly 

relevant in this respect, highlighting the complex and dynamic nature of second language 

acquisition (SLA) and language attrition (de Leeuw et al., 2013). Recent studies have started 

focusing on the language of origin (or first language / L1) in migrant communities rather than 

on the acquisition of the new language (or second language / L2). Research in this area aims 

to investigate possible changes in an individual’s L1 when they emigrate from their 

community, as well as to clarify why changes in the L1 occur. L1 attriters are necessarily 

influenced by their L2, which begins to dominate their thinking when in the L2 environment 

– the role of L2 acquisition, therefore, is also relevant to the issue of first language attrition. 

The phenomenon of SLA has received considerably more attention in the scholarly literature 

than L1 attrition has, simply because there is a widespread monetary and cultural incentive to 

optimise L2 acquisition in schools and colleges around the world (Nunan, 1999). Most 

research into SLA is concerned with the L1 only insofar as it inhibits, interferes with or 

transfers to the acquisition of the L2 (Gass, 1996). In much of the empirical work, the focus is 

on understanding how people can be helped to acquire an L2 in the most efficient and 

effective ways possible. 
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Studies of L1 attrition and L2 acquisition have previously focused on the syntax, lexis 

and morphology (Sorace, 2004; Tsimpli et al., 2004; Goad, et al. 2003; Köpke, & Genevska-

Hanke, 2018; De Clercq, & Housen, 2019, Tsimpli et al., 2009; Leal & Slabakova, 2019). 

The relationship between the pronunciation of a migrant’s L2 and L1 has received less 

attention. The current investigation therefore focuses on L1 attrition and L2 acquisition in the 

phonetic domain. Notably, the results of previous investigations with bilingual children 

(Watson, 1990; Khattab, 2000; Gordeeva, 2006; Fabiano-Smith, & Barlow, 2010; Fabiano-

Smith & Goldstein, 2010; Lee & Iverson, 2012; Yang, & Fox, 2017; Al-Amer, 2019) indicate 

that the phonetic systems of the L1 and the L2 may influence each other (bidirectional 

influences) in both early and simultaneous bilinguals. Caramazza et al. (1973), Mennen 

(2004) and Sundara et al. (2006) have proposed that this influence can also be found in late-

sequential bilinguals. In the case of the current project, the participants had gained adult 

competence in their first language (Arabic or English) before they migrated to the UK or 

Saudi Arabia – i.e. before L2 acquisition. Specifically, because the participants in the current 

study learned their second language (either English or Arabic) in adulthood after their first 

language (either English or Arabic), they are considered to be late bilinguals (see Hamers & 

Blanc, 2000 and Wei, 2000 who differentiate bilinguals in different types).  According to de 

Leeuw et al. (2010), some factors influence first language attrition in the phonetic domain 

more than others do. Their findings show that the quality of contact with the L1 is often the 

most important factor in terms of first language attrition. Other factors relating to the way 

each language is used are also relevant to first language attrition and SLA – for example, it 

may be that extensive code-switching between the L1 and the L2 leads to greater attrition, as 

opposed to cases where there are discrete periods during which the L1 and the L2 are spoken 

separately. Speaking in family, work, study and leisure contexts may influence attrition in 

different ways. Furthermore, acording to Jilka et al., (2008) and Hopp & Schmid, (2014) 

phonetic aptitude (i.e. talent) plays a role in both L1 attrition and L2 acquisition. 

It is the purpose of the present thesis to narrow the above-mentioned research gap by 

investigating bilinguals’ productions of segmentals and suprasegmentals to explore L1 

attrition and L2 acquisition in the phonetic domain. The investigation focuses on the speech 

of Arabic–English and English–Arabic bilinguals who have lived in the L2 environment for 

about 20 years. This thesis contains the results from three experiments, which investigate 

different aspects of SLA and L1 attrition in the phonetic domain. Study I (Chapter Two) 

concentrates on L2 prosodic acquisition and L1 prosodic attrition in late English–Arabic (E–
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A) and Arabic–English (A–E) bilinguals in the production of their wh-words. Study II 

(Chapter Three) examines L2 acquisition and L1 attrition in the segmental productions of the 

shared vowels of late E–A and A–E bilinguals. Study III (Chapter Four) investigates the 

voice onset time (VOT) of voiceless stops of late E–A and A–E bilinguals. In addition, all of 

the three studies explore whether late L2 learners’ language use and phonetic aptitude affect 

how target-like learners are in the prosody of English and Arabic wh-words, the production of 

shared vowels, and the VOT of voiceless plosives. Findings from the current study are 

organised in accordance with the theoretical implications into two sections – SLA and first 

language attrition. 

 

1.2 General Overview  
 
1.2.1 L2 Acquisition 
 

Researchers have proposed that pronunciation is one of the most difficult aspects of 

second language learning (Mennen, 2015; Fraser, 2010). In addition, it has been reported that 

most of the L2 learners who seem native (for example, in the grammar and other aspects of 

their L2) still have distinct foreign accents (Flege, 1980, Hinofotis & Baily, 1980; Scovel, 

1988; Davis, 1999). For example, Scovel (1969, 1988) argues that many adults with 

otherwise excellent L2 language skills have difficulties achieving native-like pronunciation in 

their L2, a phenomenon labelled as ‘Joseph Conrad phenomenon’. Joseph Conrad was a 

Polish-British author, and is one of the greatest English-language novelists. He wrote English 

extremely well with native-like English grammar and vocabulary, but he spoke English with 

a strong Polish accent (Scovel, 1969), suggesting that he successfully acquired the English 

lexicon and morphosyntactic system, but not the English sound system. According to Scovel 

(1969), many adult learners maintain an accent that reveals their L1. Pronunciation is 

different from other areas of second language acquisition in that it engages neuro-cognitive-

motor skill. One cannot ‘learn’ pronunciation by simply studying it. Because it involves 

manipulation of physical tissue, it must be physically practiced, rather like riding a bicycle. 

 According to Doughty and Long (2003, p.275), “child language acquisition and adult 

SLA involve different types of processing for language learning”. Doughty and Long claim 

that these differences between adults and children in terms of acquiring a language are signs 
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of maturational constraints. An accent is one of the obvious constraints on an adult’s SLA. 

Indeed, since adults are affected by the speech-processing abilities of the L1, they are 

considered to be ‘disabled’ L2 learners. As Doughty and Long (2003, p.284) explain, adult 

second language learners process speech using a mechanism that is “already attuned to their 

L1.” Long (1990) proposes that if a second language is learned before the age of six, the L2 

will be spoken without a foreign accent (maturational constraints), whereas if the L2 is 

learned after the age of twelve, it will be spoken with a foreign accent. If the L2 is learned 

between the ages of six and twelve, there will be variability in terms of the presence of a 

foreign accent. In a similar vein, Patkowski (1990, p.78) points out that there is a ‘critical 

period’ or ‘sensitive period’ for second language learning: Learning a language outside of 

this time frame is the reason why some L2 learners speak with a foreign accent.   

Flege et al. (1999) had participants judge Koreans’ pronunciation of English by rating 

how ‘foreign’ it sounded. The study then tested their knowledge of English morphosyntax 

through the use of a 144-item grammaticality judgment test. The study showed a correlational 

relationship between AOA and degree of a ‘foreign’ accent exhibited. As these two variables 

increased, the scores on the grammaticality test showed a steady decline. However, when the 

confounding variables were accounted for, the relationship between AOA and grammaticality 

were no longer significant. The accent relationship, though, was maintained. As a result, it 

can be said that the decrease in morphosyntactic scores was not the result of passing a 

maturationally defined critical period. Further study suggested that the amount of instruction 

the Koreans had received in the US (in English) affected generalizable aspects of their 

English morphosyntax. On the other hand, the amount that the Korean participants actually 

used English affected the lexical aspects of their English morphosyntax. 

In addition, Flege (1999) argues that Patkowski’s prediction about the impact of the 

critical period might be influenced by factors other than pronunciation such as the speaker’s 

grammar and word choice. Flege (1999) presents a review of the literature on L2 acquisition, 

showing that pronunciation accuracy in the L2 is one of the most difficult skills to achieve, 

especially if the learner begins L2 acquisition after puberty. A later age of acquisition 

generally leads to lower pronunciation attainment overall (Flege et al., 2006; Abrahamson & 

Hyltenstam, 2009). It is often presumed that the age of a person when he or she begins to 

learn an L2 will correlate with the native-likeness of his or her L2 speech. However, it is 

difficult to find an objective measure (or indeed a test) of ‘nativeness’ or ‘foreign 

accentedness’ and it is also difficult to separate the age of learning from other factors, such as 
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length of residence or chronological age (Stevens, 2006; Abrahamsson & Hyltenstam, 2009). 

Munro et al. (1996) have investigated the effects of age on the production of English vowels 

by native Italian second language learners of English, finding that age is indeed a factor. 

However, they did also note that there were considerable variations in the ratings that 

listeners gave to the utterances in the L2 and that there were also variations in the 

performance of different vowels. These findings suggest that the method is very important 

when assessing the ‘foreignness’ of speech production and that there may be particular 

phonemes that pose difficulties in each language pair that is studied.  

Some researchers have questioned whether it is possible to apply the critical period 

hypothesis more broadly – to the acquisition of L2 phonology in particular (Flege, 1987; 

Abu-Rabia & Kehat, 2004). For example, Moyer (2009) argues that although age is a factor 

in L2 acquisition, it is not always the most important factor. Motivation and instruction have 

also been discussed as predictors of the degree of foreign accent. Motivation is a term 

generally employed to signify the less-changeable attitudes of students over a long period of 

time (Moyer, 2009). There are different types of motivation, intrinsic and extrinsic 

motivation. Intrinsic motivation relates to “motivation to engage in an activity for its own 

sake” (Pintrich & Schunk, 2002, p. 245), and extrinsic motivation refers to “motivation to 

engage in an activity as a means to an end” (Pintrich & Schunk, 2002, p. 245). Integrative 

motivation is the desire to assimilate with the ethnolinguistic group of the language being 

learnt, whereas instrumental motivation refers to the desire to gain from the learning of the 

language through employment, social status or through education (Gardner & Lambert, 

1959). It has been claimed as well that	degree of motivation to speak an L2 is an important 

determining factor of the degree of foreign accent in the L2 (see, e.g., Suter, 1976; Purcell & 

Suter, 1980; Bongaerts et al., 1995, 1997; Moyer, 1999).  

Lord (2005) observed that suprasegmental instruction in addition to segmental 

instruction appears to be more effective in achieving a native-like accent than segmental 

instruction alone (Derwing et al., 1998). Celce-Murcia et al. (2010) as well as Bowen (1972) 

pointed out that learners of a second language might not effectively be able to transfer aspects 

of pronunciation learnt through controlled tasks into spontaneous speech. Celce-Murcia et al. 

(2010) and Hinkel (2006) therefore argue for a communicative element in pronunciation 

instruction as a necessity to foster fluent and comprehensible L2 speakers. 

On the other hand, a study by Bongaerts et al., (1995) found that highly motivated 

individuals who start learning a second language after the critical or sensitive period can learn 
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to speak an L2 like a native speaker – without a foreign accent. Highly motivated adults – 

who are supported by good instructors and who avail themselves of opportunities to spend 

time immersed in the L2 environment – can achieve very high levels of speech performance. 

This is especially true if training in the suprasegmental aspects of the L2 is offered (ťHart & 

Collier, 1975; de Bot & Mailfert, 1982). Although, admittedly, such training is not very 

common in most instruction-based SLA contexts (Moyer, 2009).  

Some previous literature showed that late L2 learners could successfully learn to 

speak an L2 like a native speaker – without a foreign accent (Bongaerts, 1990; Flege and 

Fletcher, 1992; Bongaerts et al., 1995; Piller, 2002; Gnevsheva, 2017).  Early discussions 

about pronunciation and accent in SLA was based on the critical period hypothesis, which 

proposes that early second language learning is a prerequisite for high ultimate attainment 

levels, and that late learners will generally achieve lower attainment levels, especially in 

phonology (Bongaerts, 1990). This used to be widely accepted as a typical SLA pattern, but 

Bongaerts (1990) warns against assuming that this is always the case, suggesting that other 

factors particular to the character, ability or motivation of the learner, or to the learning 

context, may also be relevant, and late learners may sometimes achieve near-native 

accents. In line with this idea, Bongaerts et al. (1995) found native-like English pronunciation 

in native Dutch speakers. 

This recognition of individual differences, and of contextual influences on SLA, led to 

theories from the domain of sociolinguistics being brought into the debate. According to 

Piller (2002), findings in parallel areas such as the sociology of gender and ethnicity show 

that it is neither scientifically nor ethically sound to use very fixed binary categories, such as 

male and female or native and non-native, to measure phenomena that are socially 

constructed. Accent is one of the means by which people construct and perform an identity, 

and it is to be expected, therefore, that a person’s accent might consciously or unconsciously 

change from one context to another, as he or she maintains or projects a particular version of 

the self for particular purposes. Some people might wish to retain aspects of their L1 

phonology in the L2, or alternatively conceal their L1 background for political, emotional or 

pragmatic reasons, for example. 

These debates raise several key issues relating to the methodology that is used to 

gather data and investigate near-native accent and variation. One implication of the studies 

mentioned above is that they show how inadequate simple, quantitative measurements of 
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proficiency or attainment level are, because there is no such thing as a baseline or yardstick 

of native speaker level or accent (Piller, 2002). 

This limitation of quantitative and linguistics-based methods prompted researchers to 

use self-report studies and qualitative analysis to explore contextual factors, as well as the 

views of second language speakers and their own attitudes towards having an L1-influenced 

accent in a second language or being able to pass for a native speaker. However, this 

approach also has some limitations, such as, for example, the inability of speakers to judge 

how native-like their language is perceived to be, resulting in the likelihood that they will 

significantly under-estimate or over-estimate their success in passing as a native speaker 

(Gnevsheva, 2017). 

Another, methodological issue is the fact that both speakers and listeners contribute to 

our understanding of accents and accent perceptions, which means that data should ideally be 

collected from both these groups. An interesting series of four experiments involving 

American English native speakers and non-native speakers with L1 Spanish and Chinese was 

carried out, and the findings showed that even within the space of five minutes, “foreign 

accent ratings were not stable” (Flege & Fletcher, 1992, p.370). Variability is to be expected, 

then, in both self-report evidence and accent judgment evidence, and this makes it very 

difficult to make hard and fast rules about L2 accent levels. 

Gnevsheva explores the concept and practice of “passing” which is defined as “an act 

of being regarded as belonging to a group which one is not a part of” (Gnevsheva, 2017, 

p.213). Furthermore, Piller (2002, p.179) notes that SLA speakers always describe passing as 

a “temporary, context- and audience- and medium-specific performance”, which highlights 

the importance of studying the speech of a single speaker across different situations, as well 

as comparing the speech of multiple native and non-native speakers. Multi-disciplinary and 

mixed method approaches are therefore best suited to researching this sub-field of SLA. 

Previous research has suggested phonetic aptitude has emerged as an important 

variable in recent work on L2 acquisition. For example, Jilka et al. (2008) found that phonetic 

talent correlates well with a speaker’s performance in spoken tasks. Phonetic aptitude differs 

from general language aptitude. Phonetic aptitude is discussed in more details in section 

1.2.4. 
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1.2.2 L1 Attrition  
 

Early bilinguals have a better understanding of the morphological and syntactic rules 

of language compared to late bilinguals (Penfield & Roberts, 1959; Gass & Selinker, 2008) 

and can adapt to more than one set of socio-cultural norms and assumptions (Chen et al., 

2008). In the case of late bilinguals, the research demonstrates that outcomes can be both 

positive and negative. Studies have documented the difficulty that many late bilinguals have 

in (i) attaining high levels of competence in the L2 and/or (ii) preserving their competence in 

the L1 (Krashen, 1981, 1982).  

Language attrition occurs when a person loses the ability to speak his or her first (or 

native) language at native levels. Language attrition is usually caused by lack of contact with 

other speakers of the first language, learning and frequent use of a second language, or both. 

A frequently used second language may interfere with producing and comprehending the first 

language. It is considered likely that attrition of this kind is found to some extent in all 

speakers of two languages. However, those who use their second language a similar amount 

to (or more frequently than) their first language will show greater L1 attrition (Köpke & 

Schimd, 2007).  

One definition of first language attrition is ’the non-pathological, non-age related, 

structural loss of a first language within a consecutive bilingual’ (de Leeuw, 2008, p.10). This 

explanation concentrates on a language’s functional use rather than on individual language 

competencies. First language attrition has been defined by researchers such as Köpke (2004) 

as constituting a loss of a language’s structure, for example, a reduction or change in the 

individual’s form of the L1. On the other hand, the loss of functional aspects of a language 

relates to ‘the gradual replacement of one language by another with respect to language use’ 

(Köpke, 2004, p.4). The individual can experience a decrease in native language ability 

without experiencing structural loss. This is the situation that occurs for many adults all over 

the world whenever they may migrate into a new environment and are exposed to a new 

culture and language after puberty.  

Immigrants to other countries where a language other than their L1 is commonly used 

show L1 attrition. According to Bahrick (1984), L1 attrition may take place in an individual 

who moves to another country and then stops using their own language completely. Other 

studies (e.g., Caramazza et al., 1973; Watson, 1990; Khattab, 2000; Gordeeva, 2006; Sundara 
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et al., 2006) seem to indicate that there is a relationship between the phonetic systems of 

those who learn two languages from an early age, or at the same time. 

Scholars have offered many theorisations of language attrition. Using terms such as 

‘memory’ and ‘forgetting’, Cohen (1975) emphasises the role of cognitive functions. A very 

common approach is to describe attrition in terms of loss (Lambert & Freed, 1982; Pan & 

Berko-Gleason, 1986). This terminology implies that the process is unintentional and that 

there might be some way to locate and revive the elements of the L1 that have disappeared 

during exposure to an L2 (de Bot & Stoessel, 2000). In fact, the idea of first language loss has 

been discussed in the literature of children emigrating or being adopted into a new language 

environment at an early age (Watson, 1990; Hansen, 1999; Khattab, 2000; Ventureyra et al. 

2004; Bowers, Mattys, & Gage, 2009). These studies show that even children who have been 

adopted at an early age and do not remember their birth language retain relevant linguistic 

knowledge of that birth language (Choi et al., 2017).  

More recent research has stressed the importance of the term ‘attrition’ (Murtagh, 

2003; Köpke & Schmid, 2004; de Leeuw, 2009; Mayr et al., 2012), highlighting the different 

pressures and constraints involved in migrating from one linguistic context to another. The 

concept of ‘forgetting’ in relation to language retention has also begun to receive more 

attention in the field of neurolinguistics, in which a raft of new methodologies has emerged 

due to recent technological advantages, e.g., functional magnetic resonance imaging (FMRI), 

that allow a more detailed analysis of attrition to be undertaken (Köpke, 2004).  

Early research suggested that the L1 of adults who learned a second language in 

adulthood is stable and cannot be ‘lost’ because it is no longer malleable or prone to change 

(Schmid, 2012). Previous ideas regarding the stability of the L1 considered attrition among 

adult speakers to be rare, occurring only in specific circumstances. This view has changed, 

and researchers now acknowledge that influence is bidirectional and that the L1 is far more 

easily influenced even in late L2 learners than previously thought (Mennen, 2004; Schmid & 

Köpke, 2014). 

Multiple factors are involved in considering L1 attrition. The assumption is often 

made that simply being exposed to a language is enough to maintain it. This assertion is not, 

however, supported by evidence (Schimd, 2008). Attrition may be reduced by a positive view 

of an individual’s L1, or the community of people who speak that language, as well as an 

enthusiasm to maintain the language (Köpke & Schmid, 2004). It is not easy at all, however, 
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to confirm these considerations through research. Adults are more likely to retain their L1 

than children are. Therefore, age is certainly a factor in L1 attrition (Dusseldorp & Schmid, 

2010; Bylund, 2009; Schmid et el., 2004). 

Interestingly, the factors that affect L1 attrition are similar to those that affect L2 

acquisition, and parallels can be drawn between the two processes. It must be noted, though, 

that the impact these factors have on L2 acquisition are much greater than the impact they 

have on L1 acquisition. 

While grammar and pronunciation are retained for a longer period of time, vocabulary 

that is the first thing those who emigrate as adults forget (Schmid, & Dusseldorp, 2010; 

Ammerlaan, 1996; Schmid et el., 2004). 

Several approaches to language acquisition are particularly consistent with the notion 

of L1 attrition and the kind of linguistic plasticity that L1 attrition evidences. For example, 

language acquisition is viewed as emergent and dynamic by usage-based or emergentist 

approaches. According to Ellis (2016), factors such as frequency, saliency and markedness 

affect the rate of acquisition.  

Holme (2013) and Langacker (1987) explain this plasticity by stating that the brain 

makes connections when it encounters different phenomena; the more frequently these 

phenomena are encountered, the stronger the connections are likely to be. Once they have 

been encountered a sufficient number of times, they gain ‘unit status,’ at which point they 

will have become a ‘concept’ in the person’s mind. Langacker (2009) suggests that linguistic 

units are not necessarily stored in this way, but come about as the result of the reoccurring 

patterns and trends in brain activity. If this is the case, then it stands to reason that the 

connections associated with a first language may become weakened when a person does not 

use his or her L1 for a while, or by ‘redirecting’ connections through the conflicting 

connections of an L2 (Langacker, 1987: 59). Language learning in this context is assumed to 

be controlled through domain-general learning mechanisms (Langacker, 2009), whose 

processes depend on the same fundamental ideas of frequency, perceptual saliency, etc. (see 

Holme, 2013).  

Also considered important is the world and context in which the learning finds itself, 

as well as the incumbent knowledge into which the new information is imbedding itself 

(MacWhinney, 2012). A child learns its first language, for example, much differently than an 
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adult learns an L2, for many reasons. Their brain, for one, is much more malleable and 

therefore susceptible to learning during childhood. Children also usually have comprehensive 

and dependable support from their parents, they connect language to meaning and things they 

know about the world around them, and they have no previous language onto which they may 

attach their newly learnt language.  

To summarize the current and previous sections, L2 learners often do not achieve 

native-like L2 pronunciation (Long, 1990; Flege et al., 2006; Abrahamson & Hyltenstam, 

2009). In addition, the phonetic system of the L1 may remain flexible in adults and the L2 

may influence the L1 (bidirectional influence; cf. Mennen, 2004; Sundara et al., 2006; Stoehr 

et al., 2017). Thus, learners can stop sounding native-like in their L1 as a result of being 

exposed to an L2 language environment, either due to exposure to the L2 or due to lack of L1 

language use. This will be discussed in more detail in chapters two, three and four.  

 
 
1.2.3 L2 Speech Models and L1 Attrition  
 

Studies show that L2 learners may encounter issues in any aspect of pronunciation, 

including consonants (Aoyama, et al., 2004), vowels (Morrison, 2009), and suprasegmentals 

(Davidson, 2006; Jilka, 2007; Francis, et al., 2008). However, these difficulties do not apply 

to all learners. For instance, Bongaerts, Mennen and Van der Slik (2000) found that native 

Dutch learners’ pronunciation of English was indistinguishable from an English native 

control group. These examples of native-like acquisition are rare; however, such examples 

highlight the likely differences between groups of learners. Studies on the individual 

differences across learners that affect the degree of foreign accent have found that both the 

age of the learner at the onset of acquisition as well as the length of residence in their new 

country affect the acquisition of the L2 sound system (Flege, et al., 2006; MacKay, Flege and 

Imai, 2006). Other studies highlight different factors, including language use, motivation and 

other psychosocial factors (Moyer, 2004; Cebrian, 2006). All these studies share the 

relationship between linguistic and non-linguistic variables. 

This section will cover L2 speech models and their relevance to first language (L1) 

attrition. While these theories do not offer a direct approach towards the issue of L1 attrition, 

they can however be interpreted accordingly for the purpose of the current study. Within the 

present project, these models are considered in terms of the way in which they contribute to 
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our understanding of the related phenomena of L2 acquisition and L1 attrition at the level of 

pronunciation. What is important in this study is the interaction between the two systems in 

L2 learners, which can take the forms of assimilation (where the properties of the L1 and L2 

sounds merge) and dissimilation (where there is a divergence away from the monolingual 

norm; Flege et al., 2003). 

Native Language Magnet (NLM) 

According to Tuller et al. (2008), the most important cognitive process that underpins 

the acquisition of a child’s L1 is that of categorisation. In other words, learning a language 

means learning to perceive differences between sounds and learning to categorise these 

sounds into meaningful groups. Once a child has formed a strong category around a particular 

sound, similar sounds are then allocated to that category and, with increasing exposure to the 

L1, the boundaries between categories grow more secure. This approach has been formally 

described as the Native Language Magnet (NLM) theory (Kuhl, 1991). This model of L1 

acquisition explains why infants over the age of around six months begin to discriminate 

between “prototypic exemplars of phonetic categories in their native language” whereas 

infants under the age of six months do not (Iverson & Kuhl, 1995, p.123). In effect, the act of 

listening to the sounds in the L1 environment alters the perceptual systems of an infant so that 

he or she becomes attuned to the particular phonological system of that language and is able 

to differentiate between both vowels and consonants, placing them into phonetic categories. 

What starts out as a general categorisation function gradually becomes language-specific. 

The NLM theory was initially developed with a focus on L1 acquisition. But when it 

is applied to the acquisition of an L2, it postulates that the categorical representations which 

have been acquired from the L1 will continue to act like a magnet, influencing the way that 

the learners of an L2 actually perceive stimuli in another language (Kuhl, 1991; 1992). This 

is bound to happen for two reasons: when learning the L2, (a) there is already an existing and 

readily available set of categories, which has been developed for the L1; and (b) the 

individual is older and these early categories have become rather fixed so that it becomes 

more difficult, if not impossible, to hear the fine differences between some L1 and L2 sounds. 

In a series of empirical studies, Kuhl and others have established that adult speakers who 

have different L1 backgrounds perceive the same stimulus from another language differently 

(Iverson & Kuhl, 1995; Kuhl, 1997; 2004) – they interpret this as evidence of the power of 

the L1 categories to act as perceptual magnets. 
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Studies on adult L2 learners have provided a wealth of evidence to support the NLM 

model since learners consistently experience certain predictable perception and production 

difficulties when contemplating specific sounds in each pair of languages. Most language 

teachers quickly become aware of these patterns when they find that students from the same 

L1 background have the same sort of difficulty with certain phonemes while they manage 

other phonemes very well. Arabic learners of L2 English have difficulty with the sounds /p/ 

and /b/, for example, while Japanese learners of L2 English have difficulty with the sounds /l/ 

and /r/ because these phonemes are categorised differently in the respective languages. 

While the NLM model provides useful insights into L2 acquisition, it does not 

provide any evidence in relation to L1 attrition. Indeed, if anything, it suggests that the L1 

categories will remain strong because of their early formation in the developing infant’s 

mind. The NLM model does not illuminate the loss of early L1 categories over time, 

including over the lifetime of an individual who migrates from one language environment 

into another. This has led to the development of several other theories that modify the NLM 

theory and propose new models that explain the effect that learning an L2 has on the L1. 

Natural Phonology 

There are various explanatory frameworks that highlight the difficulties with L2 

speech. In the case of Natural Phonology, the difficulty lies in the fact that certain sounds 

may be considered inherently more difficult than other sounds due to universal constraints. 

Stampe (1979) notes that the nature of the human articulatory and perceptual systems means 

that we prefer particular forms. Consequently, if a sound occurs rarely in the world’s 

languages, the human articulatory and perceptual systems do not favour this particular sound. 

Hence, to learn these forms entails overcoming a perceptual or articulatory difficulty. Natural 

Phonology argues that adult speakers have adopted a set of natural phonetic constraints and 

abandoned others. However, each language does have its own set of constraints. There are 

certain phonological alternations called rules that vary from language to language and need to 

be learnt. This particular approach does not account for a bidirectional influence between the 

L1 and the L2. 

Markedness Theory 

 According to Markedness Theory, rare sounds are marked, whilst common sounds 

are unmarked. Markedness Theory would argue that an L2 learner would start acquiring the 
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L2 through the patterns adopted in their L1. One would expect that it shares its universality as 

well. This would entail that the attainment of L2 phonology is not only Markedness would 

predict that the acquisition of sounds that are marked and not present in the L1 would be 

more difficult to acquire. However, some studies have found language patterns that contradict 

the relationship suggested by the Markedness Theory (Rice, 2000), and there is also the 

problem raised by the lack of a generally accepted definition of markedness (Hume, 2004). 

Besides, the concept of markedness proves problematic. The existence of markedness as a 

psychological entity is an unfalsifiable hypothesis per se (Rice, 2000). Markedness is a notion 

that would explain the language faculty that humans have, linking the generativist system to a 

physical reality. However, there is no evidence for the existence of such faculty. Moreover, 

there seems to be a lack of agreement on what markedness means (Rice, 2000). For instance, 

Rice (2000) surveys the literature on markedness and puts together a list of differences 

between marked and unmarked categories. Marked categories would be less natural, more 

complex, more specific, less common, unexpected, not basic, less stable, later in language 

acquisition etc. On the other hand, unmarked categories would be the opposite. Rice (2000) 

notes that there is cross-linguistic uniformity in the features that can be classified as 

phonologically unmarked. Conversely, these features are not always the same; thus, there is 

some local variability. This would entail that the attainment of L2 phonology relies not only 

on Markedness. Rather, the acquisition of sounds that are marked and not present in the L1 

would be more difficult to acquire. 

 

Contrastive Analysis Hypothesis 

An alternative approach is to view learners’ difficulties as the result of L1 language 

learning, that is as a consequence of native language transfer. Proponents of this approach 

hold that the phonological system of the learner’s L1 is the starting point for learning the L2. 

Hence, learners experience difficulties because of the similarities and differences between the 

L1 and the L2 sound systems. The Contrastive Analysis Hypothesis (Lado, 1957) assumes 

that learners will experience the most difficulties learning the L2 when it differs greatly from 

the learner’s L1. Thus, a systematic comparison between the sound systems of the L1 and the 

L2 may predict the difficulties learners will face. Hence, according to this approach, phonetic 

and phonological problems result from two basic reasons: either differences between the 

mother tongue and the target language, or the interference of the mother tongue. This 



  16 

approach predicts that the rate of attainment of L2 phonology depends on each learner. From 

this particular point of view, it does not only depend on the L1 and L2, but is also really 

dependent on the individual. The linguistic analysis offered by this approach may over-

predict certain problems that learners face, while under-predicting other problems that 

learners may encounter, but that are not explained by the transfer between languages. Overall, 

research has shown that the predictions of the Contrastive Analysis Hypothesis are not 

always correct (Zobl, 1980).  

Speech Learning Model (SLM) 

An important and relatively recent theory in this respect, and one which is very 

relevant to the present study, is the Speech Learning Model (SLM), proposed and later 

refined by Flege and his colleagues (Flege & Hillebrand, 1984; Flege, 1987; 1995; Flege et 

al., 2003). The SLM (Flege, 2003; Flege and MacKay, 2004) predicts that L2 sounds that are 

similar to L1 categories will cause greater difficulties when compared to dissimilar L2 

sounds. This model argues that humans tend to assimilate physically similar sounds to the 

same abstract category. Consequently, a phonetically similar L2 sound will be perceptually 

assimilated to an L1 category. This phenomenon is known as equivalence classification. 

Conversely, an L2 sound that is dissimilar to any L1 sound will not be assimilated to native 

categories and learners will have to create a new category for this L2 sound. In this model, 

difficulty is assessed by a token by token comparison between the L1 and L2. According to 

this model, ultimate attainment of the L2 pronunciation is plausible. In fact, Flege (1995: 

238) argues that the primary concern of the SLM is the “ultimate attainment of L2 

pronunciation”. In particular, the SLM suggests that the degree of accuracy in L2 sound 

perception and production depends partly on the interaction between the L1 and L2 phonetic 

systems of a learner. This approach also notes that age plays a key role in ultimate attainment 

of L2 speech. For instance, early learners, that is those who start L2 speech learning before 

they reach the age of 12, are more likely to outperform those who start learning at a later 

stage. This particularly occurs in terms of perception and production of L2 vowels (Piske et 

al. 2002) and consonants (MacKay et al. 2001). Similarly, early learners tend to be judged as 

having less strong foreign accents (Flege et al. 1995). This particular approach allows for a 

bidirectional influence between the L1 and the L2, as Flege’s (1995) model assumes that the 

speech sounds of any two languages are represented in a shared phonological space. The idea 

that they are in the same space implies that there may be a bidirectional influence between the 
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sounds of both languages. This, in turn, predicts that there may be articulatory changes in the 

L1, where the learner is copying the articulatory characteristics of the L2. In other words, 

sharing a space may result in the assimilation of the articulation of individual sounds from the 

L1 to the L2.  

The SLM aims to account for ultimate attainment, “so work carried out within its 

framework focuses on bilinguals who have spoken their L2 for many years, not beginners” 

(Flege, 1995: p. 238). The aim of the SLM is to explain how speech sounds in the L2 are 

acquired. It also contributes to our understanding of how this process in turn affects the L1. 

Many studies of bilingual migrants have explored what happens when speakers encounter 

sounds in the L2 that are different from those of their L1. There are studies which focus on 

the period of initial contact (Flege et al., 2003), and others which focus on the ultimate 

attainment of learners (Bongaerts et al., 1997) and still others which attempt to trace the 

development that occurs in phonological perception and production over long periods of time 

(de Bot & Clyne, 1997; Cook, 2003). 

Similar to the Contrastive Analysis Hypothesis, the SLM highlights the importance of 

the degree of difference between sounds. There are two routes through which first and second 

language speech sounds can interact. The first, assimilation, occurs when no new sound 

category in the second language can be established. However, the SLM proposes that the 

most similar sounds are the most difficult to learn for L2 learners. In more detail, learners 

often fail to distinguish small differences and, in this case, a new L2 sound is simply 

assimilated into the existing L1 category. A sound that is similar (i.e. an L2 sound which is 

similar to the L1 sound) is likely to be categorized into the same category as that of the L1. 

Therefore, when an L2 sound is considered similar enough to an L1 sound, it will be merged 

(or assimilated) with it. Alternatively, dissimilation (or polarization) happens when a new 

category is perceived in a second language speech sound. Thus, if the learner perceives a 

difference between the L1 and L2 sounds, then a new category is formed; this process is 

called ‘category formation’ (Flege, 1987; Flege, 1995; Flege et al., 2003; de Leeuw, 2009). 

Bilinguals seek to find differences between corresponding L1 and L2 sounds, just like 

monolinguals seek to establish a contrast between similar sounds in their L1. This process 

causes category dissimilation (Flege et al., 2003). In summary, according to the SLM, in 

attrition of a first language, and acquisition of a second language, one of two things may 
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happen when similar sounds are encountered (depending on whether new categories are 

formed or not): assimilation or dissimilation.  

The SLM helps us to explore these two contrasting strategies, both of which are likely 

to occur in the process of acquiring an L2. It can help to predict which learners are likely to 

use which of these strategies and which sounds are most likely to undergo assimilation vs. 

category formation in particular language pairs. In turn, this can inform the design of 

language teaching programmes for different learner groups. From empirical studies on this 

point, it is clear that “all else being equal, early bilinguals will be more likely to establish new 

phonetic categories for L2 speech than late bilinguals will be” (Flege et al., 2003, p.469). 

How far these choices then become part of a shared phonological system across groups of L2 

speakers who have the same L1 background and therefore very similar assimilated or 

polarised sound categories is a question that remains to be investigated. It could be, for 

example, that frequent contact with other speakers who share the same bilingual background 

and history promotes the formation and retention of hybrid categories as opposed to distinct 

L1 or L2 categories. 

Importantly for first language attrition research, the SLM predicts that “the more a 

bilingual approximates the phonetic norm for an L2 speech sound, the more her production of 

the corresponding L1 speech sound will tend to diverge from the L1 phonetic norm” (Flege et 

al., 2003: p. 470), while this effect is stronger in late bilinguals than in early ones. This 

suggests that the more accurate the approximation of the L2 speech sounds, the further the 

equivalent L1 production will stray from the standard sound (Flege et al., 2003). This effect 

is, however, magnified in late bilinguals.  

According to the SLM, the main predictor – including age – of a person being able to 

establish a new phonic category for a sound in their L2 is their own ability to perceive a 

sound to be adequately different to the equivalent L1 sound. However, age does have some 

impact on how the L1 and L2 phonetic sub-systems interact. “That is, as L1 vowels and 

consonants develop, they will perceptually assimilate neighbouring L2 vowels and 

consonants more strongly” (Flege et al., 2003: p. 469).  

The SLM predicts that L2 learners’ phonetic categories may differ from those of L1 

monolinguals even if the bilinguals or learners have been learning the L2 for a long period of 

time. The perception and production of sounds will be affected by such differences in the 

stored categories in the mind. Primarily, the SLM refers to phonetic categories and not 
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phonemic ones. For example, Flege holds the English [t] and [th] as being categorised 

differently and put forward that native speakers have different mental representations for 

them since they differ phonetically (e.g. in VOT). According to the SLM, English native 

speakers do not have one category for the English [t] and [th] just because [t] and [th] are 

allophones of the phoneme /t/, i.e. allophones of the same phoneme. 

Apart from situations where sounds in both languages are the ‘same’ (at the 

allophonic and phonetic level), the SLM assumes that some distinctive types of situations can 

arise. This leads to different learning routes as L2 segments are learned; those for ‘new’ and 

various types of ‘similar’ sounds (Flege, 1987c; 1995). Flege clarifies this theory along the 

lines of certain L2 sounds being perceived as either ‘new’ or ‘similar’ to the learners and to 

the learners’ native language (L1). Following this, the IPA symbol criterion was suggested as 

a rough guide to understanding this difference (Flege, 1992). Evidence of this is found in the 

English [p] since no phone in Arabic would be labelled with the IPA symbol [p] and it is 

therefore new to the Arabic learner. However, both languages have a phone that would 

normally be written as [b] in the IPA, making [b] similar. For Flege, however, the English 

and Arabic [b] would not equate to the ‘same’ sound because of the differences reflected in 

the VOT (with Arabic in general being pre-voiced and English having a short-lag positive 

VOT). According to Flege, similarity is defined by the allophonic properties of the sounds, 

and not by the broad phonemic correspondence (cf. the Contrastive Analysis Hypothesis 

(CAH); e.g. Lado, 1957). 

Another of Flege’s claims is that a person’s ability to learn new sounds remains active 

and develops throughout their life (Flege, 1995), contrasting with the critical period 

hypothesis that states that learning new sounds after the age of puberty would be extremely 

difficult if not impossible (Scovel, 1988). Although Flege does agree with this to a certain 

degree – that the learnability of L2 sounds decreases as the age of learning increases – he 

disagrees with the idea of the complete loss of the ability to acquire new sounds after the 

critical period. Rather, Flege proposes the idea that while in the early stages of learning, but 

regardless of age, learners should filter L2 sounds through the L1 sound system. Flege (2003) 

adds that the filtering in the later stages can be halted if extensive exposure to the L2 sounds 

is maintained, allowing the learner to establish new L2 categories. 

Flege (1995, p.239) proposed the following four main postulates: 
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1. The mechanisms and processes used in learning the L1 sound system, including 

category formation, remain intact over the life span and can be applied to L2 

learning. 

2. Language-specific aspects of speech sounds are specified in long-term memory 

representations called phonetic categories. 

3. Phonetic categories established in childhood for L1 sounds evolve over the life 

span to reflect the properties of all L1 or L2 phones identified as the realization of 

each category. 

4. Bilinguals strive to maintain contrast between L1 and L2 phonetic categories that 

exist in a common phonological space.  

 
Ontogeny Model 

Flege’s (1993) account is a theory that combines universal factors and cross-linguistic 

influence. There is a further model that combines these two: Major’s Ontogeny Model 

(Major, 1987). This particular approach on the acquisition of L2 phonology addresses the 

competing influence of developmental factors and cross-linguistic influence. Major (2001) 

developed this model as the Ontogeny Phylogeny model. Within this approach, the premise 

established by Major (2001) is that cross-linguistic factors decrease over time. At the same 

time, the influence of developmental factors, such as the effect of the universal difficulty of 

particular sounds first increases and over time begins to decrease again. To explain this 

particular pattern, Major (2001) proposes that there is an interaction between the similarity of 

the L2 to the L1 and also markedness factors. That is, learners of two languages with more 

similar sounds are more strongly affected by cross-linguistic influence. Increasing levels of 

markedness relate to a higher influence of developmental factors instead. This model makes 

rather strong predictions regarding L2 pronunciation. However, there are no studies that have 

empirically explored this particular approach, unlike Flege’s (2003) model, which has been 

put to the test in numerous studies.  

Perceptual Assimilation Model (PAM) extension (PAM-L2) 

Alternatively, the Perceptual Assimilation Model (PAM) extension (PAM-L2) 

(Best, 1995; Best & Tyler, 2007) bases difficulty on the assimilability of non-native contrasts 

to native categories. SLM and PAM/PAM-L2 “base their predictions of the relative difficulty 
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or ease of production and perception of non-native speech on comparisons of L1 and the to-

be-learned segments” (Mennen, 2014, p.6). PAM-L2 as well as Flege’s (1993) theory share a 

main premise. Both models assume that learners may perceive sounds as functionally 

equivalent when these L2 and L1 sounds are phonologically or phonetically similar. The 

central assumption of PAM is that speakers assimilate non-native sounds to the native sounds 

they perceive to be more similar. As such, perceptual similarity is defined with regards to 

dynamic articulatory information; i.e., how articulatory gestures shape a sound. Hence, the 

accuracy to discriminate non-native sounds is strongly dependent on how these sounds are 

assimilated to the mother tongue of the learner. That is, learners are more likely to distinguish 

L2 contrasts depending on the articulatory settings of the L1 and the L2. 

Second Language Linguistic Perception Model (L2LP) 

Drawing on elements of this theory, Escudero (2005) argued for the Second 

Language Linguistic Perception Model (L2LP). In order to capture the whole 

developmental process of L2 speech perception, this model suggests that L2 learners initially 

perceive target language sounds in the same way as they perceive their native language 

sounds. However, studies employing this approach have shown that it is possible that learners 

of an L2 alter their articulatory perception of the L1, resulting in sounds between the speech 

sounds of the two languages (Escudero & Boersma, 2002; Escudero, 2005, 2009). The model 

proposes the Full Copying Hypothesis that states that learners create a duplicate of their L1 

system when they first encounter the L2. Hence, L2 perceptual development does not affect 

the L1 system, meaning that transfer can only occur at the onset of L2 learning (Escudero & 

Boersma, 2004). The model also posits that sound perception is shaped by the acoustic 

properties of the individual accent of the learner’s L1, such that individuals with the same L1 

may have differences due to their accents. This means that L2 development is contingent on 

the individual ability of the learner to overcome their particular problems.  

For instance, a particular learner may initially perceive the two sounds of the L2 

contrast in terms of a single native category, assimilating the two sounds as one. In this case, 

the learner faces a different set of learning tasks than a learner who assigns the same L2 

sounds to two separate L1 categories because of their accent. If the learner assimilates the 

two sounds as one, the learner has to either create a new L2 category or split the single 

category handling both elements that contrast. On the other hand, if a learner assigns two 

separate categories, the learner does not need to create a new category; the learner only needs 
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to reuse their existing L1 categories and shift their L1 perceptual boundary so it matches with 

the L2. The second scenario presents an easier task, and examples of L2 Category Boundary 

Shifts have been found in the literature (Escudero & Boersma, 2002; Escudero, 2009). In 

other words, the L2LP model aims to account for the entirety of L2 perceptual development. 

In regards to ultimate attainment, Escudero and Boersma (2002) note that native-like ultimate 

attainment may be possible in certain circumstances. However, if a learner’s L1 contrasts are 

left intact as they acquire an L2 without this contrast, this may hamper the attainment of a 

native-like command of the L2. 

L2 Intonation Learning theory (LILt) 

The approaches and theories mentioned so far have mostly focused on segments. 

However, an area of pronunciation that is particularly problematic for L2 learners is 

intonation. L2 learners almost always speak with intonation patterns that differ from those of 

native speakers, even with years of practice and exposure (Jilka, 2000; Mennen, 2004; 

Munro, 1995; Trofimovich and Baker, 2006; Willems, 1982). This alone can lead to the 

perception of a foreign accent (e.g., Anderson-Hsieh, Johnson, & Koehler, 1992; Jilka, 

2000a; Mennen, 2004; Magen, 1998; Munro, 1995; Munro & Derwing, 1995; Trofimovich & 

Baker, 2006; Willems, 1982). Some believe that intonation is more susceptible to cross-

language influences than other aspects of pronunciation (Mackay, 2000). As a result, it is 

often found that even in highly proficient L2 speakers, their L1 will affect their L2 intonation 

(see Mennen, 2004, 2007 for an overview). Segmental acquisition makes up most of the 

research in the study of L2 speech production and perception, suggesting that there is quite a 

good understanding of the segmental aspects of language differentiation. Due to this, Flege’s 

SLM (1995) and Best’s PAM/PAM-L2 (Best 1995, Best & Tyler 2007), amongst other 

theories of L2 speech production, compare the ease-of-acquisition of L2 to L1 and the to-be-

learned segments. To date, the L2 Intonation Learning theory (LILt) is the only model that 

deals with and makes predictions regarding the relative difficulty of generating, producing 

and distinguishing intonation of the non-native variety. There have, however, been some 

attempts made to extend the PAM-L2 so that it includes the perception of lexical tones (So & 

Best, 2008, 2010, 2011).  

LILt “agrees with SLM and PAM-L2 that many difficulties may be perceptually 

motivated, it posits that explicit reference needs to be made to the semantic dimension of 

intonation when determining perceptual similarity. Finally, as with segmental models, the 
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LILt does not rule out other explanations of deviations in production, such as an inability to 

articulate certain differences between L1 and L2 intonation or store them in acoustic 

memory” (Mennen, 2015, p. 197). The theory requires that the position and context of certain 

contrasts be tested and controlled for, as they are also important in regards to intonation. 

LILT holds that, as learners increase their experience of the L2, their intonation parameters 

will more closely approximate the norms of the L2. Learners use their L1 to produce 

intonation in the L2 in the absence of L2 experience. This use of L1 intonation in the L2 

language is seen more often at the early learning stages (e.g. McGory, 1997; Mennen, 2004; 

Jun & Oh, 2000; Ueyama & Jun, 1998). LILt assumes a bidirectional influence, so it could 

account for both L2 acquisition affects and L1 attrition affects.  

Out of the models reviewed in this section, the SLM approach and LILt are the most 

useful for the present study. The SLM and PAM-L2 approaches are most useful for segments 

because many previous studies have used the framework, so that it makes comparison with 

previous empirical findings easier. Moreover, it accounts for a bidirectional influence. In 

addition, LILt is most useful for prosody since it is the only model to date that makes 

predictions of and deals with the difficulty of perceiving and producing non-native 

intonation. Also, LILt assumes a bidirectional influence, so it could account for both L2 

acquisition affects and L1 attrition affects.  

There are still some methodological problems, which make SLM difficult to apply in 

practice, however. There is a lack of consensus in the literature on how to determine what 

constitutes similar and dissimilar sounds and this is a major weakness in the theory (Bohn, 

2002). The SLM is also a somewhat static model, which does not adequately account for the 

high level of variation that occurs between speakers who have the same L1 and L2 pair or 

even in the same speakers in different contexts and during different life stages. Some L2 

learners are able to overcome initial sound perception problems and shift from an 

assimilation strategy to a polarisation strategy either through intensive tuition, long residence 

in an L2 environment or due to other, unknown factors. Others, on the other hand, experience 

a fairly constant retention or steady attrition of the L1 sounds. These dynamic and variable 

features of speech perception and production are not easily accounted for using the SLM 

approach (de Leeuw, 2009).  

In light of the partial explanations offered by the multiple theories reviewed above, 

the present study endorses the suggestion made by de Leeuw (2009, p.38) that “a 
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multicomponential theory of first language attrition” is what is required. No single model 

explains all the data that researchers have found in their fieldwork. Insights from the models 

mentioned here provide a valuable theoretical background but there is still some work to be 

done in accounting for all the phenomena that are encountered in studies of L1 acquisition, 

L2 acquisition and L1 attrition, as well as the complex relationships which can exist between 

these three related processes. 

Finally, there is a further problem that has thus far been only partially addressed by 

the range of L2 speech models available. This problem can be summed up as a failure to take 

account of the settings in which L2 learning and L1 attrition occur. This is a vital dimension 

which must be included if researchers are to be able to determine even the simplest kinds of 

cause-and-effect relationships. It is entirely possible that other factors beyond speakers’ 

cognitive processing could be responsible for the multiple variations that have been recorded 

in the scholarly literature. If no attempt is made to measure these factors, then doubt must be 

cast on any conclusions that are reached. Research into models for L2 acquisition and L1 

attrition is continuing at the present time and there is a growing awareness of the need to 

include these factors as well (Major, 1992; Mennen, 2004; de Leeuw, 2009). The present 

study hopes to contribute to this theory-building work as well as to conduct empirical 

research into the L2 speech and L1 attrition of bilinguals. 

1.2.4 Predictor variables 
 

L2 speech models were explored in the previous section. In this section, the general 

focus is on predictor variables that may influence the process of phonetic L2 acquisition and 

L1 attrition. There are several factors that may affect both L2 acquisition and L1 attrition. For 

example, Köpke and Schmid listed the following predictor variables which have been found 

to have an impact on the degree of L1 attrition: “age at onset of L2 acquisition, age at onset 

of L1 attrition, time since onset of attrition, level of education, attitudes, frequency, amount 

and settings of use of the attriting language” (2004, p.15).  

It has long been thought that length of residence (LOR) has a strong influence on 

degree of foreign accent. In addition, the longer an individual resides in a new location where 

their L1 is not the native language, the more likely s/he will experience L1 attrition (Lambert 

& Freed, 1982). For example, Schmid (2004) showed that, when compared with monolingual 

speakers in Turkey, Turkish immigrants in Australia who had lived in their new country for a 

long time had certain difficulties in adequately processing and/or producing relative clauses 
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in Turkish. Rather than using relative clauses, L1 attriters often adopted an alternative 

strategy in which two dependent main clauses are combined. Such an outcome is a good 

example of syntactic and grammatical attrition. This precedent illustrates the consequences of 

a lack of adequate stimulation on the L1 (cf. e.g. Paradis, 2007).   

The frequency and type of L1 used in an L2 context has been identified as another 

relevant factor in L1 attrition and L2 acquisition, particularly with respect to LOR. According 

to Schmid (2007), it is possible to trace different patterns of L1 attrition in speakers who use 

the L1 only at home within the family and those who have wide connections with other L1 

speakers, such as an expatriate community that celebrates its L1 heritage. It is fair to 

conclude that the contexts in which the L1 is used may substantially influence the degree of 

L1 attrition observed in individual speakers, which may interact with the regularity of L1 use 

(or lack thereof).  

 Schmid (2007) affirmed that different types of experimental tasks and the 

participants’ levels of education (EDU) may elicit different types of effects associated with 

LOR. For example, in the case of German-Dutch and German-English bilinguals, verbal 

fluency and lexical retrieval were shown to have a significant impact on the degree to which 

speakers were able to successfully retrieve lexical items from a semantic field (such as 

animals and fruits/vegetables). Story-retelling tasks and situations where free speech is 

elicited seem to have little or no effect on L1 attrition.  

The findings on the frequency and type of L1 used in the L2 context therefore reflect 

a range of factors. Such circumstances include not only individual variability in performance, 

but also the degree to which EDU and different types of training or linguistic experience in 

formal contexts allow speakers to retain L1 fluency in different linguistic tasks. The degree to 

which connections are shared with other L1 speakers in a community interacts with those 

types of variables, which highlights the dynamic nature of how L1 attrition is related to both 

the frequency and type of L1 and L2 usage and LOR (Schmid, 2007). 

In situations where negative attitudes towards the L1 in a majority L2 culture pervade 

a language community, that type of influence can accelerate L1 attrition in individual 

speakers due to their desire to blend in with the dominant culture. However, this can also 

reinforce L1 retention in certain individuals to the extent that they wish to resist the dominant 
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culture (Pavlenko, 2003, 2005, 2008). Such social and cultural factors are variable among 

individual speakers, even within the same family or the same community.  

More specifically, LOR may have a range of effects on L1 attrition, including various 

types of L1 loss, whether this loss is structural, semantic, pragmatic or interactional. Overall, 

in terms of acquisition and attrition, the situation seems more complex in this respect than has 

been suggested by some early studies (such as Cohen, 1975; Chomsky, 1969; Grosjean, 

1982). A multitude of factors affect the outcome of any given L1 attrition situation, including 

social and linguistic factors, as well as issues specific to individual speakers and the 

distinctive networks they share with other L1 and L2 speakers. 

Primarily to facilitate a discussion on this point, de Leeuw (2009) warned against 

making narrow assumptions about the acquisition of the phonetic system of the L2 being a 

direct cause of the attrition of parts of the phonetic system of the L1. This is because there are 

many other factors, apart from purely phonological considerations, which are bound to affect 

people in many different ways. Indeed, according to de Leeuw (2009), a great many variables 

can predict the attrition of the L1: the frequency and quality of language contact, including 

aptitude, language attitudes and sex, as well as the phonological properties of each language. 

This means that it is possible to trace patterns and make connections between L1 and L2 

phonology, and it may even be possible to identify some segments that are clearly attributable 

to the interference of the L1 on the L2 or the attrition of the L1 due to the intrusion of the L2 

– there are, however, bound to be other segments which are not affected in this way. There is 

also likely to be great variation between individual speakers due to the diversity of variables 

in the environment and within each individual.  

Previous studies have examined the influences on L2 acquisition according to the 

length of residence in an L2 country or the amount of L1 and L2 use (Trofimovich & Baker, 

2006). The impact of language use and length of residence on L2 acquisition and L1 attrition 

have also been examined in relation to learners’ knowledge of segmentals and 

suprasegmentals (de Leeuw, 2009; Flege & Fletcher, 1992; Guion et al., 2000; Leather, 1987; 

Mayr et al., 2012; Moyer, 1999; Purcell & Suter, 1980; Shen, 1990; Thompson, 1991). 

Despite a substantial body of research, very few studies have looked specifically at everyday 

L1 and L2 language use or the role of the quantity and quality of language use when 

maintaining native-like L1 speech patterns after moving to an L2 environment (de Leeuw et 

al., 2009; Mayr et al., 2012). 
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Studies have shown that age of arrival in migrant populations affects language choice, 

with early L2 learners (with ages of arrival younger than 10) primarily communicating in the 

L2 and late L2 learners using their L1 more frequently when talking to members of their 

home/native community, as well as in the target-language environment (cf. Jia, Aaronson, & 

Wu, 2002; Piske, MacKay, & Flege, 2001). Age of arrival also has an influence on L2 

acquisition and L1 attrition with more native-like L2 productions as well as more L1 attrition 

in earlier arrivals in comparison to later ones (Flege et al., 1995; Flege, MacKay, & Meador, 

1999; Lee, 2011).  

Since it can be more difficult to objectively measure the amount of language use in an 

average day or week than a learner’s age of arrival in migrant populations, subjective 

measures (such as learners’ statements and reports) are often used to determine how often 

bilinguals use their L1 and L2 on a daily basis. This method holds a risk of inaccuracies in 

participants’ reporting, which may have been why Flege (2009) reported that the quantity of 

L1/L2 use accounted for less than 10% of the difference in foreign accent rating data in a 

meta-analysis of data from 240 L1 Korean and 240 L1 Italian L2 learners of English across 

several tasks and studies. Alternatively, it may not be the quantity but the quality of L1 and 

L2 use that has a greater effect on L2 acquisition and L1 attrition. For example, 

neurobiological research on language learning and stimulus appraisal has implied that 

emotional involvement might be necessary for effective L2 learning (Schumann, 1998). 

Furthermore, engagement in conversations with native German speakers in German aided L2 

learners of German in their acquisition (Hopp & Schmidt, 2010). This idea is further 

supported by Suter’s (1976) and Purcell and Suter’s (1980) early research into the influence 

of language use on the degree of a foreign accent in L2 learners. In their studies’ 

questionnaires, the learners of English estimated how much they used English at work, home, 

and in school with native speakers of English as well as how much time they spent with 

English native speakers. Cohabitation with English native speakers (i.e., more L2 use in the 

home) was identified as being the third most predictive variable. The amount of L2 use at 

work or school were less predictive due to their correlation with L1 background and length of 

residence. However, Flege & Fletcher (1992) found no significant correlation between the 

percentage of everyday L2 English use and the degree of an L2 foreign accent in their native 

Spanish-speaking participants. 
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Thompson (1991) asked L1 Russian immigrants to estimate how often they used 

English at work, at home, and with friends. A simple and significant correlation between the 

amount of English use and the degree of an L2 foreign accent was found. However, an 

analysis of multiple regression did not confirm the amount of English use as being a 

significant predictor (since it was confounded with age of learning). Since some immigrants 

with high L1 proficiency had an L2 foreign accent, the hypothesis for the study was that the 

L1 had a possible effect on L2 pronunciation. Based on this, the researcher argued that “a 

difference must be noted between subjects who have maintained their mother tongue and 

those who have lost it when it comes to estimating accent retention in the second language” 

(Thompson, 1991, p. 200). 

Researchers into L1 attrition such as Schmid (2007) and De Leeuw et al. (2009) 

examined the impact of language use. De Leeuw et al. (2010) sought to determine whether 

native German speakers residing in the Netherlands or (Anglophone) Canada are perceived as 

having a foreign accent in their L1 German. Nineteen German monolingual listeners assessed 

the foreign accents of five German monolinguals as well as 34 L1 German speakers residing 

in Canada and 23 L1 German speakers living in the Netherlands (who had migrated at an 

average age of 27 and who had been living there for averagely 37 years). The results showed 

that nine of the immigrants to Canada and five of the immigrants to the Netherlands were 

perceived as being non-native German speakers. De Leeuw et al. (2010) concluded that the 

quality and quantity of language contact with German native speakers had a greater influence 

on predicting a global foreign accent in native speech than the length of residence or age of 

arrival. In particular, communicative settings where code-switching was unlikely to occur 

predicted foreign accent ratings of the L1 speech, but the amount of L1 use in communicative 

settings where code-switching was likely to occur did not. Thus, speaking the L1 in settings 

where code-switching is unlikely to occur seems to be conducive to maintaining a high level 

of native language pronunciation within consecutive bilinguals in a migrant context. 

Generally, it appears that certain kinds of language use, for example in the home or in 

situations where code-switching is unlikely, have an influence on L1 attrition. It has to be 

noted that most of these studies concern a global foreign accent, so it is not clear which 

aspects of pronunciation may be affected by language use.  

Phonetic aptitude (or phonetic talent) has not received as much focus in previous 

studies as variables such as LOR and language use, which were described above. 
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Nevertheless, phonetic aptitude has emerged as an important variable in recent work on L2 

acquisition. For example, Jilka et al. (2008) found that phonetic talent correlates well with a 

speaker’s performance in spoken tasks. Phonetic aptitude differs from general language 

aptitude. General aptitude was defined by Carroll (1981, p.1) as the “capability of learning a 

task”, which depends on “some combination of more or less enduring characteristics of the 

learner”. In addition, general language aptitude is a talent for all aspects of language, such as 

vocabulary and syntax. Moreover, Nardo and Reiterer (2009) defined talent as “i) a 

characteristic feature, aptitude, or disposition; ii) the natural endowments of a person; iii) a 

special, often creative or artistic aptitude; iv) general intelligence or mental power (ability). 

Aptitude can be characterized as: i) an inclination or tendency; ii) a natural ability (talent); iii) 

a capacity for learning; iv) a general suitability (aptness)” (p. 213).  

Phonetic aptitude, on the other hand, refers to a person’s talent at pronouncing the 

foreign/second language. Jilka et al. (2011, p.171) define phonetic talent as “an innate, 

somewhat mysterious ability that a person either has or does not have”. Notwithstanding, the 

term “aptitude” is open to interpretation. It is therefore very important in any study focusing 

on this factor to provide detailed and adequate definitions of the properties of, and the issues 

related to, phonetic aptitude, as well as to devise reliable measurements for phonetic talent.  

 The approach taken by Jilka et al. (2008) informs the present study. It consists 

of a range of tests, some of which are specific to the languages investigated and some of 

which are divorced from that context, such as more abstract tasks involving the acquisition 

and reproduction of items in a language that the participants do not know. The use of several 

different types of instruments increases the reliability of the results and may help to delimit 

aptitude from other factors, such as the amount of instruction received or the extent of 

linguistic experience. The work by Mennen (2004) highlighted the fact that some participants 

in L2 acquisition tests can be seen as “outliers” from the main trend. This issue raises the 

question: What makes these individuals particularly good at learning the L2? Some 

participants in Mennen et al.’s (2004) study exhibited no cross-linguistic interference in 

formal reading in the L2. This finding suggests that participants who do well in the L2 yet 

show no effects on the L1 may be especially phonetically talented and that this skill explains 

their success. Language use and phonetic aptitude will be explained in greater detail in 

chapters two, three and four. 
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1.3 Statement of the Problem 
 

In the past, the focus in much of the empirical work has been on understanding how 

an L2 can be acquired in the most efficient and effective way. This body of literature is 

included briefly in this study, but the main focus of the present study is on L1 attrition and 

the question of the relationship between the L1 and the L2. Research into L1 attrition has, 

during its short history, been focused on some of the linguistic domains – for example, 

syntax. Migrants’ L1 pronunciation and the relationship between late L1 attrition and L2 

acquisition in the phonetic domain have received very little attention. In order to narrow this 

gap, the present study seeks to make a direct comparison between late L1 attrition and L2 

acquisition in the phonetic domain and explores how the amount of L2 language use and 

phonetic aptitude influence both L1 attrition and L2 acquisition in segmentals (shared vowels 

and VOT of the voiceless plosives) and suprasegmentals (intonation of wh- words). In doing 

so, the current project focuses on the productions of highly fluent, late consecutive A–E and 

E–A bilinguals. In addition, the current project attempts to test whether conclusions drawn 

from previous studies will hold true across two typologically different language groups such 

as Arabic and English. 

A better understanding of the factors involved in L1 attrition is important as it will 

illuminate the processes of language loss and learning within the brain and could even 

contribute to the development of pedagogies that can succeed in optimising L2 acquisition 

without concomitant L1 attrition. In addition, it will contribute to the debate regarding the 

biological and social influences that affect bilingual adults, as well as having practical 

implications for such bilinguals as they interact with L1 and L2 speaker networks throughout 

their lives. It may be possible, for example, to predict which phonological difficulties might 

arise in particular groups of learners and then to design appropriate instruction methods to 

remedy these difficulties in the classroom (Eckman, 1981). With these aims in mind, this 

project focuses on the domain of phonetics and the relationship between L1 attrition and L2 

acquisition in highly fluent and late consecutive A–E and E–A bilinguals.  

 

1.4 Research Questions 
 

This project is designed to explore L1 attrition and L2 acquisition in the production of 

wh-words, formants of shared vowels and VOT values in voiceless stops in late 
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bilinguals in addition to exploring whether late L2 learners’ language use and 

phonetic aptitude affect how target-like they are in the production of segmentals 

(vowels and VOT of voiceless plosives) and suprasegmentals (prosody of wh-words) 

of both Arabic and English. Language use seems to be especially related to L1 

attrition. Indeed, previous researchers (Mayr et al., 2012; Stoehr et al., 2017) have 

suggested that prolonged use of, and exposure to, the L2 is needed for speakers’ L1 

pronunciation to attrite. Phonetic aptitude was also selected as a factor to investigate 

because its relationship to L2 acquisition and L1 attrition is unclear and has to date 

received relatively little attention. 

In detail, the present work aims to address the following research questions: 

• Do highly fluent late consecutive Arabic-English and English-Arabic bilinguals who 

moved to an L2 country show native-like L2 productions of segmentals (vowels and 

VOT of voiceless plosives) and suprasegmentals (prosody of wh-words) and/or do 

they show attrition in their L1 productions of segmentals (vowels and VOT of 

voiceless plosives) and suprasegmentals (prosody of wh-words)? 

• Does language use and phonetic aptitude play a role in L1 attrition and L2 acquisition 

of segmentals (vowels and VOT of voiceless plosives) and suprasegmentals (prosody 

of wh-words)? 

 

1.5 Organisation of the Study 
 

The main chapters of the current thesis are not written as traditional thesis chapters, 

but are instead written to resemble journal papers. Chapters Two, Three and Four each 

present a separate study that is written up in the style of a journal paper, including a separate 

abstract, introduction, methods section, results section and discussion. Writing up the thesis 

in this way was done to facilitate future publications of the results to peer-reviewed 

international journals.  

 

The current chapter is a brief, general overview of major themes in L1 attrition and L2 

acquisition research. Moreover, the statement of the problem and the research questions are 

also reported in the current chapter. Chapter Two will discuss L2 prosodic acquisition and L1 

prosodic attrition in late E–A and A–E bilinguals in the production of their wh-words. 

Chapter Three investigates L2 acquisition and L1 attrition in the shared vowel productions of 
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late E–A and A–E bilinguals. Chapter Four will discuss the production of VOT by 

monolingual native speakers of both languages, as well as the relationship between L1 

attrition and L2 acquisition in highly fluent and late consecutive A–E and E–A bilinguals. In 

addition, all three chapters (Two, Three and Four) will investigate whether late L2 learners’ 

phonetic aptitude and language use affect how target-like learners perform in terms of their 

wh-words, shared vowels and voiceless plosives of both Arabic and English. Finally, Chapter 

Five summarises the results from the three previous chapters and presents a general 

discussion of the results, including their limitations and the implications of the findings. 

Recommendations and suggestions for future research are also presented in Chapter Five. 
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Chapter Two (Study I) 
 

L2 acquisition and L1 attrition of prosody in highly-proficient 
late bilinguals: Exploring the role of phonetic aptitude and 
language use 

 

Abstract 
 
Relatively few studies have examined the second-language (L2) acquisition and first-

language (L1) attrition of prosody, and little research has investigated the effect of individual 

differences in late bilinguals in terms of L2 acquisition and L1 attrition of prosody. In the 

current study, I therefore investigate L2 prosodic acquisition and L1 prosodic attrition in late 

E-A and A-E bilinguals in the production of their wh-words. I also explore whether late L2 

learners’ language use and phonetic aptitude affect how target-like learners are in the prosody 

of both English and Arabic wh-words. Fifty-nine participants participated in the study: 14 E-

A bilinguals, 15 A-E bilinguals, 15 monolingual English speakers and 15 monolingual Arabic 

speakers. Both bilingual groups had been living in the L2 environment for about 20 years. All 

participants read brief dialogues of wh-question/answer pairs, and the bilinguals read them in 

both Arabic and English. The bilinguals also completed a language-background 

questionnaire, a proficiency test and a phonetic aptitude (talent) test. The pitch contour of the 

wh-question words was analysed using growth-curve analyses to capture differences in slope 

steepness and amount of curvature. The results from the monolingual groups revealed a steep 

rise to a high target on Arabic wh-words, but no such high target in English wh-words. The 

A-E and E-A bilinguals approximated the prosodic patterns of the L2. In addition, the results 

revealed an asymmetrical pattern of L1 attrition, showing attrition among the E-A bilinguals, 

but not among the A-E bilinguals. Language use, but not (or at least to a much lesser extent) 

phonetic aptitude, modulates how closely bilingual participants approximate native patterns. 

 

Keywords 
 
Bilinguals, second-language acquisition (L2), first-language (L1) attrition, wh-words, 

language use, phonetic aptitude (talent), pitch contour 
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2.1 Introduction 
 

Late bilinguals who speak a second language (L2) frequently encounter challenges in 

perceiving or producing segments that either differ from or do not exist in their native 

language (L1). Previous studies have reported on these challenges in detail, and various 

theoretical models have been developed to account for inaccurate production and perception 

of the phonetic segments in the L2 (Flege, 1986, 1991, 1995; Best et al.,1988; Kuhl, 1991; 

Kuhl, et al., 1992; Best, 1994, 1995; Iverson & Kuhl, 1995, 1996; Major, 2001). In addition, 

L2 learners are known to make prosodic and intonational errors (Willems, 1982; Flege, 1992, 

1995; Flege et al., 1995; Munro & Derwing, 1995; Magen, 1998). However, advanced 

knowledge of an L2 may also influence a learner’s L1. In particular, late L2 learners 

sometimes differ in the production of their L1 compared to other native speakers of their L1 

(Mennen, 2004); this phenomenon is known as L1 attrition (Freed, 1982; Schmid, 2004). De 

Leeuw (2008, p.10) defined L1 attrition as the “non-pathological, non age-related structural 

loss of a first language within a consecutive bilingual”, i.e. a bilingual who has learned the L2 

after the age of three (Baker, 2011). This definition excludes language loss due to injury or 

illness, but it includes loss through maturation that is not attributable to the aging process 

(Goral, 2004). Thus, when individuals do not actively use their L1 over a long period, or if 

they use their L2 more than their L1, their L1 might differ from that of monolingual native 

speakers due to L2 influence on the L1. When L1 attrition influences the domains of 

phonetics or phonology at the segmental or suprasegmental level, speakers would be 

perceived as having a foreign accent in their L1 (de Leeuw, 2010; Hopp & Schmid, 2013; 

Bergmann et al., 2016).  

Numerous factors play a role in achieving or maintaining native-like speech. These 

include the daily linguistic environment of a bilingual and the quantity and quality of L1 and 

L2 exposure (de Leeuw, 2010; Mayr et al., 2012). Furthermore, phonetic aptitude (i.e. talent) 

plays a role in both L1 attrition and L2 acquisition (Jilka et al., 2008; Hopp & Schmid, 2013). 

The present study focuses on the pronunciation, particularly the intonation pattern of wh-

words in English and Arabic. I investigate the intonation of wh-words by monolingual native 

speakers of both languages and the relationship between L1 attrition and L2 acquisition in 

highly fluent, late consecutive A-E and E-A bilinguals. Furthermore, I explore how the 

amount of L2 language use and phonetic aptitude influence both L1 attrition and L2 
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acquisition of intonation (see chapter 1, section 1.5, for why these particular factors were 

selected).  

 

2.2 Literature Review  
 
2.2.1 L2 Acquisition of Prosody 

Over the few past decades, most L2 acquisition research has focused on segmental 

information, such as VOT or vowel formants (Weinreich 1954; Flege, 1994, 1995; Chang, 

2012, de Leeuw et al., 2013), and fewer studies have investigated the suprasegmental aspects 

of L2 acquisition (Willems, 1982; McGory, 1997; Ueyama, 1997; Mennen, 1999; Guion et 

al., 2000; Jilka, 2000; de Leeuw et al., 2013). Consequently, knowledge about aspects of L2 

prosodic acquisition in late consecutive L2 learners is limited.  

Similar to studies on the L2 acquisition of segments (cf. Eckman, 1981; Flege, 1986, 

1991, 1995; Best, 1994, 1995; Major, 1992, 2001), several studies have reported the L1 

transfer of prosodic properties into the L2, even in highly advanced learners (Willems, 1982; 

Elst & de Bot, 1987; Ueyama & Jun, 1996; McGory, 1997; Mennen, 1999; Ramirez & 

Romero, 2005; Horgues, 2010). For example, Mennen (1999) investigated peak alignment in 

pre-nuclear pitch accents in highly proficient native Dutch L2 learners of Modern Greek, and 

she found that the peak is aligned earlier in Dutch than in Greek. The results concerning 

highly proficient learners showed that they aligned the peak in their L2 Greek as early as they 

would in their L1 Dutch, thereby suggesting L1 transfer into their L2 Greek. 

Ramirez and Romero (2005) studied the intonational patterns of tag questions such as 

It’s cold today, isn’t it? in native English speakers and native Spanish L2 learners of English. 

They found that the non-native English speakers used a rising pitch contour to confirm the 

information in the tag questions, while the native English speakers used a falling pitch in this 

context. Ramirez and Romero (2005) suggested that L2 speakers’ rise in pitch in tag 

questions is due to L1 transfer because Spanish tag questions are characterised by a rising 

pitch. Similarly, Willems (1982) addressed the impact of the L1 on the L2 by examining the 

intonation patterns of native Dutch speakers learning English in terms of both their 

production and perception of English. He found that the participants’ productions in English 

(L2) were different from monolinguals (native English), which he suggested was a result of 
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the influence of their native language (Dutch). Deviations from the monolingual English 

norm included a narrower pitch range than is typical for English, rises when falls were 

expected and vice versa, unstressed syllables with uncharacteristically high pitch and final 

rises that are too low in pitch.  

By contrast, Ueyama and Jun (1996) found that some intonational errors cannot be 

traced back to speakers’ particular L1, but may be common in L2 learners of English across 

different L1 backgrounds. They analysed focus realisation in interrogative and declarative 

sentences produced by Seoul Korean and Tokyo Japanese speakers who were L2 learners of 

English and at different levels of proficiency. While the prosodic systems of the three 

languages differ, focus is realised quite similarly. For example, both English and Korean are 

characterised by having no pitch accents after the focused element and preceding the 

following boundary tone. Japanese also often shows this kind of dephrasing after the focused 

element, but sometimes realises an H tone on the word following the focused element. 

Despite these similarities across the three languages in terms of dephrasing, Ueyama and Jun 

(1996) found an inverse relationship between learners’ proficiency and the number of pitch 

accents after the focused element. In other words, more advanced learners showed more 

dephrasing and thus more native-like productions than did less advanced learners, regardless 

of L1 background and despite dephrasing being common in both learner groups’ L1s.  

To summarise, the selection of studies presented in this section provide evidence that 

transfer or interference from the L1 plays a role in L2 speakers’ productions of intonation, but 

that not all deviations from the native-speaker norms can be explained in terms of L1 transfer 

or interference.  

 
2.2.2 L1 Attrition of Prosody 
 

Much research on L2 acquisition is concerned with how the L1 inhibits, interferes 

with or transfers to L2 acquisition (Gass, 1983). In addition, much of the empirical work 

focuses on understanding how people can be efficiently and effectively supported in 

acquiring an L2. However, research has shown that an L2 can also inhibit, interfere with or 

transfer to the L1, thus, giving evidence for bidirectional influence. Bilinguals whose 

dominant language is the L2 are more likely to show L1 attrition than those whose dominant 

language is the L1 (Schmid & Köpke, 2007). Some studies have focused on how the L2 
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influences L1 segments (Flege & Hillenbrand, 1984; Flege, 1987a, 1987b; Major, 1992; 

Chang, 2012; Mayr et al., 2012; de Leeuw et al., 2013; Bergmann et al., 2016), while others 

have focused on how the L2 influences L1 prosody (Mennen, 2004; de Leeuw, 2009; de 

Leeuw et al., 2012).  

Mennen (2004) investigated the influence of the intonational acquisition of L2 on 

learners’ L1. She studied the temporal alignment of pitch peaks in fluent Greek-Dutch and 

Dutch-Greek bilinguals and monolingual controls. The phonological structure of Dutch and 

Greek is the same in non-final and pre-nuclear rises; however, the two languages differ in the 

timing of these rises with an earlier peak in Dutch. Furthermore, the length of the vowel in 

the accented syllable affects the timing of the peak in Dutch with earlier peaks for longer 

vowels and later peaks for shorter vowels, but not in Greek. Mennen (2004) found that the 

native Dutch speakers showed bi-directional interference when producing the pre-nuclear 

rising accent. This interference was particularly prominent in four of the five speakers 

involved, whose peak alignment differed from that of the native control group of both 

languages. However, peak alignment similar to native speakers was produced by the fifth 

speaker in both languages.  

Similarly, de Leeuw (2009) assessed L1 attrition with regard to the attainment of pre-

nuclear tonal alignment in German and English. Tonal alignment is similar in German and 

English in that the peak and the fall-rise in nuclear position occur late in both languages 

(Ladd, 1996). However, tonal alignment in pre-nuclear syllables differs across the two 

languages with an earlier rise in English compared to German and an earlier rise in Northern 

German compared to Southern German. de Leeuw (2009) examined monolingual English 

speakers, monolingual German speakers and native German L2 English learners living in 

Anglophone Canada. The timing of the beginning of the rise in pre-nuclear syllables occurred 

earlier in the bilingual Germans than it did in the monolingual German controls, suggesting 

L1 attrition due to the influence of English. 

While there is increasing evidence that a speaker’s L2 can influence his or her L1, 

researchers have proposed several different mechanisms for how the L2 influences the L1. De 

Leeuw et al. (2012) suggested that L1 attrition may occur because speakers already have gaps 

in their native language and that these gaps are filled with components of the L2. 

Furthermore, de Leeuw et al. (2012) also suggested that L1 attrition might be due to the 

dynamic growth of the L1, a development that extends further than the subsystems of the L1 
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and L2. Alternatively, Schmid (2002) proposed that attrition occurs because the L2 elements 

interfere with the L1.  

Hopp and Schmid (2014) investigated L1 attrition and L2 acquisition through foreign 

accent ratings. Their approach differs from the previously mentioned studies in that it does 

not focus on a particular aspect of prosodic structure, but rather represents a more global 

measure of phonetic and phonological attrition. In particular, Hopp and Schmid (2013) 

compared L1 German attriters (selected from de Leeuw et al., 2010) and late L2 learners of 

German with Dutch or English as their L1 (selected from Hopp, 2007) with German 

monolinguals. Native German speakers judged the extent to which the speakers had a foreign 

accent in their German. As expected, the late L2 learners of German had a stronger foreign 

accent at the group level than both groups of L1 German speakers, which was unrelated to the 

learners’ length of residence (LOR). Moreover, Hopp and Schmid (2010) found a sizeable 

overlap between the L1 attriters and the L2 learners: about 80% of learners scored within the 

L1 attriter range. Hopp and Schmid (2013, p.388) concluded “that acquiring a language from 

birth is not sufficient for ensuring nativelikeness in bilingual speech production”. 

In summary, several studies suggest a bi-directional influence of L1 and L2 prosody 

that is measurable at a fine level of detail where languages differ in their prosody and that 

manifests in more global measures, such as bilinguals’ perceived foreign accent. 

 
 
2.2.3 Factors that Influence L1 Attrition and L2 Acquisition 
 

Individuals differ from each other in their L2 acquisition ability and the extent of their 

L1 attrition. Köpke and Schmid (2004, p.15) listed “age at onset of L2 acquisition, age at 

onset of L1 attrition, time since onset of attrition, level of education, attitudes, frequency, 

amount and settings of use of the attriting language” as factors that may affect L2 acquisition 

ability and the degree of L1 attrition. Many previous studies on L2 acquisition or L1 attrition 

have focused on factors that may affect performance in the phonetic domain. These include 

age of arrival (AOA) or LOR (e.g. Flege, 1987a, 1987b; Flege et al., 1995; Bongaerts et al., 

1995; 1999; Mennen, 1999; Abu-Rabia & Kehat, 2004; Rasier & Hiligsman, 2007; see Piske 

et al., 2001, for an overview), age of learning (e.g. Johnson & Newport, 1989; Hopp & 

Schmid, 2013) and L1/L2 frequency of use (e.g. Piske et al., 2002; de Leeuw, Schmid & 
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Mennen, 2010). Of relevance for the current study are the amount of L1/L2 language use and 

phonetic aptitude (i.e. talent). 

 

 
The Role of Language Use in L2 Acquisition and L1 Attrition 
 

Previous studies have examined the influence of linguistic experience on L2 

acquisition, which is often operationalised as the LOR in an L2 country or the amount of L1 

and L2 use (Trofimovich & Baker, 2006). The impact of language use and LOR on L2 

acquisition and L1 attrition has been examined in relation to learners’ knowledge of 

segmentals and suprasegmentals (Purcell & Suter, 1980; Leather, 1987; Shen, 1990; 

Thompson, 1991; Flege & Fletcher, 1992; Moyer, 1999; Guion et al., 2000; de Leeuw, 2009; 

Mayr et al., 2012). However, few studies have looked specifically at everyday L1 and L2 

language use or the role of the quantity and quality of language use when maintaining native-

like L1 speech patterns after moving to an L2 environment (de Leeuw et al., 2009; Mayr et 

al., 2012). 

Research has shown that the AOA in migrant populations influences the amount of L1 

and L2 language use. Early L2 learners (with ages of arrival younger than 10) seem to use the 

L2 as the primary means of communication more often than they use the L1. However, late 

L2 learners use their L1 more frequently when talking to members of their home or native 

community and in the target-language environment (cf. Piske et al., 2001; Jia, Aaronson & 

Wu, 2002). AOA seems to not only influence the amount of L1 and L2 language use, but also 

affect L2 acquisition and L1 attrition, with more native-like L2 productions and more L1 

attrition in earlier arrivals compared to later arrivals (Flege et al., 1995; Flege et al., 1999; 

Lee, 2011).  

However, most other factors related to the amount of L2/L1 language use seem to 

have a small impact on L2 acquisition. This finding may be because the amount of language 

use in an average day or week can be more difficult to measure objectively than the AOA. 

Subjective measures (such as learners’ statements and reports) are often used to determine 

how often bilinguals use their L1 and L2 on a daily basis. In a meta-analysis of data from 240 

L1 Korean and 240 L1 Italian L2 learners of English across several tasks and studies, Flege 

(2009) reported that the quantity of L1/L2 use accounted for less than 10% of the difference 

in foreign accent rating data. This low influence may be caused by inaccuracies in 
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participants’ reporting of L1 and L2 language use. Alternatively, it may not be the quantity 

but the quality of L1 and L2 use that has a greater effect on L2 acquisition and L1 attrition. 

For example, neurobiological research on language learning and stimulus appraisal has 

implied that emotional involvement might be necessary for effective L2 learning (Schumann, 

1998). This idea is further supported by Hopp and Schmid’s (2010) study, which found that 

the more often L2 learners of German could engage in conversations with native German 

speakers in German, the better was their L2 acquisition. Similarly, Suter’s (1976) and Purcell 

and Suter’s (1980) early research into the influence of language use on the degree of a foreign 

accent in L2 learners supports this idea. In their studies’ questionnaires, the learners of 

English estimated how much they used English at work, home and in school with native 

speakers of English and how much time they spent with English native speakers. Purcell and 

Suter (1980) identified cohabitation with English native speakers (i.e. more L2 use in the 

home) as being the third most important variable affecting the degree of a foreign accent in 

L2 learners. By contrast, owing to its correlation with L1 background and LOR, the amount 

of L2 use at work or school was not a significant factor affecting the degree of an L2 foreign 

accent.  

While the previous studies have revealed a small influence of language use on L2 

acquisition, other studies have revealed no obvious impact from L2 use or input. For 

example, Flege and Fletcher (1992) found no significant correlation between the percentage 

of everyday L2 English use and the degree of an L2 foreign accent for their native Spanish-

speaking participants. Thompson (1991) asked L1 Russian immigrants to estimate how often 

they used English at work, at home and with friends. She found a simple and significant 

correlation between the amount of English use and the degree of an L2 foreign accent. 

However, an analysis of multiple regression did not confirm the amount of English use as 

being a significant predictor (since it was confounded with age of learning). She also 

hypothesised that the L1 has a possible effect on L2 pronunciation since some immigrants 

with high L1 proficiency had an L2 foreign accent. Based on her hypothesis, she argued that 

“a difference must be noted between subjects who have maintained their mother tongue and 

those who have lost it when it comes to estimating accent retention in the second language” 

(Thompson, 1991, p.200). 

Previous studies have also examined the impact of language use on L1 attrition 

(Schmid & Köpke, 2007; de Leeuw et al., 2009). L1 contact seems to play an important role 
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in maintaining an L1 accent. de Leeuw et al. (2010) sought to determine whether native 

German speakers residing in the Netherlands or (Anglophone) Canada are perceived as 

having a foreign accent in their L1 German. Nineteen German monolingual listeners assessed 

the foreign accents of five German monolinguals and 34 L1 German speakers residing in 

Canada and 23 L1 German speakers living in the Netherlands, who had moved to the host 

country at an average age of 27 and who had been living there for an average of 37 years. The 

results showed that nine of the immigrants to Canada and five of the immigrants to the 

Netherlands were perceived as being non-native German speakers. Importantly, de Leeuw et 

al. (2010) found that the quality and quantity of language contact with German native 

speakers had a greater influence on predicting a global foreign accent in native speech than 

the LOR or AOA. In particular, they found that the amount of L1 use in communicative 

settings where code-switching was unlikely to occur predicted foreign accent ratings of the 

L1 speech, but the amount of L1 use in communicative settings where code-switching was 

likely to occur did not. Thus, speaking the L1 in settings where code-switching is unlikely to 

occur seems to be conducive to maintaining a high level of native language pronunciation 

within consecutive bilinguals in a migrant context. 

Overall, it appears that certain kinds of language use, such as that used in the home or 

in situations where code-switching is unlikely, have an influence on L1 attrition. Notably, as 

most of these studies concern a global foreign accent, it is unclear which aspects of 

pronunciation may be affected by language use. To contribute to a more detailed picture of 

the role of language use in L2 acquisition and L1 attrition in the phonetic domain, the current 

study focuses on one particular aspect of question intonation. Thus, the objective of the 

present study is to offer a narrower, but more in-depth investigation of the effect of language 

use on L2 prosody learning and L1 attrition. 

 
 
Role of Aptitude in L2 Acquisition and L1 Attrition 
 

Carroll (1993) defined foreign language aptitude (or talent) as a cognitive ability that 

helps a person master an L2/foreign language. In contrast, phonetic talent refers to a person’s 

ability to master the pronunciation of the foreign/second language (cf. Jilka et al., 2011). 

Within a normal population, the degree of language aptitude has been shown to vary 

substantially, unrelated to other individual factors (Novoa et al., 1988; Schneiderman & 

Desmarais, 1988; Ross et al., 2002; Skehan, 2002; Dörnyei & Skehan, 2003). According to 



  42 

Bylund et al. (2009, p.447), one of the most important elements of language aptitude is 

“phonetic/phonemic coding ability, that is, the capacity to identify speech sounds and to 

make sound-symbol associations” (for more information, see Carroll & Sapon, 1959; Carroll, 

1981). Jilka et al. (2008, p.171) defined phonetic talent as “an innate, somewhat mysterious 

ability that a person either has or does not have”.  

There is general agreement that there is a practical difference between proficiency 

(the observed, perceived ability of someone to perform a particular task) and talent, despite 

the two often being confused. One might be extremely proficient to perform a particular task, 

having practiced for many years, without exceptional aptitude. Therefore, talent is considered 

an inherent characteristic, which cannot be learned. 

Some have sought to examine the brain to see if there are any physiological indicators 

of talent for any given skill. Diamond et al. (1985), for example, attempted to look for such 

clues in the brain of Albert Einstein. Studies of this kind, however, are not widespread. 

Others, such as Geschwind and Galaburda (1985), have claimed to find a link between the 

increased growth of certain areas of the brain and a ‘pathological language talent’. Important 

neuropsychological models, such as those of Gardner (1983), which have sought to ‘locate’ 

talent in the brain, have found it ‘next to’ other special abilities, such as musical, spatial and 

logical talent. 

In most instances, when language ‘talent’ is measured, it is done so by testing general 

ability. However, there have been some tests devised to measure the exact nature of 

‘pathological’, or exceptional ability to learn languages. One example of such a test is Novoa 

et al.’s (1998), which compared ability to “IQ, vocabulary skill, general language aptitude, 

verbal fluency, verbal memory, apprehension of abstract patterns, understanding (digit 

symbol test), and learning of code systems” (Jilka et al., 2008, p. 244)   

It is assumed that language ‘talent’ is made up of many different linguistic skills. 

Schneiderman and Desmarais (1988) consider talent for accent to be discreet from talent for 

grammar, for example. This is illustrated quite well by the “Joseph Conrad Phenomenon” 

(Bongaerts et al., 1995; Bongaerts, 1999; Guiora, 1990), which tells of the Polish writer’s 

exceptional English grammar and vocabulary abilities, whilst his accent was still very 

strongly Polish in pronunciation. 
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Phonetic aptitude has received less attention in the L2 acquisition and L1 attrition 

literature than some of the other variables such as LOR and age of acquisition. The few 

previous studies on aptitude have focused on L2/foreign language learning (Tahat et al., 

1981; Flege et al., 1995; Thompson, 1995), with the exception of a few studies by Skehan 

(1989) and Skehan and Ducroquet (1988) that examined the role of aptitude on L1 

development in a monolingual L1 setting. To the best of my knowledge, there is no study on 

the role of aptitude on L1 attrition that uses specific aptitude tests to measure the participants’ 

aptitude.  

Several studies have used self-ratings or indirect measures of phonetic aptitude to 

investigate how talent influences L2 acquisition, especially L2 pronunciation. For example, 

Hopp and Schmid (2013) used a proficiency test as an indirect measure of aptitude and 

suggested that aptitude is linked to the presence of a foreign accent for the bilinguals in their 

study. Neufeld (1979) suggested that a relationship may exist between a foreign accent and 

musical ability, such as the ability to distinguish musical pitches. However, while Suter 

(1976) did not confirm such a relationship, Flege et al.’s (1999) results suggest that musical 

ability may be involved in bilinguals’ degree of foreign accent. Participants in Suter’s (1976) 

study mimicked sections of speech containing unfamiliar sounds, and no significant effect of 

aptitude (musical ability) was found on the degree of the L2 foreign accent. Flege et al. 

(1999) found that a measure combining self-reported mimicry and musical ability with the 

ability to remember how L2 words are pronounced accounted for a small percentage of the 

variance in L2 foreign accent ratings. However, these studies all used self-ratings rather than 

phonetic aptitude tests. Other studies have used mimicry ability as a measure of phonetic 

talent. For example, participants in Flege et al. (1995) repeated tape-recorded sentences, and 

the results showed that mimicry ability played a significant role in the degree of the L2 

foreign accent (cf. also Li, 2016). 

Several authors have advocated the use of aptitude tests that measure language 

aptitude directly in place of self-ratings or indirect measures of aptitude (cf. Jilka et al., 2010; 

Hinton, 2012). The Modern Language Aptitude Test (MLAT; Carroll & Sapon, 1959) is 

made up of five sections, each section is designed to gauge a certain skill or ability pertaining 

to foreign language learning. The first section is called Number Learning. This section sees 

participants learn a series of numbers through aural input, and then differentiate between a 

series of different combinations of those numbers. Secondly, in the Phonetic Script section, 
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examinees are asked to learn the relationship between a set of speech sounds and phonetic 

symbols. In the third section, called Spelling Clues, participants read words, which have been 

spelt phonetically (as they are pronounced), rather than how they normally would be spelt. 

Then, they select a synonym of the “disguised” word from a list. In section four, Words in 

Sentences, their awareness of grammatical structure is tested. The participants are presented 

with a sentence and a key word is highlighted in the sentence, which performs a specific role. 

Then, they are shown a second sentence (or sentences) and asked to highlight a word, which 

performs the same role as the key word in the first sentence. Lastly, the Paired Associates 

section sees participants learn a series of foreign language words, then memorise their 

definitions in English.  

Jilka et al. (2008) conducted a large-scale project to examine pronunciation talent of 

L2 speakers. They used three tasks of the Modern Language Aptitude Test (MLAT; Carroll 

& Sapon, 1959) test to measure language aptitude directly: The ‘Spelling Cues’ test, which 

explores participants’ ability to associate symbols with sounds, the ‘Words in Sentences’ test, 

which measures participants’ grammatical awareness and the ‘Paired Associates’ test, which 

measures participants’ ability of rote memorisation (Jilka et al., 2008). They tested 105 

German native speakers with L2 English and 15 native English speakers in English and found 

that phonetic talent correlates with how well the speakers performed the spoken tasks (Jilka et 

al., 2008).  

Finally, Mennen’s (2004) study sheds some light on how phonetic talent may be 

related to native-likeness in both the L1 and the L2. Her work highlighted the fact that some 

participants can be seen as ‘outliers’ from the main trend because they can maintain native-

like abilities in their L1 and their L2, which raises the question: What makes these individuals 

particularly good at learning the L2 while maintaining nativeness in their L1? One possibility 

is that participants who do well in the L2, and who also show no effects on the L1, may be 

phonetically talented, which could explain their success. The present study will use specific 

aptitude tests to examine the effect of phonetic aptitude on the prosody of wh-words in the L1 

and the L2. 
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2.2.4 Prosody of Wh-questions in Modern Standard Arabic (MSA) and English 
 

MSA is a standardised form of Arabic that has been adopted as a lingua franca and 

can be understood in spoken and written form by speakers of Arabic, regardless of their local 

dialect. MSA is used in official communications and in the media, such as newspapers and 

television; it is also taught in schools and universities. Since MSA is codified in grammar 

books and dictionaries, it varies little across the Arabic-speaking world (Alosh, 2005). 

However, greater variety exists in regional forms of Arabic and in socially distinct forms, 

such as formal and colloquial registers. Like Arabic, English is a pluricentric language with 

spoken and written forms that vary across different regional areas and social groups, and that 

has several well-known forms, such as British English and American English (Clyne, 2012).  

While researchers have widely discussed the syntax of wh-questions in Arabic, 

English and other languages (Chomsky, 1977, 1995, Aoun & Benmamoun, 1998; 

Khomitsevich, 2008), the prosody of the wh-word in wh-questions remains largely 

unexplored, especially in Arabic. To date, few studies have been conducted on the prosody of 

wh-words in wh-questions in English, Arabic and other languages. Most studies that have 

been conducted on the prosody of wh-questions have focused on utterance-final intonation 

(Pierrehumbert & Hirshberg, 1990; Celce-Murcia et al., 1996; Syrdal & Jilka, 2003; Alotaibi 

2013; Hellmuth & Almbark, 2015). To the best of my knowledge, the present study is the first 

large-scale investigation focusing on the prosody of wh-words in MSA and English. 

In MSA, a wh-question is formed with an interrogative marker (IM). For the purposes 

of the current study, I refer to IMs in MSA as wh-words because they are analogous to 

English wh-words. The MSA wh-words used in this study are نم   (/man/, Engl.: who), اذامو  

(/mɑːðɑː/, Engl.: what), ىتم and (ajna/, Engl.: where/)  نیأ   (/matɑː/, Engl.: when). In MSA, the 

wh-word in wh-questions occurs at the beginning of the wh-question, is typically stressed and 

is typically characterised by a high rise in pitch (Defense Language Institute, 1974). Wh-

questions in MSA occur with the typical Verb–Subject–Object (VSO) word order, and not 

with the more marked Subject–Verb–Object (SVO) word order (cf. Fakih, 2015). Yes–no 

questions in MSA do not contain an IM and differ from declaratives in their intonation 

(Defense Language Institute, 1974). Examples (1) and (2) show an example of a wh-question 

with a stylised intonation contour in English and Arabic, respectively.  
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(1)  And when are you going? 

(2) Wa   matɑ sawfa   naðhab? 

      And  when willAUX   goSG/FUT 

            “And when are you going?” 
 

El Zarka’s (1997) corpus study of television interviews looked at wh-questions in the 

MSA of Egyptian Arabic speakers and reported that wh-questions in MSA are characterised 

by an early peak in the question and a lower final pitch range at the end of the wh-questions. 

She also reported that the wh-word at the start of the wh-question has a higher pitch level 

when it is the initial word in an MSA sentence and that it is always accented (El Zarka, 

1997). This confirms the previous observations of a high rise in pitch on the wh-word. In 

particular, El Zarka (1997) suggested that the pitch accent on the wh-word in Arabic is a ↑H* 

(L), where the ↑ in indicates a raised fundamental frequency (F0), which means is that there 

is a high peak on the wh-word with a following fall.  

Only a few studies have investigated the pitch accents on wh-words in English 

(Steedman, 2000; Hedberg & Sosa, 2002; Bartels, 2014). Bartels’ (2014) theoretical work 

assumes that the wh-word in English typically receives an H* accent or no pitch accent at all. 

Lambrecht and Michaelis (1998, p.515) proposed that the wh-element is not likely to be 

accented because “there is no commitment on the part of the speaker to the effect that she 

knows the identity of the referent of the expression”. In particular, the wh-word is not 

accented for the same reason that indefinite expressions, such as something or someone, are 

not accented in declarative sentences: “There simply is no referent that the addressee is 

expected to identify at the time of utterance” (Michaelis, 1998, p.515). 

Although some previous studies concentrated on the nuclear contour of wh-questions 

in English, but they also provided brief information about the prosody of the wh-word 

(Steedman, 2000; Hedberg & Sosa; 2002). Steedman (2000, p.1) suggested that the wh-word 

is “the ‘theme’ of the wh-question because it evokes but does not select from an alternative 

set”. Therefore, he proposed that the English wh-word would be marked with an L*+H or 

L+H* pitch accent (Steedman, 2000). Hedberg and Sosa (2002) studied a corpus of 73 

negative and positive yes-no questions and wh-questions to examine both the wh-word and 

question-final intonation of English wh-questions. They found an L+H* pitch accent in most 

of the wh-words in wh-questions and the initial auxiliary in yes–no questions (Hedberg & 
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Sosa, 2002). In particular, they determined that 60% of wh-words were marked with an L+H* 

and 26% were marked with an H* pitch accent (Hedberg & Sosa, 2002).  

To summarise, the few studies that have examined the prosody of wh-words in wh-

questions in MSA and English suggest a steep rise in pitch on the wh-word in MSA. 

However, the findings for English are inconsistent.  

 

2.3 The Present Study 
 

The main aim of this study is to examine whether highly-fluent late consecutive A-E 

bilinguals who moved to the United Kingdom (UK) in adulthood and highly-fluent late 

consecutive E-A bilinguals who moved to the Kingdom of Saudi Arabia (KSA) or Yemen in 

adulthood show native-like prosody in their L2 and/or show L1 attrition of prosody. Arabic 

and English were chosen because they are typologically unrelated. I thus expand on previous 

work on L1 attrition, which has mostly focused on Germanic languages, and I compare two 

typologically different languages. In the current study, the intonation of the wh-word in wh-

questions is the phonetic variable selected because there are indications in the literature that 

the intonation of the wh-word in wh-questions may differ in English and Arabic. 

Additionally, few studies on the intonation of wh-questions have focused on the wh-word. 

Since quite little is known about the prosody of the wh-word in Arabic and English wh-

questions and since the dataset for the current study is large, I rely on the acoustic signal for 

my analyses rather than manual intonational annotation, such as ToBI annotations (Silverman 

et al., 1992). Many previous studies doing so have looked at pitch peak alignment. However, 

there is no indication in the previous literature that Arabic and English wh-words may differ 

in their alignment of pitch peaks. Thus, I may find a more pronounced pitch excursion in 

Arabic compared to English since a steep rise in pitch has been reported for Arabic wh-

words, but not consistently for English. I therefore need to conduct an analysis that captures 

peak height as well as the presence and absence of a peak. In the current chapter, I use growth 

curve analysis (GCA; Mirman, 2014; Winter & Wieling, 2016) to capture differences in the 

curvature of the pitch contour across the wh-word. This analysis requires manual annotation 

of the beginning and end of the wh-word only and can be conducted even on unaccented wh-

words. 
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The second aim is to determine whether language use has an effect on L1 attrition and 

L2 acquisition of prosody. Language use was selected as a factor of investigation because it 

seems to be especially relevant for L1 attrition because many researchers assume that 

prolonged use and exposure to the L2 is needed for speakers’ L1 pronunciation to attrite. All 

of the current study participants are late L2 learners who have lived in the L2 environment for 

a substantial amount of time and thus have extensive exposure to the L2. I therefore measure 

language use by means of a detailed questionnaire that gauged how often participants use 

each language and with whom. 

The final aim of this study is to ascertain whether aptitude plays a role in L2 language 

acquisition and L1 attrition of prosody. To do so, I apply some phonetic aptitude tests 

developed by Jilka (2007, 2009) and Jilka et al. (2008, 2011) to measure aptitude directly. 

Phonetic aptitude was selected as the second factor of investigation because its relationship to 

L2 acquisition and L1 attrition is unclear. In particular, it may be that participants with high 

phonetic aptitude show more native-like pronunciation in their L2, but that this happens to 

the detriment of pronunciation in the L1. Alternatively, it may well be that learners with a 

specific aptitude for the phonetic aspects of language are better at inhibiting L1 attrition, 

while at the same time outperforming those with less phonetic aptitude in the L2. That is, 

those learners with ‘a good ear’ may be better at maintaining a native accent in their L1 while 

also achieving more native-like L2 productions (cf. Mennen, 2004).  

 

2.4 Hypotheses 
 

This study explores L1 prosodic attrition and L2 prosodic acquisition in the production 

of wh-words in late E-A and A-E bilinguals, i.e. bilinguals who speak two typologically 

different languages. This study also explores whether late L2 learners’ phonetic aptitude and 

language use influence how target-like they are in the prosody of both Arabic and English 

wh-words. The current study explores the following hypotheses: 

1. Arabic and English patterns: Based on the previous literature, I would tentatively expect 

a difference in the pronunciation of wh-words in Arabic and English, with a steeper rise 

in pitch in the wh-word in Arabic than in English.  

2. L2 acquisition: Based on LILt, I would expect that the highly proficient E-A and A-E 

bilinguals will approximate the L1 pattern in their L2. 
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3. L1 attrition: Based on LILt and since other studies have found L1 attrition in people who 

have been in the host country for a significant amount of time, I expect that – as with 

other aspects of one’s L1 – prosody will show attrition. Thus, I expect A-E bilinguals to 

diverge from the native norm in the direction of their L2 English (i.e. a shallower rise in 

pitch on the wh-word than English monolingual controls) and the E-A bilinguals to 

diverge from the native norm in the direction of their L2 Arabic (i.e. a steeper rise in 

pitch on the wh-word than Arabic monolingual controls). 

4. Language use: Based on the existing literature, I expect a small influence of language 

use on L1 attrition and L2 acquisition, such that bilinguals with more L2 use will show a 

more native-like pattern in their L2 compared to those with less L2 use. 

5. Phonetic aptitude: While there is no consensus in the literature regarding the role of 

phonetic aptitude in L2 acquisition and L1 attrition, I tentatively assume that participants 

with high phonetic aptitude will show more native-like production of wh-words in both 

their L1 and L2. This hypothesis is based on the observation that participants in 

Mennen’s (2004) study showed native-like productions in either both their languages or 

in neither.  

 

2.5 Methods  
 
2.5.1 Participants 
 
The study cohort consisted of 59 participants divided into four groups. Fifteen of the 59 

participants were monolingual native Arabic speakers from different regions in Saudi Arabia: 

Makkah, Jeddah, Riyadh and Abha (four males, 11 females; mean age = 36.06; SD = 6.91), 

and 15 of the participants were monolingual native English speakers from different regions of 

the UK: Sheffield, Chester and London (two males, 13 females; mean age = 40.93; SD = 

9.65). These 30 participants, which comprised the Arabic and English control groups 

(Monolingual Arabic Group and Monolingual English Group, respectively), were selected 

through the snowball sampling strategy, with personal contacts in the UK and Saudi Arabia 

as initial participants, and where each participant then provides the name of another potential 

participant. This means that some recruitment bias may arise in this sample due to the 

connectedness of their selection.  
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The two monolingual groups were matched with the bilingual groups in terms of 

regional dialect as closely as possible. The A-E bilingual group included 15 participants (one 

male, 14 females; mean age = 39.4; SD = 3.75) who were native MSA speakers from Saudi 

(Jeddah, Makkah or Riyadh) or from Yamani (from eastern Yamani), but had lived most of 

their lives in Makkah and Jeddah. Both regional dialects (Saudi and Yamani Arabic) are close 

to each other and to MSA. The A-E bilinguals were also highly proficient in their L2 English. 

To be included in the study, A-E bilingual participants had to have fully acquired their L1 in 

their home country, moved to the UK after the onset of puberty (mean AOA = 19; SD = 2.8) 

and had to have lived in the UK (Sheffield, Chester and London) or 15 years or longer at the 

time of the study (mean LOR = 20 years; SD = 2.6). Some of the A-E bilinguals had also 

lived in the United States (US) prior to relocating to the UK, but none had moved there 

before the onset of puberty. As with the monolingual Arabic and monolingual English 

groups, the participants in A-E bilingual group were selected using snowball sampling. Two 

additional A-E bilinguals were excluded from the study due to low results in the proficiency 

test. 

The E-A bilingual group included 14 native English speakers with a high proficiency 

in MSA (four males, 10 females; mean age = 34.53; SD = 3.6). Again, to be included in the 

study, the E-A bilinguals had to have fully acquired their L1 in their home country, in this 

case in Sheffield or London, moved to KSA (Makkah and Jeddah) or Yemen after the onset 

of puberty (mean AOA = 18; SD = 1.60) and had to have lived in KSA or Yemen for 15 

years or longer at the time of the study (mean LOR = 19; SD = 3). Some of the E-A 

bilinguals who had been learning their L2 for several years in Yemen had continued their 

learning in the UK at a regular Arabic school or mosque for two to three years and then 

returned to KSA or Yemen. Several of the participants were in the UK at the time of the 

study for a holiday and the rest were in KSA at the time of the study. The participants were 

recruited by advertising through the Arabic Language Institute in Umm Al-Qura University 

(ALI, UQU; see Appendix I for approval consent from ALI, UQU) and by applying the 

snowball sampling strategy. Sixteen additional E-A bilinguals were excluded from the study; 

two of the participants had knowledge of Urdu (which was an exclusion criterion because 

Urdu was part of the aptitude test I used in this study) and the others were not highly 

proficient in their L2 according to a proficiency test.  
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2.5.2 Materials and Procedure 
 
Production of wh-Questions 

In this study, a reading task was used to elicit the pitch accent patterns of Arabic and 

English wh-questions. Participants were asked to read a list of 12 wh-questions and eight yes–

no questions (as filler sentences) six times in both languages, so that each participant 

produced 72 wh-questions in each language. The wh-words in Arabic were either 

monosyllabic (/man/= نم  , Engl.: who) or bisyllabic (/mɑːðɑː/ = اذامو , Engl.: what; /ajna/=  , نیأ 

Engl.: where; /matɑː/= ىتم  Engl.: when) while the English wh-words were all monosyllabic 

(who, what, where, when).  Since Arabic has only one monosyllabic wh-word, and the other 

wh-words in Arabic are bysilabic, I have included both monosyllabic and bisyllabic Arabic 

wh-words. In contrast, English only has monosyllabic wh-words. All wh-questions were 

phrased such that the wh-word was the second word in the sentence. This word order was 

used so that the pitch curves were not influenced by any possible initial boundary tones 

(Arvaniti et al., 1998). Yes–no filler questions were included to prevent participants from 

using list-intonation. The stimuli sentences were first created in English and then translated 

into Arabic. A native speaker of each language checked the sentences to make sure that they 

sounded natural and contained no mistakes. Participants were told to read the questions as 

naturally as possible, as if they were seeking information in a neutral context. To further 

encourage readings that were as natural as possible and to elicit pitch accent patterns that 

resembled a natural dialogic situation (Jilka et al., 2008), the sentences were integrated into 

mini-dialogues, as shown in examples (3) and (4) for English and examples (5) and (6) for 

Arabic (with target wh-words in boldface; for more examples see Appendix C): 

(3) From where is your friend Linda leaving? 

From London. 

(4) And what did you do in London?  

We spent three wonderful weeks there. 

(5) wa  mɑːðɑː faʕalt  fiː landan 

and  what   doSG/PST  in  London 

And what did you do in London? 

qadˤinɑː  θalɑːθ  ɑːsabiʕ  ʒamiːlah 

spendPL/PST  three  weekPL  wonderful 

We spent three wonderful weeks there. 



  52 

(6) wa  matɑː saufa  nahbItˤ? 

and  when  willAUX  goSG/FUT 

And when are we landing? 

lɑː ɑːʕlam 

NEG  knowSG 

I don’t know. 

 
 
Background Questionnaire 
 

The purpose of the questionnaire was to obtain sociolinguistic background 

information for the bilingual participants. This study used a background questionnaire (one 

for Arabic-English bilinguals and one for the English-Arabic bilinguals) adapted from 

Schmid (2002), which contained two parts. The first part was used to gather demographic 

data from the participants, including age, gender, residence in different language 

environments, years of instruction and language qualifications. The second part collected 

self-reported data, such as contact times with speakers of each language, the frequency and 

type of usage of each language and the participants’ attitudes towards the relevant languages 

and cultures. The second part gathered information about participants’ L1 and L2 language 

use and contained questions that were measured on a five-point Likert scale to gauge how 

frequently participants used their L1 and L2 and with whom they used them; 100% refers to 

exclusive use of the language (Arabic or English) with particular people, 80% refers to 

frequent use, 50% refers sometimes using the language, 10% refers to seldom use and 0% to 

never using that language, as shown in example (7) (see Appendix B for more examples). 

Based on the bilinguals’ answers to the background questionnaire, the participants were 

assigned to one of the two groups (more Arabic and more English). 

 (7) With whom did you talk Arabic after the time of your moving here? If you no longer 

speak Arabic with these people, please indicate until when you did so? 

With your parents  

    With your parents until………………. 

 
 

   Always 100%     Frequently 80% 
 

    Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 
 

    Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
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Language Proficiency and Aptitude 
 
Proficiency Test 
 

This study employed several excerpts from Arabic and English proficiency tests to 

obtain an indication of the subjects’ proficiency levels in both Arabic and English. A 

computer-based version of the Test of English as a Foreign Language (TOEFL) and an 

Arabic proficiency test (APT) were used to assess the L2 language proficiency of all bilingual 

participants. The APT was provided by Umm Al-Qura University, the Arabic Language 

Institute, Makkah Al-Mukarramah, Saudi Arabia. The tests were limited to a grammar 

(structure) test and a listening comprehension test; both tests required knowledge of 

vocabulary and the ability to make grammatical judgments. The APT consisted of three 

sections containing 46 items. Section one of the test contained 15 multiple-choice questions 

and tested the participant’s ability to understand the sound they heard. Section two contained 

16 multiple-choice questions and tested the participant’s listening comprehension ability. 

Section three contained 15 multiple-choice questions and tested the participants’ knowledge 

of grammar (see Appendix A for example questions from each section). The test was scored 

by assigning one mark for each correct answer, using the answer guide provided with the test. 

The online TOEFL test was used to test the participants’ proficiency in English. The 

test contains three sections comprising 45 items. The first section comprises 15 items, 

involving written questions about brief audio recordings. The second section contains 10 

items that asked participants to answer questions about a conversation and tested their 

listening comprehension ability. The third section contains 20 multiple-choice questions and 

tested the participants’ knowledge of grammar (see Appendix A for example questions from 

all sections). The test was automatically scored, giving participants one point for each correct 

answer. 

Language Aptitude Test  
 

The language aptitude tests used in the current study were adapted from samples of 

the MLAT (Carroll & Span, 1959) and the Pimsleur Language Aptitude Battery (PLAB; 

Pimsleur, 1968) that are available online. The MLAT was designed to predict native English 

speakers’ talent and success with L2 learning. Specifically, the test establishes the ability or 

individual talent of L2 learners. This study used the MLAT sample questions in Part III 

(Spelling Cues) and Part V (Paired Associates) and the PLAB sample questions in Part V 
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(Sound Discrimination). I then created questions analogous to the sample questions 

mentioned above to create three aptitude tests that are modelled on the MLAT’s Spelling 

Cues and Paired Associates tests and the PLAB’s Sound Discrimination test. When possible, 

I included the sample questions available online in the tests. A native speaker of the 

languages relevant for each test (English, Urdu and Cantonese) checked the test. All the three 

tests measure general language aptitude. I have selected these particular three tests because 

they involve knowledge about sounds, such as phonetic representations, or pattern 

recognition skills. In addition, a small pilot study confirmed the feasibility of the tests and 

ensured that none of the items were confusing for the participants. 

The Spelling Cues test contains 25 questions (8 sample questions from the MLAT and 

9 analogous questions that I created) that test a person’s knowledge of English and his or her 

ability to associate sounds with symbols. Every question includes a group of words, and the 

target word placed at the top is spelled as it is pronounced or as the letters in the word are 

pronounced. The participants were told that to show that they recognised the disguised word, 

they had to recognise the word from the spelling (Carroll & Span, 1959). They were required 

to choose one of five words. For example, the term grbj must be linked with one of the 

related terms (see the MLAT sample question in example 8, where boldface indicates the 

correct response): 

(8) grbj 

A. car port 
B. seize 
C. boat 
D. boast 
E. waste 

The Paired Associates test addresses the ability and memory aspects of learning a new 

language. Participants were presented with a list of 20 words in Urdu, a language unknown to 

them, and had two minutes to memorise the words. The original MLAT test presents 

vocabulary in Maya. I chose Urdu instead because I had access to native speakers of that 

language with a high proficiency in English who could check the tests. Once the participants 

began the test, they were not permitted to look at the vocabulary list again. They were then 

asked to translate the words that they had memorised, as shown in example 9. 

(9) kad-doo  

A. pumpkin 
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B. carrot 
C. terrify 
D. juice 

The Sound Discrimination test requires students to distinguish pitch, orality and 

nasality in a language with which they are unfamiliar (PLAB; Pimsleur, 1968). I used 

Cantonese as the unfamiliar language because I had access to a female native speaker of that 

language who also had high English proficiency. The data recording took place in a 

soundproof room at Bangor University using a high-quality handheld Sony tape recorder. The 

participants first spent a few minutes learning the three Cantonese words ngau (Engl.: cow), 

gau (Engl.: dog) and tau (Engl.: head). To learn the three words, participants heard and saw 

each word three times with its English translation. Then, the participants’ ability to recognise 

the words in a sentence was tested. They were exposed to 30 Cantonese sentences, each 

preceded by a beep, with each sentence containing one of these three words. The sentences 

were created, translated and produced by a native speaker of Cantonese who was highly 

fluent in English. Productions were recorded in a soundproof room. For each sentence, the 

participants were asked to circle the target word they heard in the sentence. For example, they 

heard the sentence in example 10. 

(10) (audio recording) 

佢 個 頭 好 大  

keoi  go  tau  hou  daai 

She has a big head. 

(written answer choices) 

A. Cow 
B. Head 

 
2.5.3 Overall Procedure 
 
The data were collected over six months in KSA and the UK. The first process involved 

searching for and selecting the participants (A-E bilinguals and E-A bilinguals). As 

mentioned above, this was predominantly done using the snowball method. 

The background questionnaire and consent form (see Appendices B and G) were 

emailed to the A-E bilinguals and E-A bilinguals along with an information sheet (see 

Appendix H), which included all relevant project information. Once consent to participate 

was obtained, a convenient and quiet place was selected as the location for the study. Ethical 
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approval from Bangor University Research Ethics Committee, College of Arts and 

Humanities was received for the present study (see Appendix F). 

The study comprised three sessions for bilingual participants, each on separate days 

up to one week apart. The first session began with the L2 proficiency assessment (either 

English or Arabic), followed by the aptitude test. The language proficiency assessment took 

approximately 30 to 40 minutes for each participant to complete, and the aptitude test took 

around 15 to 20 minutes to complete. 

The second and third sessions involved three different production tasks and took 

about 10 to 15 minutes each. Arabic productions were recorded in one session, and English 

productions in the other. During each session, participants’ speech was recorded with a high-

quality handheld Sony tape recorder in a quiet environment. First, participants read a list of 

words and sentences, which contained different vowels (for the study reported in Chapter 

Three). Then participants read the question–answer dialogs analysed in the current study six 

times. Finally, participants narrated a short cartoon (for the study reported in Chapter Four), 

which allowed for the production of plosives. Monolingual participants only participated in 

the production tasks in their native language. Thus, their participation involved only one 

session.  

2.5.4 Data Analysis 
 

To analyse the pitch patterns on the wh-words, I first determined the beginning and 

end of each wh-word manually and then extracted the pitch contour of each wh-word 

automatically using Praat (Boersma & Weenink, 2016; see Figure 2.1 for an example of a 

waveform and spectrogram in Praat) and ProsodyPro (Xu, 2013). The automatically extracted 

pitch contours were hand-checked for possible tracking errors (such as pitch halving and 

pitch doubling) and hand-corrected if needed. Word duration (i.e. time) was normalised by 

taking 10 equally spaced measurements for each word. Pitch measurements were converted 

into the percentage of each individual’s pitch range to facilitate the comparison of tokens. An 

individual’s pitch range was determined manually from the complete question-answer dialog 

that each participant produced. The percentage of pitch range was calculated using the 

formula in (11), where x is the individual pitch value in Hertz, and min and max are the 

bottom (min) and top (max) of the particular participant’s pitch range, respectively. 

(11)  ((x - min) * 100) / (max - min). 
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Figure 2.1. Example: waveform and spectrogram of monolingual native Arabic speaker 

 
I used growth-curve analyses (GCA) (Mirman, 2014; Winter & Wieling, 2016) to 

analyse the pitch patterns on the wh-words. GCA is particularly suited to analysing patterns 

over time because it treats time in a statistically rigorous manner. As a type of mixed effects 

analysis, GCA can model both fixed and random effects. Here, I used GCA to analyse the 

pitch curves over time, in particular, during the production of the wh-words. I chose to use 

the entire wh-word as our analysis window for the GCA for several reasons: A smaller 

analysis window would run the risk of not capturing curvature. In particular, a GCA may 

model a small analysis window that only represents a portion of a curve as a linear model, i.e. 

as a straight line, rather than a curve. As a result, actual differences in curvature could 

potentially be obscured if only a portion of a curve is considered; for example, if only the 

stressed vowel of each wh-word was used as a window for analysis. Furthermore, the 

descriptions that I have of the pitch pattern for wh-words in Arabic do not provide us with 

any detailed temporal or segmental information that would allow us to systematically select a 

smaller analysis window.  

The response variable for the GCAs shown below is the percent of pitch range (see 

above, formula in (11), for how this was calculated). All initial statistical models presented 

below contain the following fixed effects: up to three variables derived from the normalised 

time (see above for how word duration was normalised), the independent variable of interest 

(e.g. L1 vs L2) and the two-way interactions of the variable of interest with the different time 
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variables. All initial models also included random intercepts for each participant as well as 

random slopes for the variable of interest and the time variables for each participant (see 

Winter & Wieling, 2016, for an explanation of fixed and random effects). Random intercepts 

and slopes were included to avoid Type I errors (see Barr et al., 2013). The particular 

statistical models presented below were determined through model comparisons (cf. Baayen, 

2008) following Winter and Wieling (2016). I first established whether the full random 

effects structure was warranted. Random effects that did not contribute significantly to model 

fit or that caused the model to not converge were removed. I then determined whether the full 

fixed effects structure was warranted. Fixed effects that did not contribute significantly to 

model fit were removed from the model to derive the final statistical model. 

Of particular relevance for the current chapter are the interactions of the variable of 

interest with the different time variables, as these provide information as to how the curves 

that are being compared differ in terms of the variable of interest. In particular, a significant 

interaction of the variable of interest with normalised time indicates that the levels of the 

variable of interest differ significantly in terms of steepness of the curves across the wh-word. 

A significant interaction of the variable of interest with squared normalised time means that 

the levels of the variable of interest differ significantly in terms of symmetric curvature (U-

shaped or inverse U-shaped), i.e. in terms of how much the curve falls and rises or rises and 

falls around a central inflection point. A significant interaction of the variable of interest with 

cubed normalised time captures asymmetric curvature (sometimes in combination with a 

significant interaction of the variable of interest with normalised time), i.e. differences in 

terms of how much the curve rises and falls around an inflection point, where the rise and fall 

may be asymmetric. These differences are visualised in Figure 2.1, which is adapted from 

Mirman et al. (2008). 

 

Figure 2.2. Visualisation of the differences that the interactions with the different time variables 
capture. Left: The interaction of the variable of interest with normalised time captures differences in 
slope. Middle: The interaction of the variable of interest with squared normalised time captures 
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differences in symmetric curvature. Right: The interaction of the variable of interest with cubed 
normalised time captures differences in terms of steepness around inflection points. 

 

2.6 Results 
 
 
2.6.1 Comparison of Monolingual Patterns 
 

I first compare the pitch curves for the monolingual Arabic and English speakers to 

determine whether the pitch patterns of the wh-words differ between the two languages. 

Figure 2.3 shows the mean pitch curves for the Arabic and English wh-words. As speakers 

may have more time to realise a specific pitch pattern for longer words, Figure 2.3 shows the 

pitch curves for shorter, monosyllabic and longer disyllabic wh-words separately. The figure 

shows that there is a high target on the wh-word for disyllabic Arabic words. The pitch rises 

from the beginning of the word to the high target and then falls towards the end of the word. 

Monosyllabic Arabic wh-words show the same pattern, but it is less pronounced. English wh-

words also show a slight rise in pitch, but there is no clear fall at the end of the word.  

 

 

Figure 2.3. Mean pitch curves of Arabic and English monosyllabic and disyllabic wh-words 

I performed a GCA to determine whether the pitch curves shown in Figure 2.3 differ 

reliably in terms of steepness or curvature. The response variable for the analysis was percent 

of pitch range. The fixed effects for the initial and final model were normalised time, squared 
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normalised time, cubed normalised time, the type of wh-word (monosyllabic Arabic, 

disyllabic Arabic or monosyllabic English), and the two-way interactions of type of wh-word 

and the three time variables. Table 2.1 shows the results of the analysis. A significant effect 

of time was evident with a positive estimate, showing that, overall, F0 is higher at the end of 

the interval than at the beginning. Squared time was also significant with a negative estimate, 

revealing that the data overall correspond to an inverse U-shape. Cubed time was significant 

with a negative estimate, suggesting that the overall curve is steeper to the left of the 

inflection point than the right of the inflection point. Importantly, both the time by wh-word 

type and the squared time by wh-word type interactions were significant. The former effect 

suggests that the three wh-word types differ significantly in terms of steepness of the curve 

across the interval. The latter effect reveals that the three wh-word types differ reliably in 

terms of inverse U-shaped curvature.  

 
Table 2.1. Results of the GCA Comparing the Three Types of Wh-words in Monolingual Arabic and 
English Speakers 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 65.18 3.47 31 18.76 < .001 

Time 1.77 0.28 31 6.42 < .001 

Squared time -0.34 0.09 23 -3.7 < .001 

Cubed time -0.04 0.01 16160 -8.12 < .001 

Wh-word type 0.41 1.98 19 0.21 = .837 

Time * wh-word type 0.34 0.12 7146 2.93 =.003 

Squared time * wh-word type -0.18 0.03 1786 -5.42 < .001 

Cubed time * wh-word type 0.01 0.01 16160 1.51 = .131 

 

I performed post-hoc GCA to explore which of the wh-word types differ significantly 

from one another in terms of steepness of the curve and in terms of inverse U-shaped 

curvature. The focus of the post-hoc analysis is performed to determine whether the curves 

for the monosyllabic and disyllabic Arabic wh-words differ significantly from the curves for 

the monosyllabic English wh-words. I first compare monosyllabic Arabic words with 

monosyllabic English words. The initial and final model for this analysis included the percent 

of pitch range as response variable and normalised time, squared normalised time, wh-word 

type and the two-way interactions of wh-word type with the two time variables as fixed 

effects. Table 2.2 presents the results. The relevant results are the two interactions. The time 
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by wh-word type interaction was not significant, suggesting that the monosyllabic Arabic 

words do not differ reliably from the monosyllabic English words in terms of steepness of the 

slope across the interval. That is, the lines of best fit for both curves do not differ in terms of 

steepness. The squared time by wh-word type interaction was significant, showing that the 

monosyllabic Arabic words differ reliably from the monosyllabic English words in terms of 

curvature. In particular, the curve for the monosyllabic Arabic words is significantly more 

inverse U-shaped, i.e. is more strongly curved, than the curve for the monosyllabic English 

words.  

 

Table 2.2. Post-hoc GCA Comparing Monosyllabic Arabic and Monosyllabic English Wh-words 

Fixed effects Estimate std. error Df t-value p-value 

Intercept 60.59 3.52 26.6 17.21 < .001 

Time 0.63 0.17 14.79 3.65 < .01 

Squared time -0.07 0.03 12.02 -2.32 < .05 

Wh-word type -1.75 1.68 27.17 -1.04 = .313 

Time * wh-word type -0.06 0.09 22.35 -0.695 = .486 

Squared time * wh-word type 0.06 0.02 50.39 2.59 = .018 

 
 

Next, I compare disyllabic Arabic words with monosyllabic English words. The final 

model for this analysis also included the percent of pitch range as the response variable and 

normalised time, squared normalised time, wh-word type and the two-way interactions of wh-

word type with the two time variables as the fixed effects. Table 2.3 shows the results. The 

relevant results are the two interactions. The time by wh-word type interaction was 

significant, showing that the disyllabic Arabic words differ reliably from the monosyllabic 

English words in terms of steepness of the slope across the interval. That is, the lines of best 

fit for the curve for disyllabic Arabic words are steeper than those for the monosyllabic 

English words. The squared time by wh-word type interaction was also significant, showing 

that the disyllabic Arabic words differ reliably from the monosyllabic English words in terms 

of symmetric inverse U-shaped curvature. The curve for the monosyllabic Arabic words is 

significantly more inverse U-shaped, i.e. more strongly curved, than is the curve for the 

monosyllabic English words. 
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Table 2.3. Post-hoc GCA Comparing Disyllabic Arabic and Monosyllabic English Wh-words 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 64.26 2.84 27 22.63 < .001 

Time 1.13 0.22 26.92 5.24 < .001 

Squared time -0.34 0.04 26.58 -7.98 < .001 

Wh-word type -4.39 2.83 27 -1.55 = .132 

Time * wh-word type -0.54 0.22 26.92 -2.512 = .030 

Squared time * wh-word type 0.3 0.04 26.59 6.91 < .001 

 

Overall, the results confirm the observations of the literature of a steep rise to a high 

target in Arabic wh-words, but no such high target in English wh-words. The high target is 

realised more clearly in the disyllabic Arabic words, which differ significantly from 

monolingual English wh-words both in terms of a steeper rise across the interval and a 

stronger inverse U-shape. Importantly, the shorter monosyllabic Arabic wh-words, where 

time is limited to realise a high target, also differ from monosyllabic English wh-words in 

terms of a stronger inverse U-shape. This finding suggests that they are also more likely to 

have a high target compared to monosyllabic English wh-words. To summarise and reiterate, 

the significant squared time by wh-word type interactions above show that the Arabic wh-

words have a significantly steeper rise-fall pattern (inverse U-shape) than do the English wh-

words. Having established a reliable difference in pitch curve patterns between Arabic and 

English wh-words in monolingual speakers of the two languages, I move on to examining 

bilingual speakers.  

 
2.6.2 Profile of Bilingual Participants 
 

I start the analyses of bilingual speakers by providing a profile of the bilingual 

participants. In particular, I provide information about the bilingual participants’ L2 

proficiency, their phonetic aptitude and their L1 and L2 language use. Table 2.4 presents a 

summary of the information, indicating that both groups are highly proficient, with a mean 

TOEFL score of 42.1 out of a possible 45 for the A-E bilinguals and a mean APT score of 

43.7 out of 46 for the E-A bilinguals. The two-sample t-tests reported in Table 2.4 show that 

the two bilingual groups did not differ in their performance in any of the phonetic aptitude 

tests. For the purposes of further analyses, I divided A-E and E-A bilinguals into two aptitude 

groups based on their aptitude test results. Nine A-E bilinguals and six E-A bilinguals were 
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grouped as low aptitude, with scores between 47 to 54 out of a possible 75. The remaining six 

A-E bilinguals and eight E-A bilinguals were considered to be high aptitude, with scores 

between 57 and 71. For the purposes of the following analyses, I also divided A-E and E-A 

bilinguals into two language use categories based on the comprehensive language 

background questionnaire. Eight A-E bilinguals and four E-A bilinguals were categorised as 

more Arabic, meaning they used Arabic as frequently as English or more frequently than 

English. The remaining seven A-E bilinguals and 10 E-A bilinguals were classed as more 

English, meaning they used English more than Arabic. Thus, overall, the A-E bilinguals tend 

to use more Arabic than do the E-A bilinguals. 

 

Table 2.4. Proficiency, Aptitude and Language Use of A-E and E-A Bilinguals 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: TOEFL = Test of English as a Foreign Language; APT = Arabic Proficiency test. 
 
 
2.6.3 Bilinguals: Acquisition 
 
Comparison of E-A bilinguals with Arabic Monolinguals in Arabic 
 

First, I investigate how well the A-E and E-A bilinguals acquire the target prosodic 

pattern on the wh-word in their L2 and determine whether the acquisition of this pattern is 

influenced by phonetic aptitude and/or language use. Based on the results above that compare 

Measure A-E bilinguals E-A bilinguals t-test 
p-value 

Proficiency TOEFL: mean = 42.1 
(SD = 1.9; range = 

39-45) 

APT: mean = 43.7 
(SD = 1.0; range = 

42-46) 

NA 

Aptitude spelling 
cues 

mean = 17.5 (SD = 
4.2; range = 11-25) 

mean = 19.5 (SD = 
3.3; range = 14-24) 

t = -1.4494 
p = 0.16 

Aptitude paired 
associates 

mean = 14.6 (SD = 
2.0; range = 12-18) 

mean = 15.7 (SD = 
2.2; range = 12-19) 

t = -1.4155 
p = 0.17 

Aptitude sound 
discrimination 

mean = 23.5 (SD = 
2.3; range = 20-28) 

mean = 23.4 (SD = 
2.7; range = 20-28) 

t = 0.1883 
p = 0.85 

Aptitude total mean = 55.6 (SD = 
7.8; range = 45-71) 

mean = 58.6 (SD = 
7.5; range = 49-69) 

t = -1.0437 
p = 0.31 

Language use More Arabic = 8 
More English = 7 

More Arabic = 4 
More English = 10 

NA 
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monolingual English and monolingual Arabic speakers, I focus on the differences in the 

symmetric inverse U-shaped curvatures between the groups. I start by comparing the pitch 

curves of Arabic monolinguals and E-A bilinguals in Arabic to determine whether the pitch 

contours on the wh-words differ across the two groups. In particular, if the E-A bilinguals 

showed a reliably less symmetric inverse U-shaped curvature than that of the Arabic 

monolinguals, I would consider this evidence of interference from the L1 English. This 

would be reflected in a significant interaction between squared time and group (E-A 

bilinguals vs Arabic monolinguals). Figure 2.4 shows the mean pitch curves for Arabic 

monolinguals and E-A bilinguals of wh-words in Arabic. The figure shows that there is a high 

target on the wh-words for Arabic monolinguals: the pitch rises from the beginning of the 

word to a high target and then falls towards the end of the word. E-A bilinguals show a 

similar, but somewhat less curved pattern. 

 

 

Figure 2.4. Mean pitch contours of wh-words in Arabic produced by Arabic monolinguals and E-A 
bilinguals. 

I performed a GCA with percent of pitch range as the response variable, and group, 

the three time variables and all two-way interactions of group with the time variables as the 

fixed effects to determine whether the pitch contours of wh-words in Arabic produced by 

Arabic monolinguals and E-A bilinguals differed reliably in terms of steepness or curvature. 

Table 2.5 shows the results of the complete analysis. For this and all following analyses, I 

only report relevant interactions with the time variables in the text because these reflect 

differences in steepness or curvature across the compared groups. All other results can be 
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found in the accompanying tables, but will not be mentioned in the text. The results from the 

analysis in Table 2.5 reveal that the time by group interaction was significant, suggesting that 

the groups differed in terms of steepness across the interval with a steeper rise across the 

interval for Arabic monolinguals compared to E-A bilinguals. The squared time by group 

interaction was not significant, suggesting that the Arabic monolinguals showed almot similar 

inverse U-shaped curvature as the E-A bilinguals. Finally, the cubed time by group 

interaction was significant, suggesting that the groups differ in terms of steepness around the 

inflection point. Overall, the pattern of results suggests that the E-A bilinguals are 

approaching the native pattern. 

Table 2.5. Results of the GCA Comparing Wh-words in Arabic across Arabic Monolinguals and E-A 
Bilinguals 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 68.00 2.54 27 26.77 < .001 

Time 1.80 0.22 36 8.17 < .001 

Squared Time -5.24 2.70 27 -11.11 < .001 

Cubed Time -0.03 0.005 1526 -7.41 < .001 

Group -0.49 2.52 27 -0.19 = .846 

Time * group -0.60 0.21 36 -2.73 = .010 

Squared Time * group 0.08 0.04 27 1.89 = .069 

Cubed Time * group 0.01 0.005 1526 2.37 = .018 

 
 

Since the E-A bilinguals differed reliably from the Arabic monolinguals in their 

productions of the wh-words, I explored whether phonetic aptitude or language use 

modulated the extent to which the E-A bilinguals approximated the native Arabic pitch 

pattern. For this and similar following analyses, I divided the participants into those with low 

and high phonetic aptitude and into those who use more Arabic and more English in their 

everyday lives (see the section 2.7.2 on the profile of bilingual participants and Table 2.5 

above). I explored the possible effects of phonetic aptitude and language use separately 

because none of the participants were categorised as both more Arabic and low aptitude. 

Here, I first examined whether language use has an effect on the pitch contour of wh-words in 

Arabic as produced by high L2 use (more Arabic) and low L2 use (more English) E-A 

bilinguals. Figure 2.5 indicates that the high L2 use participants show more inverse U-shaped 

curvature and a peakier pattern than do the low L2 use participants. 
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Figure 2.5. Mean pitch contours of wh-words in Arabic according to language use of E-A bilinguals. 

 
I performed a GCA with percent of pitch range as the response variable and language 

use, the three time variables and all two-way interactions of language use and the time 

variables as the fixed effects for E-A bilinguals to analyse whether the pitch contours differed 

reliably by language use in terms of curvature or steepness. The statistical results presented in 

Table 2.6 show that the time by language use interaction was not significant, suggesting a 

slightly steeper line of best fit for the low L2 use (more English) participants compared to the 

high L2 use (more Arabic) participants. Both the squared and cubed time by language use 

interactions were significant, which suggests that the participants with high L2 use showed 

stronger symmetric inverse U-shaped curvature, i.e. a more native-like pattern, than did the 

participants with low L2 use. In addition, the reliably peakier pattern produced by the high L2 

use participants compared to the low L2 use participants suggests that the high L2 use 

participants might be overshooting the target. 
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Table 2.6. Results of the GCA Comparing Wh-words in Arabic Produced by E-A bilinguals in the 
High and Low L2 Use Groups 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 67.3 2.51 12 26.80 < .001 

Time 1.15 0.18 23 6.27 < .001 

Squared Time -0.42 0.05 12 -8.24 < .001 

Cubed Time -0.03 0.00 6936 -3.93 < .001 

Language use -2.83 2.46 12 -1.15 = .272 

Time * language use 0.36 1.80 24 2.00 = .056 

Squared Time*language use 0.01 0.05 12 2.41 = .032 

Cubed Time * language use -0.01 0.00 6926 -2.39 = .016 

 
 

I then examined whether aptitude has an effect on the pitch contour of wh-words in 

Arabic as produced by high and low aptitude E-A bilinguals. Figure 2.6 shows the mean pitch 

curves of wh-words in Arabic produced by E-A bilinguals with high and low phonetic 

aptitudes. The curves at the beginning are nearly identical between the two groups. However, 

the high aptitude E-A bilinguals showed a clear rise and fall pattern in Arabic wh-words, 

while the low aptitude group showed a clear rise with a later peak and a less clear fall at the 

end.  
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Figure 2.6. Mean pitch contours of wh-words in Arabic for low and high aptitude E-A bilinguals 

 
I performed a GCA with percent of pitch range as the response variable and phonetic 

aptitude, the three time variables and all two-way interactions of aptitude and the time 

variables as the fixed effects to determine whether aptitude influenced the pitch pattern for 

wh-words in English produced by E-A bilinguals. The statistical results summarised in Table 

2.7 show that the time by aptitude and cubed time by aptitude interactions were significant, 

suggesting that a difference exists between the aptitude groups in terms of the steepness of 

the curve across the interval and the steepness around inflection points. The squared time by 

aptitude interaction was not significant, revealing that no difference exists between the high 

and low aptitude groups in terms of symmetric inverse U-shaped curvature. Overall, aptitude 

clearly modulated the produced pitch patterns, but I found no evidence that one of the 

patterns could be considered more native-like than the other or that one pattern was 

characterised more by L1 interference than the other. In particular, both patterns showed 

similar symmetric inverse U-shaped curvature, but seemed to differ in the timing of the peak. 

 

Table 2.7. Results of GCA Comparing Wh-words in Arabic Produced by High and Low Aptitude E-A 
Bilinguals 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 67.45 2.61 12 25.76 < .001 

Time 0.16 1.66 28 6.84 < .001 
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Squared Time -0.42 0.05 12 -7.62 < .001 

Cubed Time -0.02 0.00 6936 -3.93 < .001 

Aptitude  1.15 2.61 12 0.44 = .665 

Time * Aptitude 0.58 0.16 28 3.53 < .01 

Squared Time * Aptitude 0.09 0.05 12 1.68 = .119 

Cubed Time * Aptitude -0.02 0.00 6936 -3.07 < .01 

 
 
Comparison of A-E bilinguals with English Monolinguals in English  
 

Next, I compare the pitch curves of English monolinguals and A-E bilinguals in 

English to determine whether pitch contours on wh-words differ between the two groups. 

Figure 2.7 shows that English monolinguals pronounced wh-words with a slight rise in pitch, 

while A-E bilinguals pronounced them with a more marked rise in pitch. Neither group 

exhibited a clear fall at the end of wh-words. 

 

 

Figure 2.7. Mean pitch contours of wh-words in English produced by A-E bilinguals and English 
monolinguals. 

 

I conducted a GCA with percent of pitch range as the response variable, and group, 

the three time variables and all two-way interactions between group and the time variables as 

the fixed effects to examine whether the pitch contours differed in terms of curvature or 

steepness between the two groups. Model comparisons showed that squared time and its 
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interaction with group could be removed from the model. Both fixed effects were therefore 

not included in the final model reported in Table 2.8. Both the time by group and cubed time 

by group interactions were significant, suggesting that the two groups exhibit differences in 

the steepness of the pitch curve across the interval and the steepness around inflection points. 

These differences between the two groups suggest that the A-E bilinguals are approaching the 

native pattern, but that the differences cannot be attributed to L1 transfer or interference. In 

particular, A-E bilinguals do not differ from English monolinguals in terms of symmetric 

inverse U-shaped curvature, but they show a greater pitch excursion mostly characterised by 

a steeper rise in pitch throughout the interval than do English monolinguals.   

Table 2.8. Results of the GCA Comparing Wh-words in English Produced by A-E Bilinguals 
and English Monolinguals 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 59.93 2.40 27 25.26 < .001 

Time 2.02 0.18 49 12.08 < .001 

Cubed Time 0.07 0.006 1547 -11.80 < .001 

Group -0.001 2.37 27 -0.00 = .999 

Time * Group -0.90 0.18 49 -5.37 < .001 

Cubed Time * Group 0.03 0.00 1547 5.70 < .001 

 
 

Since the A-E bilinguals differed reliably from English monolinguals in their 

productions of the wh-words, I now explore whether phonetic aptitude or language use 

modulate the extent to which A-E bilinguals approximate the native English pitch pattern. 

Figure 2.8 shows the pitch curves for A-E bilinguals with high (more English) and low (more 

Arabic) L2 language use. Both patterns show a clear rise in pitch throughout the interval. 

However, this rise seems to be steeper for the low L2 (more Arabic) language use bilinguals 

than the high L2 (more English) bilinguals.  
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Figure 2.8. Mean pitch contours of wh-words in English produced by A-E bilinguals with low and 
high L2 language use 

 
I conducted a GCA with percent of pitch range as the response variable, and language 

use, the three time variables and all two-way interactions of language use and time variables 

as the fixed effects to determine whether the pitch contours on wh-words produced by A-E 

bilinguals with high and low L2 use differed reliably in terms of steepness or curvature. 

Again, the model comparisons showed that squared time and its interaction with language use 

could be removed from the model. These fixed effects were therefore not included in the final 

model reported in Table 2.9. Both the time by language use and cubed time by language use 

interactions were significant, suggesting that a reliable difference exists between language 

use groups in terms of the steepness of the curve across the interval and steepness around 

inflection points. A-E bilinguals with low L2 use showed a reliably steeper rise throughout 

the interval than those with high L2 use. Considering that the English monolingual pattern 

has only a very slight rise in pitch, it seems that the high L2 use participants are 

approximating the native pattern more closely than are the low L2 use participants. Notably, 

neither group are approximating the Arabic symmetric rise-fall pattern.  
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Table 2.9. Results of the GCA Comparing Wh-words in English Produced by A-E bilinguals with High 
and Low L2 Use 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 59.96 3.36 13 17.85 < .001 

Time 2.93 2.68 22 10.92 < .001 

Cubed Time -0.10 0.00 7612 -11.49 < .001 

Language use 2.65 3.36 13 0.78 = .444 

Time * Language use -0.77 0.26 22 -2.89 < .01 

Cubed Time * Language use 0.02 0.00 7612 2.67 < .01 

 
 

Next, I consider phonetic aptitude. Figure 2.9 shows the pitch curves for A-E 

bilinguals with high and low phonetic aptitude. Both patterns show a clear rise in pitch 

throughout the interval. 

 
Figure 2.9. Pitch contours of wh-words in English produced by high and low aptitude A-E bilinguals 

 
I conducted a GCA with percent of pitch range as the response variable and phonetic 

aptitude, the three time variables and all two-way interactions between aptitude and time 

variables as the fixed effects to determine whether aptitude influenced the curvature of wh-

words in the English produced by A-E bilinguals. Model comparisons showed that squared 

time and its interaction with aptitude could be removed from the model and are thus not part 

of the final model. The results in Table 2.10 showed neither a significant interaction between 
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time and aptitude nor between cubed time and aptitude. Thus, aptitude did not affect A-E 

bilinguals’ pitch patterns. 

Table 2.10. Results of GCA Comparing Wh-words in English Produced by High and Low Aptitude A-
E Bilinguals 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 60.66 0.27 7456 224.97 < .001 

Time 2.94 0.30 23 9.74 < .001 

Cubed Time -0.10 1.01 7626 -10.03 < .001 

Aptitude  3.33 0.27 7462 12.36 < .001 

Time * aptitude -0.01 0.30 23 -0.04 = .969 

Cubed Time * aptitude -0.00 0.01 7626 -0.28 = .779 

 
 

Overall, the acquisition results suggest that both E-A and A-E bilinguals are 

approximating the native English and native Arabic patterns. Language use, but not – or at 

least to a much lesser extent – phonetic aptitude, modulates how closely bilingual participants 

approximate the native patterns.  

2.6.4 Bilinguals: L1 Attrition 
 
Comparison of A-E bilinguals with Arabic Monolinguals in Arabic 
 

Next, I search for evidence of L1 attrition in the A-E bilinguals’ Arabic compared to 

monolingual Arabic speakers. I focus again on differences in the symmetric inverse U-shaped 

curvature between the groups. In particular, if the A-E bilinguals showed a reliably less 

symmetric inverse U-shaped curvature than the Arabic monolinguals, I would take this as 

evidence of L1 attrition caused by the influence of L2 English. This would be reflected in a 

significant interaction between squared time and group (A-E bilinguals vs Arabic 

monolinguals). Figure 2.10 shows the mean pitch contours of the Arabic wh-words produced 

by A-E bilinguals and Arabic monolinguals. The curves for both groups are rather similar, 

both displaying a rise in pitch, a high target and a following fall on wh-words.  
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Figure 2.10. Mean pitch contours of wh-words for Arabic monolinguals and A-E bilinguals 

 
A GCA was performed to determine whether the pitch contours shown in Figure 2.10 

differ reliably in terms of steepness or curvature. Percent of pitch range served as the 

response variable for the analysis. The fixed effects for the initial and final models were 

normalised time, squared normalised time, cubed normalised time, group (Arabic 

monolinguals and A-E bilinguals) and the two-way interactions between group and the three 

time variables.  

Table 2.11 shows that none of the time terms interacted significantly with group, 

suggesting that the pitch patterns of the A-E bilinguals and the Arabic monolinguals do not 

differ reliably in terms of steepness or curvature. I thus find no evidence of L1 attrition in 

terms of the pitch patterns on wh-words in the A-E bilinguals.   

 
Table 2.11. Results of the GCA Comparing Wh-words for Arabic Monolinguals and A-E Bilinguals 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 67.06 2.79 28 24.03 < .001 

Time 2.10 0.23 38 9.33 < .001 

Squared Time -0.54 0.05 28 -9.98 < .001 

Cubed Time -0.05 0.01 16180 -9.08 < .001 

Group -1.44 2.79 28 -0.52 = .611 

Time * Group -0.26 0.22 38 -1.15 = .285 
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Squared Time * Group 0.07 0.05 28 1.27 = .215 

Cubed Time * Group -0.00 0.01 16180 -0.22 = .829 

 
 
Comparison of E-A Bilinguals with English Monolinguals in English 
 

Next, I consider whether there is any evidence of L1 attrition in the E-A bilinguals’ 

English when compared to monolingual English speakers. Again, I focus on differences in 

the symmetric inverse U-shaped curvature between the groups. In particular, if the E-A 

bilinguals showed a reliably more symmetric inverse U-shaped curvature than the English 

monolinguals, I would take this as evidence of L1 attrition due to the influence of L2 Arabic. 

Figure 2.11, which illustrates the pitch contours for both groups, shows a slight rise and fall 

pattern on the wh-words for the E-A bilinguals, but a slight rise with no fall for the English 

monolinguals.  

. 
Figure 2.11. Pitch contours of English wh-words for English monolinguals and E-A bilinguals 

 
To determine whether the pitch contours differed reliably in terms of steepness or 

curvature for the E-A bilinguals compared to the English monolinguals, I performed a GCA 

analogous to that for A-E bilinguals and Arabic monolinguals above. Table 2.12 presents the 

results. The time by group and the cubed time by group interactions were not significant, 

suggesting no group difference in terms of steepness of the curve across the interval and 

steepness around inflection points. However, the squared time by group interaction was 

significant, indicating that the English monolinguals differ reliably from the E-A bilinguals in 
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terms of the symmetric inverse U-shaped curvature. In particular, the E-A bilinguals show a 

reliably stronger curvature compared to the English monolinguals, which suggests that the E-

A bilinguals are more likely to have a high target on the wh-word, thus providing evidence 

for L1 attrition in the E-A bilinguals due to the influence of Arabic. 

 
Table 2.12. Results of the GCA Comparing Wh-words for English Monolinguals and E-A Bilinguals 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 62.18 2.25 26 27.5 < .001 

Time 1.30 0.13 78 9.99 < .001 

Squared Time -0.12 0.02 25 -5.08 < .001 

Cubed Time -0.04 0.005 14900 -7.30 < .001 

Group 2.30 2.25 26 1.02 = .316 

Time * Group 0.17 0.12 79 1.34 = .184 

Squared Time * Group -0.07 0. 02 25 -2.9 < .001 

Cubed Time * Group -0.006 0.005 14900 -1.10 = .268 

 
Since the E-A bilinguals showed evidence of L1 prosodic attrition, I explored whether 

the strength of attrition was modulated by phonetic aptitude or language use. Figure 2.12 

shows the mean pitch contours of wh-words in English produced by the more Arabic and 

more English groups of E-A bilinguals. The figure shows that E-A bilinguals with high L2 

use (more Arabic) have a slightly steeper rise in their wh-question words than do those with 

low L2 use (more English).  
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Figure 2.12. Mean pitch contours of wh-words in English produced by E-A bilinguals with low (more 
English) and high (more Arabic) L2 use 

I performed a GCA for language use with percent of pitch range as the response 

variable and language use, the three time variables and the interactions of aptitude with the 

time variables as the fixed effects to determine whether E-A bilinguals’ language use 

influenced the pitch curvature on wh-words in the L1 English. Table 2.13 shows that only the 

time by language use interaction was significant, suggesting a steeper rise across the interval 

for the high L2 use group compared to the low L2 use groups. Notably, the squared time by 

language use interaction was not significant, revealing that no difference exists between the 

low and high L2 use groups in terms of the symmetric inverse U-shaped curvature. Thus, I 

find no evidence that language use influences the strength of attrition. 

 
Table 2.13. Results of the GCA Comparing Wh-words in English for E-A Bilinguals with Low and 
High L2 Use 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 64.65 3.02 12 21.40 < .001 

Time 1.50 0.19 39 7.58 < .001 

Squared Time -0.19 0.03 12 -5.44 < .001 

Cubed Time -0.04 0.008 7046 -5.53 < .001 

Language Use 2.27 2.99 12 0.75 = .462 

Time * language use -0.43 0.19 40 -2.23 =.030 
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Squared Time*language use -0.01 0.03 12 -0.42 = .681 

Cubed Time *language use 0.01 0.008 7046 1.69 = .092 

 

Figure 2.13 shows the mean pitch contours of wh-words in English produced by the 

low and high aptitude E-A bilinguals. Both groups showed similar curves, but the low 

aptitude group produced the wh-words somewhat higher in their pitch range than the high 

aptitude group. 

 

 
Figure 2.13. Mean pitch contours of wh-words in English produced by high and low aptitude E-A 
bilinguals. 

I conducted a GCA for E-A bilinguals analogous to that performed for language use 

above to determine whether phonetic aptitude influenced the curvature of wh-words in the 

English produced by E-A bilinguals. The results in Table 2.14 show that the time by aptitude 

and cubed time by aptitude interactions were not significant, indicating no difference between 

the steepness of the curve across the interval and steepness around inflection points. 

Importantly, the squared time by aptitude interaction was not significant, which suggests that 

no difference exists between the high and low aptitude groups in terms of the symmetric 

inverse U-shaped curvature. Thus, I find no evidence that phonetic aptitude influences the 

strength of attrition. 
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Table 2.14. Results of the GCA Comparing Wh-words in English Produced by E-A Bilinguals with 
Low and High Phonetic Aptitude 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 64.83 2.86 12 22.60 < .001 

Time 1.47 0.199 36 7.39 < .001 

Squared Time -0.19 0.04 12 -5.40 < .001 

Cubed Time -0.05 0.009 7046 -5.53 < .001 

Aptitude  4.09 2.88 12 1.42 = .180 

Time * Aptitude  -0.38 0.20 36 -1.91 = .063 

Squared Time * Aptitude  -0.005 0.037 12 -0.16 = .873 

Cubed Time * Aptitude  0.015 0.008 7046 1.70 = .088 

 

Overall, the results for bilingual participants in their L1 reveal an asymmetry in terms 

of L1 prosodic attrition, with A-E bilinguals showing no evidence of attrition in their native 

Arabic but E-A bilinguals showing attrition in their native English. No evidence was found to 

indicate that the strength of attrition is influenced by phonetic aptitude or language use. 

 

2.7 Discussion  
 

This study investigated prosodic acquisition and L1 prosodic attrition in the 

production of wh-question words in late E-A and A-E bilinguals, that is, in bilinguals who 

speak two typologically different languages. In addition, this study explored whether 

bilinguals’ phonetic aptitude and/or language use influenced how target-like their prosody is 

in the L1 and the L2. In this study, the bilinguals were directly compared to the 

monolinguals. For example, A-E and E-A bilinguals were compared with English 

monolinguals. The first comparison concerns L2 acquisition as bilinguals with English as an 

L2 are being compared directly with English monolingual speakers. The second comparison 

concerns L1 attrition as bilinguals with English as L1 are being compared directly with 

English monolinguals. Similarly, I compared both bilingual groups with Arabic monolingual 

speakers. However, I did not compare the bilinguals directly in their L1 and L2 as this was 

beyond the scope of the current study. My results therefore speak to L1 attrition and L2 

acquisition within the same individuals (in that I examined how they compared with 

monolingual native speakers of both of their languages). However, my results do not speak to 

whether there are any differences between L2 English vs. L1-attrited English or L2 Arabic vs. 
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L1-attrited Arabic because I have not compared bilingual groups directly with each other. My 

results also do not speak to whether bilinguals show distinct (or merged) patterns in their two 

languages because I have not compared the English and Arabic of the A-E bilinguals or the 

English and Arabic of the E-A bilinguals directly. This means that my results speak to the 

relation between L1 attrition and L2 acquistion within individuals, but not within languages. 

This will be reserved for future analyses.   

The current study tested five hypotheses. I expected differences in the pronunciation 

of wh-words in Arabic and English, with a higher pitch target in Arabic than in English 

(Hypothesis 1). A direct comparison of wh-words between the Arabic and English 

monolingual control groups confirmed Hypothesis 1 and showed that the pitch pattern for 

wh-words in Arabic had a significantly more inverse U-shaped curvature than that for wh-

words in English. In other words, monolingual Arabic speakers have a rather steep rise-fall 

pattern with a high target. By contrast, monolingual English speakers show a rather flat pitch 

pattern. In addition, I predicted that highly proficient L2 learners would approximate the 

patterns they find in use by monolinguals (Hypothesis 2). Comparing the pitch patterns of 

bilinguals’ L2 with those of monolinguals, I found that L2 learners of both Arabic and 

English approximated the respective native patterns when pronouncing wh-words, thus 

supporting Hypothesis 2. Moreover, I expected that, as with other elements of native 

languages, bilinguals’ prosody would show attrition (Hypothesis 3). Interestingly, I found an 

asymmetric pattern in terms of attrition: While there was evidence for attrition among L1 

English bilinguals, there was no such evidence for L1 Arabic bilinguals. Thus, I could only 

partially confirm Hypothesis 3.  

I expected that language use would influence L1 attrition and L2 acquisition 

(Hypothesis 4). However, I could only partially confirm Hypothesis 4. While I found no 

evidence that language use influenced L1 attrition, language use did affect L2 acquisition. In 

particular, learners who self-reported greater use of the L2 showed more native-like patterns 

in their pronunciation of wh-words in that language. Finally, based on the observation that 

participants in Mennen’s (2004) study showed native-like productions in either both their 

languages or in neither, I tentatively assumed that participants with high phonetic aptitude 

would show more native-like production of wh-words in both their L1 and L2 (Hypothesis 5). 

However, this hypothesis was not confirmed. Similar to language use, phonetic aptitude did 

not influence L1 attrition. While phonetic aptitude influenced L2 acquisition, the differences 

between participants with high vs low phonetic aptitude were such that neither group could 
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clearly be identified as having a more native-like prosody on the wh-word than the other. In 

the following sections, I discuss these results in more detail. 

 

2.7.1 Monolinguals 
 

The data from the monolingual Arabic and English groups confirmed Hypothesis 1 in 

that the typical pitch pattern for Arabic wh-words differed from the typical pitch pattern for 

English wh-words: The wh-words produced by the Arabic monolingual group showed a steep 

rise-fall pattern, which was not found for English. To the best of my knowledge, this is the 

first empirical investigation of the pitch patterns for wh-words in monolingual and bilingual 

Arabic and English speakers, using carefully controlled materials.  

The findings for Arabic confirm what has been suggested in the previous literature. In 

particular, the Defense Language Institute (1974) proposed that the wh-word in Arabic carries 

a steep rise in pitch, and our findings of a rise-fall pattern are compatible with this 

description. Furthermore, El Zarka’s (1997) corpus evidence suggests that wh-words typically 

carry a pitch accent and yield some of the highest pitch values found in the corpus, again 

suggesting a rise to a high target on the wh-word. She proposed that wh-words in Arabic 

typically carry a ↑H* (L) accent, where the ↑ indicates a raised F0 (El Zarka, 1997). This 

proposal is compatible with the rise-fall pattern around a central inflection point that I found 

for Arabic wh-words. Note that the present analysis used the existing acoustic signal on the 

wh-word for statistical analysis, and it did not include a detailed ToBI-style manual coding of 

the data. Owing to the large data set used in the current study, manual ToBI-style coding was 

not a practical option. As a result, I cannot confirm that the pitch accent on the wh-word is 

indeed a ↑H* (L) accent, but I can say that my data is fully compatible with the proposal that 

the wh-word in Arabic typically carries a ↑H* (L) accent. Future studies – for example, on a 

subset of my data – would be needed to confirm the particular pitch accent type that wh-

words in Arabic typically carry.  

The findings for English support the claims made by Bartels (2014) but do not 

confirm Hedberg and Sosa’s (2002) corpus results. The wh-word in English in Bartels’ 

(2014) theoretical work most often carries an H* accent or is unaccented, which is 

compatible with the rather flat pitch curve that I found for English in our analysis. By 

contrast, Hedberg and Sosa (2002) found that wh-words in English typically carry an L+H* 

accent. In this case, I would have expected a steep rise in pitch on the wh-word, as is typical 
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for L+H* accents in English (Pierrehumbert & Hirschberg, 1990) and similar to what I found 

for Arabic. There are several possible reasons why the present data do not confirm Hedberg 

and Sosa’s (2002) corpus data. First, Hedberg and Sosa (2002) extracted wh-questions from 

public affairs discussion programmes, which include rather heated discussions of speakers 

who widely differ in their political views. As a result, the wh-questions analysed in Hedberg 

and Sosa (2002) may differ widely in pragmatic function from my rather neutral information-

seeking wh-questions. This may, in turn, influence the prosody on the wh-word (see Hedberg 

et al., 2010, for evidence that pragmatic function strongly influences the nuclear tunes of wh-

questions in English). For example, Hedberg and Sosa (2010) present as an example the wh-

question Why is it going to take a year to put it into place?, which carries a clear L+H* 

accent on the wh-word. It seems that the speaker who uttered this particular question did not 

actually seek information but was rather asserting that it should not take a year to put ‘it’ into 

place. Thus, the speaker seems to be incredulous that ‘it’ would take a year to put into place, 

and the L+H* on the wh-word here may contribute to conveying this incredulity. Note that 

this particular question could quite felicitously be asked with an H* or no pitch accent on the 

wh-word and such a pattern would be quite compatible with the kind of information-seeking 

questions that I used in the current study. It may also be the case that the wh-question word 

why is more likely to carry a L+H* accent in English than other wh-question words. My study 

did not include any instances of why, and I don’t know how many wh-questions with why 

were included in the 35 wh-questions that Hedberg and Sosa (2002) analysed. Overall, 

pragmatic differences or the choice of wh-word may be driving the conflicting results 

between Hedberg and Sosa’s (2002) and my current findings.  

As mentioned above, I did not conduct a detailed, manual ToBI-style analysis of the 

pitch pattern for English and Arabic wh-words because it would have been prohibitively 

time-consuming for the large amount of data that I analysed. Instead, I compared the acoustic 

signal in terms of F0 contour for wh-words in English and Arabic directly, using a statistical 

analysis that allows us to compare the slope and curvature of curves. This method still 

involves some manual coding because the beginning and end of the wh-words need to be 

marked. However, the manual workload is greatly reduced compared to manual ToBI-style 

analysis. I believe that this approach is particularly useful for large data sets when the 

research question does not revolve around which particular pitch accents occur in a certain 

position, but rather whether differences exist among particular items in terms of how prosody 

is realised in a certain position. In particular, the GCA that I used here shows that the average 
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pitch curve on the wh-word is significantly steeper and has significantly more inverse U-

shaped curvature in Arabic than in English. However, the results from the GCA fail to show 

from which pitch accent distribution these differences derive. For example, the differences in 

pitch pattern that I find for Arabic and English wh-words could be due to Arabic and English 

using different pitch accents to mark the wh-word. For example, my results are compatible 

with Arabic typically using a ↑H* (L) accent, as proposed by El Zarka (1997), and English 

typically using an H* accent or no accent, as proposed by Bartels (2014). Alternatively, the 

differences could be due to Arabic and English using the same or similar pitch accents to 

mark the wh-words, but differing in how frequently each language uses these same pitch 

accents. For example, my results are compatible with Arabic typically using a ↑H* (L) 

accent, and sometimes though rarely an H* accent, and English typically using an H* accent 

and rarely an L+H* accent. Thus, while the current analysis can detect differences in the 

signal, it may not always be clear from where these differences derive.  

In terms of the analysis, I would like to highlight that previous analyses that have 

examined the prosody in L1 attrition have mostly considered pitch peak alignment (e.g. 

Mennen, 1999; de Leeuw, 2008). Such alignment is a valuable measure when two languages 

or varieties display the same overall pitch accent pattern, but may differ in the alignment, 

typically, of a peak. However, in the current study, such an analysis was not possible for two 

reasons: Owing to the little amount of previous work on the prosody of the wh-word in wh-

questions in both English and Arabic, I did not know with enough confidence which pitch 

patterns to expect for the wh-words. Thus, looking for differences in pitch peak timing would 

have been premature. In addition, the previous literature suggested that there was a possibility 

that the wh-word in English may frequently be unaccented. In this case, the location of a pitch 

peak could not be determined. I therefore suggest that the current analysis may be especially 

useful for exploring L2 prosodic acquisition and L1 prosodic attrition when little information 

is known about the prosodic patterns that may be found in the compared varieties and when 

the compared varieties may differ, not in timing, but in the overall shape of the pitch contour.  

 
2.7.2 Bilinguals: L2 Acquisition 
 

I found that both groups of highly advanced late L2 bilinguals (A-E and E-A 

bilinguals) approximated native speech when producing wh-words, thus supporting 

Hypothesis 2. In particular, I found no significant differences in term of inverse U-shaped 
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curvature between the monolinguals and the bilinguals L2 speech, which suggests that the 

bilinguals in this study managed to approximate the prosody of wh-words in their L2. More 

specifically, even though the bilinguals’ L2 patterns differed from those of monolinguals, I 

found no evidence that the differences I did find were influenced by the bilinguals’ L1. It is 

probably unsurprising that highly proficient bilinguals approximate native norms, especially 

those who have been in the host country where the L2 is spoken for a long time. 

The current results of the bilinguals confirmed LILt, which holds that, as learners 

increase their experience of the L2, their intonation parameters will more closely approximate 

the norms of the L2. In more detail, both A-E and E-A bilinguals, who are highly advanced 

late L2 bilinguals with prolonged experience of the L2, approximated native speech when 

producing wh-words. 

However, looking at the findings of the current research through the lens of cross-

linguistic interference, they are somewhat surprising. In particular, I found no evidence that 

bilinguals’ L1 interfered with their L2 productions of wh-words. This finding differs from the 

results of previous studies by Mennen (1999), Ramirez and Romero (2005) and Willems 

(1982), which suggested that the L1 influenced the prosody of the L2. 

The present results differed from Mennen’s (1999) findings, even though the 

participants in both studies were all near-native highly proficient bilinguals. There are several 

possible reasons for this discrepancy. In the current study, I looked at the global pitch pattern 

for wh-words in questions rather than pitch-peak alignment, which was studied by Mennen. It 

is possible that pitch-peak alignment is a more fine-grained measure and can detect smaller 

differences than my more global measure. In addition, Mennen (1999) analysed the speakers 

in her research individually, whereas I did an analysis of the signals of the curves for the 

participants as a group, which means that the sample in this study might contain individual 

participants who show L1 interference, even though I found no evidence for this at the group 

level.  

Furthermore, my study differed from Ramirez and Romero’s (2005) and Willems’ 

(1982) study, which showed an effect of the L1 on speakers’ L2 productions. This effect may 

be because the participants in the current study were considered to be near-native highly 

proficient bilinguals, while Ramirez and Romero (2005) and Willems (1982) tested learners 

of English who were not advanced bilinguals. 
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My results partially confirmed Hypothesis 4. More specifically, E-A bilinguals with 

high L2 use produced more native-like patterns than did E-A bilinguals with low L2 use. 

Moreover, A-E bilinguals with high L2 use also seemed to approximate the native pattern 

more closely than did A-E bilinguals with low L2 use. Thus, overall, participants with more 

L2 language use showed more native-like production of their L2 than did participants with 

less L2 language use. These results are in line with previous research by Purcell and Suter 

(1980), who identified that living with English native speakers (greater L2 use) affected the 

degree of foreign accent in an L2. Hence, more frequent use of the L2 with native speakers 

relates to more native-like speech. Similarly, Thompson’s (1991) study showed that a 

significant correlation exists between L2 English use and the degree of L2 foreign accent. 

The current study is also in line with Hopp and Schmid’s (2010) work, which showed that the 

more L2 learners of German spoke German with a partner or with native speakers, the better 

their pronunciation. These previous studies suggest that more L2 use and in particular L2 use 

in the home and with native speakers is conducive to native-like pronunciation in the L2, 

which is also in line with the current results. Participants with high L2 use in the current 

study used their L2 with friends, partners, family and work. The work environment, 

especially for the E-A bilinguals, typically involved mostly interactions with native speakers 

of the bilinguals’ L2. By contrast, participants with low L2 use tended to use the L2 at work 

and with friends. They were thus less likely to use the L2 in the home with family members 

or partners. In addition, some of the friends with whom they used the L2 were also non-native 

speakers.  

I did not confirm Hypothesis 5. While phonetic aptitude did influence participants’ 

productions, there was no evidence that the differences in productions between participants 

with high and low aptitude related to the nativeness of the productions. In other words, the 

present study found that neither group of bilinguals appeared more or less native-like in their 

L2. This finding contrasts with previous studies, such as Jilka et al. (2008) and Hopp and 

Schmid (2010). Jilka et al.’s (2008) work found that phonetic aptitude influenced the 

prosodic pattern of German-English bilinguals, which may be because Jilka et al. (2008) 

conducted a large-scale project to examine pronunciation talent in detail, whereas the present 

study was done on a somewhat smaller scale. In addition, the tests I used to measure aptitude 

differed from those used by Jilka et al. (2008). I used three tests that were adapted from the 

MLAT and PLAB, and that either tested participants’ knowledge of sounds, such as phonetic 

representations, or pattern recognition skills. Both Jilka et al. (2008) and the current study 
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used “Spelling Cues” and “Paired Associates” tests, which were similar, but not identical. In 

addition, Jilka et al. (2008) used other tests from the MLAT, including, for example, a test 

that measures participants’ comprehension of syntactic structures. In contrast, I used the 

Sound Discrimination test to distinguish pitch, orality and nasality in a language with which 

participants were unfamiliar (PLAB; Pimsleur, 1968), which is not used by Jilka et al. (2008). 

Overall, therefore, the tests used in Jilka et al. (2008) covered a wider set of skills than the 

tests used here, which are not entirely, but more closely focused on sounds. It is thus possible 

that my results are not in line with Jilka et al.’s (2008) because I used different tests to 

measure aptitude. Specifically, while the tests in Jilka et al. (2008) measured what could most 

closely be described as language aptitude, I measured skills that loosely involve skills related 

to sounds and therefore more closely, but not entirely, relate to phonetic aptitude such as 

‘sound discrimination test’.  

Notably, my results are compatible with Suter’s (1976) findings that musical ability 

(i.e. aptitude for sounds and melodies) did not affect the degree of L2 foreign accent, and 

with Flege et al.’s (1999) findings that their measure of sound processing ability contributed 

little to an L2 foreign accent. Overall, these results suggest that some skills and talents may 

positively relate to better L2 pronunciation, but it is not yet clear which skills and talents 

these are or how they can be measured. Further studies are therefore needed to determine 

which particular aptitude tests relate to more native-like pronunciation and what kinds of 

talents these aptitude tests actually measure.  

 
2.7.3 Bilinguals: L1 Attrition 
 

The data in this study partially confirmed Hypothesis 3 in that I found evidence for L1 

attrition only in the L1 English bilinguals, but not in the L1 Arabic bilinguals. Thus, the 

results from the E-A bilinguals, but not the A-E bilinguals, are in line with previous studies 

showing attrition in the L1 (Mennen, 2007; Mennen et al., 2007; de Leeuw, 2008; de Leeuw 

et al., 2012; Hopp and Schmid, 2010). The results partially confirmed LILt’s assumption that 

there is a bidirectional influence between L1 and L2 in the L1 English bilinguals. As LILt did 

not make any specific prediction as to when you would or would not find attrition in 

intonation, it is not entirely clear how the assymetric attrition pattern found here relates to 

LILt. Specifically, since LILt assumes that bidirectional influences between the L1 and L2 

can occur, the results from both the E-A bilinguals and the A-E bilinguals are generally 
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compatible with LILt. However, LILt would not currently serve as an explanatory framework 

for why L1 attrition was only found in E-A bilinguals, but not in A-E bilinguals. 

There are several possible reasons for the discrepant results of the E-A and A-E 

bilinguals. In particular, my results are compatible with Eckman’s Markedness Differential 

Hypothesis (MDH; Eckman 1987, p, 1), which states that “when two languages differ, 

marked structures are more difficult to acquire than unmarked structures”. According to 

Zerbian (2015), English sentence prosody is more marked than Arabic sentence prosody. 

“Prosodic focus marking (e.g. through pitch accent placement) and prosodic givenness 

marking (e.g. through deaccentuation) are thus two independent factors that can each 

contribute to pragmatic constraints in sentence prosody” (Zerbian, 2015, p.15). Zerbian 

(2015) states that all languages that have givenness marking also have focus marking, but 

some languages only have focus marking and no givenness marking. In terms of the MDH, 

this means that languages that have givenness marking in their sentence prosody (English) 

are more marked than are languages that do not have givenness making (Arabic), which 

means that English sentence prosody is predicted to be more difficult to learn than Arabic 

sentence prosody. It is therefore possible that the English prosody of wh-words is harder to 

acquire than the Arabic prosody of wh-words. If something is harder to acquire in the L2, 

then it typically takes longer to acquire and may never be fully acquired. It thus makes sense 

that something that is harder to acquire would also be less likely to influence the L1. In 

particular, an aspect of the L2 that is harder to acquire would require more L2 exposure than 

an aspect of the L2 that is easier to acquire to cause attrition in the L1. The A-E bilinguals in 

our study may show no evidence of L1 attrition in their production of wh-words because 

English sentence prosody is sufficiently difficult to acquire and thus unlikely to influence the 

L1. Similarly, if something is easier to acquire in the L2, then it is typically acquired rather 

quickly and may be more likely to influence the L1. In particular, an aspect of the L2 that is 

easier to acquire would require less L2 exposure than an aspect of the L2 that is harder to 

acquire to cause attrition in the L1. The E-A bilinguals in the present study may thus show 

evidence of L1 attrition in their production of wh-words because Arabic sentence prosody is 

comparatively easier to acquire and thus more likely to influence the L1.  

However, it is possible to explain the current results without reference to a particular 

theory, such as the MDH. Specifically, I could alternatively explain the current findings in 

terms of acoustic salience or acoustic prominence. The Arabic wh-word is acoustically more 

salient and prominent because it involves a large pitch excursion and thus a noticeable change 
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in pitch during the production of the wh-word, which makes it perceptually salient. By 

contrast, the English pattern of wh-words is acoustically less salient or prominent because it 

does not involve much of a pitch excursion. As a result, listeners may more easily pick up the 

prosodic pattern of Arabic wh-words compared to English wh-words. A pattern that is more 

easily perceived and picked up in the L2 may also be more likely to show an influence on 

one’s L1 and thus contribute to L1 attrition. By the same logic, an aspect of the speech stream 

that is acoustically very salient in the L1 may be resistant to attrition from an L2 where this 

aspect of the speech stream is less salient. Thus, an explanation based on acoustic salience or 

acoustic prominence can also explain why I found L1 attrition in the E-A bilinguals, but not 

in the A-E bilinguals. 

The attrition data did not support Hypotheses 4 and 5. In particular, the L1 Arabic 

bilinguals showed no L1 attrition to begin with, and neither L2 language use nor phonetic 

aptitude modulated the L1 English bilinguals’ productions in a way that one group could be 

considered to be more native like than the other. Thus, I found no evidence that language use 

or phonetic aptitude influences L1 attrition. It is possible that language use and phonetic 

aptitude did not affect L1 attrition because the L1, despite still being malleable in terms of 

phonetics in adulthood, is relatively more stable than the L2. In other words, it is likely that 

pronunciation differences across individuals are smaller for L1-attrited speech than L2 

speech. This would be in line with the current results as I found an asymmetry between L2 

acquisition and L1 attrition in that differences in terms of language use (but not aptitude) 

modulated L2 acquisition, but not L1 attrittion, suggesting that the latter is less likely to be 

modulated by factors such as language use or aptitude.  

 
2.7.4 Conclusion 
 

To conclude, the present study confirmed that the prosodic patterns of wh-words in 

Arabic and English differ reliably. In line with LILt, I have found that the E-A and A-E 

bilinguals approximate the norms of the L2. Language use seemed to contribute to the 

acquisition of the prosody of wh-words in the L2. In line with Markedness Theory or the 

notion of acoustic salience, I found L1 attrition in L1 English bilinguals but not in L1 Arabic 

bilinguals. In addition, while the results of both bilingual groups are generally compatible 

with LILt, the theory does not provide an explanation for why only E-A, but not A-E, 



  89 

bilinguals showed L1 attrition. Overall, the current results suggest that individual differences 

and aspects of the particular languages interact in the acquisition and attrition of prosody.  
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Chapter Three (Study II) 
 

L2 acquisition and L1 attrition of vowels in highly-proficient late 
bilinguals: Exploring the role of phonetic aptitude and language 
use 
 

Abstract  
 
Comparatively little research has examined second-language (L2) acquisition and first-

language (L1) attrition of shared vowels, and few studies have examined the effect of 

individual differences in late bilinguals in terms of L2 acquisition and L1 attrition of 

segments. The present chapter investigates L2 acquisition and L1 attrition in the segmental 

productions of late E-A and A-E bilinguals. In addition, I investigate whether late L2 

learners’ phonetic aptitude and language use affect how target-like learners are in the shared 

vowels of both Arabic and English. I present data from 60 participants divided into four 

groups: 15 monolingual Arabic speakers, 15 monolingual English speakers, 15 E-A 

bilinguals and 15 A-E bilinguals. The bilinguals had been living in their L2 environment for 

an average of 20 years. All participants read a list of words and sentences containing different 

vowels, and bilinguals read them in both Arabic and English. In addition, bilinguals 

completed an L2 proficiency test, a phonetic aptitude (talent) test and a language-background 

questionnaire. Vowel duration was measured from the approximate beginning of the selected 

vowel to the end of the vowel, and a Praat script extracted F1, F2 and F3 for all the selected 

vowels spoken in isolation and in a carrier phrase. Vowels were normalized with the Bark 

Difference Method (Syrdal & Gopal, 1986). The results from the monolingual groups 

revealed differences in some of the shared vowels in Arabic and English. Moreover, I found 

L1 attrition among both the A-E bilinguals and the E-A bilinguals. Finally, I found no 

evidence that language use or phonetic aptitude influenced the segments of A-E and E-A 

bilinguals in L1 attrition and L2 acquisition. 

Keywords 
 
Bilinguals, second-language (L2) acquisition, first-language (L1) attrition, shared vowels, 

first formant (F1), second formant (F2), language use, phonetic aptitude (talent)  
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3.1 Introduction  
 

Many adult late bilinguals are clearly identifiable as non-native speakers when 

speaking in their second language (L2) due to the influence of certain properties of their L1 

on their L2 (Scovel, 1969; Brennan et al., 1975; Flege, 1980, 1981). Furthermore, some 

studies have investigated why the L1 affects the L2 (Flege, 1999; Moyer, 2009). However, in 

recent years, a phenomenon called L1 attrition has attracted the interest of linguists and 

psychologists. Specifically, it has been found that the L2 influences the L1 and that late L2 

learners are sometimes found to differ in the production of their L1 compared to native 

speakers (Mennen, 2004). In this chapter, as in previous chapters, L1 attrition is defined as 

the “non-pathological, non-age related structural loss of a first language within a consecutive 

bilingual” (de Leeuw, 2008, p.10). Therefore, L1 attrition applies to bilinguals who, at some 

point in time, begin to lose full command of their L1. This chapter investigates L2 acquisition 

and L1 attrition in the segmental productions of late bilinguals of Arabic and English to 

evaluate the possible influence of the L1 on the L2 and of the L2 on the L1 in their phonetic 

systems.  

An important theory in this regard, and one which is highly relevant to the present 

chapter, is the SLM proposed and later refined by Flege and colleagues (Flege & Hillenbrand, 

1984; Flege, 1987a, 1995; Flege et al., 2003). As I mentioned before in Chapter One, 

section1.2.3, the aim of the SLM is to explain how learners acquire speech sounds in the L2. 

It also contributes to our understanding of how this process in turn affects the L1. Many 

studies of bilingual migrants have explored what happens when speakers encounter sounds in 

the L2 that are different from those in the L1. Some previous studies have focused on the 

period of initial contact (Flege et al., 2003), while others have focused on the ultimate 

attainment of learners (Bongaerts et al., 1997), and still others have attempted to trace the 

development that occurs in phonological perception and production over long periods (de Bot 

& Clyne, 1997; Cook, 2003). As mentioned previously (in section 1.2.3), the SLM model 

highlights the importance of the degree of difference between L1 and L2 sounds and predicts 

that L2 sounds that are similar to L1 sounds are assimilated into an existing L1 category, 

whereas L2 sounds that are dissimilar to L1 sounds are incorporated as a new category. The 

PAM-L2 model makes similar predictions. Specifically, PAM-L2 proposes that L2 segments 

that are similar to the L1 will be ‘perceptually assimilated’ to the categories of the L1 and 

deviances from L2 production are likely to occur. In contrast, the L2LP model makes the 
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opposite prediction in suggesting that dissimilar segments are the ones that pose particular 

difficulties. 

What is clear from the empirical studies on this subject is that “all else being equal, 

early bilinguals will be more likely to establish new phonetic categories for L2 speech than 

late bilinguals will be” (Flege et al., 2003, p.469). However, it is less clear what happens in 

situations with prolonged and frequent contact L2 contact, possibly in combination with 

ongoing frequent L1 contact. It could be, for example, that frequent contact with L1 speakers 

in an L2 environment promotes the formation and retention of hybrid categories rather than 

of distinct L1 or L2 categories. The present chapter investigates late consecutive A-E and E-

A bilinguals’ L2 acquisition and L1 attrition in the production of vowels, specifically long 

and short vowels that are similar in Arabic and English. I investigate similar vowels because 

the SLM and PAM-L2 theories predict that bilinguals would have merged rather than 

separate categories for similar vowels. I would thus expect that late bilinguals produce these 

similar L2 vowels as they do in their L1. In addition, if merged categories shift in the 

direction of the L2 after prolonged L2 exposure, I would expect L1 attrition for vowels that 

are similar in English and Arabic. I investigate the production of vowels by monolingual 

native speakers of both languages and the relationship between L1 attrition and L2 

acquisition in highly fluent, late consecutive A-E and E-A bilinguals. In addition, I explore 

how the amount of L2 language use and phonetic aptitude affect both L1 attrition and L2 

acquisition in their phonetic systems. The present chapter adds to the existing literature on 

vowel productions in L2 acquisition and L1 attrition. 

 

3.2 Literature Review 
 
3.2.1 Acquisition of L2 Vowels  
 

Previous studies have shown that the L2 vowel productions of late bilinguals 

frequently differ from those of native monolingual speakers (Major, 1987; Busà, 1992, 1995; 

Flege, 1992a, 1992b; Munro, 1993; Jun & Cowie, 1994; Flege et al., 1997a). Several 

researchers have examined bilinguals’ ability to perceive L2 vowels (Flege, 1992a, 1992b; 

Best et al., 1996; Flege et al., 1997a, 1999). In addition, a large number of studies have 

investigated late bilinguals’ ability to produce L2 vowels (Flege, 1987, 1992; Munro, 1993; 

Moyer, 2009). The findings of these studies show that early bilinguals who learned the L2 

during childhood were able to perceive and produce the vowels of the L2 more accurately 
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than could late bilinguals who learned English after the onset of puberty. For example, Munro 

et al. (1996) investigated the effect of age on the production of English vowels by native 

Italian second-language learners of English, and surveyed 240 speakers. The participants 

varied in terms of their AOA in the host country (Canada) and LOR. The authors obtained 

production samples via a delayed repetition task in which the participants repeated English 

words. Native English listeners assessed the participants’ accuracy when producing vowels 

by rating the vowel sounds on a five-point Likert scale. Age was indeed a factor; however, 

the researchers also noted considerable variation in the ratings that the listeners gave to the 

utterances in the L2, and variation was also evident in the performances of different vowels. 

Most of the Italian participants who arrived in the host country before the age of 12 produced 

/ɚ/ as would a native speaker; however, a small number of the participants who had arrived in 

Canada later also produced this sound accurately. 

There are several studies (Bongerts et al., 1997; Nikolov 2000; Bellingham; 2000; 

Neufeld, 2001) that contradict the Critical Period Hypothesis (CPH), in that they state that 

adults do have the potential to achieve a native-sounding accent. Nokolov (2000) found 11 

out of 33 participants were sometimes mistaken for native speakers when using their L2. This 

offers a counter-argument to that presented by the CPH. Her survey displayed that “these 

successful language learners want to sound like natives, they share intrinsic motivation in the 

target language which is often part of their profession, or they are integratively motivated[...]. 

They work on the development of their language proficiency consciously and actively 

through finding chances for communicating with speakers of the target language, reading and 

listening extensively” (Nokolov, 2000, p. 122). Some researchers have therefore questioned 

whether it is possible to apply the CPH more broadly, and to the acquisition of L2 phonology 

in particular (Flege, 1987; Abu-Rabia & Kehat, 2004). For example, Moyer (2009) argued 

that although age is a factor in L2 acquisition, it is not always the most important factor. As 

mentioned previously, highly motivated adults who are immersed in the L2 environment and 

supported by good instructors can achieve very high levels of speech performance. 

Some studies on the acquisition of L2 vowels have found support for the SLM and 

PAM-L2 hypotheses, which suggest that sounds that are similar, but not identical, in the L2 

and L1 are the most difficult to learn because they are perceived to be similar. For example, 

Flege and Hillenbrand (1984) investigated why many people who learn a foreign language 

tend to speak with a recognisable foreign accent. The authors hypothesised that certain 

factors limited the human ability to acquire a second sound system after L1 acquisition is 
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complete. It appears that when L2 phones are similar to L1 phones, L1 phones tend to be 

used in place of L2 phones. When new L2 phones are encountered, these may be acquired 

accurately, or sometimes incorrectly identified as similar but not identical L1 phones. Flege 

and Hillenbrand (1984) designed three speaking tasks to examine how American L1 English 

speakers produced the L2 French sounds /tu/ (tous) and /ty/ (tu) compared to French L1 

speakers. As would be predicted by the SLM, L1 American speakers produced the /y/, which 

is different from any English vowel, indistinguishably from French L1 speakers, but they did 

not produce the /u/ in the same way as the native French speakers. Rather, they merged the 

French /u/ with their similar American English /u/.  

Additionally, a study by Flege (1987) revealed that adult L2 learners with sufficient 

L2 exposure were able to produce some vowels in the L2 accurately. In line with Flege and 

Hillenbrand’s (1984) results, native English speakers who were highly experienced L2 

speakers of French produced /y/ in French accurately, while their /u/ sound in French 

remained as they produced it in English. In particular, English-French bilinguals produced 

significantly higher F2 values of /u/ in French than did monolingual French speakers, which 

suggests that the L1 English speakers considered the French /u/ to correspond to the /u/ in 

English. By contrast, English has no vowel similar to the French /y/, leading native English 

bilinguals to create a new category and produce the novel vowel accurately. A further 

observation in line with the SLM hypothesis is that experienced or highly fluent late L2 

learners can produce certain L2 vowels accurately, particularly “when the L2 vowels are 

located in a portion of vowel space that is not occupied by an L1 vowel” (cf. Flege, 1987, 

1992b; Bohn & Flege, 1992; Ingram & Park, 1997; Flege & Mackay 2004, p.2).  

Flege’s (1992) study supported the SLM hypothesis. The study tested the predictions 

of the SLM by examining the L2 intelligibility of the similar vowels /iː/, /ʌ/ and /ʊ/ in 

productions by native Dutch L2 English learners. The study investigated 50 Dutch university 

students who had started learning English as an L2 after the age of 12 and compared their 

productions to native English speakers from different dialect regions to assess the 

intelligibility of the speakers. Flege (1992) found no significant difference in intelligibility: 

the /iː/, /ʌ/ and /ʊ/ vowels were equally intelligible when produced by native Dutch speakers 

with mild, moderate and strong foreign accents. Nevertheless, the Dutch speakers did not 

vary from English native speakers when producing the vowels /iː/, /ʌ/ and /ʊ/, and an 

improvement in the production of the similar vowel /ɒ/ was noted with increased L2 

experience. The mildly and moderately accented Dutch speakers showed more accurate 
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production of /ɒ/ than did the strongly accented Dutch speakers. The results revealed “that the 

phonetic relationship between vowels in the L2 and in the native language (L1) is an 

important determinant of the intelligibility of L2 vowels” (Flege, 1992, p.216). In addition, 

the study showed inherently varying intelligibility across the different vowels. Moreover, it 

was demonstrated that the native listeners’ dialects played a role in determining the accuracy 

of spoken vowels in an L2. For example, the native British English productions of /ɪ/ and /i/ 

were recognised at near-perfect rates, but their /æ/ and /ʌ/ were relatively poorly identified. 

“The greatest difference between the native and Dutch talkers was for /ʊ/ and /a/. The Dutch 

talkers’ vowels were less intelligible than the native talkers’ because their /ʊ/ was heard as /ʊ/ 

and their /a/ was heard as /ʌ/” (Flege, 1992, p.205). 

By contrast, Wu and Shih’s (2012) study did not support the predictions of the SLM. 

Wu and Shih (2012) examined learners’ foreign accent by comparing different, identical, 

similar but not identical, and different vowels in the productions of Chinese native speakers, 

Chinese heritage speakers and Chinese L2 learners. Undergraduate students in Taiwan who 

were Mandarin native listeners (n = 43) rated the accentedness of learners’ productions “to 

measure the perceptual distance of speech between speakers and listeners, such as dialect 

accent and foreign accent” (p.2). Data from a large corpus of spontaneous speech of Chinese 

learners showed that pronunciation, which had been affected by an individual’s L1, is likely 

to be perceived as having a ‘foreign’ sounding accent. Therefore, a strong relationship is 

evident between accent and pronunciation in the rating results. However, the results of this 

study failed to support the predictions of the SLM since “the L2 learners did succeed in 

learning similar vowels and had problems in learning new vowels, as well as identical 

vowels” (Wu & Shih, 2012, p.4). 
 
3.2.2 Attrition of L1 Vowels  
 

The majority of the literature on L2 acquisition has focused on the formation of the 

L2 as influenced by the L1. Because the L1 is considered to be a more stable linguistic 

system than the L2, it is deemed more likely that the L1 will influence the L2 than it is that 

the L2 will influence the L1. As Schmid and Köpke (2007, p.4) stated, “The phonological 

system of a mature L1 is probably so stable that it is impervious to L2 influence”. Recently, 

more research has aimed to analyse the influence of the L2 on the L1 (Chang, 2012; de 

Leeuw et al., 2013). 
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Literature on L1 phonological attrition is scarce (Chang, 2012, 2013; Mayr et al., 

2012; de Leeuw et al., 2013). However, there is general evidence for attrition in the L1 in the 

phonetic domain at the segmental level (Flege & Hillenbrand, 1984; Flege, 1987; Major, 

1992; Sancier & Fowler, 1997; Ventureyra et al., 2004; Chang, 2012; Mayr et al., 2012; de 

Leeuw et al., 2013; Ulbrich & Ordin, 2014; Kartushina et al., 2016 ; Bergmann et al., 2016 ; 

Cabrelli et al., 2019) and at the suprasegmental level (Mennen, 2004; de Leeuw et al., 2012). 

Various studies have suggested a bidirectional influence of L1 and L2 segmental sound 

systems that is measurable at a fine-grained level of detail when languages differ in their 

vowels (Guion, 2003; Chang, 2012, 2013; Mayr et al., 2012). Examples of L1 attrition of this 

kind have been analysed using many language pairs. An important study by Mayr et al. 

(2012) compared the level of L1 attrition in 62-year-old monozygotic twin sisters who were 

bilingual in Dutch and English, where one of the twins had moved to the UK at the age of 32. 

Both twins used Dutch and English daily, but the twin (MZ) who moved to the UK used 

English more often than she used Dutch, while her counterpart (TZ) in the Netherlands did 

the opposite. In general, all the vowels of Southern Standard British English (SSBE) are more 

open than the Standard Dutch equivalents (Deterding, 1997; Adank et al., 2004; Hawkins & 

Midgley, 2005). Studies of twins have the advantage of allowing researchers to exclude 

certain variables, thus isolating the effects of a smaller range of variables. Flege’s (1995) 

SLM suggested that cross-linguistically similar L1 and L2 categories will result in merged 

L1–L2 representations. Consistent with the SLM, MZ did not produce a cross-linguistic 

difference between some of her similar English and Dutch vowels. One example is the vowel 

/ɛ/. Mayr et al. (2012, p.696) suggested that the vowel /ɛ/ in MZ’s Dutch “may have been 

‘pulled’ towards a more open, and thus more English-like position due to interlingual 

identification with English /ɛ/”.  

“The same mechanism could then be responsible for changes to other L1 

categories. Thus, according to this account, the observed shift in F1 across the 

various Dutch categories could be the result of a series of unconnected changes 

affecting pairs of L1 and L2 vowels” (Mayr et al., 2012, p.698).  

Overall, the authors observed systematic differences between the two speakers that 

affected some phonemes and not others, suggesting that attrition may not affect all areas of 

pronunciation equally (Mayr et al., 2012). The results showed fundamentally different vowel 

spaces for both sisters; in addition, the result for MZ’s vowels in Dutch and English revealed 

no contrast for some of MZ’s English and Dutch vowels. Overall, Mayr et al. (2012) 

suggested that attrition may operate on a system-wide basis rather than item-by-item basis. It 
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needs to be mentioned though that the current study cannot distinguish between L1 system-

wide vs. item-by-item attrition because the present study is looking at a subset of vowels of 

each of the languages involved.  

In a similar vein, Bergmann et al. (2016) studied a group of adult German immigrants 

in English-speaking North America, focussing on L1 attrition. The participants were 

observed in comparison to monolingual Germans. Participants were rated for how native they 

sounded. As expected, those who had emigrated sounded less native in German than the 

control group. Indeed, the longer the participants had spent away from their home country 

(and the more they used English in everyday life), the less native they sounded. An additional 

formant analysis for the four German phonemes /aː/, /ɛ/, /ɔ/ and /l/ was conducted for two 

groups of bilinguals: the more native-sounding ones, and the less native-sounding ones, based 

on the previous foreign accent ratings. Although it was hypothesised that L1 attrition in the 

direction of the L2 would be stronger in the less native-sounding group, both groups’ 

pronunciation was equally L2-like. Furthermore, only a weak link between the formant 

values and the ratings was established, suggesting that there were other segments, and 

possibly suprasegmentals, which made the participants sound non-native. 

L1 attrition in the phonetic domain can also occur due to polarisation, which “serves 

to enhance the contrast between categories in a phonetic system” (Flege, 1991a, p.280), for 

example, when the sound (i.e. /ʊ/) moves away from both the typical L1 and L2 

pronunciations. According to Mayr et al. (2012, p.688), “Polarisation has also been observed 

in the context of bilingual vowel systems”. For example, Guion (2003) examined the 

production of the Spanish vowels /i/, /e/, /a/, /o/ and /ʊ/ and the Quichua vowels /ɪ/, /a/ and /ʊ/ 

by L1 Quichua L2 Spanish bilinguals. Four types of bilinguals were examined, namely 

simultaneous, early, mid and late bilinguals. The groups that managed to keep the categories 

of the L1 and the L2 distinct were the simultaneous bilinguals, early bilinguals and some mid 

bilinguals. The group of late bilinguals produced vowels in both languages (L1 Quichua and 

L2 Spanish) with L1 categories. Notably, the participants who acquired the L2 vowels 

produced their L1 Quichua vowels higher in the vowel space than did the participants who 

had not acquired the L2 vowels. This shift could be argued to be the result of the participants’ 

attempts to distinguish perceptually between the two languages (cf. Guion, 1986; Lindblom, 

1998). 
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L1 attrition does not necessarily involve polarisation, but it can also involve a shift of 

L1 vowels in the direction of the L2. For example, Chang (2012, 2013) described transfer in 

the vowel system of the L1 of late English–Korean bilinguals in the direction of the L2 

system. The longitudinal research by Chang (2012) is based on the hypothesis that changes in 

L1 phonetic categories are not limited to highly advanced L2 learners, but they can also occur 

in the early stages of L2 learning. This is evident in Chang’s (2012) findings, which 

examined the speech of learners of Korean with L1 American English in two production 

experiments. The control groups consisted predominantly of monolingual speakers of 

Korean. The participants read English and Korean monosyllabic words for which the plosive 

and vowel productions were measured. The longitudinal results showed a significant phonetic 

drift of the target sounds in the participants’ L1 to L2 phonetics after six weeks. Chang’s 

(2012) finding lends credence to the idea that this attrition in the L1 is due to recent L2 

experience as opposed to the belief that L1 attrition is the result of using the L1 less 

frequently, as most research has suggested. 

Another experiment in phonetic production supports the hypothesis that learners of an 

L2 are more easily influenced by more recent exposure to the L2 with regard to pronunciation 

in the L1. Chang (2013) examined productions of L1 American English speakers who were 

learning Korean. Participants were divided into an experienced group and an inexperienced 

group. The study investigated changes in the VOT (which is not discussed in this chapter) 

and vowel production, and placed the participants in the same learning environment – an 

intensive course in Korea lasting six weeks. The study tested the phonetic drift from the L1 to 

the L2 by comparing the two groups. Chang’s (2013) hypothesis was that the more 

experienced group would have less of a drift than would the inexperienced group. The results, 

measured via acoustical speech analysis, revealed that L1 vowels lengthened considerably in 

both groups of speakers, but that this effect was not as prominent amongst the experienced 

learners. Inexperienced learners showed more of an L1 vowel drift towards the longer L2 

vowels than did the group of more experienced learners. 

Similarly, Chang’s (2012, 2013) research described a change in the vowel system 

from the L1 of late English–Korean bilinguals in the direction of the L2 system. Specifically, 

the reason for the shift was not because of the need for a greater distinction between the 

categories in the L1 and in the L2, as in Guion’s (2003) study, but rather because of 

assimilatory processes, which is similar to the findings of Flege (1987) and Major (1992). 

Chang (2012) debated whether the difference between his and Guion’s (2003) studies may 
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have been a result of the differences in the onset age of learning the L2 because Chang’s 

(2012) participants were late bilinguals and Guion’s (2003) participants were early bilinguals. 

Chang’s study also has implications for the current study as the current participants are very 

experienced bilinguals. The L2 is therefore not novel to them and the increased attrition 

affect that Guion found for inexperienced learners should not occur in the current 

participants. Instead, the L2 should influence the L1 relatively less. 

In summary, several studies have suggested a bidirectional influence of L1 and L2 

segmental sound systems that is measurable at a fine-grained level of detail when languages 

differ in their vowels and is evident in more global measures such as bilinguals’ perceived 

foreign accents. 

 

3.2.3 Factors that Influence L1 Attrition and L2 Acquisition 

Chapter Two explored factors that influence L2 acquisition and the degree of L1 

attrition in the phonetic domain – in particular, language use and phonetic aptitude. These 

factors influenced L2 acquisition and the degree of L1 attrition in the prosody of wh-words in 

A-E and E-A bilinguals (see Chapter Two for more details). Hence, these factors may have 

an effect or play a role in A-E and E-A bilinguals’ productions of shared vowels.  

 
The Role of Language Use in L2 Acquisition and L1 Attrition 
 

There are a number of studies that have shown that language use affects the strength 

of a foreign accent overall, (see Chapter Two, section 2.2.3.1, for more information). This 

section presents some studies that have specifically looked at language use and the 

production of vowels. Previous research has shown that increases in experience with the L2 

(greater amount of L2 use) might support or actively encourage L2 learning. To tell native 

from non-native sounds, frequent exposure to one’s L2 is vital (Flege, 1991; Ingram & Park, 

1997), as the speaker will be better able to perceive and therefore produce the L2 sounds in a 

natural setting (e.g. Flege & Bohn, 1997; Flege et al.,1997). 

The accuracy of vowel production from those who started learning an L2 in adulthood 

is not consistent within that group. Major (1987) studied vowel production of students in 

Brazil with a ‘relatively good’ to ‘poor’ pronunciation of English. Generally, the stronger the 

foreign accent, the less intelligible are the /æ/ phonemes that students produce. Flege (1992a) 
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found the same pattern of results for L1 Dutch speakers of English. Thus, good pronunciation 

overall is reflected in the production of individual vowels. However, this begs the question of 

whether improvements in vowel production in adults depend on long-term natural exposure 

to an L2 or whether some inherent propensity for L2 acquisition is required. 

Jun and Cowie (1994) examined Korean adults who had been residing in the US for 

either 1-5 or 26-31 years. The results showed that the Koreans who had spent longer in the 

US produced the English /ɪ/ sound more native-like than the other group. One might conclude 

from this that longer exposure to an L2 comes hand-in-hand with better production of the L2 

sounds. Similarly, Munro (1993) found that Arabic-speaking adults living in the US for 5.7 

years produced English vowels, even those without a direct phonetic counterpart in Arabic, in 

a different way to native English speakers. 

Munro’s (1993) study adds to this in that no significant correlation was found 

between time spent in a certain country and any improvement in L2 vowel production. To 

interpret these findings, one must first know the rate at which adults acquire L2 vowels. Two 

of the participants had lived in the US for less than two-and-a-half years. The Arabic-

speaking participants may still have been in the process of improving their pronunciation at 

the time of the study. Although, if it is true that the vast majority of L2 acquisition takes place 

early-on in someone’s exposure to the L2 (within two years, perhaps), it may not have been 

possible to observe a relationship between the LOR in a country and vowel production 

accuracy because the participants would have reached their full potential for L2 vowel 

learning. 

Last, a study by Bohn and Flege (1992) examined whether adult L2 learners could 

produce and perceive a new vowel category in an L2. They aimed to test the effect of L2 

experience on category formation for new vowels and to study the relation between 

perception and production in the acquisition of a new vowel category (Flege et al., 1996). 

While Bohn and Flege (1992) addressed both production and perception, the current study 

focuses solely on production. Bohn and Flege (1992) examined native German learners of 

English in the production of English /æ/ compared to native English monolinguals. The 

German participants were divided into two groups: experienced participants who had lived in 

the US for five years (mean length of stay: 7.5 years) and inexperienced participants who had 

arrived in the US less than a year earlier (mean length of stay 0.6 years). The mean age of 

both groups was 28 and 33 years, and the participants had studied English at school for the 
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same number of years. Acoustic measurements showed that the experienced Germans 

produced the English /æ/ more accurately than did the inexperienced group. One of the major 

findings was that adult L2 learners could learn to produce the new L2 vowels in a similar way 

to native speakers. Bohn and Flege (1992) concluded that the experienced group produced the 

/ɛ/ and /æ/ contrast similarly to English natives, while the inexperienced group was 

unsuccessful in producing the /ɛ/ and /æ/ contrast. 

Previous research has also examined the impact of language use on L1 attrition 

(Schmid & Köpke, 2007; de Leeuw et al., 2009, Mayr et al., 2012) and points to a possible 

relationship between exposure to one’s L1 and the maintenance of an L1 accent. De Leeuw et 

al. (2010) attempted to discover whether L1 German speakers living in the Netherlands or 

English-speaking Canada were thought to have a ‘foreign’ accent in German as rated by 

native German speakers. Nineteen German monolinguals listened to five German 

monolinguals’ accents, 34 L1 German speakers who lived in Canada and 23 L1 German 

speakers who were residing in the Netherlands at the time. On average, the bilingual German 

speakers had emigrated at age 27 and had been living in their adopted country for 37 years. 

Of those living in Canada and the Netherlands, nine and five of the speakers, respectively, 

were considered to be non-native German speakers, judging from their pronunciation. De 

Leeuw et al. (2010) considered that consistent and good quality contact with the native 

language has an impact on participants’ propensity for developing a ‘global foreign accent’ in 

their L1 because it delayed L1 attrition. Notably, good quality contact seemed more effective 

at preventing L1 attrition than did the amount of time spent in a foreign country, or even the 

age at the time of arrival. Specifically, they found that L1 use in communicative contexts 

where code-switching was more likely to occur was less likely to be a predictor of an increase 

in L1 ‘foreign accent ratings’; the less an individual used ‘code switching’, the less likely 

they were to be judged as having a foreign accent in their native language. In addition, Mayr 

et al. (2012) studied monozygotic twins and found that L2 long-term experience affected the 

L1 vowels production. 

Generally, L1 attrition seems to be most greatly affected by examples of language use 

where code-switching is less likely, for example, in the home. Because these studies focus 

not on one specific area of pronunciation, but on a global foreign accent (see Chapter Two, 

section 2.2.3.1, for more details), it is difficult to identify specific aspects of pronunciation, 

which are affected by language use. To make headway into providing a more detailed 
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account of the role of language use in L2 acquisition and L1 attrition in the phonetic domain, 

this chapter is concerned with only one aspect of pronunciation: shared vowels. Therefore, 

while the current study is narrower than most, it offers a greater level of depth in its 

investigation of the effect of language use on L2 vowel learning and L1 attrition. 
 
Role of Aptitude in L2 Acquisition and L1 Attrition 
 

Does accurately producing unfamiliar or new sounds require any special talent? Might 

learners with ‘a good ear’ or phonetic talent be better at maintaining a native accent in their 

L1 (and possibly also be better at acquiring near-native production in the L2)? These 

questions need to be addressed because there is still a scarcity of research investigating the 

phonetic aptitude and/or talent factor. Few previous investigations of aptitude have focused 

on L2/foreign language learning (Tahat et al., 1981; Flege et al., 1995; Thompson, 1995). As 

I stated in the previous chapter, while previous studies have used specific aptitude tests to 

explore aptitude in L2 acquisition (e.g. Jilka et al., 2008), to the best of my knowledge, there 

is no study examining the role of aptitude on L1 attrition that uses specific aptitude tests to 

measure the participants’ levels of aptitude. Carroll (1993) described foreign language 

aptitude (or phonetic talent) as a natural propensity for mastering an L2. However, an 

accurate predictor of foreign language aptitude does not appear to exist for any particular 

population (Novoa et al., 1988; Schneiderman & Desmarais, 1988; Ross et al., 2002; Skehan, 

2002; Dörnyei & Skehan, 2003). 

 Most previous studies have used indirect measures of aptitude to study the effect of 

talent on language acquisition and/or L1 attrition (Suter, 1976; Neufeld, 1979; Flege et 

al.,1995; Flege et al., 1999; Hopp & Schmid, 2013). Jilka et al. (2008), one of the few studies 

using an actual aptitude test, found that phonetic talent predicted performance in L2 spoken 

tasks. This is in line with Mennen’s (2004) proposal that some people are simply ‘outliers’ 

because they have the uncommon ability to attain native-like aptitude in both their L1 and L2. 

The present study uses specific aptitude tests to examine the effect of phonetic aptitude on 

shared vowels between Arabic and English in the participants’ L1 attrition and L2 

acquisition.  
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3.2.4 Arabic and English Vowel Systems 
 

Numerous studies have examined the American and British English vowel systems 

(Peterson & Barney, 1952; Chomsky & Halle, 1968; Hillenbrand et al., 1995; Deterding, 

1997; Watt, 2002; Labov et al., 2006), which are both characterised as large vowel systems 

comprising simple vowels and diphthongs. However, there are fewer studies on the Arabic 

vowel system, which is a smaller vowel system that also contains simple vowels and 

diphthongs (Al-Ani, 1970; Mitleb, 1984; Al-Otaibi, 1988; Alghamdi, 1998; Khattab 2007; 

Khattab & Al-Tamimi, 2008; Alotaibi & Hussain, 2009; Mugair & Mahadi, 2014).  

Vowel quality and vowel quantity (length) are the two phonetic parameters that 

describe vowels. Vowel quality measures the places of articulation, the tongue’s position and 

the lips’ shape. Vowel quantity is measured as the duration of the phonetic segment. In this 

chapter, I focus on the quality of the vowels of Arabic and English. As shown in Table 3.1. 

there is a clear difference between the number of vowels in Arabic and English. While short 

and long vowels in English typically have distinct vowel qualities and can be distinguished in 

terms of vowel height (Kopczynsk & Meliani, 1993), length is the distinctive feature for short 

and long vowels in Arabic (Kopczynsk & Meliani, 1993). In the case of high front vowels in 

Arabic though, the /ɪ/ and /iː/ do not only differ in duration, but also in vowel quality.  

It should be mentioned that previous studies on English and Arabic seem to use 

slightly different IPA symbols for similar vowels. For example, previous studies on Arabic 

use /aw/, as in /jawm/ (Engl.: day), whereas previous studies on English use /ǝʊ/, as in /hǝʊs/, 

for quite similar diphthongs (Brierley et al., 2016; Mayer et al., 2012). The current study uses 

the IPA symbols that are used in the previous literature on both languages, so that vowels that 

are similar across both languages may nevertheless be represented by different IPA symbols 

here.  

 It should also be noted that the focus of the current chapter is on vowel quality, not 

vowel quantity. Including vowel quantity would have been beyond the scope of the current 

chapter. However, the vowel data are fully annotated so that duration information can be 

easily extracted and can be analysed in a future study.  
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Table 3.1. Vowel Inventories of MSA and SSBE with Vowels Represented in IPA 

Vowels  Arabic English  

Short ɪ, a, u ɪ, e, æ, ǝ, ʌ, ʊ, ɒ 

Long iː, aː, uː iː, ɜː, ɑː, uː, ɔː 

Diphthong aw, aj eɪ, aɪ, ɔɪ, ǝʊ, ɑʊ, ɪǝ, eǝ, ʊǝ 

 

Arabic is a Semitic language, characterised by a rich system of consonants but a 

limited vocalic system. The most common term used to stand for the Quran Classical Arabic, 

which is known in Arabic as /fus³ða/ (pure speech), is MSA. MSA has three short vowels (/a/, 

/I/ and /u/) called /ħarakaːt/ تاكرح   and 3 long vowels (/aː/, /iː/ and /uː/; Shah & Shah, 2007) 

called /uruːf madd/ ّدم فورح . The length of the vowel differentiates word meaning; for example, 

/dʒamal/  َلمَج  “camel” and / dʒamaːl/   لامج  “beauty”. Arabic has two diphthongs, (/aj/ and /aw/), 

which occur in non-final positions (Prochazka, 1988; Alotaibi & Husain, 2009); examples of 

these are /jawm/ “day” and /bajt/ “house”. As the English language has more vowels than 

Arabic, I focus only on long and short vowels that are shared between Arabic ( /ɪ/, /a/, /u/, /iː/, 

/aː/ and /uː/) and English (/a/, /ɪ/, /ʊ/, /ɑː/, /iː/ and /uː/) in this chapter. Table 3.2 lists the 

vowels that are shared between Arabic and English and provides example words in both 

languages.  

 

Table 3.2. Arabic and English Shared Vowels with Examples 

Arabic English 

(1) /a/ low front short as in /rad/ “reply” در  

(2) /aː/ low front long as in /laː/ “no”لا  

(3) /ɪ/ high front short as in /sɪn/ “tooth” نسِ   

(4) /iː/high front long as in /fiːl/ “elephant” 

لیف  

(5) /u/ high back short as in /hum/ “they” مھ   

(6) /uː/high back long as in /nuːn/ letter 

“n” ُنون   

(1) /a/ low front short as in had 

(2) /ɑː/ low front long as in hard 
(3) /ɪ/ high front short as in kick 

(4) /iː/ high front long as in feet 

 

(5) /ʊ/ high back short as in should 

(6) /uː/ high back long as in cool 
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Compared to other languages such as English and German, Arabic is less researched. 

Al-Ani’s (1970) research was the first acoustic study of Arabic vowels, and Ghazeli (1979), 

Belkaid (1984), Mitleb (1984) and Lahlou (1981-1982) subsequently examined vowels in 

Arabic. These studies all involved MSA, using speakers from various dialect areas (see 

Newman & Verhoeven, 2002, for more information and a comparative list of vowel 

frequencies). In general, the length of the sound (phonemic length) has been determined to 

have a different role in the Arabic language (Mitchell, 1993; Newman & Verhoeven, 2002). 

Khattab (2007) and Khattab and Al-Tamimi (2008) studied the temporal opposition of Arabic 

long vs short vowels and consonants, and they suggested that long vowels are about twice as 

long as short vowels in Lebanese Arabic. Similar to English (Wells, 1962; Deterding, 1997, 

2006), vowel duration is affected by the voicing of the following consonant in certain 

varieties of Arabic (Almbark, 2012), such that vowels are longer before voiced consonants 

than before voiceless consonants (Denes, 1955; Mitleb, 1982; Munro, 1993).  

 

Table 3.3 shows the F1 and F2 formant values for the Arabic vowels /iː/, /ɪ/, /uː/, /u/, 

/aː/ and /a/ as measured in various previous studies (adopted from Newman, 2005, and 

Alotaibi & Hussain, 2009).  
 
Table 3.3. Mean Formant Frequencies of the Six Phonetic Short and Long Vowels of a Comparison of 
Arabic  

 

Reference  

 /iː/ /ɪ/ /uː/ /u/ /aː/ /a/ 

Dialect  F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

Al-Ani 

(1970) 

Iraqi 285 2200 290 2200 285 775 290 800 675 1200 600 1500 

Ghazeli 

(1979) 

Algeria, Tunisia, 
Libya, 

Egypt, Jordan and 
Iraq 

310 2225 455 1780 330 900 450 1125 - - - - 

Belkaid 

(1984) 

Tunisian 285 2195 355 1830 310 790 340 995 425 1720 400 1640 

Haidar 

(1994) 

Qatar, Lebanon, 
Saudi 

Arabia, Tunisia, 
Syria, 

Sudan, United Arab 
Emirates and 

Jordan 

315 2230 485 1750 355 835 500 1120 690 1500 675 1585 
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Newman & 
Verhoeven 

(2002) 

Quraic and Cairene 

/ one male for each 

dialect 

390 1725 440 1770 470 1120 480 1170 620 1455 616 1560 

Alotaibi & 
Hussain 
(2009) 

MSA, 10 male 

(nine from different 

regions in Saudi 

Arabia and one 

from Egypt) and 

one child 

412 2132 479 1545 429 859 489 975 684 1193 591 1102 

Note: Adopted from Newman (2005) and Alotaibi & Hussain (2009). Values in bold are the 
highest in the range and empty spaces indicate absence of data. 
 

Wells (1962), Deterding (1997, 2006), and Hawkings and Midgley (2005) have 

measured vowel formants for English. Table 3.4 and Table 3.5 show the F1 and F2 values 

from these studies for the six vowels that are relevant to the current study.  

Wells (1962) examined formant values of British English vowels for 25 male native 

speakers of English (British) using the words heed, hid, head, had, hard, hod, haw'd, hood, 

who'd, hud and heard. Similarly, Deterding (1997) measured formants of SSBE vowels 

produced by five female and five male BBC broadcasters. The results from the experiment 

showed that male’s vowel pronunciations were significantly less peripheral in connected 

speech than in the measurements taken from the citation words.   

Table 3.4. Mean Formant Frequencies of the Six Phonetic Short and Long Vowels of a Comparison of 
English, as Produced in British and American English 

 

Reference  

  /iː/ /ɪ/ /uː/ / ʊ / /ɑː/  /a/ 

Dialect  Gende

r 

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

Deterding 

(2006) 

British  M 280 2249 367 1757 316 1191 379 1173 646 1155 690 155

0 

F 303 2654 384 2174 328 1437 410 1340 910 1316 1018 179

9 

Wells 

(1962) 

British M 285 2373 356 2098 309 939 376   950   677 1083   748 174

6 

Note: Adopted from Deterding (2006). 
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Table 3.5. Mean formant frequencies per age group adopted from Hawkings & Midgley 
(2005). 

  

To align with the current study’s purpose, I focus on the British English and the MSA 

whose regional dialects Saudi Arabic. Hence, I compared the participants from the study 

conducted by Alotaibi and Hussain (2009) with the participants from Deterding’s (2006) 

study. The values given in Tables 3.3 and 3.4 suggest that the vowels /iː/, /ɪ/, /uː/ and /u/  in 

Arabic have a higher F1 value than they do in English, which means that the Arabic vowels 

/iː/, /ɪ/, /uː/ and /u/ are produced using a lower tongue position than is required by their 

English counterparts. By contrast, the Arabic vowels /aː/ and /a/ have lower F1 values than do 

the English vowels, which means that the Arabic vowels /a/ and /aː/ are produced using a 

higher tongue position than /a/ and /ɑː/ in English. Thus, overall, the English vowels have 

more extreme positions in vowel space in terms of vowel height, possibly because English 

has more vowels than Arabic and needs to use more of the vowel space to distinguish vowels 

from adjacent vowels. In addition, the values shown in Tables 3.3 and 3.4 suggest that the 

vowels /iː/, /ɪ/, /uː/, /u/, /aː/ and /a/ in Arabic have lower F2 values compared to their English 

counterparts, which means that these English vowels are produced using a more frontal 

tongue position than when produced in Arabic. To summarise, even though both English and 

Arabic have the vowels /iː/, /ɪ/, /uː/, /ʊ/or /u/, /ɑː/ or /a:/ and /a/, the F1 and F2 values of these 

vowels differ between the two languages. 

 
 
 

Vowel 
65+ 50–55 35–40 

F1 F2 F1 F2 F1 F2 

/iː/ 285 2283 269 2355 269 2312 

/ɪ/ 382 2024 341 2074 374 2115 

/ɑː/ 665 1085 639 1041 608 1062 

/a/ 518 875 522 865 496 833 

/ʊ/ 376 990 371 975 381 984 

/uː/ 301 994 283 1112 288 1336 
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3.3 The Present Study 
 

The first aim of the present chapter is to investigate whether highly-fluent late 

consecutive A-E bilinguals who moved to the UK in adulthood and highly-fluent late 

consecutive E-A bilinguals who moved to the KSA or Yemen in adulthood show native-like 

vowel productions in their L2 and/or show L1 attrition of vowels. In the present chapter, the 

production of vowels is the phonetic variable, selected because the literature indicates 

differences between English and Arabic in the vowel’s phonetic qualities. Furthermore, few 

studies have been conducted on the production of vowels in Arabic. Thus, the present chapter 

attempts to narrow this gap in the literature. This chapter also attempts to test whether 

conclusions drawn from previous studies hold true across two typologically different 

language groups such as Arabic and English. 

The second aim is to determine whether language use, as measured by a detailed 

questionnaire, has an effect on L1 attrition and the L2 acquisition of vowels. Many studies 

assume that the prolonged use and exposure to L2 leads to L1 attrition; thus, language use 

was selected as one of the main factors in this investigation. All participants in the current 

study are late L2 learners who have lived in the L2 environment for a substantial amount of 

time and thus have extensive exposure to the L2.  

The final aim of this chapter is to ascertain whether phonetic aptitude plays a role in 

L2 language acquisition and L1 attrition of vowels. Following Jilka (2007, 2009) and Jilka et 

al. (2008, 2011), aptitude was measured through a variety of phonetic aptitude tests. As 

mentioned in Chapter Two, participants with high phonetic aptitude may show more native-

like pronunciation in their L2, but this may happen to the detriment of pronunciation in the 

L1. However, learners who exhibit a specific aptitude for the phonetic aspects of language 

may resist L1 attrition better than others with less of a phonetic aptitude in the L2. That is, 

those learners with ‘a good ear’ may be better at maintaining a native accent in their L1 while 

also achieving more native-like L2 productions (cf. Mennen, 2004).  

 

3.4 Hypotheses 
 
1. Arabic and English: Based on the previous literature (e.g. Deterding, 1997, Alotaibi & 

Hussain, 2009), I would expect that 
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a. Arabic native speakers tend to produce /iː/, /ɪ/, /uː/ and /ʊ/ with a lower tongue 

position (lower Z3-Z1) than that used in English.  

b. Arabic native speakers tend to produce /ɑː/ and /a/ with a higher tongue position 

(higher Z3-Z1) than that used in English.  

c. Arabic native speakers tend to produce /ɪ/, /iː/ /uː/, /ʊ/, /a/ and /ɑː/ with a less 

frontal tongue position (higher Z3-Z2) than that used in English.  

 
2. L2 acquisition: The SLM predicts that participants would not form a new vowel category 

for L2 vowels that are similar to their L1 vowels. I therefore expect the bilingual participants 

will to pronounce the L2 vowels as they do in their L1 and that the bilinguals’ L2 vowels are 

expected to differ from those of the monolingual participants. 

 
3. L1 attrition: Based on the previous literature and assumptions from the SLM, I would 

expect that the A-E and E-A bilinguals have merged vowel categories for the similar vowels 

considered in this chapter. If this merged category reflects the L1, then participants would not 

show attrition in their L1. However, if this merged category has shifted towards the L2 due to 

prolonged L2 exposure, then I would expect to see evidence of L1 attrition and possibly 

values that are typical for neither the L1 nor the L2. 

 
4. Language use: Based on the existing literature, I expect an influence of language use on L2 

acquisition and L1 attrition, such that bilinguals with more L2 use will produce more native-

like vowels in their L2 compared to those with less L2 use. Conversely, more L1 use will be 

better suited to inhibit the effects of L1 loss. 

 
5. Phonetic aptitude: While there is no consensus in the literature regarding the role of 

phonetic aptitude in L2 acquisition and L1 attrition, I tentatively assume that participants with 

a high phonetic aptitude will show more native-like production of vowels in both their L1 and 

L2 (cf. Mennen, 2004).  
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3.5 Methods  
 
3.5.1 Participants 

The participants for this chapter were the same as those used in Chapter Two. One 

additional participant, who had to be excluded for the analyses in Chapter Two, is included 

here. Table 3.6 summarises the participant characteristics. 

Table 3.6. Summary of Participant Characteristics 

Participant 
group 

N (gender) Mean age (SD) Mean AOA 
(SD) 

Mean LOR 
(SD) 

Monolingual 
Saudi, native 
Arabic 
speakers 

15 (4 males, 11 
females)  

36.06  
(SD = 6.91) 

NA NA 

Monolingual 
native English 
speakers 

15 (2 males, 13 
females) 

40.93 
(SD = 9.65) 

NA NA 

A-E bilingual 15 (one male, 
14 females) 

39.4 
(SD = 3.75) 

19 
(SD = 2.8) 

20 years 
(SD = 2.6) 

E-A bilingual 15 (four males, 
11 females) 

33.66 
(SD = 3.9) 

16.7 
(SD = 1.12) 

17 years 
(SD = 3.9) 

 
 
3.5.2 Materials and Procedure 
 
Production of Vowels   
 

The first three formants (F1, F2 and F3) for the English and Arabic vowels /iː/, /ɪ/, 

/uː/, /ʊ/, /ɑː/ and /a/ were used for the analyses in this chapter. I have normalized vowels with 

the Bark Difference Method (Syrdal & Gopal, 1986), where vowel height is modelled as Z3-

Z1 (Bark-converted F3 minus Bark-converted F1) and vowel frontedness is modelled as Z3-

Z2 (Bark-converted F3 minus Bark-converted F2). These values relate differently to tongue 

height and frontedness than the raw F1 and F2 values. Specifically, the higher Z3-Z1, the 

higher the tongue and the higher Z3-Z2, the more backed the vowel. The Bark Difference 

method was chosen here because it is rather common and because it is a vowel-intrinsic 

method and can therefore be used on a subset of vowels that make up the vowel inventory of 
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a given language or languages (Clopper, 2009). Speech production data of Arabic and 

English vowels were collected from the participants. Vowels were embedded in the /hVd/ 

frame to control for the effect of phonetic context. The use of the /hVd/ frame meant that 

participants produced both words and non-words. Table 3.7 shows the Arabic and English 

target words of the shared vowels (short and long) and their phonetic symbols. Two of the 

Arabic words are not real words in Arabic. The participants produced the Arabic words (hId*, 

had, hud*, hiːd, haːd and huːd; where * indicates a non-word) and English words (hId, had, 

hʊd, hiːd, hɑːd and huːd) both in isolation and in a carrier phrase (see Appendix D). The 

participants read each word six times in isolation and in the carrier phrase. To ensure 

activation of the intended categories, especially in the case of non-words, the target words 

(see Table 3.2) were primed with real words that had the same vowel sound, as in examples 

(3.1) to (3.4): 

(3.1) Arabic in isolation:   

qud, sˤud, hud*  

drive, block, hud* 

(3.2) Arabic in a carrier phrase:   

qultʊ qud θuma ðahbt. qultu sˤud θuma ðahbt. qultu hud θuma ðahbt. 
“I said drive, then I left. I said block, then I left. I said hud*, then I left.” 

(3.3) English in isolation:   

would, could, hood   

(3.4) English in carrier phrase:   

I said would and then I left. I said could and then I left. I said hood and then I left. 

 
A native speaker of each language checked the words and sentences to make sure that 

they sounded as natural as possible and contained no mistakes.  
Table 3.7. Target Words and Phonetic Symbols (* indicates non-words) 

 

 

 

 
 
 
 
 

Vowels Arabic (MSA) English (SSBE) 
 
 

Short vowels 
 

ɪ  /hɪd/*  “ دھِ ” 

a  /had/ demolish “ دھَ ” 

u  /hud/* “ دھُ ” 

ɪ /hɪd/ “hid”  

a / had/ “had” 

ʊ /hʊd/ “hood” 

 
 

Long vowels 
 

iː / hiːd/* “ دیھ ” 

aː /haːd/ guidance “ داھ ” 

uː /huːd/ a name “ دوھ ” 

iː /hiːd/ “heed” 

ɑː /hɑːd/ “hard” 

uː /huːd/ “who’d” 
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Background Questionnaire 

I used information from the language background questionnaire described in Chapter 

Two. As already mentioned in section 2.5.2., the purpose of the questionnaire was to collect 

sociolinguistic background information from the bilingual participants. The questionnaire 

included demographic questions, and the bilinguals answered questions about contact times 

with speakers of each language, the frequency and type of use of each language, and their 

attitudes towards the relevant languages and cultures. See Chapter Two for a more detailed 

description of the questionnaire. 

Language Proficiency and Aptitude 
 

I also used the results from the proficiency and aptitude tests described in Chapter 

Two. As mentioned in Chapter Two, bilinguals’ Arabic and English language proficiency 

was measured using the TOEFL (computer-based version) and an APT. The tests were 

limited to a grammar (structure) test and a listening comprehension test; both tests require 

vocabulary knowledge and grammatical judgment. For more details, see Chapter Two, 

section 2.5.2. 

The aptitude test was adapted from MLAT and PLAB samples, which are available 

online. This chapter used the MLAT sample questions in Part III (Spelling Cues, which tests 

sound-symbol associations), Part V (Paired Associates, which tests memory for novel words) 

and the PLAB sample questions in Part V (Sound Discrimination, which tests discrimination 

of pitch, orality and nasality). For a more detailed description of the aptitude test, see Chapter 

Two, section 2.5.2. 

3.5.3 Overall Procedure 
 

As mentioned in Chapter Two, the data collection was carried out over six months in 

KSA and the UK and was mainly done through the snowball method. Participants were 

emailed information about the study and a consent form. After giving their consent, the 

bilingual participants attended three sessions on separate days up to one week apart. The first 

session comprised the L2 proficiency assessment (in the L2) followed by the APT. The 

second and third sessions comprised three different production tasks, with Arabic productions 

being recorded in one session and the English productions in the other. All productions were 

recorded with a handheld Sony tape recorder in a quiet environment. During these sessions, 

the participants read a list of words and sentences containing different vowels. The 
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participants first read the lists of words, such as would, could and hood, six times, and then 

read these words embedded in sentences six times, resulting in 36 vowel tokens (6	× 6 = 36) 

in isolation and 36 (6	 × 6 = 36) tokens in a carrier phrase for each participant and each 

language. 

The participants then read the question-answer dialogs analysed in Chapter Two and a 

short cartoon, which allowed for the production of plosives and which are analysed in 

Chapter Four. The monolingual participants were required to attend only two sessions 

because they only participated in the production tasks in their native language. 

 
3.5.4 Data Analysis 
 

To analyse the vowels in the target words in the carrier phrases and in isolation, I first 

determined the beginnings and ends of vowels using Praat and then labelled the vowels; both 

processes were done manually. Then a script in Praat extracted duration and formant 

information (Boersma & Weenink, 2016). The vowel duration was measured from the 

approximate beginning of the selected vowel (the first peak in the digitised waveform) to the 

end of the vowel. Next, a Praat script extracted F1 and F2 for all the selected vowels, spoken 

in isolation and in the carrier phrase. The automatically extracted formants were manually 

checked for possible tracking errors (such as halving and doubling) and were corrected if 

needed.  

Linear mixed effects models (Bates et al., 2015) were used to analyse vowel mid-

point values. Linear mixed effects models allow both fixed and random effects to be included 

in the analysis. The analyses were done using RStudio (Version 1.1. 456, 2018) and the lme4 

package (Bates et al., 2015) (Version 1.1-18-1, 2018). I analysed vowel midpoint values 

separately for each of the six vowels (/ɪ/, /iː/, /a/, /ɑː/ or /a:/, /ʊ/ or /u/ and /uː/). Recall that the 

literature in Arabic and English uses different IPA symbols for some of the vowels, so for 

easier comparison I will be using only the English IPA symbols in the analysis. Depending on 

the analysis, the fixed effects in the analyses included language (Arabic vs English), group 

(Arabic monolinguals (A mono), English monolinguals (E mono), A-E and E-A bilinguals), 

speaking condition (in isolation vs in a carrier phrase), language use (more Arabic vs more 

English) and aptitude (high vs low). Participant and item were added as random effects. F1 

and F2 values were converted into Z3-Z1 and Z3-Z2 respectively. 
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The bilingual participants for this experiment were the same as those used in Chapter 

Two. Table 3.8 summarises the proficiency, aptitude and language use among the A-E and E-

A bilinguals. 

Table 3.8. Proficiency, Aptitude and Language Use Among A-E and E-A Bilinguals 

 

3.6 Results 
 
Overview  
 
 Before presenting the statistical results, I provide an overview of the Arabic and 

English vowels’ mean F1 and F2 values for all participant groups (see Tables 3.9 and 3.10). 

F1and F2 values are presented here for easier comparison with the F1 and F2 values reported 

in previous studies. 

 
Table 3.9. Mean and Standard Deviation for F1 and F2 for Each Arabic Vowel Produced by A Mono, 
A-E Biling and E-A Biling 

Vowel /a/ /aː/ /ɪ/ /iː/ /u/ /uː/ 
Formants  
 

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

A 
mono 
 

Mean  669 1645   753   1566  573 1919 559 2194 572 1419 540  1200 

SD 164 304 184    265 
 

230 412 319 570 194 243 211    431 

A-E 
biling  

Mean 711 1643 804 
 

1635 488 2102 383 2438 486 1311 419 56.3 

Measure A-E bilinguals E-A bilinguals t-test 
p-value 

Proficiency TOEFL: mean = 42.1 
(SD = 1.9; range = 39-

45) 

APT: mean = 43.7 (SD 
= 1.0; range = 42-46) 

NA 

Aptitude spelling 
cues 

mean = 17.5 (SD = 4.2; 
range = 11-25) 

mean = 19.8 (SD = 3.3; 
range = 14-24) 

t = -1.4494 
p = .16 

Aptitude paired 
associates 

mean = 14.6 (SD = 2.0; 
range = 12-18) 

mean = 15.6 (SD = 2.2; 
range = 12-19) 

t = -1.4155 
p = .17 

Aptitude sound 
discrimination 

mean = 23.5 (SD = 2.3; 
range = 20-28) 

mean = 23.5 (SD = 2.7; 
range = 20-28) 

t = 0.1883 
p = .85 

Aptitude total mean = 55.6 (SD = 7.8; 
range = 45-71) 

mean = 58.9 (SD = 7.5; 
range = 49-69) 

t = -1.0437 
p = .31 

Language use More Arabic = 8 
More English = 7 

More Arabic = 5 
More English = 10 

NA 
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SD 104 363 135 233 57.8 437 57.9 651 58 148 972 206 
 

E-A 
biling 

Mean 706 1689 741 1681 489 2129 401 2466 495 1294 427 1011 
 

SD 79.8    321 103 307 73 317 57.9 444 62.8 219 54.4 316 
 

 

Table 3.10. Mean and Standard Deviation for F1 and F2 for Each English Vowel Produced by E 
Mono, A-E Biling and E-A Biling 

Vowel /a/ /ɑː/ /ɪ/ /iː/ /ʊ/ /uː/ 
Formants  
 

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

 
E 
mono 
 

Mean  797 
 

1531   780 
   

1280 
  

523 2148 374 2475 530 1419 393 1668 

SD 131 203 116    219 
 

60.5    382 61.3    490 96.4 381 53.1    494 

A-E 
biling  

Mean 860 1650 804 1288 506 2077 375 2506 494 1350 407 1164 
 

SD 174 300 104 277 71.5    409 59.8    614 80.7    301 55.9    245 
 

E-A 
biling 

Mean 808 1592 753 1249 514 2122 378 2409 504 1373 400 1309 
 

SD 144 206 98.4 128 74.9    310 64 608 87.6    227 61.5 386 
 

 

The values in Tables 3.9 and 3.10 show that the vowels /ɪ/, /iː/ and /uː/ in Arabic have 

numerically lower F2 values and are thus less fronted than their English counterparts. By 

contrast, /a/ and /ɑː/ have numerically higher F2 values and are thus more fronted in Arabic 

compared to their counterparts in English. Both monolingual groups produced the /ʊ/ with the 

same mean F2 value. Additionally, the F2 values for /ɪ/, /ɑː/ and /uː/ are similar to 

Deterding’s (2006) and Alotiabi and Hussain’s (2009) studies, which show that F2 values in 

Arabic are numerically lower than they are in English, while the F2 values for /a/ and /ʊ/ 

reveal a pattern in this study that is different to these two previous studies. Specifically, the 

current study shows that the Arabic /a/ has a numerically higher F2 value than in English, 

which contrasts with both Deterding’s (2006) and Alotiabi and Hussain’s (2009) results. 

Further, the present study shows that /ʊ/ has the same F2 value in both English and Arabic, 

while in Deterding’s (2006) and Alotiabi and Hussain’s studies, the F2 value of /ʊ/ is higher 

in English than it is in Arabic.  

I now consider the bilingual participants, starting with the A-E bilinguals and the 

Arabic vowels. The values in Table 3.9 show that the A-E bilinguals produced the vowels /a/ 

and /ɑː/ in Arabic with a numerically higher F1 and thus lower tongue position than did the 

Arabic monolinguals, and they produced the /ɪ/, /iː/, /ʊ/ and /uː/ with a numerically lower F1 

and thus higher tongue position than did the Arabic monolinguals. Like the English 
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monolinguals, the A-E bilinguals are using a slightly larger vowel space in terms of tongue 

height than are the Arabic monolinguals. Both A monolinguals and A-E bilinguals produced 

the /a/ and /ɑː/ with almost the same mean F2, whereas the A-E bilinguals produced the /ɪ/, 

/ʊ/ and /u/ with a numerically lower F2 (less fronted tongue position). The F2 of Arabic /iː/ 

produced by the A-E bilinguals is numerically higher than that produced by the A 

monolinguals, suggesting a more fronted tongue position.  

Next, I consider the E-A bilinguals and the Arabic vowels. Table 3.9 shows that the 

E-A bilinguals produced the Arabic /a/ with numerically higher F1 and thus lower tongue 

position, and they produced the Arabic /ɑː/, /ɪ/, /ʊ/ and /uː/ with a numerically lower F1 and 

thus a higher tongue position compared to the A monolinguals. Similar to the E monolinguals 

and the A-E bilinguals, the E-A bilinguals are using an overall slightly larger vowel space in 

terms of tongue height than are the A monolinguals. With regards to the F2, E-A bilinguals 

produced the Arabic /a/, /ɑː/, /ɪ/ and /iː/ with numerically higher F2 values than the A 

monolinguals, meaning they produced them with a more fronted tongue position. By contrast, 

E-A bilinguals produced the /ʊ/ and /uː/ with numerically lower F2 values and thus less 

fronting than the A monolinguals. Thus, the E-A bilinguals use a slightly larger vowel space 

in terms of frontedness and backness than do the Arabic monolinguals. 

Moving on to the A-E bilinguals and the English vowels, Table 3.10 illustrates that 

the A-E bilinguals produced the English /a/, /ɑː/ and /uː/ with numerically slightly higher F1 

values and thus a lower tongue position than did the E monolinguals and they produced the /i/ 

with almost the same mean F1 value as the E monolinguals. However, the A-E bilinguals 

produced the English /ɪ/ and /ʊ/ with numerically lower F1 values and thus a higher tongue 

position than did the E monolinguals. In addition, the A-E bilinguals produced the /ɪ/, /uː/ and 

/ʊ/ with numerically lower F2 values and thus a less fronted tongue position and the /a/, /ɑː/ 

and /iː/ with numerically higher F2 values and thus a more fronted tongue position than did 

the E monolinguals.  

Finally, I consider the E-A bilinguals and English vowels. Table 3.10 shows that the 

E-A bilinguals produced /a/, /iː/ and /uː/ with numerically slightly higher F1 values and thus a 

slightly lower tongue position than did the E monolinguals. However, the E-A bilinguals 

produced the /ɑː/, /ɪ/ and /ʊ/ with numerically lower F1 values and thus a higher tongue 

position than did the English monolinguals. Interestingly, these findings suggest that the E-A 

bilinguals use a slightly larger vowel space in terms of tongue height than do the English 

monolinguals for the short/lax vowels, but a slightly smaller vowel space in terms of tongue 

height for the long/tense vowels. The E-A bilinguals produced only /a/ with numerically 
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higher F2 and thus a more fronted tongue position than did the English monolinguals, 

whereas the F2 for the rest of the vowels, i.e. /ɑː/, /ɪ/, /iː/, /ʊ/ and /uː/, was numerically lower, 

indicating less frontedness than for the E monolinguals.  

 I now continue with the statistical analysis. Unlike the information shown in Tables 

3.9 and 3.10, which mainly serves as a comparison with previous studies reporting F1 and F2 

values, the statistical analysis used the normalized Z3-Z1 and Z3-Z2 values. Specifically, I 

present the statistical results of the comparison between the A monolinguals (A mono), 

English monolinguals (E mono) and the A-E and E-A bilinguals in producing shared vowels 

(/a/, /ɪ/, /ʊ/, /ɑː/, /iː/ and /uː/). First, I compared the monolingual patterns for each vowel 

separately to determine whether the Z3-Z1 and Z3-Z2 (Bark) of the monolinguals differ 

across the two languages. If they differed, I compared the bilingual and monolingual 

productions in Arabic and English to determine whether the bilinguals differed from the 

monolingual groups. I examined the normalised first and second formants (Z3-Z1 and Z3-Z2 

Bark) of the short vowels (/a/, /ɪ/ and /ʊ/), first in Arabic and then in English. I then examined 

the formant values for the long vowels (/ɑː/, /iː/ and /uː/), first in Arabic and then in English. 

Finally, I tested whether significant differences in vowel production between bilinguals and 

monolinguals could be attributed to language use and phonetic aptitude. 

I will refer to differences both in terms of Bark and of tongue height and 

frontness/backness, even though the data is acoustic rather than articulatory and there is no 

one-to-one relationship between the Bark values and the tongue height and 

frontness/backness. 
 
 
3.6.1 Z3-Z1 and Z3-Z2 (Bark) for the /a/ Vowel in Arabic and English Across 
Speaker Groups 
 

I begin my analysis by considering the short vowel /a/. Figures 3.1 and 3.2 show the 

mean Z3-Z1 and Z3-Z2 (Bark) for the /a/ vowel produced by A mono, A-E bilinguals and E-

A bilinguals. The normalised first formant (Z3-Z1) represents the vertical dimension and the 

normalised second formant (Z3-Z2) represents the horizontal dimension. Close examination 

of Figures 3.1 and 3.2 shows that the vowel /a/ differs in Arabic and English, especially with 

respect to Z3-Z1. The A-E and E-A bilinguals’ /a/ production in Arabic conforms closely to 

the native norm for the Arabic /a/ vowel. In addition, the production of the English /a/ by the 

A-E and E-A bilinguals conforms closely to the English native norm. However, A-E 
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bilinguals have a greater range of tongue positions when producing the English /a/ vowel than 

do native English speakers. 

 
Figure 3.1. Mean Z3-Z1 and Z3-Z2 (Bark) for the Arabic /a/ vowel produced by A mono, A-E 
bilinguals and E-A bilinguals. 

 



  
 

119 

Figure 3.2. Mean Z3-Z1 and Z3-Z2 (Bark) for the English /a/ vowel produced by E mono, A-E 
bilinguals and E-A bilinguals 

 
Figure 3.3. Mean Z3-Z1 and Z3-Z2 (Bark) for the /a/ vowel produced by A-E bilinguals and E-A 
bilinguals in Arabic and English 

 
Results for the Z3-Z1 Values of the /a/ Vowel in Arabic and English 
 
Comparison of Monolingual Patterns 
 

First, I determined whether A mono and E mono differed in their productions of the 

/a/ vowel in terms of Z3-Z1 (tongue height). Figure 3.3 shows the Z3-Z1 values (associated 

with tongue height) of the Arabic and English /a/ as produced by A mono, E mono, A-E 

bilinguals and E-A bilinguals. I first compared the Z3-Z1 for A mono and E mono to 

determine whether tongue height differed between the two monolingual participant groups 

for the /a/ sound. Figure 3.4 shows that the Z3-Z1 for E mono was numerically lower than 

that for A mono speakers, meaning that E mono tend to produce the /a/ vowel with the tongue 

in a lower position than do A mono.  
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Figure 3.4. Boxplots for the Z3-Z1 values (Bark) of the Arabic and English /a/ produced by A mono, E 
mono, A-E bilinguals and E-A bilinguals. 

 

Linear mixed effects models were used to determine whether (1) A mono and E mono 

differed statistically significantly in terms of tongue height when producing the /a/ vowel and 

whether (2) the vowel would differ in isolation compared to when it is produced in a carrier 

phrase. The response variable for the analysis was the Z3-Z1. The fixed effects were 

participant group (A mono and E mono), speaking condition (in isolation vs in a sentence) 

and the participant group by speaking condition interaction. Table 3.11 shows the results. The 

analysis revealed that speaker group had a significant effect, indicating that the tongue height 

was significantly lower for E mono than for A mono speakers. Moreover, speaking condition 

had a significant effect, revealing that speakers had a significantly higher tongue height in the 

sentence-speaking condition than in the isolation speaking condition when producing /a/. The 

speaker group by speaking condition interaction was not significant. 
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Table 3.11. Z3-Z1 Comparison between A Mono and E Mono Producing /a/ 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 8.404      0.2450   41.963   34.307 < .001 

Speaker group 0.930      0.257 0.2578 -3.610              < .001 

Speaking condition  0.5236      0.2458  154.220    2.130              = .035 

Speaker group x speaking 

condition 

-0.251 0.3502  153.862 -0.717              = .474 

 
 
Bilinguals 
 
Comparison of Z3-Z1 in E-A and A-E Bilinguals with A Monolingual Producing /a/ in 
Arabic 
 

Since Arabic and English monolingual participants differed in producing the /a/ 

vowel, I compared the bilinguals’ Arabic productions with the Arabic monolinguals’ 

productions. Figure 3.4 above shows similar Z3-Z1 values of A mono, E-A bilinguals and A-

E bilinguals when producing the Arabic /a/ vowel. Linear mixed effects models were 

employed to determine whether the E-A and A-E bilinguals shown in Figure 3.4 differ 

statistically significantly in terms of tongue height for the Arabic /a/. In addition, the model 

tested whether the vowels produced in isolation differ when produced in a carrier phrase. 

Treatment coding was employed to compare each bilingual group with monolinguals directly. 

The results in Table 3.12 revealed that no bilingual group differed from the A mono speakers 

in terms of tongue height for the Arabic /a/. Both bilingual groups had target-like productions 

in terms of the Z3-Z1 in Arabic. Speaking condition had no effect, revealing that the 

participants produced the /a/ vowel with similarly tongue height in the sentence-speaking 

condition and in the isolation speaking condition.  

 
Table 3.12. Z3-Z1 Comparison between A Mono and E-A and A-E Bilinguals in Producing the Arabic 
/a/ 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 8.336     0.239 51.168 34.767 < .0001 

A mono vs A-E biling -0.12619     0.265 248.538 -0.475            = .635 

A mono vs E-A biling  -0.217    - 0.263  248.365 0.826              = .409 

Speaking condition 0.504 0.260 248.298 1.935  = .054 
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A mono vs A-E biling x 

speaking condition 

0.317     0.370 248.989 0.858 = .391 

A mono vs E-A biling x 

speaking condition 

0.031 0.371 248.351 0.100 = .920 

 
 
Comparison of Z3-Z1 in A-E and E-A Bilinguals with E Monolingual Producing /a/ in 
English 
 

As the production of the /a/ vowel differed between monolingual speakers, I 

compared the bilinguals’ English productions with those of the E mono speakers. Figure 3.4 

above displays similar Z3-Z1 values among the E mono and A-E and E-A bilinguals when 

producing the English /a/ vowel. Again, I used linear mixed effects models to determine 

whether the monolingual English and E-A and A-E bilinguals shown in Figure 3.4 differ 

statistically significantly in terms of tongue height for the English /a/ and to determine 

whether the vowels produced in isolation differ from those produced in a carrier phrase. The 

results show that E-A and A-E bilinguals do not differ from E mono in terms of tongue 

height. Additionally, the speaking condition did not affect Z3-Z1 for the English productions. 

Hence, both bilingual groups had target-like productions in terms of Z3-Z1 in English. The 

speaking condition had no effect on the bilingual groups or E mono speakers.  

 
Table 3.13. Z3-Z1 Comparison between E Mono and A-E and E-A Bilinguals in Producing the 
English /a/ 

Fixed effects Estimate Std. 

error 

Df t-

value 

p-value 

Intercept 7.65460     0.239 71.967  32.027  < .0001 

E mono vs A-E biling -0.435    0.277 256.057  -1.572             = .117 

E mono vs E-A biling  -0.049                   0.280 256.110 -0.177 = .860 

Speaking condition 0.252     0.273  241.105  0.924                = .356 

E mono vs A-E biling 

x speaking condition 

-0.238     0.383 241.145 -0.623               = .534 

E mono vs E-A biling 

x speaking condition 

-0.219     0.38517  240.97374   -0.569                = .570 
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Results for the Z3-Z2 Values of the /a/ Vowel in Arabic and English 
 
Comparison of Monolingual Patterns 
 

In this section, I determined whether A mono and E mono differed in their 

productions of the /a/ vowel in terms of the Z3-Z2, that is, the degree of 

frontedness/backness. Figure 3.5 displays the Z3-Z2 values (associated with tongue 

frontedness/backness) of the Arabic and English /a/ produced by A mono, E mono, E-A 

bilinguals and A-E bilinguals. To determine whether the Z3-Z2 of the /a/ sound differed 

across groups, I first compared the Z3-Z2 of both monolingual groups. Figure 3.5 shows that 

the Z3-Z2 for the E mono speakers was numerically higher than for the A mono speakers, 

suggesting that E mono tend to produce the /a/ vowel in a less frontal position than do A 

mono. 

 

Figure 3.5. Boxplots for the Z3-Z2 values (Bark) of the Arabic and English /a/ produced by A mono, E 
mono, A-E bilinguals and E-A bilinguals. 

 
Linear mixed effects models were used to determine whether A mono and E mono 

differed statistically significantly in terms of the tongue backness/frontedness when 



  
 

124 

producing /a/ (Figure 3.5). Table 3.14 presents the results. The analysis revealed no 

significant effect of speaker group, showing that the tongue frontedness/backness was similar 

for E mono and A mono speakers. There was no significant main effect of speaking condition 

and the speaker group by speaking condition interaction was not significant. Since there was 

no significant difference in Z3-Z2 values across the two monolingual participant groups, i.e. 

since the two languages do not differ in terms of tongue frontedness in the production of the 

/a/ vowel, no analyses for bilingual participants will be conducted. 

 
 
Table 3.14. Z3-Z2 Comparison between A Mono and E Mono in Producing /a/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 3.157 0.187 65.342 16.808  < .0001 

Speaker group 0.334 0.229 170.417 1.458               = .147     

Speaking condition  0.154 0.222 156.069 0.695               = .488 

Speaker group x speaking 

condition 

0.265 0.3165 155.535 0.840               = .402 

 

3.6.2 Results for the Z3-Z1 Values of the /ɪ/ Vowel in Arabic and English Across 
Speaker Groups 
 

Next, I consider the short vowel /ɪ/. Figure 3.6 and 3.7 show the mean Z3-Z1 and Z3-

Z2 (Bark) frequencies of the short vowel /ɪ/ as produced by Arabic monolinguals, English 

monolinguals, A-E bilinguals and E-A bilinguals. Z3-Z1 represents the vertical dimension 

and Z3-Z2 represents in the horizontal dimension. As shown in Figure 3.7, the production of 

the vowel /ɪ/ is similar in terms of the tongue position across the A-E bilinguals, E-A 

bilinguals and English monolinguals; Arabic monolinguals and E-A bilinguals differ 

noticeably from the others. This difference could be caused by outliers in the data, which 

likely represent one person in each group with a unique production of this particular vowel. 
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Figure 3.6. Mean Z3-Z1 and Z3-Z2 (Bark) for the Arabic /ɪ/ vowel produced by A mono, A-E biling 
and E-A biling 
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Figure 3.7. Mean Z3-Z1 and Z3-Z2 (Bark) for the English /ɪ/ vowel produced by E mono, A-E biling 
and E-A biling 

 
Figure 3.8. Mean Z3-Z1 and Z3-Z2 (Bark) for /ɪ/ vowel produced by A-E biling and E-A biling in 
Arabic and English 

 
 
Comparison of Monolingual Patterns 
 

I first compared the E mono and A mono productions of the /ɪ/ vowel in terms of Z3-

Z1 to determine whether tongue height differed when producing /ɪ/ in A mono and E mono 

speakers and to determine whether the productions differed in isolation compared to in a 

carrier phrase. Figure 3.8 shows the Z3-Z1 values of the Arabic and English /ɪ/ produced by 

A mono, E mono, A-E bilinguals and E-A bilinguals. As shown in Figure 3.9, the Z3-Z1 is 

higher numerically for E mono than for A mono speakers, suggesting that E mono are likely 

to produce the /ɪ/ vowel with a higher tongue position than do A mono speakers.  

 



  
 

127 

 
Figure 3.9. Boxplots for the Z3-Z1 values (Bark) of the Arabic and English /ɪ/ produced by A mono, E 
mono, A-E bilinguals and E-A bilinguals 

I used linear mixed effects models to determine whether the A mono and E mono 

speakers shown in Figure 3.9 differ statistically significantly in terms of tongue height of /ɪ/. 

The significant main effect of the speaker group in Table 3.15 shows a statistically significant 

difference in tongue height between A mono and E mono speakers in producing /ɪ/, with a 

significantly higher tongue height for E mono (higher Z3-Z1) than for A mono speakers. In 

addition, no significant differences were found in the speaking condition. Moreover, the 

speaker group by speaking condition interaction was not significant. 

Table 3.15. Z3-Z1 Comparison between A Mono and E Mono in Producing /ɪ/ 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 9.4719      0.227    40.957   41.673   < .0001 

Speaker group 0.8459           0.235   169.730 3.590              < .0001 

Speaking condition  0.3213       0.2250   156.832    1.428           = .155    

Speaker group x 

speaking condition 

-0.372     0.316  156.533 -1.177          = .241     
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Bilinguals 
 
Comparison of E-A and A-E Bilinguals with A Monolingual in the Z3-Z1 in Producing 
/ɪ/ in Arabic 
 

Since the Z3-Z1 of the /ɪ/ vowel of the monolingual participants differed, I considered 

how the productions of bilinguals compared with those of monolingual. First, I compared the 

bilinguals’ Arabic productions with the A mono productions. Figure 3.7 shows the different 

Z3-Z1 values of the A mono, E-A bilinguals and A-E bilinguals when producing the /ɪ/ vowel 

in Arabic. I used linear mixed effects models to determine whether the A-E and E-A 

bilinguals differed statistically significantly from Arabic monolinguals in terms of tongue 

height when producing /ɪ/. The results revealed that both bilingual groups differed 

statistically significantly from A mono in terms of tongue height when producing /ɪ/. Thus, 

neither bilingual group achieved target-like productions in terms of the Z3-Z1 when 

producing /ɪ/ in Arabic. This finding indicates attrition in the A-E bilinguals’ L1. Specifically, 

the A-E and E-A bilinguals had significantly higher Z3-Z1 values in Arabic, corresponding to 

a higher tongue position, than the A mono speakers. The A-E and E-A bilinguals’ Arabic 

productions not only moved towards the monolingual English norm, as may be expected in 

the case of prolonged contact with English for the A-E speakers, but numerically past it, 

suggesting that the bilinguals may be overshooting the English target in their Arabic 

productions.  

 
Table 3.16. Z3-Z1 Comparison between A Mono and A-E and E-A Bilinguals in Producing the Arabic 
/ɪ/. 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 9.523 0.173 126.481   54.784 < .0001 

A mono vs A-E biling 0.859 0.2337 248.808  3.677      < .0001 

A mono vs E-A biling  1.084 0.233 249.112 4.639   < .0001 

Speaking condition 0.318 0.232 247.990 1.371   = .171 

A mono vs A-E biling x speaking 

condition 

-0.062 0.328 249.970 -0.189      = .849 

A mono vs E-A biling x speaking 

condition 

-0.239 0.329  247.999  -0.726     = .468  
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Since significant differences exist between the A-E and E-A bilinguals and the 

monolingual Arabic speakers, I consider whether language use or phonetic aptitude 

influenced the bilinguals’ productions. To determine whether aptitude and language use 

influenced the Z3-Z1 for /ɪ/ in Arabic produced by the A-E and E-A bilinguals, I used linear 

mixed effects models. Tables 3.17 and 3.18 summarise the statistical results and show that no 

significant differences exist between the aptitude groups and language use groups in terms of 

the Z3-Z1 in the production of /ɪ/ in Arabic.  

 
Table 3.17. Z3-Z1 Comparison between A-E Bilinguals with Low and High Aptitudes and More 
Arabic and More English in Producing /ɪ/in Arabic. 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 517.85       32.92   11 15.729 < .0001 

Aptitude -29.24       38.02   11 -0.769     = .458     

Language use -46.07       40.32   11 -1.142     = .278     

Aptitude x language use 43.74       52.06   11 0.840     = .419      

 

Table 3.18. Z3-Z1 Comparison between E-A Bilinguals with Low and High Aptitudes and More 
Arabic and More English in Producing /ɪ/ in Arabic 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 489.55      32.550   11.87   15.040 < .0001 

Aptitude -4.221      49.141   11.395   -0.09     = .933     

Language use -18.983      45.563   11.454   -0.42     = .694     

Aptitude x language use 44.897      66.640   11.198    0.674     = .514 
 
 
Comparison of A-E and E-A bilinguals with E Monolingual in the Z3-Z1 in producing 
/ɪ/ in English 
 

Because the Z3-Z1 of the /ɪ/ vowel of the monolingual speakers differed, I also 

compared the productions of bilinguals with monolingual English speakers. As shown in 

Figure 3.7, the results showed similar Z3-Z1 values for E mono speakers and the A-E and E-

A bilinguals when producing the /ɪ/ vowel in English. I used linear mixed effects models to 

determine whether E mono and both groups of bilinguals differed statistically significantly 
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when producing /ɪ/ in terms of tongue height. The results showed that neither bilingual group 

differed from the E mono speakers. As a result, both E-A and A-E bilinguals produced the 

English /ɪ/ like native monolinguals in terms of the tongue height. Furthermore, speaking 

condition did not have a significant effect, and the speaker group by speaking condition 

interaction was not significant. 
 
Table 3.19. Results of the Z3-Z1 Comparison between E Mono and A-E and E-A Bilinguals in 
Producing the English /ɪ/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 10.203 0.160  55.565 63.566 < .0001 

E mono vs A-E biling 0.158 0.185 260.836 0.854                = .394     

E mono vs E-A biling  0.273 0.184 260.848 1.485  = .139  

Speaking condition -0.051 0.178 240.882 -0.288                = .773  

E mono vs A-E biling x 

speaking condition 

0.055     0.252 240.882 0.221               = .825    

E mono vs E-A biling x 

speaking condition 

-0.063 0.251 240.916 -0.254                = .800 

 
Results for the Z3-Z2 Values of the /ɪ/ Vowel in Arabic and English 
 
Comparison of Monolingual Patterns 
 

In this section, I compared the productions of the monolinguals to determine whether 

A mono and E mono differed in producing the /ɪ/ vowel in terms of Z3-Z2 , that is, in terms 

of the degree of backness/frontedness, and to determine whether their productions of the 

vowel differed in isolation compared to in a carrier phrase. Figure 3.10 shows the Z3-Z2 

values (associated with tongue frontedness/backness) of the Arabic and English /ɪ/ produced 

by A mono, E mono and the A-E and E-A bilinguals. Figure 3.10 shows that the Z3-Z2 of E 

mono was numerically lower than that of A mono, indicating that E mono tend to produce the 

/ɪ/ vowel with a more frontal tongue position than do A mono speakers. 
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Figure 3.10. Boxplots for the Z3-Z2 values (Bark) of the Arabic and English /ɪ/ produced by A mono, 
E mono, A-E bilinguals and E-A bilinguals 

 
 Linear mixed effects models were used to determine whether the monolingual control 

groups differed statistically significantly in terms of tongue backness/frontedness when 

producing /ɪ/ (Figure 3.10). Table 3.20 presents the results. The analysis showed that speaker 

group had a significant effect, showing that the tongue was significantly more fronted for E 

mono than for A mono. There was no main effect of speaker group and the speaker group by 

speaking condition interaction was not significant. 

 

Table 3.20. Results of the Z3-Z2 Comparison between A Mono and E Mono in Producing the Arabic 
/ɪ/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 2.662    0.253  30.585  10.484 < .0001 

Speaker group -0.982      0.233 166.171  -4.206 < .0001 

Speaking condition  0.155     0.221   154.844  0.703              = .483     

Speaker group x speaking 0.1047      0.311 154.610   0.336             = .737 
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condition 

 
 
Bilinguals 
 
Comparison of E-A and A-E Bilinguals with A Monolingual in the Z3-Z2 in Producing 
/ɪ/ in Arabic 
 

I examined how bilinguals’ productions compared with those of monolinguals 

because the monolingual participants differed in producing the /ɪ/ vowel in terms tongue 

frontedness. I first compared A mono productions with bilinguals’ Arabic productions. As 

shown in Figure 3.10, A mono, A-E bilinguals and E-A bilinguals numerically differed in the 

production of /ɪ/ in Arabic. I used linear mixed effects models to determine whether the E-A 

and A-E bilinguals displayed statistically significant differences in terms of tongue 

backness/frontedness when producing /ɪ/. The results revealed that neither bilingual group 

differed significantly from A mono. Thus, both of the bilingual groups achieved native-like 

productions in terms of frontedness for the Arabic vowel /ɪ/. 

 
Table 3.21. Z3-Z2 Comparison between A Mono and A-E and E-A Bilinguals in Producing the Arabic 
/ɪ/ 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 2.416 0.216 59.620  11.150  < .0001 

A mono vs A-E biling -0.341     0.253  247.370  -1.348              = .179  

A mono vs E-A biling  -0.255  0.253  247.640   -1.007                 = .315  

 
Comparison of A-E and E-A Bilinguals with E Monolingual in the Z3-Z2 in Producing 
/ɪ/ in English 
 

As the Z3-Z2 of the /ɪ/ vowel differed in terms of A mono and E mono productions, I 

compared the bilinguals’ English productions with those of the English monolinguals. Figure 

3.10 shows numerically different Z3-Z2 values for the E mono and E-A bilingual productions 

of /ɪ/, whereas the A-E bilinguals were similar to E mono in their L2 productions in terms of 

frontedness. I used linear mixed effects models to determine whether E mono speakers and 

the E-A and A-E bilinguals differed statistically significantly in terms of tongue 

backness/frontedness when producing the English /ɪ/. The results revealed that the A-E 

bilinguals did not differ from E mono in this regard. However, the E-A bilinguals differed 

statistically significantly from E mono. The Z3-Z2 for E-A bilinguals is higher than for E 
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mono, suggesting that the E-A bilinguals produced the English /ɪ/ with a more fronted tongue 

position than E mono. As a result, the A-E bilinguals did achieve native-like productions of 

the English /ɪ/ in terms of frontedness. In contrast, the E-A bilinguals showed evidence of 

attrition, with values in the direction of the Arabic norm. 
 
Table 3.22. Z3-Z2 Comparison between E Mono and A-E and E-A Bilinguals in Producing the 
English /ɪ/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 1.806     0.217  41.630  8.319  < .0001 

E mono vs A-E biling 0.224      0.229  258.210  0.975          = .330    

E mono vs E-A biling  0.587      0.228  258.220  2.567          = .010  

 

Since a significant difference exists between the E-A bilinguals and the monolingual 

English speakers, I considered the language use and phonetic aptitude factors. I used linear 

mixed effects models to determine whether aptitude and language use influenced the E-A 

bilinguals’ productions of English /ɪ/ in terms of frontedness (Z3-Z2). The statistical results 

summarised in Table 3.23 show that no significant differences exist between the aptitude and 

language use groups in terms of the Z3-Z2 for the English /ɪ/.  

 
Table 3.23. Z3-Z2 Comparison between E-A Bilinguals with Low and High Aptitude and More Arabic 
and More English in Producing /ɪ/ in English 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 529.435    32.645  11.267   16.218 < .0001 

Aptitude 1.067      43.802 13.550 0.024     = .981  

Language use -51.417      46.167  11.267  1.114       = .289     

Aptitude x language use 47.591    54.970    17.657    0.866   = .398     

 
 
3.6.3 Results for the Z3-Z1 Values of the /ʊ/ Vowel in Arabic and English Across 
Speaker Groups 
 

In this section, I consider the short vowel /ʊ/. Figure 3.11 and 3.12 shows the mean 

Z3-Z1 and Z3-Z2 values (in Bark) of the short vowel /ʊ/ that were produced by Arabic 
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monolinguals, English monolinguals and the A-E and E-A bilinguals. Z3-Z1 represents the 

vertical dimension and Z3-Z2 represents in the horizontal dimension. As with the /ɪ/ vowel 

productions, a close similarity seems to exist between all groups of participants in terms of 

their tongue positions. However, every group has a number of outliers, but it is not 

immediately clear why this is the case. 

 
Figure 3.11. Mean Z3-Z1 and Z3-Z2 for the Arabic /ʊ/ vowel produced by A mono, A-E biling and E-
A biling 
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Figure 3.12. Mean Z3-Z1 and Z3-Z2 for the English /ʊ/ vowel produced by E mono, A-E biling and E-
A biling 

 
Figure 3.13. Mean Z3-Z1 and Z3-Z2 for /ʊ/ vowel produced by Amono, E mono, A-E biling and E-A 
biling 

 
 
Comparison of Monolingual Patterns 
 

First, I compared the productions of the /ʊ/ vowel in terms of Z3-Z1 (tongue height) 

in E mono and A mono speakers. Figure 3.14 shows the Z3-Z1 values of the Arabic and 

English /ʊ/ as produced by the A-E bilinguals, E-A bilinguals and the A mono and E mono 

speakers. To determine whether tongue height differed between the two languages when 

producing the /ʊ/ vowel, I compared the Z3-Z1 of the A mono and E mono speakers. Figure 

3.14 shows that the Z3-Z1 of E mono was a slightly higher than A mono, suggesting that E 

mono speakers tend to produce the /ʊ/ vowel with a higher tongue height than the A mono.  
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Figure 3.14. Boxplots for the Z3-Z1 values (Bark) of the Arabic and English /ʊ/ produced by A mono, 
E mono, A-E bilinguals and E-A bilinguals. 

 
I used linear mixed effects models to determine whether Z3-Z1 differed statistically 

significantly in the productions of /ʊ/ across the monolingual participant groups and in 

isolation compared to in a carrier phrase. Table 3.24 presents the results. The analysis shows 

that E mono produced /ʊ/ with significantly higher tongue position than A mono. Moreover, 

speaking condition just failed to reach significance, and the speaker group by speaking 

condition interaction was not significant. 
Table 3.24. Results of the Z3-Z1 Comparison between A Mono and E Mono in Producing /ʊ/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 9.300      0.199  49.720 46.591  < .0001 

Speaker group 0.837     0.225  174.140   3.718               < .0001     

Speaking condition  0.416     0.217 159.530  1.913               = .057 

Speaker group x speaking 

condition 

-0.237      0.307 159.400 -0.772               = .441 
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Bilinguals 
 
Comparison of E-A and A-E Bilinguals with A Monolingual in the Z3-Z1 in Producing 
/ʊ/ in Arabic 
 

Since the Z3-Z1 of the /ʊ/ vowel of the monolingual participants differed, I 

considered how the productions of bilinguals compared with those of monolinguals. First, I 

compared the productions of the bilinguals in Arabic with the A mono productions. Figure 

3.14 displays the different Z3-Z1 values of the A mono, E-A bilinguals and A-E bilinguals 

when producing the Arabic /ʊ/ vowel. I used linear mixed effects models to determine 

whether the A-E and E-A bilinguals differed statistically significantly from Arabic 

monolinguals in terms of tongue height when producing /ʊ/. The results revealed that both 

bilingual groups differed statistically significantly from A mono in terms of tongue height 

when producing /ʊ/. Thus, neither bilingual group achieved target-like productions of the 

Arabic /ʊ/ in terms of tongue height. This finding indicates attrition in the A-E bilinguals’ L1. 

In particular, the E-A and A-E bilinguals had significantly higher Z3-Z1 values in Arabic, 

corresponding to a higher tongue position, than the A mono.  
Table 3.25. Z3-Z1 Comparison between A Mono and A-E and E-A Bilinguals in Producing the Arabic 
/ʊ/. 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 9.290      0.172   63.880   53.722 < .0001 

A mono vs A-E biling 0.205  1.220 252.920  5.939  < .0001 

A mono vs E-A biling  1.164      0.201 253.450 5.792   < .0001 

Speaking condition 0.434      0.202 252.440 2.142                = .194 

A mono vs A-E biling x speaking 

condition 

-0.386      0.288 253.510 -1.340                = .181    

A mono vs E-A biling x speaking 

condition 

-0.233      0.287  252.870  -0.814                = .416  

 
 

Because significant differences exist between the A-E and E-A bilinguals and the 

monolingual Arabic speakers, I consider whether language use or phonetic aptitude 

influenced the bilinguals’ productions. I used linear mixed effects models, to determine 

whether aptitude and language use influenced the Z3-Z1 for /ʊ/ in Arabic produced by the A-

E and E-A bilinguals. Tables 3.26 and 3.27 summarise the statistical results and show that no 
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significant differences exist between the aptitude groups and language use groups in terms of 

the Z3-Z1 in the production of /ʊ/ in Arabic.  

 
Table 3.26. Z3-Z1 Comparison between A-E Bilinguals with Low and High Aptitudes and More 
Arabic and More English in Producing /ʊ/ in Arabic 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 10.521       0.547 11 19.221 < .0001 

Aptitude -0.269       0.632  11 -0.427 = .678     

Language use 0.587     0.670 11 0.876     = .400    

Aptitude x language use -0.485       0.865   11 -0.562     = .586      

 

Table 3.27. Z3-Z1 Comparison between E-A Bilinguals with Low and High Aptitudes and More 
Arabic and More English in Producing /ʊ/ in Arabic 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 10.483      0.303   11.072  34.558 < .0001 

Aptitude 0.305      0.460  10.832  0.663      = .521       

Language use 0.317      0.426 10.862  0.743           = .473   

Aptitude x language use -0.849     0.625 10.670  -1.359             = .202   

 
 
Comparison of A-E and E-A bilinguals with E Monolingual in the Z3-Z1 in producing 
/ʊ/ in English 
 

I also compared the English productions of bilinguals with monolingual English 

speakers, since the Z3-Z1 of the /ʊ/ vowel of the monolingual speakers differed. As shown in 

Figure 3.14, the results showed similar Z3-Z1 values for E mono speakers and the A-E and E-

A bilinguals when producing the /ʊ/ vowel in English. I used linear mixed effects models to 

determine whether E mono differed statistically significantly from A-E and E-A bilinguals 

when producing /ʊ/ in terms of tongue height. The A-E bilinguals did not differ from the E 

mono speakers, suggesting target-like productions in terms of tongue height. In contrast, E-A 

bilinguals produced /ʊ/ with significantly higher tongue than E monolinguals. This finding 

indicates attrition in the E-A bilinguals’ L1. Furthermore, speaking condition did not have a 
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significant effect, and the speaker group by speaking condition interaction was not 

significant. 

 
Table 3.28. Results of the Z3-Z1 Comparison between E Mono and A-E and E-A Bilinguals in 
Producing the English /ʊ/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 10.066      0.163  82.080 61.594 < .0001 

E mono vs A-E biling 0.139     0.205 261.460 0.678               = .498  

E mono vs E-A biling  0.427     0.204 260.960 2.093               = .037 

Speaking condition 0.164      0.198 241.000 0.830               = .407  

E mono vs A-E biling x 

speaking condition 

0.319      0.283 241.850 1.128               = .260 

E mono vs E-A biling x 

speaking condition 

-0.2753   0.281 240.950 -0.979               = .328 

 
Since significant differences exist between the E-A bilinguals and the monolingual 

English speakers, I consider whether language use or phonetic aptitude influenced the 

bilinguals’ productions. To determine whether aptitude and language use influenced the Z3-

Z1 for /ʊ/ in English produced by the E-A bilinguals, I used linear mixed effects models. 

Table 3.29 summarises the statistical results and show that no significant differences exist 

between the aptitude groups and language use groups in terms of the Z3-Z1 in the production 

of /ʊ/ in English. 

 
Table 3.29. Z3-Z1 Comparison between E-A Bilinguals with Low and High Aptitudes and More 
Arabic and More English in Producing /ʊ/ in English 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 10.385    0.366  11 28.315 < .0001 

Aptitude 0.579  0.560 11 1.035 = .323     

Language use -0.053  0.518  11 0.103   = .-920        

Aptitude x language use -0.730       0.763  11 -0.956      = .359       
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Results for the Z3-Z2 Values of the /ʊ/ Vowel in Arabic and English 
 
Comparison of Monolingual Patterns 
 

Figure 3.15 shows the Z3-Z2 of the Arabic and English /ʊ/ produced by the E-A and 

A-E bilinguals and the A mono and E mono speakers. First, the Z3-Z2 values of both 

monolingual groups were compared. The figure shows that the Z3-Z2 values for E mono 

were numerically higher than for A mono. The results of the linear mixed effects model, 

reported in Table 3.30, shows that the Z3-Z2 values for E mono compared to A mono just 

failed to reach significance. There was also no significant effect of speaking condition and 

the speaker group by speaking condition interaction.  

 

 
Figure 3.15 Boxplots for the Z3-Z2 values (Bark) of the Arabic and English /ʊ/ produced by A mono, 
E mono, A-E bilinguals and E-A bilinguals 

 
Table 3.30. Results of the Z3-Z2 Comparison between A Mono and E Mono in Producing /ʊ/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 4.2073      0.296  29.600  14.172    < .0001 

Speaker group 0.473     0.245 167.770 1.929               = .055 
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Speaking condition  0.269      0.232  159.650  1.158               = .248     

Speaker group x speaking 

condition 

0.249     0.328  159.610  0.759                = .448 

 
Since monolingual participants did not differ in the Z3-Z2 of their /ʊ/ productions, I 

did not compare the bilinguals’ productions of the /ʊ/ vowel in terms of Z3-Z2 with those of 

the monolinguals. 

 
 
3.6.4 Long Vowels 
 
Results for the Z3-Z1 Values of the /ɑː/ Vowel in Arabic and English Across Speaker 

Groups 

 
After considering the short vowels, I move on to the long vowels, beginning with the 

long vowel /ɑː/. Figure 3.16 and 3.17 show the mean Z3-Z1 and Z3-Z2 values (in Bark) of 

the long vowel /ɑː/ produced by Arabic monolinguals, English monolinguals, A-E bilinguals 

and E-A bilinguals. Z3-Z1 represents the vertical dimension and F2 represents the horizontal 

dimension. Regarding tongue height, no difference seems to exist across any of the groups 

(except for a small number of outliers in the productions of the Arabic monolinguals). 

However, when tongue frontedness is considered, the English productions of the /ɑː/ vowel 

are less fronted than are those of the Arabic productions. 
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Figure 3.16. Mean Z3-Z1 and Z3-Z2 for in Arabic /ɑː/ vowel produced by A mono, A-E biling and E-A 
biling 

 
Figure 3.17. Mean Z3-Z1 and Z3-Z2 for the English /ɑː/ vowel produced by E mono, A-E biling and 
E-A biling 

. 

 
Figure 3.18. Mean Z3-Z1 and Z3-Z2 for /ɑː/ vowel produced by A-E biling and E-A biling in Arabic 
and English 

. 
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Comparison of Monolingual Patterns 
 

I determined first whether the A mono and E mono speakers differed statistically 

significantly in their productions of /ɑː/ in terms of tongue height, i.e. Z3-Z1. Figure 3.19 

displays the Z3-Z1 values of the Arabic and English /ɑː/ for A mono, E mono and the A-E 

and E-A bilinguals. First, I compared the Z3-Z1 for A mono and E mono speakers to 

determine whether tongue height differed between the two groups in producing the /ɑː/ 

sound. Figure 3.19 shows that the Z3-Z1 for E mono was numerically similar to that of A 

mono, suggesting that E mono and A mono speakers tend to produce the /ɑː/ vowel with a 

similar tongue height.  

 
Figure 3.19. Boxplots for the Z3-Z1 values (Bark) of the Arabic and English /ɑː/ produced by A mono, 
E mono, A-E bilinguals and E-A bilinguals 

 
I used linear mixed effects models to determine whether A mono and E mono differed 

statistically significantly in terms of tongue height and in isolation compared to in a carrier 

phrase when producing the /ɑː/ sound. Table 3.31 shows the results. No significant difference 

was evident between E mono and A mono in terms of tongue height. Moreover, speaking 

condition had no significant effect on the production of the /ɑː/ sound. Finally, the speaker 

group by speaking condition interaction was not significant. 
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Table 3.31. Results of the Z3-Z1 Comparison between A Mono and E Mono in Producing /ɑː/ 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 7.844      0.221  54.140  35.381    < .0001 

Speaker group 0.204      0.249 173.840  0.820                = .414           

Speaking condition  0.259      0.238 159.930 1.088                              = .278      

Speaker group x speaking 

condition 

0.4796     0.3329  159.640  1.441              = .152  

 
 

Since monolingual participants did not differ in the Z3-Z1 of their /ɑː/ productions, I 

did not compare the bilinguals’ productions of the /ɑː/ vowel in terms of Z3-Z1 with those of 

the monolinguals. 
 
Results for the Z3-Z2 Values of the /ɑː/ Vowel in Arabic and English 
 
Comparison of Monolingual Patterns 
 

Figure 3.20 displays the Z3-Z2 of the Arabic and English /ɑː/ vowel produced by A 

mono, E mono, and the A-E and E-A bilinguals. The Z3-Z2 of E mono was numerically 

higher than that of A mono, indicating that E mono speakers tend to produce the /ɑː/ vowel 

with a less frontal tongue position than do A mono speakers. 
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Figure 3.20. Boxplots for the Z3-Z2 values (Bark) of the Arabic and English /ɑː/ produced by A mono, 
E mono, A-E bilinguals and E-A bilinguals 

 

To determine whether A mono and E mono speakers differed statistically significantly 

in terms of the tongue backness/frontedness when producing /ɑː/, I used linear mixed effects 

models. Table 3.32 presents the results. The analysis revealed that E mono speakers produced 

/ɑː/ with a significantly less fronted tongue than did A mono speakers. There was no main 

effect of speaking condition and the speaker group by speaking condition interaction was not 

significant. 

Table 3.32. Z3-Z2 Comparison between A Mono and E Mono in Producing /ɑː/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 5.248    0.234  95.140  22.413   < .0001 

Speaker group -0.972 0.253  266.930  -3.841              < .0001     

Speaking condition  0.004    0.275  250.010  0.018              = .985    

Speaker group x speaking 

condition 

0.033    0.339  250.210  0.098               = .921    
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Bilinguals 
 
Comparison of E-A and A-E Bilinguals with A Monolingual in the Z3-Z2 in Producing 
/ɑː/ in Arabic 
 

Since the monolinguals’ production of the /ɑː/ vowel differed in terms of the Z3-Z2, I 

compared their productions of /ɑː/ with those of the bilinguals in terms of Z3-Z2. I first 

compared the A mono productions with both bilinguals’ Arabic productions. Figure 3.20 

shows similar Z3-Z2 values across A mono and the bilingual participants. To determine 

whether the E-A and A-E bilinguals displayed any statistically significant differences when 

compared to A mono speakers, I used linear mixed effects models. Table 3.33 shows that 

neither the E-A bilinguals nor the A-E bilinguals differed significantly in terms of Z3-Z2 

from A mono. Thus, both the A-E bilingual and the E-A bilingual group had native-like 

productions in terms of tongue height in Arabic. 

 
Table 3.33. Z3-Z2 Comparison between A Mono and A-E and E-A Bilinguals in Producing /ɑː/ in 
Arabic 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 3.343      0.282   114.270 11.836   < .0001 

A mono vs A-E biling -0.218     0.358   249.050 -0.610                = .542  

A mono vs E-A biling  0.270      0.365  249.950 0.742                = .459    
 
 
Comparison of E-A and A-E Bilinguals with E Monolingual in the Z3-Z2 in Producing 
/ɑː/ in English 
 

As the monolingual participants’ productions of the /ɑː/ vowel differed in the Z3-Z2, I 

compared the bilinguals’ English productions with those of the English monolinguals. Figure 

3.20 shows that E mono, A-E bilinguals and E-A bilinguals were similar in the production of 

/ɑː/ in English in terms of the Z3-Z2. To determine whether the E-A and A-E bilinguals 

displayed any statistically significant differences from E mono speakers, I used linear mixed 

effects models. Table 3.34 shows that both the E-A and A-E bilinguals did not differ 

statistically significantly from the E mono group in terms of Z3-Z2 values. Thus, both groups 

of bilinguals had native-like productions in terms of tongue frontedness in English. 
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Table 3.34. Z3-Z2 Comparison between E Mono and A-E and E-A Bilinguals in Producing /ɑː/ in 
English 

Fixed effects Estim

ate 

Std. error Df t-value p-value 

Intercept 8.203    0.175  91.690 46.875   < .0001 

E mono vs A-E biling -0.239    0.213  266.220 -1.119                = .264      

E mono vs E-A biling  0.091     0.215  266.360 0.427      = .670     
 
 
3.6.5 Results for the Z3-Z1 Values of the /iː/ Vowel in Arabic and English Across 
Speaker Groups 
 

Next, I consider the long vowel /iː/. Figure 3.21 shows the mean Z3-Z1 and Z3-Z2 

values (in Bark) of the long vowel /iː/ produced by the Arabic monolinguals, English 

monolinguals, A-E bilinguals and E-A bilinguals. Z3-Z1 represents the vertical dimension 

and Z3-Z2 represents the horizontal dimension. When considering tongue height, all groups 

are similar, with little spread in terms of tongue height, except for the Arabic monolingual 

speakers, which have a greater range of tongue heights (Z3-Z1) compared to the other groups. 

However, there is a considerable spread of values in terms of tongue frontedness/backness. 
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Figure 3.21. Mean Z3-Z1and Z3-Z2 for the Arabic /iː/vowel produced by Amono, A-E biling and E-A 
biling 

 
Figure 3.22. Mean Z3-Z1and Z3-Z2 for the English /iː/vowel produced by Emono, A-E biling and E-A 
biling 

 
Figure 3.23. Mean Z3-Z1and Z3-Z2 for /iː/vowel produced by A-E biling and E-A biling in both 
languages 
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Comparison of Monolingual Patterns 
 

A mono and E mono productions of the /iː/ vowel were measured in terms of tongue 

height (Z3-Z1) to determine whether the productions differed when producing /iː/ in Arabic 

and English. Figure 3.24 shows Z3-Z1 of the Arabic and English /iː/ produced by A mono, E 

mono and A-E and E-A bilinguals. To determine whether tongue height differed between the 

monolingual groups, I compared the Z3-Z1 of A mono and E mono speakers. As shown in 

Figure 3.24, the Z3-Z1 was numerically higher for E mono than for A mono, suggesting that 

E mono speakers are likely to produce the /iː/ vowel with a higher tongue position than are A 

mono speakers.  

 
Figure 3.24. Boxplots for the Z3-Z1values (Bark) of the Arabic and English /iː/ produced by A mono, 
E mono, A-E bilinguals and E-A bilinguals. 

 
I employed linear mixed effects models to determine whether the monolingual Arabic 

and English speakers shown in Figure 3.24 differ statistically significantly in terms of the 

tongue height of /iː/. Table 3.35 shows that the tongue height was statistically significantly 

higher for E mono than for A mono speakers in the production of /iː/. Moreover, a significant 

difference was evident in the speaking condition, with a significantly higher tongue position 
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in the sentence compared to in the isolation speaking condition. The speaker group by 

speaking condition interaction was not significant.  

 

Table 3.35. Results of the Z3-Z1Comparison between A Mono and E Mono in Producing /iː/ 

Fixed effects Estima

te 

Std. 

error 

Df t-value p-value 

Intercept 10.235      0.309  36.350  33.064   < .0001 

Speaker group 2.176      0.289  167.580  7.522 < .0001 

Speaking condition  0.744      0.272  158.110    2.736               < .001 

Speaker group x speaking condition -0.732     0.384  -157.890   1.907               = .058  

 

Bilinguals 
 
Comparison of E-A and A-E Bilinguals with A Monolingual in the Z3-Z1 in Producing 
/iː/ in Arabic 
 

As the Z3-Z1of the /iː/ vowel of the monolingual participants differed, I compared the 

bilinguals’ productions with those of the monolinguals. First, I compared the Arabic 

bilinguals’ productions with the A mono speakers’ productions. Figure 3.24 shows the 

different Z3-Z1 values of the A mono speakers, E-A bilinguals and A-E bilinguals when 

producing the /iː/ vowel in Arabic. To determine whether the A-E and E-A bilinguals differed 

statistically significantly from A mono in terms of tongue height in producing the Arabic /iː/, 

linear mixed effects models were used. The results revealed that both bilingual groups 

differed statistically significantly from A mono in their Z3-Z1 when producing the Arabic /iː/. 

Thus, the A-E bilinguals showed attrition in their L1 when producing the Arabic /iː/, and the 

E-A bilinguals did not achieve L2 target-like productions in terms of Z3-Z1when producing 

/iː/ in Arabic. Both bilingual groups’ Arabic productions were moving towards the English 

monolingual norm. In addition, speaking condition had a significant effect, showing that all 

participants produced the /iː/ vowel with a significantly higher tongue height in the sentence 

condition than in the isolation condition. 
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Table 3.36. Results of the Z3-Z1Comparison between A Mono and A-E and E-A Bilinguals in 
Producing /iː/ in Arabic 

Fixed effects Estimat

e 

Std. error Df t-value p-value 

Intercept 10.232 0.224    81.490 45.527  < .0001 

A mono vs A-E biling 2.184      0.275 251.010  7.927 < .0001 

A mono vs E-A biling  1.759     0.270 250.090 6.512   < .0001 

Speaking condition 0.791      0.268  250.360  2.941             = .003 

A mono vs A-E biling 

x speaking condition 

-1.132      0.382  251.840  -2.963                          = .003 

A mono vs E-A biling 

x speaking condition 

-1.161     0.380  250.180  -3.056               = .002 

 
 

Since significant differences were evident between the A-E and E-A bilinguals and 

the Arabic monolinguals, I considered the language use and phonetic aptitude factors, and I 

used linear mixed effects models to determine whether aptitude and language use influenced 

the Z3-Z1 for /iː/ in Arabic produced by the A-E and E-A bilinguals. The analysis shows that 

there was no main effect of aptitude, no main effect of language use and no interaction 

between the two. 
 
Table 3.37. Z3-Z1 Comparison between A-E bilingual with Low and High Aptitude and More Arabic 
and More English in Producing /iː/ in Arabic 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 388.496      39.176   11 9.917 < .0001 

Aptitude -16.543      45.237   11 -0.366     = .722     

Language use  11.149      47.981   11 0.232     = .821     

Aptitude x language use  -5.853      61.943   11 -0.094     = .926 
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Table 3.38. Z3-Z1 Comparison between E-A Bilingual with Low and High Aptitude and More Arabic 
and More English in Producing /iː/ in Arabic 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 420.11       24.63   11 17.058 < .0001 

Aptitude -36.37       37.62   11 0.967     = .354     

Language use   -45.73       34.83   11 -1.313     = .216     

Aptitude x language use  84.97       51.27   11 1.657     = .126   

 

Since the results in Table 3.38 also show significant interactions with speaking 

condition, I used linear mixed effects models to perform separate analyses for each group of 

bilinguals. Table 3.39 demonstrates that no statistically significant differences exist for A-E 

bilinguals for speaking condition in producing /iː/, suggesting that the A-E bilinguals produce 

the Arabic /iː/ vowel similarly in a carrier phrase and in isolation. By contrast, Table 3.40 

shows that the E-A bilingual produce the Arabic /iː/ vowel with a lower tongue position in 

isolation than in a carrier phrase.  
 
Table 3.39. A-E Bilinguals Producing Arabic /iː/ and Speaking Condition 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 375.65      13.572 16.499   27.68 < .0001 

A-E biling x speaking 

condition 

13.05       7.193   74.71    1.814    = .0737 

 
 
Table 3.40. E-A Bilinguals Producing Arabic /iː/ and Speaking Condition 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 389.854      13.173   16.25   29.64 < .0001 

E-A biling x speaking 

condition 

23.104       7.083   74  3.262   < .001 
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Comparison of E-A and A-E Bilinguals with E Monolingual in the Z3-Z1 in Producing 
/iː/ in English 
 

Since the Z3-Z1 of the /iː/ vowel differed across the monolingual speakers, I 

compared the English productions of the bilinguals with those of the English monolinguals. 

Figure 3.24 shows rather similar Z3-Z1 values for E mono and A-E and E-A bilinguals when 

producing the /iː/ vowel in English. The linear mixed effects models showed that both 

bilingual groups differed significantly from E mono speakers in that they produced the 

English /iː/ vowel with significantly higher tongue position than E mono. As a result, the E-A 

bilinguals show attrition in their L1 and the A-E bilinguals did not produce the /iː/ like 

English monolinguals in terms of tongue height. Furthermore, speaking condition and the 

speaker group by speaking condition interactions revealed no significant differences.  

 
Table 3.41. Z3-Z1Comparison between E Mono and A-E and E-A Bilinguals in Producing the English 
/iː/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 12.110     0.120  66.060 100.782    < . 0001 

E mono vs A-E biling 0.285     0.143 259.910  1.986               = . 048     

E mono vs E-A biling  0.397     0.1444 259.980 2.755               = . 006    

Speaking condition 0.011     0.138 239.830  0.084                 = .933    

E mono vs A-E biling x speaking 

condition 

-0.077     0.196  239.830  -0.397               = .691     

E mono vs E-A biling x speaking 

condition 

-0.177     0.196 239.880  -0.902               = .367   

 

Since significant differences were evident between the A-E and E-A bilinguals and 

the English monolinguals, I considered the language use and phonetic aptitude factors, and I 

used linear mixed effects models to determine whether aptitude and language use influenced 

the Z3-Z1 for /iː/ in English produced by the A-E and E-A bilinguals. The analysis shows that 

there was no main effect of aptitude and language use among the A-E and E-A bilinguals, no 

interaction between the aptitude and language use. 
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Table 3.42. Z3-Z1 Comparison between A-E bilingual with Low and High Aptitude and More Arabic 
and More English in Producing /iː/ in English 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 12.478 0.423  11 29.448 < .0001 

Aptitude 0.329444    0.489  11 -0.673             = .515      

Language use  0.114    0.518  11 0.221             = .829    

Aptitude x language use  0.001    0.669  11 -0.002              = .998 

 

 
Table 3.43. Z3-Z1 Comparison between E-A Bilingual with Low and High Aptitude and More Arabic 
and More English in Producing /iː/ in English 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 12.1126     0.204  11 159.233 < .0001 

Aptitude 0.232         0.311  11 0.746                = .471   

Language use   0.647      0.288 11 2.247                = .646   

Aptitude x language use  -0.630 0.423  10.977 1.489                 = .165   

 

 
Results for the Z3-Z2 Values of the /iː/ Vowel in Arabic and English 
 
Comparison of Monolingual Patterns 
 

Figure 3.25 shows the Z3-Z2 values of the Arabic and English /iː/ produced by A 

mono, E mono and the A-E and E-A bilinguals. Figure 3.25 shows numerically higher Z3-Z2 

values for A mono than for E mono speakers, indicating that A mono tend to produce the /iː/ 

vowel with a less frontal tongue position than do E mono speakers. 
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Figure 3.25. Boxplots for the Z3-Z2 values (Bark) of the Arabic and English /iː/ produced by A mono, 
E mono, A-E bilinguals and E-A bilinguals 

Linear mixed effects models were used to determine whether the monolingual Arabic 

and English speakers differ statistically significantly in terms of backness/frontedness (Z3-

Z2) when producing /iː/. Table 3.44 shows a statistically significant difference in the Z3-Z2 

between A mono and E mono speakers when producing /iː/. A mono speakers produced the 

/iː/ in a significantly less frontal position than did the E mono speakers. No significant 

differences were evident in the speaking condition or in the speaker group by speaking 

condition interaction. 

Table 3.44. Z3-Z2 Comparison of A Mono and E Mono Speakers in Producing /iː/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 2.572     0.246 51.860  10.434   < .0001 

Speaker group -1.231    0.282  171.690  -4.353 < .0001 

Speaking condition  -0.348     0.270  156.410  -1.289               = .199     

Speaker group x speaking 

condition 

0.597      0.381   155.980 1.565              = .120 

 



  
 

156 

Bilinguals 
 
 Comparison of E-A and A-E bilinguals with A Monolingual in the Z3-Z2 in producing 
/iː/ in Arabic 
 

Because the monolingual participants differed in their productions of the Arabic /iː/ 

vowel in terms of the Z3-Z2, I compared the bilinguals’ productions with those of the Arabic 

monolinguals. As shown in Figure 3.25, A mono and A-E and E-A bilinguals differed 

numerically in the production of /iː/ in Arabic with both bilingual groups producing /iː/ in a 

more fronted position. Linear mixed effects models were used to determine whether the E-A 

and A-E bilinguals displayed statistically significant differences in terms of the Z3-Z2 when 

producing the Arabic /iː/. The results in Table 3.45 revealed that the E-A bilingual group 

were significantly different from A mono speakers. While the A-E bilingual group did not 

differ from the A mono. Thus, the A-E bilingual group have native-like productions in terms 

of tongue frontedness when producing the Arabic /iː/, and the E-A bilingual group did not 

approximate the native Arabic target when producing /iː/.  
 
Table 3.45. Z3-Z2 Comparison of A Mono and A-E and E-A Bilinguals in Producing /iː/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 2.571      0.274  137.090   9.375   < .0001 

A mono vs A-E biling -0.681    0.367  251.680 -1.852             = .065 

A mono vs E-A biling  -1.335     0.360  250.110  -3.703             < .0001 
 
 

As significant differences exist between the E-A bilinguals and the monolingual 

Arabic speakers, I examined the language use and phonetic aptitude factors, using linear 

mixed effects models to determine whether aptitude and language use influenced the Z3-Z2 

for E-A bilinguals’ Arabic /iː/. The analyses in Tables 3.46 showed no main effects of 

aptitude, no main effects of language use and no interactions between the two. 

 
 
Table 3.46. Z3-Z2 Comparison of E-A Bilinguals with Low and High Aptitude and More Arabic and 
More English in Producing /iː/ in Arabic 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 2332.8       169.5    11 13.77   < .0001 
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Aptitude 337.1       258.9    11 1.302     = .22     

Language use   111.4       239.7    11 0.47     = .651     

Aptitude x language use -314.8 352.8    11 -0.892     = .391   
 
 
Comparison of A-E and E-A Bilinguals with E Monolingual in the Z3-Z2 in Producing 
/iː/ in English 
 

Since the Z3-Z2 values for the /iː/ vowel differed between A mono and E mono, I also 

explored how bilingual English productions compared with those of E mono speakers. Figure 

3.17 shows similar Z3-Z2 values for the English /iː/ for E mono speakers and the E-A 

bilinguals and A-E bilinguals. I used linear mixed effects models to determine whether the E 

mono, E-A bilinguals and A-E bilinguals differed statistically significantly in terms of tongue 

backness/frontedness (Z3-Z2) when producing the English /iː/. The results in Table 3.47 

reveal that E-A and A-E bilinguals did not differ significantly from E mono speakers in this 

regard, indicating that the E-A bilinguals showed no L1 attrition and that A-E bilinguals 

achieved target-like productions when producing the English /iː/. 

 
Table 3.47. Z3-Z2 Comparison of E Mono and A-E and E-A Bilinguals in Producing /iː/ in English 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 1.564      0.317  57.540  4.932    < .0001 

E mono vs A-E biling 0.248      0.345  258.520   0.718       = .453     

E mono vs E-A biling  0.539      0.347   258.560 1.551       = .122     
 
 
3.6.6 Results for the Z3-Z1 Values of the /uː/ Vowel in Arabic and English Across 
Speaker Groups 
 

The final vowel I consider is the long vowel /uː/. Figure 3.26 shows the mean Z3-

Z1and Z3-Z2 values (in Bark) of the long vowel /uː/ for Arabic monolinguals, English 

monolinguals, A-E bilinguals and E-A bilinguals. Z3-Z1 represents the vertical dimension 

and Z3-Z2 represents the horizontal dimension. As with the /iː/ sound, every group has a 

small range when it comes to Z3-Z1, except for the Arabic monolinguals who have a greater 

range due to some outliers.  
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Figure 3.26. Mean Z3-Z1and Z3-Z2 for the Arabic /uː/ vowel produced by Amono, A-E biling and E-A 
biling 
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Figure 3.27. Mean Z3-Z1and Z3-Z2 for the English /uː/ vowel produced by E mono, A-E biling and E-
A biling 

 
Figure 3.28. Mean Z3-Z1and Z3-Z2 for /uː/ vowel produced by, A-E biling and E-A biling in Arabic 
and English 

 
 
Comparison of Monolingual Patterns 
 

Again, I first determined whether A mono and E mono speakers varied in their 

productions of the /uː/ vowel in terms of tongue height (Z3-Z1). Figure 3.29 shows the Z3-Z1 

values of the Arabic and English /uː/ for A mono and E mono speakers and A-E and E-A 

bilinguals. To determine whether the tongue height when producing the /uː/ vowel differed 

between the two languages, I compared the Z3-Z1 of the A mono and E mono speakers. 

Figure 3.29 shows that the Z3-Z1 of E mono was numerically higher than A mono, 

suggesting that E mono speakers tend to produce the /uː/ vowel with a higher tongue position 

than A mono speakers.  
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Figure 3.29. Boxplots for the Z3-Z1values (Bark) of the Arabic and English /uː/ produced by A mono, 
E mono, A-E bilinguals and E-A bilinguals. 

 
I used linear mixed effects models to determine (1) whether E mono and A mono 

speakers differed statistically significantly when producing /uː/ in terms of tongue height and 

(2) whether the productions differed in a carrier phrase compared to in isolation. Table 3.48 

shows the results. The analysis showed that speaker group did not differ significantly, 

showing similar Z3-Z1 values for A mono and E mono speakers. Moreover, speaking 

condition had no significant effect, and the speaker group by speaking condition interaction 

was not significant. 

Table 3.48. Z3-Z1Comparison of A Mono and E Mono in Producing /uː/ 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 11.302    0.140  55.950   80.550 < .0001 

Speaker group 0.104     0.133 261.810  0.787                = .432  

Speaking condition   0.126    0.144 246.310 -0.879                = .380    

Speaker group x 

speaking condition 

0.033    0.176 246.400 0.189                = .851    
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Since monolingual participants did not differ in the Z3-Z1 of their /uː/ productions, I 

did not compare the bilinguals’ productions of the /uː/ vowel in terms of Z3-Z1 with those of 

the monolinguals. 

 

Results for the Z3-Z2 Values of the /uː/ Vowel in Arabic and English 
 
Comparison of Monolingual Patterns 
 

Finally, I determined whether A mono and E mono speakers differed in their 

productions of the /uː/ vowel in terms of the Z3-Z2, that is, in terms of the degree of 

frontedness/backness. Figure 3.30 shows the Z3-Z2 values of the Arabic and English /uː/ for 

the E-A and A-E bilinguals and the A mono and E mono speakers. I first compared the Z3-Z2 

of both monolingual groups to determine whether the Z3-Z2 of the /uː/ sounds differed 

between the two groups. Figure 3.30 suggests that the Z3-Z2 for E mono is lower than that 

for A mono, suggesting that A mono speakers are likely to produce the /uː/ with less fronting 

than are E mono speakers. 

 
Figure 3.30. Boxplots for the Z3-Z2 values (Bark) of the Arabic and English /uː/ produced by A mono, 
E mono, A-E bilinguals and E-A bilinguals. 
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Linear mixed effects models were used to determine whether the monolingual Arabic 

and English speakers shown in Figure 3.30 differed statistically significantly in terms of the 

Z3-Z2 values for the long vowel /uː/. Table 3.49 shows a statistically significant difference in 

the Z3-Z2 between A mono and E mono speakers. The A mono group produced the /uː/ in a 

less fronted position. No differences were evident in the speaking condition or in the speaker 

group by speaking condition interaction. 

 

Table 3.49. Z3-Z2 Comparison of A Mono and E Mono in Producing /uː/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 3.611    0.386 44.500 9.338 < .0001 

Speaker group 2.459     0.365 261.020  6.732 < .0001 

Speaking condition  0.016     0.395  241.380   0.041             = .967  

Speaker group x speaking 

condition 

0.449     0.485  241.490  0.925             = .356 

 
 
Comparison of E-A and A-E Bilinguals with A Monolingual in the Z3-Z2 in Producing 
/uː/ in Arabic 
 

Because the monolingual participants differed in the Z3-Z2 values for the /uː/ vowel, I 

examined how the productions of bilinguals compared with those of monolinguals. I first 

compared A mono productions with the Arabic productions of bilinguals using linear mixed 

effect smodels.  

As statistically significant differences exist between the A-E bilingual and the 

monolingual Arabic speakers, I consider the language use and phonetic aptitude factors. To 

determine whether aptitude and language use influenced the Z3-Z2 values for the Arabic /uː/ 

for A-E bilinguals, I used linear mixed effects models. The statistical analysis in Table 3.50 

shows that there is no main effect of aptitude, no main effect of language use and no 

interaction between the two. 

 

 
 



  
 

163 

Table 3.50. Z3-Z2 Comparison of A-E Bilinguals with Low and High Aptitude and More Arabic and 
More English in producing /uː/ in Arabic 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 451.47       32.53  11.00  13.880 < .0001 

Aptitude -36.55       37.56    11.00  -0.973  = .351     

Language use   -18.14       
 

39.84     11.00    -0.455  = .658      

Aptitude x language use -10.32       51.43      11.00    -0.201    = .845 

 
 
Comparison of A-E and E-A Bilinguals with E Monolingual in the Z3-Z2 in Producing 
/uː/ in English 
 

Because the Z3-Z2 values of the /uː/ vowel differed between the A mono and E mono 

groups, I next considered how bilinguals’ English productions compared with the E mono 

productions. I used linear mixed effects models to determine whether E mono, E-A bilinguals 

and A-E bilinguals differed statistically significantly in terms of tongue backness/frontedness 

when producing the English /uː/. The results in Table 3.51 reveal that the E-A and A-E 

bilinguals differed statistically significantly from E mono speakers, meaning that the E-A 

bilinguals showed L1 attrition and the A-E bilinguals failed to achieve target-like productions 

in terms of frontedness when producing the English /uː/. Both groups of bilinguals moved 

towards the Arabic norm in terms of Z3-Z2 values for the English /uː/. 

 
Table 3.51. Z3-Z2 Comparison of E Mono and A-E and E-A Bilinguals in Producing the English /uː/ 

Fixed effects Estimate Std. 

error 

Df t-value p-value 

Intercept 3.626     0.346  42.550 10.457   < .0001 

E mono vs A-E biling  1.690     0.374  259.570  4.515   < .0001 

E mono vs E-A biling  2.480    0.371  259.810  6.685   < .0001 
 
 

Since significant differences were evident between the A-E and E-A bilinguals and 

the monolingual English speakers, I considered the language use and phonetic aptitude 

factors, using linear mixed effects models to determine whether aptitude and language use 

influenced the Z3-Z2 values for the English /uː/ for the A-E and E-A bilinguals. Tables 3.52 
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and 3.53 show the statistical analyses, which indicate that no main effects of aptitude or 

language use exist and there is no interaction between the two. 

 
Table 3.52. Z3-Z2 Comparison of A-E Bilinguals with Low and High Aptitude and More Arabic and 
More English in Producing /uː/ in English 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 1319.6      129.81    10.99   10.17 < .0001 

Aptitude -169.1      150  11.02    -1.13     = .284     

Language use  -194.61      158.6    10.9     -1.23     = .25     

Aptitude x language use 190.62      204.99    10.93       0.930     = .373 
 
 
Table 3.53. Z3-Z2 Comparison of E-A Bilinguals with Low and High Aptitude and More Arabic and 
More English in Producing /uː/ in English 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 1259.30      180.5    11  6.98 < .0001 

Aptitude 181.8     275.7    11   0.66     = .523     

Language use   45.92      255.3    11    0.18     = .861     

Aptitude x language use -224.3      375.72    11    -0.597     = .563   

  

 

3.7 Discussion 
 

This chapter investigated L2 vowel acquisition and L1 vowel attrition by measuring 

formant values in the productions of shared vowels in late E-A and A-E bilinguals who speak 

two typologically different languages. This chapter also explored whether bilinguals’ 

phonetic aptitude and/or language use influences how target-like their productions of vowels 

in their L1 and L2 were. Table 3.54 summarises the results of this investigation. Since there 

were no effects of aptitude or language use for any of the vowels, these two factors are not 

considered in the table. 
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Table 3.54. Schematic Summary of the Results Concerning Vowel Production among Arabic and 
English Monolinguals and Bilinguals 

Vowel Monolinguals Bilinguals vs A mono Bilinguals vs E mono 
/a/ Z3-Z1 (height) 

• E mono < A mono  
• sentence > isolation  
 
 
Z3-Z2 (frontedness) 
• E mono > A mono  
• sentence = isolation 
 

Z3-Z1 (height) 
• E-A biling = A mono 
• A-E biling = A mono 
•  sentence > isolation  
 
Z3-Z2 (frontedness) 
• E-A biling = A mono 
• A-E biling = A mono 
 

Z3-Z1 (height) 
• E-A biling = E mono 
• A-E biling = E mono  
• sentence = isolation 
 
Z3-Z2 (frontedness) 
• E-A biling = E mono 
• A-E biling = E mono 
 

/ɪ/ Z3-Z1 (height) 
• E mono > A mono  
• sentence = isolation 
 
 
Z3-Z2 (frontedness) 
• E mono < A mono  
• sentence = isolation 
 

Z3-Z1 (height) 
• A-E biling > A mono 
• E-A biling > A mono 
• sentence > isolation  
 
Z3-Z2 (frontedness) 
• E-A biling =A mono 
• A-E biling =A mono 
 

Z3-Z1 (height) 
• E-A biling = E mono 
• A-E biling = E mono  
• sentence = isolation 
 
Z3-Z2 (frontedness) 
• E-A biling > E mono 
• A-E biling > E mono 
 

/ʊ/  Z3-Z1 (height) 
• E mono > A mono 
• sentence = isolation 
 
 
Z3-Z2 (frontedness) 
• E mono = A mono  
• sentence = isolation 
 

Z3-Z1 (height) 
• A-E biling > A mono 
• E-A biling > A mono 
 
 
Z3-Z2 (frontedness) 
• N/A 
 

Z3-Z1 (height) 
• E-A biling = E mono 
• A-E biling = E mono  
 
 
Z3-Z2 (frontedness) 
• N/A 
 
 

/ɑː/ Z3-Z1 (height) 
• E mono = A mono  
• sentence = isolation 

 
Z3-Z2 (frontedness) 
• E mono > A mono 
• sentence = isolation 
 

Z3-Z1 (height) 
• N/A 
 
 
Z3-Z2 (frontedness) 
• E-A biling = A mono 
• A-E biling = A mono 

Z3-Z1 (height) 
• N/A 
 
 
Z3-Z2 (frontedness) 
• E-A biling = E mono 
• A-E biling = E mono 

 
/iː/ Z3-Z1 (height) 

• E mono > A mono  
• isolation < sentence  
• speaker group by 

Z3-Z1 (height) 
• E-A biling > A mono 
• A-E biling > A mono 
• sentence > isolation 

Z3-Z1 (height) 
• E-A biling < E mono 
• A-E biling < E mono  
• sentence = isolation 
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speaking condition 
interaction 

 
 
Z3-Z2 (frontedness) 
• E mono > A mono  
• sentence = isolation 
 

• speaker group by 
speaking condition 
interaction 

 
Z3-Z2 (frontedness) 
• A mono > E-A biling  
• A mono = A-E biling  
 

 
 
 
 
Z3-Z2 (frontedness) 
• E-A biling > E mono 
• A-E biling > E mono  
 

/uː/ Z3-Z1 (height) 
• E mono = A mono 
• sentence = isolation 
 
Z3-Z2 (frontedness) 
• E mono > A mono  
• sentence = isolation 
 

Z3-Z1 (height) 
• N/A 

 
 
Z3-Z2 (frontedness) 
• A mono = E-A biling  
• A mono < A-E biling  
 

Z3-Z1 (height) 
• N/A 
 
 
Z3-Z2 (frontedness) 
• E mono < E-A biling  
• E mono < A-E biling  
 

Note: N/A= no analyses for the bilinguals as the monolingual participants did not differ.  

 

This chapter tests five hypotheses. Hypothesis 1 comprises three aspects: I expected 

that (1) native Arabic speakers would tend to produce /iː/, /ɪ/, /uː/ and /ʊ/ with a lower tongue 

position compared to native English speakers (Hypotheses 1a); (2) native Arabic speakers 

would tend to produce /ɑː/ and /a/ with a higher tongue position (Z3-Z1) compared to native 

English speakers (Hypothesis 1b); and (3) native Arabic speakers would tend to produce /ɪ/, 

/iː/, /uː/, /ʊ/, /a/ and /ɑː/ with a less frontal tongue position (Z3-Z2) than do native English 

speakers (Hypothesis 1c). A direct comparison of the Z3-Z1 and Z3-Z2 of each vowel 

separately produced by monolinguals partially confirmed Hypothesis 1: All vowels differed 

significantly across Arabic and English monolinguals in terms of tongue height, except for /ʊ/ 

and /ɑː/, which were similar in this respect in both monolingual groups. In addition, most – 

but not all – vowels differed in the predicted direction across the monolingual groups. In 

details, Arabic speakers produced /iː/, /ɪ/, /uː/ and /ʊ/ with a lower tongue position compared 

to native English speakers which confirmed Hypothesis 1a. Moreover, monolingual Arabic 

speakers produced /a/ with higher tongue position and produced /ɑː/ similarly in terms of 

tongue height compared to monolingual English speakers, which partially confirmed 

Hypothesis 1b. In terms of frontedness, the Arabic monolinguals produced /a/, /ɪ/, /i:/ and /u:/ 

with a less frontal tongue position (Z3-Z2) than did native English speakers, while /ɑː/ in 

Arabic had numerically lower Z3-Z2 values and was thus more fronted than English /ɑː/, 
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which also partially confirmed Hypothesis 1c. In addition, both monolingual groups produced 

the /ʊ/ with similar tongue frontedness which did not confirme Hypotheses 1c.  

 
I expected that the bilingual participants would pronounce L2 vowels as they do in 

their L1. Thus, bilinguals’ L2 vowels were expected to differ from those of monolingual 

participants (Hypothesis 2). Comparing the Z3-Z1 and Z3-Z2 of bilinguals’ L2 with those of 

monolinguals revealed that only the E-A bilinguals’ vowel productions differed from those of 

Arabic monolinguals in terms of tongue height and tongue frontedness; A-E bilinguals 

produced some of the shared English vowels similarly to native monolinguals, for example, 

/ɑː/ and /a/. Thus, Hypothesis 2 was partially supported. 

 
Moreover, I expected that, similar to other elements of their native languages, 

bilinguals would exhibit attrition when producing vowels (Hypothesis 3). While I identified 

attrition in the A-E bilinguals’ productions of the Arabic /i/ and /iː/ vowels, the E-A 

bilinguals exhibited attrition for the vowels /uː/ and /i:/. They produced the English /uː/ with a 

less fronted tongue position and the English /i:/ with a lower tongue position than the English 

monolinguals.  

 
I predicted that language use would influence L1 attrition and L2 acquisition 

(Hypothesis 4). However, there was no evidence suggesting that this was the case and, 

therefore, the present results did not confirm Hypothesis 4. Last, based on Mennen’s (2004) 

research, in which participants had native-like productions either in both languages or in 

neither, I tentatively assumed that participants with high phonetic aptitude would show 

native-like production of shared vowels in their L1 and L2 (Hypothesis 5). This hypothesis 

was not confirmed because, similar to language use, phonetic aptitude did not influence L1 

attrition and L2 acquisition. I discuss these results in greater detail in the following sections. 
 
 
3.7.1 Monolinguals 
 

The results presented in this chapter confirm Hypothesis 1a, which proposed that 

native Arabic speakers tend to produce /iː/, /ɪ/, /uː/ and /ʊ/ with a lower tongue position (Z3-

Z1) than do native English speakers. According to the current data, Arabic monolinguals did 

indeed produce /iː/, /ɪ/, /uː/ and /ʊ/ with a lower tongue position, confirming this Hypothesis. 

Hypothesis 1b, which suggested that native Arabic speakers tend to produce /ɑː/ and /a/ with 

a higher tongue position than native English speakers. Arabic monolinguals produced the 
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short vowel /a/ with a higher tongue position (higher Z3-Z1) than did the English 

monolinguals, which partially confirms Hypothesis 1b; however, in contrast with the 

previous literature, A mono and E mono produced the /ɑː/ in a similar way. Finally, 

Hypothesis 1c, which proposed that native Arabic speakers produced all six vowels – /ɪ/, /iː/, 

/ʊ/, /uː/, /a/, and /ɑː/ – with a less fronted tongue position (Z3-Z2) than did native English 

speakers, was also partially confirmed. According to the current data, the monolinguals’ 

Arabic production of /ɑː/ in Arabic have numerically lower Z3-Z2 values and were thus more 

fronted compared to their English counterparts, which conflicts with Hypothesis 1c, while the 

Arabic monolinguals produced /a/, /ɪ/, /i:/ /u:/ with a higher Z3-Z2 value than did English 

monolinguals, which supports Hypothesis 1c. In addition, the present study reports that /ʊ/ 

has comparable Z3-Z2 values in English and Arabic, which did not support Hypothesis 1c.  

 
Thus, the current findings concerning Arabic monolinguals only partially confirm the 

suggestions of previous studies. In particular, Alotaibi and Hussain (2009) found that native 

Arabic speakers tend to produce /iː/, /ɪ/, /uː/ and /ʊ/ with a lower tongue position and /a:/ and 

/a/ with a higher tongue position (Z3-Z1) than do native English speakers. They also found 

that Arabic monolinguals tend to produce /iː/, /ɪ/, /uː/, /ʊ/, /ɑː/ and /a/ with a less frontal 

tongue position (Z3-Z2). There are several reasons that potentially explain the discrepancy 

between the current results and the findings of Alotaibi and Hussain (2009). In the present 

chapter, I collected vowel data from male and female native Arabic speakers, whereas 

Alotaibi and Hussain (2009) collected data from nine male speakers and one child, which 

may have affected the results. Specifically, children tend to have a very high fundamental 

frequency, which makes it difficult to estimate formant frequencies (Story & Bunton, 2015). 

Moreover, one of the male participants in Alotaibi and Hussain’s (2009) study was from 

Egypt, which may have also affected their results, as the Egyptian dialect of Arabic is quite 

different from MSA. In addition, the present chapter used the /hVd/ frame, and the target 

vowels were embedded in this frame to control for the effect of phonetic context. By contrast, 

Alotaibi and Hussain (2009) used different consonants in the same CVC frame.  

 
The current results concerning native English speakers also only partially align with 

those of Deterding (2006). There are several possible reasons for the discrepancy between 

these results. I used a controlled environment for vowels in that I used the /hVd/ frame to 

control for the effect of phonetic context, while Deterding (2006) used the MARSEC 

database, which contains a set of monologues, including news articles, broadcasts and 
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commentary, produced by the BBC. In addition, Deterding (2006) obtained vowel data from 

equal genders; five males and five females, while the present data were collected from two 

males and 13 females. 

 

3.7.2 Bilinguals: L2 Acquisition 
 

I discuss the data obtained from the bilingual participants from an L2 acquisition 

perspective first, followed by an L1 attrition perspective. The data in this chapter partially 

confirm Hypothesis 2. E-A bilinguals did not form a native-like new category for the L2 

vowels /ʊ/, /u:/, /ɪ/ and /iː/, while they formed a native-like new category for the L2 vowels 

/ɑː/, /a/. In contrast, the A-E bilinguals formed a native-like new category for the L2 vowels 

/ɑː/, /a/, and /ʊ/ and did not form a native-like new category for /ɪ/, /i:/, and /u:/. Thus, some 

results from the E-A and A-E bilinguals align with those of previous studies supporting the 

SLM and PAM-L2 theories (e.g. Munro et al., 1996; Flege, 1987; Flege & Hillenbrand, 

1984). In more detail, the E-A bilinguals are native-like in their L2 Arabic for the vowels /ɑː/, 

/a/ and /u:/, whereas the A-E bilinguals are native-like in their L2 English for the vowels /ɑː/, 

/a/, and /ʊ/. Thus, both E-A and E-A bilinguals produced the /a/, /ɑː/ vowels like a native in 

both languages, suggesting that they formed a separate, native-like category for the Arabic 

and Engish /a/ and /ɑː/ in their L2.  

Overall, the L2 results for the E-A and A-E bilinguals are compatible with the SLM 

and PAM-L2 theories. The comparison of the vowel productions by the two monolingual 

participant groups suggests that the vowels analysed here are indeed similar vowels across 

the two languages, in the sense that they reveal significant differences in terms of tongue 

height and/or frontedness across the two languages, but occupy overlapping ranges in vowel 

space. The SLM and PAM-L2 would therefore predict that such similar, but not identical 

sounds, are difficult, but not impossible, to learn. In line with these predictions, the highly 

advanced L2 learners in the current study, who have lived in the L2 environment for a long 

time, still are not native-like in their L2 productions of most of these vowels. This suggests 

that these similar, but not identical, sounds are indeed difficult to learn. In contrast, the 

current results are less compatible with the L2LP model, which suggests that dissimilar 

sounds post particular difficulties. According to the L2LP model, the similar sounds analysed 

in the current study should therefore have been relatively easy to learn, and one should have 

expected native-like L2 productions for these similar vowels in such a highly proficient 
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learner group as in the current study. It needs to be mentioned though that I only analysed 

similar vowels, but not dissimilar vowels, in the current study. And while the results from the 

similar vowels are less compatible with the L2LP model, and more compatible with the SLM 

and PAM-L2, it needs to be mentioned that stronger evidence for or against these models 

would have come from an analysis of both similar and dissimilar vowels. Future studies 

should therefore expand on the analyses conducted here, and also analyse dissimilar vowels. 

The results for A-E bilinguals who formed a native-like new category for the L2 

vowels /ɑː/, /a/, and /ʊ/ and E-A bilinguals who formed a native-like new category for the L2 

vowels /ɑː/, /a/ align with those of Wu and Shih (2012), which – like the current study – did 

not completely support the predictions of the SLM theory. The current results differ from 

those of Munro et al. (1996), who showed that early bilinguals who learned the L2 during 

childhood were able to perceive and produce the vowels of the L2 more accurately than late 

bilinguals who learned English after the onset of puberty. In contrast, the current study finds 

native-like vowel productions in late bilinguals for some vowels. There are several possible 

reasons for this discrepancy. First, unlike Munro et al. (1996), I looked at highly proficient 

bilinguals rather than less proficient L2 learners. Even though these similar vowels were 

predicted to be difficult to learn, it is of course not impossible to learn them, and it seems that 

the highly proficient bilinguals in the current study did indeed achieve native-like 

pronunciations for some of the vowels. Thus, while these results go against the predictions I 

made, i.e. the most likely outcome, based on the SLM and PAM-L2, they are nevertheless 

compatible with these frameworks. Second, Munro et al. (1996) collected data from 

participants with different ages of L2 acquisition (e.g. before the age of 12), whereas I studied 

participants with an average age of 33 who had learned the L2 after puberty.  

The current data concerning the acquisition of L2 vowels did not support Hypothesis 

4. Both groups of A-E and E-A bilinguals, i.e. those with high and low L2 use, achieved 

native-like L2 pronunciation in some of the shared vowels. Overall, language use did not 

affect the E-A bilinguals’ vowel productions, so that no group (high or low L2 language use) 

achieved more native-like pronunciation than the other. While the absence of a significant 

effect of language use does not mean that there is no effect (merely that no effect was 

detected), I will tentatively propose some reasons for the absence of an effect in the current 

data. It is possible that language use did not affect bilinguals’ productions because all 

bilinguals had been living in the L2 environment for a long time. That is, despite differences 
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in the amount of L2 language use, all participants had been living in an L2 language 

community for a long time and it is thus possible that they all had a sufficient amount of L2 

language use. In other words, it is possible that the participants tested in the current study 

were too homogeneous in terms of language use to detect any differences across the two 

language use groups. Another possibility is that a certain kind of language use influences 

native-likeness rather than just language use. While the current study did use a detailed 

questionnaire to gauge both the quality and quantity of L2 language use, participants were 

categorized into low and high L2 language use groups based on their L2 language use as a 

whole, and based on a median split. It is possible that results may differ if participants were 

grouped based only on the quality of L2 language use, or based only on the quantity of L2 

language use.   

Hypothesis 5 was also not confirmed. Phonetic aptitude (low vs high aptitude) 

showed no significant influence on participants’ vowel production; hence, there was no 

evidence that differences in productions between participants with high and low aptitude 

related to the nativeness of their productions. In other words, the present study found that 

neither group of bilinguals appeared more or less native-like in their L2. This finding 

contradicts previous research (e.g. Jilka et al., 2008; Hopp & Schmid, 2010). Jilka et al.’s 

(2008) work on sounds revealed that German-English bilinguals’ pronunciation was 

influenced by the participants’ phonetic aptitude. This difference in results may be because 

Jilka et al. (2008) had a very large sample size, whereas this study was carried out on a 

substantially smaller scale. Moreover, the tests used in this study to measure the aptitude are 

not exactly the same as those used by Jilka et al. (2008). While Jilka’s tests drew on a wide 

range of linguistic skills, the current study attempted to select tests that were more closely 

focused on abilities relating to sounds.  

Notably, the current chapter’s results align with those of Flege et al. (1999), who 

found that their measure of sound processing ability contributed little to a foreign accent in 

learners’ L2, and those of Suter (1976), who found that musical ability did not affect the 

degree of the learners’ foreign accent.  

Overall, the results from the current and previous studies suggest that some talents 

and skills might positively relate to better L2 pronunciation, but it is not yet clear which 

talents and skills are related to pronunciation and how exactly these talents and skills can be 

measured or tested. Further research is needed to determine which aptitude tests relate to 
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more native-like pronunciation and which talents these tests actually measure.  

 
3.7.3 Bilinguals: L1 Attrition 
 

Looking at the findings from the perspective of L1 attrition, I find that both A-E and 

E-A bilinguals show attrition in some of the vowels of their L1, in line with Hypothesis 3. In 

detail, I found evidence of L1 attrition among A-E bilinguals and E-A bilinguals for the high 

front and high back Arabic and English vowels /u:/, /ɪ/, and /i:/, but not for the vowel /ʊ/, 

which only showed attrition in the A-E bilinguals, but not the E-A bilinguals. Of the vowels 

that showed attrition, /u:/ and /i:/ shifted towards those in the L2, most likely due to 

prolonged exposure. In contrast, the A-E bilinguals’ Arabic productions of /ɪ/ did not move 

towards the monolingual English norm, but rather away from it, in a process called 

polarisation. This polarisation result aligns with Flege (1991) and Mayr et al. (2012). The E-

A and A-E bilinguals showed no attrition in their L1 for the other vowels (the low front/back 

vowels /a/ and /ɑː/). These results for the A-E and E-A bilinguals align with those of previous 

studies (Mayr et al., 2012; Guion, 2003; Chang, 2012, 2013). Overall, in this study both 

bilingual groups showed attrition in almost the same vowels, namely mostly the high and low 

back vowels (/ɪ/, /iː/, /ʊ/ and /uː/), which across the two languages differed mostly in tongue 

height.  

The vowel attrition data in this study did not support Hypotheses 4 and 5. In 

particular, the E-A and A-E bilinguals showed attrition in their L1 for some vowels, but the 

attrition was unaffected by language use or aptitude. To the best of my knowledge, this study 

is the first to examine whether aptitude and/or language use may influence the L1 attrition of 

vowels in highly proficient bilinguals. Again, it is difficult to speculate based on null results, 

but it may again be the case that the bilinguals in the current study all have sufficient 

exposure to the L2 so that they are relatively homogeneous in terms of their language use 

patterns. As mentioned before, in terms of aptitude, further studies are needed to determine 

which kinds of talents may influence L1 attrition and how these particular kinds of talents can 

be measured. It should also be noted that, even though both the L1 and L2 are flexible 

systems, the L1 is considered to be relatively more stable than the L2. Since language use and 

aptitude did not influence native-likeness in the L2, it would have been surprising to find an 

influence of language use or aptitude in terms of native-likeness in the L1.  
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3.7.4 Speaking Condition 
 

The speaking condition (isolation and carrier phrase) was tested here to determine 

whether the shared vowels differ in height or frontedness when produced in isolation 

compared to in a carrier phrase. Speaking condition mattered only for the production of a few 

of the vowels. Specifically, differences were evident in the productions of /iː/ in isolation 

compared to in a sentence for the Arabic monolinguals, but not for the English monolinguals. 

In addition, speaking condition affected the production of the Arabic /iː/ in E-A bilinguals, 

but not in A-E bilinguals. This latter result may be due to the L2 participants hitting the L2 

Arabic target more frequently in isolation than in a sentence.  
 
3.7.5 Conclusion 
 

To conclude, the present chapter showed that there were significant differences in the 

Arabic and English monolinguals’ productions for all of the shared vowels. The results are 

also overall compatible with the predictions of the SLM and PAM-L2 theories that 

bilinguals’ L2 vowels are likely to differ from those of monolinguals in the case of similar 

vowels. In contrast, the results are less compatible with the L2LP model, as such highly 

proficient bilinguals would be expected to have mastered the similar vowels analysed here if 

similar vowels were particularly easy to learn. As expected, I also found L1 attrition among 

the A-E bilinguals and E-A bilinguals, supporting the idea that both the L1 and L2 are 

flexible systems, such that L2 exposure can influence the L1. Finally, language use and 

phonetic aptitude did not influence L2 acquisition or L1 attrition of vowels shared by both 

Arabic and English.  
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Chapter Four (Study III) 
 

L2 acquisition and L1 attrition of VOT of word-initial voiceless 
plosives in highly-proficient late bilinguals: Exploring the role of 
phonetic aptitude and language use 
 

Abstract  
 
While much research has examined second-language (L2) acquisition, little research has 

examined language (L1) attrition in terms of the VOT of voiceless stops, and few studies 

have investigated the effect of individual differences in late bilinguals who learned a 

language later in life, in terms of the L2 acquisition and L1 attrition of segments. The current 

chapter examines L2 acquisition and L1 attrition in the VOT of word-initial voiceless stops 

among late E-A and A-E bilinguals. This chapter also investigates whether late L2 learners’ 

phonetic aptitude and language use affect target-like learners in their VOTs of voiceless 

plosives of both English and Arabic. The data were obtained from 60 participants divided 

into four groups: 15 monolingual Arabic speakers, 15 monolingual English speakers, 15 E-A 

bilinguals and 15 A-E bilinguals. The bilinguals had been living in their L2 environment for 

an average of 20 years. The participants narrated five different cartoons: two in Arabic and 

three in English, and the bilinguals narrated them in both Arabic and English. In addition, 

both groups of bilinguals completed a proficiency test, a phonetic aptitude (talent) test and a 

language background questionnaire. VOT was measured using Praat from the interval 

between the plosive release and the onset of voicing. The monolingual groups’ results 

revealed that the VOT of voiceless plosives differed in Arabic and English. Additionally, I 

found that the E-A bilinguals’ English /k/ differs reliably from that of monolingual English 

speakers is broadly in line with the SLM’s assumed flexibility of phonetic categories in the 

L1. Moreover, the results for A-E bilinguals’ acquisition of /p/, but not /t/ or /k/, in the 

present chapter support the SLM theory. Finally, I found no evidence that language use or 

phonetic aptitude influenced the A-E and E-A bilinguals’ productions in terms of L1 attrition 

and L2 acquisition. 

Keywords 
Bilinguals, second-language (L2) acquisition, first-language (L1) attrition, voice onset time 

(VOT), voiceless stops, language use, phonetic aptitude (talent) 
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4.1 Introduction  
 

In general, adults speaking a second language (L2) adopt properties of their first 

language (L1) in their L2 speech, and are therefore likely to be identified as non-native 

speakers (Scovel, 1969; Brennan et al., 1975; Flege, 1980, 1981). Living in an L2 country 

may affect the L1, causing the L2 to play a dominant role in everyday life and decreasing the 

use of the L1 and contact with other native speakers. This increase in L2 use can thus result 

in a reduction in L1 use, causing a change in the speaker’s linguistic abilities in their L1. This 

phenomenon is known as L1 attrition (Freed, 1982; Schmid, 2007). When the domains of 

phonology or phonetics are affected by L1 attrition, L1 speakers may be identified as having 

a foreign accent. The current chapter combines L2 acquisition and L1 attrition research and 

presents production data from two groups of late bilinguals (A-E and E-A), who are highly 

fluent speakers of both languages and who differ in their phonetic aptitude and language use, 

to consider possible bidirectional L1–L2 influences in their phonetic systems.  

The chapter draws mainly on the SLM (Flege, 1995) to explain a bidirectional L1–L2 

influence on a bilingual’s speech. The SLM posits a process known as ‘equivalence 

classification’, which means that bilinguals classify L2 sounds that are similar to one of their 

L1 sounds as the L1 sound, thus essentially failing to differentiate between the L1 sound and 

the L2 sound. As a result, the L2 sound is produced in a non-native manner because it is 

produced like the L1 sound. Providing that L2 sounds differ sufficiently from L1 sounds, new 

categories can be established in the L2. However, within a bilingual’s L1–L2 phonetic space, 

new L2 categories may still diverge from those of monolingual native speakers, for example, 

to retain contrasts with the L1 categories of the bilingual. Therefore, the production of the L2 

speakers (who acquired new L2 categories) might still diverge from the speech of a native 

speaker. The SLM hypothesises that bilinguals have a common space with regard to their L1 

and L2 phonetic categories and that this remains flexible in adulthood to some degree. The 

SLM also assumes that phonetic systems remain flexible over the lifespan, implying that L1 

categories can change due to the influence of L2 acquisition, leading to a foreign accent in 

the L1. For this reason, the SLM has been adopted to interpret phonetic L1 attrition presented 

in previous research (de Leeuw, 2009; Chang, 2012; Mayr et al., 2012; Bergmann et al., 

2016). Understanding how phonetic categories are organised in a speaker who uses two 

languages requires characterising phonetic properties in both the L2 and L1 speech (Flege & 

Eefting, 1987a, 1987b; Mennen, 2004; Chang, 2012; de Leeuw et al., 2012, 2013; Mayr et al., 
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2012). This chapter focuses on L2 acquisition and L1 attrition in the production of VOTs, 

particularly the voiceless plosives /p/, /t/ and /k/, in two groups of late bilingual A-E and E-A 

adults. VOT is the time between the burst of a stop occlusion and the onset of voicing, which 

characterises the contrast of voicing in most languages for initial stop consonants (Lisker & 

Abramson, 1964). 

To examine the timing of voicing in plosives, the VOT has been applied in studies of 

many languages and has become one of the most important methods to distinguish between 

voiced, voiceless, aspirated and unaspirated plosives (especially in word-initial position). 

Voiceless stops are the focus of this study because the acoustic cue of VOT contributes to the 

perception of a foreign accent in L2 speakers and L1 attriters (Flege, 1984; Flege & Eefting, 

1987b; Major, 1987; Sancier & Fowler, 1997; Schoonmaker-Gates, 2015; Tobin et al., 2017). 

This study measures the production of VOT by monolingual native speakers of both 

languages and examines the relationship between L1 attrition and L2 acquisition in highly 

fluent, late consecutive A-E and E-A bilinguals.  

 

4.2 Literature Review 
 
4.2.1 VOT Definition  
 

As mentioned before in section 4.1, Lisker and Abramson (1964, p.422) defined VOT 

as “the time interval between the burst that marks the release of the stop closure and the onset 

of quasi-periodicity that reflects laryngeal vibration”. There are three categories of VOT: (1) 

voicing lead or prevoicing, which comprises negative VOT values, where the vocal folds start 

vibrating before the burst of the stop; (2) short-lag VOT with small positive VOT values or 

values around zero; and (3) long-lag VOT or aspirated with large positive VOT values. 

Figure 4.1 (adapted from Deuchar & Clark, 1996, p.25) displays the Arabic VOT range; it 

shows that the phonemically voiceless stops in Arabic almost fall into the phonemically 

voiced range of English stops, while the Arabic stops that are phonemically voiced and the 

English phonemically voiceless stops are at opposite ends of the continuum (see Figure 4.1). 

In other words, the voiced plosives /b/, /d/ and /g/ are produced with a short lag in English, 

but with lead voicing in Arabic, and the voiceless plosives /t/ and /k/ are produced with a long 

lag in English and a short lag in Arabic (Arabic has no /p/). As illustrated in Figure 4.1, if the 

duration between the burst of the stop and the onset of the following vowel is 30 ms or less, it 
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is considered ‘short-lag’, and if the duration is more than 30 ms, it is considered ‘long-lag’, or 

aspirated (Deuchar & Clark, 1996). 

 
English voiceless stops   
          -                                                                 bdg                                        ptk     + 

                                                                            
        Lead voicing                                 0        short lag        30                     long lag  
Arabic voiceless stops   
          -      bdg                                                     tk                                                        + 
                                                           
        Lead voicing                                 0        short lag        30                      long lag  
 
Figure 4.1. Voiced and voiceless stops in English and Arabic (adapted from Deuchar & Clark, 1996, 
p.25) 

Although VOT is a frequently used measure in linguistic studies, its reliability to 

distinguish between voiced and voiceless stops has been questioned. For example, Cho et al. 

(2019) have recently argued for a need of multi-dimensional approaches to understand 

voicing contrasts across languages. Nevertheless, this study uses VOT as a measure because 

its frequency in the literature allows for comparisons with previous studies. 

 Bohn and Flege’s (1993) findings suggested that VOT may not be as critical to the 

perception of stop voicing as was supposed. Docherty (1992) also claimed that VOT 

neglected stops in word-final and word-medial positions, and Garamazza et al. (1973) 

claimed that VOT is an ‘insufficient’ cue to the voicing contrast for French-English 

bilinguals. Important acoustic cues in English other than VOT include low frequency energy 

in following vowels, burst loudness, fundamental frequency, pre-voicing and segmental 

duration (Klatt, 1975, p.695). Despite these limitations, VOT remains a central acoustic 

parameter in linguistic studies measuring word-initial stops. 

 
4.2.2 Acquisition of L2 Voiceless Stops in Arabic and English 
 

Influences of the L1 on the L2 have been attested in bilinguals who speak two 

different languages that have contrasting VOTs. While some research has considered the 

acquisition of VOTs in Arabic and English (Flege, 1987, 1991; Flege & Eefting, 1987a, 

1987b; Simon, 2009; Simon & Leuschner, 2010; Schmid et al., 2014; Stoehr et al., 2017; 

Ahn, 2019; Kim et al., 2018; Cho et al., 2019), few studies have examined VOTs in L2 

English productions by Arabic adult speakers (Flege, 1980, Flege & Port, 1981; Port & 

Mitleb, 1983). In addition, to the best of my knowledge, no previous study has examined 

VOTs in L2-Arabic productions by E-A bilinguals. Voiceless plosives /p/, /t/ and /k/ are 
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acquired in three different patterns by bilinguals who learned L2 aspiration in languages such 

as English and German and whose first language is a pre-voicing language such as Arabic, 

Spanish or Dutch.  

Stoehr et al. (2017, p.486) summarised the three different acquisition patterns. The 

first is native-like acquisition, which was observed in highly advanced learners and 

phonetically trained participants (Simon & Leuschner, 2010), and in which the participants 

produce the VOT of plosives in the L2 the same as a native speaker. The second pattern is 

differential acquisition, which was observed in phonetically untrained participants (Simon & 

Leuschner, 2010) and in those with some level of L2 proficiency, and where participants 

produced the VOT of the L2 plosives with some differences to native speakers. The last 

pattern is a complete transfer from L1-to-L2, where the participant produces the L2 plosives 

as if they were speaking their L1 (Flege & Port, 1981; Flege, 1987; Flege & Eefting, 1987a, 

1987b; Flege, 1991; Simon, 2009; Simon & Leuschner, 2010; Schmid et al., 2014). 

Several studies have found instances of near-native acquisition in bilinguals in terms 

of VOT (Simon, 2009; Simon & Leuschner, 2010; Schmid et al., 2014). Simon (2009) and 

Simon and Leuschner (2010) examined the acquisition of VOT in highly proficient L2 

learners of English who are native speakers of Flemish. Simon (2009) examined native 

Flemish speakers’ L2 acquisition of the English laryngeal system, mainly aiming to test 

whether the Flemish (a voicing language) L1 native speakers would successfully acquire and 

produce the short-lag stops of the L2 (English, an aspirating language) since short-lag 

plosives reportedly occur early in L1 acquisition. Additionally, short-lag stops “can be 

considered unmarked as one member of the contrast is formed by short-lag stops in both 

voicing and aspirating languages” (Simon, 2009, p.377). Furthermore, Simon’s (2009) study 

aimed at testing whether L1 native speakers would acquire the long-lag stops of the L2, since 

aspiration is a salient realisation acoustically. By examining natural conversations and 

controlled reading tasks, Simon (2009) found that native speakers of Dutch did not acquire 

the English short-lag stops, but they did acquire the English long-lag aspirated stops. As with 

Dutch, the Arabic language (MSA) contrasts short-lag with pre-voiced stops, but English has 

a contrast between long-lag and short-lag stops.  

Similarly, Schmid et al. (2014) examined 20 advanced Dutch-English bilinguals and 

nine native English speakers and found native-like VOT acquisition patterns. All the 

bilingual participants were English students or English teachers at Dutch-language higher 
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education institutions and at the same level of proficiency. The authors explored VOT and 

vowel discrimination, and they rated the participants according to their global native-like 

speech. The results revealed that no difference existed between the two groups of participants 

with regard to VOT and that both groups had native-like VOTs for English plosives.  

Other studies have found differential acquisition in terms of VOT, such as Flege 

(1987, 1991), Flege and Eefting (1987a, 1987b) and Simon and Leuschner (2010). The 

differences in VOT acquisition patterns occur when bilinguals produce VOT differently in 

their L2 than they do in their L1, but still deviate from native speakers’ VOT in the L2. These 

differences have been observed in L1-Spanish bilinguals who learned L2 English. Flege 

(1991) found that the bilinguals’ VOT productions were longer in English than they were in 

Spanish but that their English VOTs were nevertheless shorter than those of monolingual 

English speakers. A similar pattern emerged in bilinguals with L1-Spanish who learned 

English as an L2 during childhood, regardless of whether they were immersed in an English 

environment or not (Flege & Eefting, 1987a). Comparable results were found in the 

Netherlands using Dutch native speakers who received informal instruction in their L2-

English and L3-German phonetics (Simon & Leuschner, 2010). Distinct VOT values in the 

speakers’ productions in Dutch were reported to have short-lag voiceless plosives compared 

to the aspirated voiceless plosives in English and German; however, they still appeared 

shorter than the VOTs of English and German monolinguals even though no direct statistical 

comparison was administered between the German (their L3) and English (their L2) and the 

monolinguals. More specifically, both trained and untrained participants acquired the 

aspiration, but they transferred the Dutch pre-voicing to German (their L3) and English (their 

L2). Level of L2 proficiency can play a role in L2 productions and bilinguals can distinguish 

L1 and L2 stops in terms of VOT but still not attain native-like VOT values in their L2. 

A few studies have found instances of complete VOT transfer from L1 to L2 in 

bilinguals (Flege & Port, 1981; Flege, 1987). For example, Flege and Port (1981) observed a 

complete VOT transfer from L1 to L2 in native Arabic learners of English as an L2, who had 

lived in the US for about two years. Flege and Port (1981) examined six adult male Arabic 

native speakers’ VOTs in the stop voicing contrast (voiceless vs voiced stops) in both word-

final and word-initial position in CVC minimal pairs in both Najdi Saudi Arabic and English. 

The results revealed that the participants’ English VOTs of /t/-/d/ and /k/-/g/ were similar to 

their Arabic ones and were shorter than the VOTs of English monolinguals. Native Arabic 
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learners of English showed no signs of phonetic differences in the VOT between L1 and L2. 

However, the /p/ timing suggested that the Saudi participants grasped the phonological nature 

of the English /p/, which is probably because there is no /p/ in Arabic and thus no L1 

influence on the L2 /p/. 

To summarise, previous studies of VOT addressed the acquisition of voiceless 

plosives. Native-like acquisition of voiceless short-lag stops has only been found in a few 

studies, such as Flege (1987) and Stoehr et al. (2017). Moreover, L2 acquisition and L1 

attrition in the production of voiceless plosives in Arabic and English by highly proficient 

late consecutive A-E and E-A bilinguals has not been reported. The current research therefore 

fills a gap in the literature by analysing data on the production of voiceless plosives in Arabic 

and English by native speakers of Arabic and English as well as bilinguals. 

 
4.2.3 L1 Attrition of Voiceless Stops in Arabic and English  
 

Influence of the L2 on the L1 can be observed in L2 speakers in the domain of 

phonetics (Flege, 1987; Flege & Eefting, 1987; Major, 1992; Mayr et al., 2012; Stoehr et al., 

2017). Bilinguals whose dominant language is the L2 are more likely to show L1 attrition 

than are those whose dominant language is the L1 (Schmid & Köpke, 2007). The current 

study also investigates the VOTs of Arabic and English voiceless plosives in A-E and E-A 

bilinguals, who might show attrition in their L1.  

Limited research has been done on the L1 attrition of VOT. Phonetic attrition can be a 

drift in the VOT values of the L1 towards the VOT values of the L2. A few studies have 

examined attrition in terms of VOT in the productions of highly proficient L2 speakers 

(Flege, 1987; Major, 1992; Sancier & Fowler, 1997; Mayr et al., 2012). Major (1992) 

examined the VOT of the sounds /p/, /t/ and /k/ in the speech of late English-Portuguese 

bilinguals and found that all the participants showed attrition in their native English to 

differing degrees (Major, 1992). For example, the participants’ productions of voiceless stops 

in English and Portuguese differed from the native speakers’ VOT productions. The 

productions of English stops moved in the direction of the VOTs of Portuguese native 

speakers, and vice versa. Moreover, the results showed evidence that proficiency in the L2 

was correlated with loss in the L1. VOT measurements showed that the highly proficient L1 

English L2 Portuguese speakers had a higher degree of deviation from the productions of 
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English native speakers than did the low L2 proficiency speakers. Flege (1987) identified a 

similar bidirectional influence of the consonant /t/ among American and French speakers, 

who had lived in the L2 environment (in France or America, respectively) for many years. In 

addition, Flege and Eefting (1987) conducted a study of the /t/ phoneme in Dutch-English 

bilinguals and found that bilingual L1 Dutch speakers produced the Dutch /t/ with VOT 

values that were shorter than the productions of monolinguals, making the VOT even shorter 

than the Dutch norm, which is already shorter than the English norm. This modification was 

particularly prevalent in speakers who were highly proficient in English, and it represents a 

shift not towards the English norm, but away from it. This serves to differentiate explicitly 

between the Dutch and the English /t/ phoneme. 

Mayr et al. (2012) also found evidence for L1 attrition of VOT. As mentioned in 

Chapter Three, Mayr et al. (2012) investigated the production of plosives and vowels in two 

late consecutive Dutch-English bilinguals, where one bilingual had moved to an English 

environment. They compared the level of L1 attrition in 62-year-old monozygotic twin sisters 

who were bilingual in Dutch and English, one of whom (MZ) had moved to the UK at the age 

of 32. Both twins used Dutch and English daily, but MZ used English more often than she 

used Dutch, while her counterpart in the Netherlands (TZ) did the opposite. The authors 

observed systematic differences between the two speakers that affected some phonemes and 

not others, suggesting that attrition may not affect all areas of pronunciation equally. For 

example, while MZ produced the Dutch voiced plosives /b/ and /d/ as would a native speaker, 

the Dutch voiceless plosives produced by MZ had longer VOT values than those produced by 

TZ. MZ’s VOT values fell between the norms of the native Dutch and the native English. 

Overall, Mayr et al. (2012) found attrition in the voiceless plosives, but not the voiced 

plosives, suggesting that some areas of pronunciation might be more sensitive to attrition than 

others. 

A recent study that found L1 attrition of VOT was conducted by Stoehr et al. (2017), 

and to the best of my knowledge, it is the only study that has examined L2 attainment and L1 

attrition with regard to the VOT system. The authors examined Dutch-German (N = 18) and 

German-Dutch (N = 23) late bilinguals who lived in the Netherlands, and two control groups 

comprising 27 German monolinguals and 29 Dutch monolinguals. Their results indicated that 

complete L2 engagement might be useful in acquiring the L2; however, it might cause 

phonetic attrition in the L1. More specifically, German-Dutch bilinguals acquired the Dutch 
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(L2) VOT short-lag for /p/ and /t/ in a native-like way but did not reach the native speakers’ 

proficiency in terms of pre-voicing, such that German-Dutch bilinguals did not produce the 

Dutch (L2) /b/ and /d/ in a native-like way. The VOT of their native German seemed to be 

partly affected “by language attrition as revealed by shorter than monolingual-like VOT in 

voiceless plosives” (Stoehr et al. 2017, p.503). By contrast, language attrition did not affect 

the voiced plosives. The results of the Dutch-German bilinguals revealed that the participants 

produced longer VOTs for German voiceless plosives than they did in their native Dutch, 

while they pre-voiced the voiced plosives in both German (L2) and Dutch (L1). The results 

also illustrated that phonetic space of their L1 and L2 shows absolute phonological difference 

between voiced and voiceless stops, while the differences in the German and Dutch 

languages are “present for voiceless plosives, but absent for voiced plosives” (Stoehr et al., 

2017, p.502).  

In summary, a number of studies have proposed a bidirectional influence of the L1 

and L2 segmental sound systems that is measurable at a fine-grained level of detail when 

languages differ in their voiceless and voiced plosives.  

 

4.2.4 Factors that Influence L1 Attrition and L2 Acquisition 

Chapters Two and Three explored factors which influence L2 acquisition and the 

degree of L1 attrition in the phonetic domain – in particular, language use and phonetic 

aptitude. These factors influenced L2 acquisition and the degree of L1 attrition in the prosody 

of wh-words in A-E and E-A bilinguals (see Chapter Two for more detail) but did not show 

the same influences in L2 acquisition and the degree of L1 attrition in the formants of shared 

vowels among the same bilinguals (see Chapter Three for more details). Hence, these factors 

may or may not affect or play a role in the production of A-E and E-A bilinguals’ VOT of the 

voiceless stops. 

 The Role of language use in L2 Acquisition and L1 Attrition 

Previous studies have examined how the frequency of L2 use, particularly with native 

speakers, affects language acquisition (Purcell & Suter, 1980; Leather, 1987; Shen, 1990; 

Thompson, 1991; Flege & Fletcher, 1992; Flege, 1995; Moyer, 1999; Guion et al., 2000; de 

Leeuw, 2009; Mayr et al., 2012; Stoehr et al., 2017). A study by Stoehr et al. (2017) indicated 

that complete L2 immersion may be advantageous in L2 acquisition but that it may also cause 
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L1 phonetic attrition. Whereas previous studies have shown that language use has a small 

influence on L2 acquisition, other studies have revealed no obvious impact from L2 use or 

input (see Chapter Two, Section 2.2.3.1 for more information). Generally, it appears that 

certain kinds of language use – for example, in the home or in situations where code-

switching is unlikely – have an influence on L1 attrition. Notably, as most of these studies 

concern a global foreign accent, it is unclear which aspects of pronunciation may be affected 

by language use. To the best of my knowledge, no previous study has directly considered 

how language use affects L2 acquisition and L1 attrition of VOT in plosives, except Stoehr et 

al. (2017), who studied L1 attrition and L2 attainment with regard to the VOT system. Their 

results suggested that complete L2 engagement might be beneficial in obtaining the L2; 

however, it might cause phonetic L1 attrition. That said, Sancier and Fowler (1997) provided 

some indirect evidence that language use may affect L2 acquisition and L1 attrition. 

Specifically, they found evidence that their bilingual L1 Brazilian Portuguese L2 English 

speaker’s VOT values in both the L1 and L2 shifted in the direction of the ambient language 

as the speaker spent time either in the L1 or L2 environment over the course of the study 

(Sancier & Fowler, 1997). Assuming that the speaker would more frequently use the L2 in 

the L2 environment and the L1 in the L1 environment, these VOT shifts may be related to 

language use (see also Tobin et al., 2017). In addition, Mayr et al.’s (2012) study of the 

monozygotic twins suggested that long-term L2 experience affected L1 VOT production of 

voiceless plosives. To contribute to a more detailed picture of the role of language use in L2 

acquisition and L1 attrition in the phonetic domain, the current study focuses on one 

particular aspect of VOT values. Therefore, the present study’s objective is to offer a more 

in-depth examination of the effect of language use on the VOT values of voiceless stops in 

L2 learning and L1 attrition. 

 
The Role of Aptitude in L2 Acquisition and L1 Attrition 
 

Very few studies have focused on the area of phonetic aptitude and examined its links 

to L2 acquisition and L1 attrition (Tahat et al., 1981; Flege et al., 1995; Thompson, 1995). To 

the best of my knowledge, no previous study has directly considered how phonetic aptitude 

affects L2 acquisition and L1 attrition of VOT in plosives. Using proficiency tests, Hopp and 

Schmid (2013) found an indirect link between aptitude and the presence of a foreign 

sounding accent. However, self-rating or indirect measures are less reliable than direct 

measurements of language aptitude (Jilka et al., 2010; Hinton, 2012).  
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Mennen’s (2004) study attempted to make clear that some participants are simply 

‘outliers’ from the general population, in that they have the ability to achieve native-like 

production of both their L1 and L2. This issue raises the following question: What makes 

these individuals particularly good at learning the L2 while maintaining nativeness in their 

L1? One possibility is that participants who do well in the L2 – and who also show no effects 

on the L1 – may be phonetically talented, which could explain their success. The present 

chapter uses specific aptitude tests to investigate the effect of phonetic aptitude on the 

production of voiceless stops in L1 attrition and L2 acquisition. 

 
 
4.2.5 Arabic and English VOT Systems 
 

As previously mentioned (see sections 4.2.2 and 4.2.3), many studies have found the 

VOT values of voiced and voiceless stops to be important acoustic cues in a number of 

languages. Lisker and Abramson (1964) analysed the VOT of 11 languages, including 

English. Each stop category falls into one of the three ranges mentioned in section 4.2.1: 

negative VOT (pre-voicing), short-lag VOT and long-lag VOT. Some languages have 

plosives with short-lag VOT and long-lag VOT, others have stops with short-lag VOT and 

pre-voicing negative VOT, and still others make a three-way distinction with pre-voicing, 

short-lag and long-lag VOT. Moreover, Cho. et al. (2019) mention that some languages have 

four- and five-way stop distinctions, for example Jangli and Urdu, which have a four-way 

contrast, and Sindhi and Siraiki, which have a five-way contrast. English (British English) 

has only short- and long-lag stops (Lisker & Abramson, 1964), whereas Arabic has the short-

lag plosives /t/ and /k/ (which are long-lag plosives in some Arabic dialects, but not as long as 

those in English; Alanazi, 2018) and the pre-voiced stops /b/, /d/ and /g/. Many researchers 

(Lisker & Abramson, 1964; Klatt, 1975; Port & Rotunno, 1979; Weismer, 1979; Keating et 

al., 1983; Docherty, 1992) have examined English VOT values.  

There is little research on Arabic VOT for word-initial plosives (Flege, 1980; Khattab, 

2000; Alanazi, 2018). Arabic and English differ in their VOT patterns, but both have two stop 

categories (Lisker et al., 1964). English is often described as having three voiceless stops—

/p/, /t/ and /k /—and the three voiced stops /b/, /d/ and /ɡ/. According to Lisker and Abramson 

(1964), the stops /b/, /d/ and /ɡ/ are voiced in medial positions; however, in initial positions 

both voiceless and voiced stops appear to be actually voiceless as both are produced with a 
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silent closure. Thus, based on Lisker and Abramson (1964), it is important to examine the 

aspiration of stops in initial positions to distinguish between /p/, /t and /k/ and /b/, /d/ and /ɡ/. 

In that sense, the voiceless stops /p/, /t/ and /k/ are characterised as having long-lag VOT 

patterns, while the plain/voiced stops have short-lag VOT patterns (Lisker & Abramson, 

1964).  

Although little research has dealt with the issue of VOT in different Arabic dialects 

(Al-Ani, 1970; Yeni-Komshian, Garamazza, & Preston, 1977; Flege & Port, 1981; Port & 

Mitleb, 1989; Alghamdi, 1990; Radwan, 1996; Jesry, 1996; Mitleb, 2009; AlDahri, 2013), 

studies that have been carried out mostly agree that voiced stops in Arabic are pre-voiced 

(except Mitleb, 2009, and AlDahri, 2013) and that voiceless stops fall into the short-lag range 

of the continuum. Notably, not all of the studies reviewed below reported which specific 

dialect they studied, but it seems that they used MSA rather than colloquial or national 

dialects, except for Khattab (2002), Flege and Port (1981) and Alghamdi (1990), who used 

colloquial dialects in their studies. 

One of the earliest studies in Arabic phonology was conducted by Al-Ani (1970), who 

measured the duration of aspiration of voiceless stops by recording himself reading lists of 

words. He found that the VOT productions of /k/ were between 60 and 80 msec, while the 

VOT values of /t/ were between 30 and 40 msec (Al-Ani, 1970). These values were at the 

low end of the long-lag range rather than in the short-lag range.  

Yeni-Komshian et al. (1977) studied the production of stops in MSA by asking eight 

Lebanese adults to read words and sentences with stops in the context of the three short 

vowels /a/, /iː/ and /ʊ/. The researchers found that voiced stops were pre-voiced in all 

participant productions, while the voiceless ones fell within the short-lag region (Yeni-

Komshian et al., 1977). They also found no major differences between stops produced in 

words in isolation and words produced in sentences (Yeni-Komshian et al., 1977). Moreover, 

they found that there was a tendency for shorter negative VOT and longer short-lag VOT in 

the production of stops before /iː/ than before the other vowels /a/ and /ʊ/ (Yeni-Komshian et 

al., 1977). 

Jesry (1996) compared the Arabic voicing contrast in MSA. The study comprised 

three adult Syrians who read target words containing word-initial stops and fricatives 

followed by one of the following vowels: /ɪ/, /iː/, /a/, /ɑː/, /ʊ/ and /uː/. Jesry’s (1996) results 
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showed that the voiceless stops fell within the short-lag region, while the voiced stops were 

pre-voiced in all of their participants’ productions, similar to the results obtained by Yeni-

Komshian et al. (1977). 

Several researchers have investigated English VOT patterns (e.g. Lisker & Abramson, 

1967; Klatt, 1975; Docherty, 1992; Khattab, 2002; Scobbie, 2002). Docherty (1992) studied 

the VOT patterns of SSBE and reported in detail the various features of the timing of voicing 

in voiced and voiceless obstruents. Docherty’s (1992) participants were five adult male 

British speakers of SSBE; they were all educated and brought up in South East England. He 

measured the VOT of stops and fricatives in different contexts (in isolation and in a carrier 

phrase). Voiceless stops in initial positions (not following /s/) were aspirated in British 

English as they were in the long-lag range: 46 msec for /p/, 66 msec for /t/ and 66 msec for 

/k/ in words in isolation. Voiced stops exhibited shorter VOT values (25 msec) for /b/, but 

with slight aspiration for /d/ (33 msec) and for /g/ (40 msec). Voiceless unaspirated stops 

were also in the short-lag range, but with shorter VOT values than the voiced stops in words 

in isolation. Docherty (1992) stated that even pre-voicing was recorded for some voiced stop 

tokens, particularly of /b/ and /d/.  

Table 4.1 shows the average VOT values of the stops /t/ and /k/ for Arabic, as 

reported by Al Dahri (2010), Alghamdi (2006) and Mitleb (2001). Table 4.2 displays the 

average VOT values for MSA from Yeni-Komshian et al. (1977) and Jesry (1996). Table 4.3 

shows the VOT values of the voiceless stops for English from Lisker and Abramson (1964; 

American English) and Docherty (1992; British English). Tables 4.1, 4.2 and 4.3 show that 

the voiceless stops in both languages have positive VOTs, with English having larger positive 

VOT values than does Arabic. 

Table 4.1. Average VOT Values for /t/ and /k/ for Arabic in Different Dialects 

 

Plosive  

Al Dahri and Alotaibi, 
2010 (Arabic, Najdi 

dialect) 

Alghamdi, 2006 
(Arabic, Gamdi 

dialect) 

AlDahri and Alotaibi, 
2010 (Quranic Classical 

Arabic) 

Mean 
 

Mean Mean 

/t/ 49 39 36 

/k/ 52 42 37 
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Table 4.1.  Average VOT Values for /t/ and /k/ for MSA 

 

 

Plosive  

Yeni-Komshian et al., 1977 
(MSA) 

 Jesry, 1996 (MSA) 

 

Mean 
 

 Mean 
 

/a/ /ʊ/ /i/ 

/t/ 20 25 30            27.82 

/k/ 25 30 30            32.19 

 

Table 4.2. Average VOT Values for /t/, /k/ and /p/ for English in American and British 
Dialects 

 

Plosive  

Lisker & Abramson, 1964 
(AE) 

Docherty, 1992 (BE) 

Mean 
 

Range Mean Range 

/t/ 70 30-105 64 30-110 

/k/ 80 50-135 62 30-150 

/p/ 58 20-120 42 10-80 

 

To align with the study’s purpose, I focus on SSBE (Doherty, 1992) and MSA (Yeni-

Komshian et al., 1977; Jesry, 1996), and I exclude AlDahri and Alotaibi’s (2010) and 

Alghamdi’s (2006) data because they used the colloquial Saudi dialects Najdi and Gamdi. 

The average VOT values given in Table 4.2 for the MSA /t/ range from 20 to 30 ms, while 

the average VOT value for British English /t/ is 64 ms. The average VOT value of the Arabic 

/k/ ranges from 25 to 32 ms, whereas the average VOT value for the English /k/ is 62 ms. As 

I mentioned previously, there is no /p/ sound in Arabic, so there is no average value for it. 

The VOT value for the English /p/ is 42 ms.  

Because AlDahri and Alotaib’s (2010) and Alghamdi’s (2006) studies used the Saudi 

dialects Najdi and Gamdi rather than MSA for Saudi Arabic /k/ and /t/, the VOT values did 

not fall exactly into the short-lag region but were in the low end of the long-lag region, 

bordering on short lag. The /t/ and /k/ sounds in these Saudi dialects are thus considered to be 

aspirated (Flege & Port, 1981). 
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Table 4.4 presents the generalisations about Arabic and English VOT patterns 

provided by Khattab (2002). Note that the results from some previous studies are inconsistent 

with these generalisations, notably AlDahri and Alotaibi (2010), Mitleb (2001) and Scobbie 

(2002). 

Table 4.3. Generalisations about Arabic and English VOT Patterns in Word-Initial Positions 
Provided by Khattab (2002, p.218) 

 Arabic VOT patterns  English VOT patterns  
Initial voiced stops predominantly lead voicing 

(VOT between -60 and -90 
msec). 

unaspirated (VOT 
between 0 and 25 msec) 
or voiced 

Initial voiceless stops delay of between 25 and 60 
msec in voicing, relative to 
the release of the stop 

delay of between 50 and 
80 msec in voicing, 
relative to the release of 
the stop 

Presence or absence of vocal 
fold vibration in the closure 
duration 

contrastive not contrastive 

 
 

Arabic and English have important differences in their VOT patterns. In English, 

before and during the production of the plosives /b/, /d/ and /g/, there are only rarely vocal 

cord vibrations, such that /b/, /d/ and /g/ are typically considered to be voiced and unaspirated 

(but cf. Scobbie, 2002, and a number of English regional dialects). Additionally, in English 

[ph], [th] and [kh] are strongly aspirated. Therefore, the contrast between voiceless and voiced 

plosives is in aspiration in English, but in the absence or presence of glottal pulsing in Arabic 

(cf. Flege & Port, 1981; Khattab, 2002). 

The empirical evidence in some of the previous studies (Yeni-Komshian et al., 1977; 

Jesry, 1996; Docherty, 1992) suggests that the VOT in Arabic and English plosives differs 

sufficiently. The SLM therefore predicts that bilinguals would establish a new category for 

the L2 sounds and produce the L2 sounds differently from the L1 sounds, and they would 

thus potentially be native-like in their L2 productions. As Arabic (MSA) does not have a /p/ 

sound, I would expect that highly fluent A-E late bilinguals would form a new category and 

produce the English /p/ similarly or close to the production of /p/ by native English speakers. 

Furthermore, both Arabic and English have voiceless stops /t/ and /k/, even though English 

/p/, /t /and /k/ are produced in the long-lag range, while the /t/ and /k/ in Arabic are produced 

in the short-lag range. I would therefore expect that highly fluent A-E and E-A bilinguals 

would create a new category for the voiceless stops /t/ and /k/ in English and Arabic and 
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produce them with VOT values similarly or close to the production of native speakers 

(Arabic and English). In addition, the SLM also assumes that phonetic systems remain 

flexible over the lifespan, implying that L1 categories can change due to the influence of L2 

acquisition, leading to a foreign accent in the L1. Hence, I expect that E-A and A-E bilinguals 

would produce voiceless plosives /t/ and /k/ with compromised VOT values in both 

languages. 

In addition, I explore how the amount of L2 language use and the phonetic aptitude 

affect both L1 attrition and L2 acquisition in their phonetic systems. The present investigation 

adds to the existing VOT literature on L2 acquisition and L1 attrition and combines 

investigations of L1 attrition and L2 acquisition in the same speakers.   

4.3 The Current Study  
 

The main aim of the present study is to investigate whether highly fluent late 

consecutive A-E bilinguals who moved to the UK in adulthood and highly fluent late 

consecutive E-A bilinguals who moved to the KSA or Yemen in adulthood show native-like 

voiceless plosive productions in their L2s and/or show L1 attrition for voiceless plosives. 

This chapter investigates the VOT of voiceless stops as the phonetic variable in the L1 and 

L2 speech of A-E and E-A bilinguals. The VOT of voiceless stops was selected because the 

literature indicates differences between English and Arabic in the VOT of voiceless plosives. 

Moreover, few studies have been conducted on the production of voiceless plosives in 

Arabic. The current study attempts to fill this gap in the literature. The present study also 

attempts to test whether conclusions drawn from previous studies hold true across two 

typologically different language groups, such as Arabic and English. 

The second aim of the present study is to determine whether language use has an 

effect on L1 attrition and L2 acquisition of the VOT of the voiceless plosive. Many 

researchers have assumed that exposure to the L2 and prolonged use leads to L1 attrition; 

hence, language use was selected as one of the study’s main factors. All participants of this 

study were late L2 learners who had lived in the L2 environment for a substantial amount of 

time and thus had extensive exposure to the L2. Language use was measured using a detailed 

questionnaire.  
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Finally, the last aim of the current study is to ascertain whether phonetic aptitude 

plays a role in L1 attrition and L2 language acquisition in terms of the VOT of voiceless 

stops, using methods by Jilka (2007, 2009) and Jilka et al. (2008, 2011). In particular, 

aptitude was measured via a variety of phonetic aptitude tests. More native-like pronunciation 

in both the L1 and L2 may be found in participants with high phonetic aptitude, as suggested 

in Chapter Two.  

 

4.5 Hypotheses 
 

This study assesses L1 attrition and L2 acquisition in the production of plosives in late 

E-A and A-E bilinguals (i.e. bilinguals who speak two typologically different languages). It 

also examines whether late L2 learners’ phonetic aptitude and language use influenced the 

production of plosives in Arabic and English. The current study explores the following 

hypotheses: 

1. Arabic and English VOT: Based on the existing literature, I would expect a difference in 

the pronunciation in terms of VOT for voiceless plosives in Arabic (MSA) and English: 

1a. The VOT of the voiceless stop of the Arabic monolingual speakers will be in the 

short-lag range. 

1b. The VOT of the voiceless stop of the English monolingual speakers will be in the 

long-lag range. 

 

 
2. L2 acquisition:  

2a. As Arabic and English voiceless stops differ, I would predict that, based on the 

SLM, highly fluent learners of English or Arabic will form new categories for /t/ and 

/k/ in English and Arabic and they will produce them with VOT values much the 

same as the native speakers of Arabic or English. 

2b. The SLM would predict that A-E bilinguals would establish a new category for 

the L2 sound /p/. Hence, I would expect that A-E bilinguals’ /p/ is similar to that of 

native English speakers.  

 

3. L1 attrition: Based on the previous literature and the SLM theory, L1 production may be 

affected by the L2; thus, the participants may produce plosives with compromise VOT values 
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for the voiceless stops /p/, /t/ and /k/ in both languages, and both groups may differ from 

predominantly monolingual native speakers.  L1 attrition may result in values that are 

between the norms for the L1 and the L2. Compared to the native speakers of Arabic and 

English: 

 
3a. A-E bilinguals will produce the VOTs for the voiceless Arabic plosives /t/ and /k/ 

in a manner similar to English, and these will therefore be longer than the VOTs of 

Arabic monolinguals; and 

3b. E-A bilinguals will produce the VOTs for the voiceless English plosives /t/ and /k/ 

in a manner similar to Arabic, and these will therefore be shorter than the VOTs of 

English monolinguals. 

 
4. Language use: Based on Sancier and Fowler (1997), I will tentatively assume that 

language use will influence L1 attrition and L2 acquisition; that is, bilinguals with more L2 

use will show a more native-like pattern in their L2 compared to those with less L2 use. 

 
5. Phonetic aptitude: While there is no consensus in the literature regarding the role of 

phonetic aptitude in L2 acquisition and L1 attrition, I tentatively assume that participants with 

high phonetic aptitude will show more native-like production of the VOT in both their L1 and 

L2.  

 
 

4.6 Methods  
 
4.6.1 Participants 

The study investigated the VOT of voiceless stops in the same participants as in 

Chapter Three. For convenience, Table 4.5 repeats the participant characteristics summarised 

in Chapter Three. 

Table 4.4. Summary of Participant Characteristics 

Participant group N (gender) Mean age (SD) Mean AOA 

(SD) 

Mean LOR 

(SD) 

Monolingual Saudi, 

native Arabic 

15 (4 males, 

11 females)  

36.06  

(SD = 6.91) 

NA NA 
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speakers 

Monolingual English 

native speakers 

15 (2 males, 

13 females) 

40.93 

(SD = 9.65) 

NA NA 

A-E bilingual 15 (one 

male, 14 

females) 

39.4 

(SD = 3.75) 

19 

(SD = 2.8) 

20 years 

(SD = 2.6) 

E-A bilingual 15 (four 

males, 11 

females 

33.66 

(SD = 3.9) 

16.7 

(SD = 1.12) 

17 years 

(SD = 3.9) 

 
 
4.6.2 Materials and Procedure 
 
 Quasi-spontaneous Speech for Consonants (Segmental Production) 
 

I collected spontaneous speech production data for Arabic and English voiceless 

plosives from the participants. I used spontaneous speech because it “reflects overall abilities 

the best, allowing especially representative impressions of fluency, speaking rate, choice of 

words, choice of prosodic patterns and segmental realizations” (Jilka et al., 2008, p.228). 

Bilingual and monolingual participants narrated short cartoons, each chosen to elicit a 

particular plosive. Each cartoon task includes one or more pictures for the target word. To 

prepare for the quasi-spontaneous speech task, a native speaker of each language was asked 

to narrate the cartoon first, to determine the feasibility of a bilingual participant narrating that 

cartoon and eliciting the target words.  

Each bilingual participant narrated three separate cartoons in English, featuring the 

voiceless plosives /k/, /p/ and /t/ and two cartoons in Arabic, which included /k/ and /t/, since 

the Arabic language does not have /p/. Table 4.6 shows the target words of the English and 

Arabic voiceless stops: ‘cow’, ‘ti-ger’ and ‘pe-nguin’ for the three English cartoons, and 

/kalb/ (‘dog’) and /tem-sɑːħ/ (‘crocodile’) for the Arabic cartoons. Previous research 

concerning the effects of a following vowel on plosives’ VOT has been inconclusive. While 

Lisker and Abramson (1967) found no effect of a following vowel on VOT, Klatt (1975), 

Weismer (1979), and Port (1979) found that the VOT of plosives were longer when followed 

by tense high vowels than for all other vowels. Therefore, none of the plosives in the target 

words preceded tense high vowels. To keep the two initial sounds in the target words as 
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similar as possible across the two languages, each plosive was followed by the same or a 

similar vowel in each language. For example, the plosive /k/ was followed by the vowel /a/ 

(either as a monophthong or the first part of the diphthong /aʊ/) in both Arabic and English.  

 
Table 4.5. Arabic and English Plosives Target Words 

Plosives English Arabic 

 Target 

word 

Description  Target 

word 

Description  

/k/ ‘cow’ A cartoon (Larson, 

1992) of a cow eating 

grass, then ringing the 

doorbell. The cow is 

then seen eating the 

grass again. 

/kalb/ ‘dog’ A cartoon (Larson, 1992) of 

two men talking about a dog 

(in Arabic, /kalb/). Then a 

group of dogs is seen having 

their own conversation. 

/t/ ‘ti-ger’ A cartoon (Bill 

Watterson, 1993) 

including pictures of a 

boy talking to a tiger. 

/tem-saːħ/ 

‘crocodile’ 

A cartoon (Larson, 1992) of 

people on a boat; a 

crocodile (in Arabic, /tem-

saːħ/) watches them. 

/p/ ‘pen-guin’ A cartoon (Larson, 

1995) of a group of 

penguins on an 

iceberg, standing 

around a polar bear 

wearing a penguin 

mask. 

N/A N/A 

 

The bilingual participants were asked to narrate five different cartoons – three in 

English and two in Arabic. Three cartoons including the target words for the English plosives 

/t/, /k/ and /p/ were narrated in English by the bilingual participants on one day. On a second 

day, the bilingual participants narrated two cartoons in Arabic. As there is no /p/ sound in 

Arabic, there was no target word for /p/ in Arabic. Each monolingual participant only 

narrated the cartoons designed for their native language. Thus, their participation involved 

only one session. All participants were recorded with a handheld Sony tape recorder (SONY 
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ICD PX333Digital Voice Recorder) in a quiet environment. I used cartoons because they 

encourage participants to choose the vocabulary that is suggested in the pictures and they are 

likely to produce more authentic spoken utterances than reading aloud or answering direct 

questions from another speaker (Seliger & Shohamy, 1989). In the current chapter, the VOT 

values of the voiceless word-initial stops are measured using Praat (Boersma & Weenink, 

2016) as the duration of the interval between the plosive release and the onset of voicing (see 

figure 4.1). The first token for each participant (60 tokens for each plosive) was selected 

because most of the participants replaced the target nouns with pronouns after the first 

mention. None of the tokens had to be excluded due to dysfluencies or other irregularities. 

 

 
Figure 4.2. Example of a spectrogram and waveform of the /p/ by English native speakr 

 
 Background Questionnaire 

The language background questionnaire described in Chapter Two aimed to collect 

sociolinguistic background information from the bilingual participants and provide answers 

to questions pertaining to the duration of contact with speakers of each language, the 

frequency and type of use of each language and the participants’ attitudes towards the 

relevant languages and cultures. A more detailed description of the questionnaire is available 

in Chapter Two. 
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Language Proficiency and Aptitude 

The results from the proficiency and aptitude tests were also adopted from Chapter 

Two. The TOEFL (computer-based version) and an APT were used to measure the 

bilinguals’ Arabic and English language proficiency. See Chapter Two for more details. 

Samples available on the Internet from MLAT Part III (Spelling Cues, which tests 

sound-symbol associations) and Part V (Paired Associates, which tests memory for novel 

words) and PLAB Part V (Sound Discrimination, which tests discrimination of pitch, orality 

and nasality) were adapted for the aptitude test. For a more detailed description of the 

aptitude test, see Chapter Two. 

4.6.3 Overall Procedure 

The snowball method was used for the data collection, which was conducted over six 

months in KSA and the UK, as mentioned in Chapter Two. After receiving the participants’ 

consent via email, the bilinguals attended three sessions on separate days up to one week 

apart. The first session assessed participants’ proficiency in the L2, followed by an aptitude 

test. The second and third sessions consisted of three different production tasks, with Arabic 

productions being recorded in one session and English productions in the other. The 

participants read lists of words and sentences six times, as described in Chapter Three. The 

participants then read the question-answer dialogs analysed in Chapter Two. Finally, 

voiceless plosive sound productions in Arabic (/k/ and /t/) and in English (/k/, /p/ and /t/) 

were recorded as the participants narrated short cartoons by Gary Larson (1992) using a 

handheld Sony tape recorder in a quiet environment. Monolingual participants only required 

two sessions, as they only participated in these production tasks in their native language. 

 
4.6.4 Data Analysis 
 

I conducted an analysis of the word-initial voiceless plosives in the participants’ first 

productions of each target word. I first determined the beginnings and ends of the VOT part 

of the plosives in Praat and then labelled the voiceless plosives; both processes were done 

manually. A Praat script then extracted duration information (Boersma & Weenink, 2016). 

The VOT duration was measured from the interval between the plosive release and the onset 

of voicing. Next, a Praat script extracted VOTs for all the selected voiceless plosives. Mixed 

effects models were used to analyse the VOTs for each voiceless plosive. The mixed effects 
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model allowed both fixed and random effects to be included in the analysis. I also used a 

linear model to see if aptitude or language use affected the VOT. I analysed the VOT values 

separately for each of the plosives (/k, /t/, and /p/). The analyses were performed using 

RStudio (Version 1.1. 456, 2018) and the lme4 package (Version 1.1-18-1, 2018). Depending 

on the analysis, the fixed effects in the analyses included language (Arabic vs English), group 

(A mono, E mono, A-E and E-A bilinguals), language use (high vs low) and aptitude (high vs 

low).  

 

4.7 Results 
 
4.7.1 Profile of Bilingual Participants 

The A-E and E-A bilinguals who participated in this experiment were the same as the 

participants of the study described in Chapter Three. Table 4.7 (repeated here for 

convenience) summarises the proficiency, aptitude and language use among A-E and E-A 

bilinguals. 

Table 4.6. Proficiency, Aptitude and Language Use among A-E and E-A Bilinguals 

 
 
 

Measure A-E bilinguals E-A bilinguals t-test 
p-value 

Proficiency TOEFL: mean = 42.1 
(SD = 1.9; range = 39-

45) 

APT: mean = 43.7 
(SD = 1.0; range = 42-

46) 

NA 

Aptitude spelling 
cues 

mean = 17.5 (SD = 4.2; 
range = 11-25) 

mean = 19.8 (SD = 
3.3; range = 14-24) 

t = -1.4494 
p = .16 

Aptitude paired 
associates 

mean = 14.6 (SD = 2.0; 
range = 12-18) 

mean = 15.6 (SD = 
2.2; range = 12-19) 

t = -1.4155 
p = .17 

Aptitude sound 
discrimination 

mean = 23.5 (SD = 2.3; 
range = 20-28) 

mean = 23.5 (SD = 
2.7; range = 20-28) 

t = 0.1883 
p = .85 

Aptitude total mean = 55.6 (SD = 7.8; 
range = 45-71) 

mean = 58.9 (SD = 
7.5; range = 49-69) 

t = -1.0437 
p = .31 

Language use More Arabic = 8 
More English = 7 

More Arabic = 5 
More English = 10 

NA 
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4.7.2 Comparison of Monolingual Speakers 
 

This section presents the results of the comparison between English monolingual 

speakers (E mono), Arabic monolingual speakers (A mono) and A-E and E-A bilingual 

speakers in producing voiceless plosives (/k/, /t/ and /p/). The first analysis compares the 

patterns in the data for monolingual speakers for each voiceless plosive separately to 

determine whether the VOT values of the voiceless stops for monolingual Arabic speakers 

differ from those for monolingual English speakers. If they differ, the next step is to compare 

the data for bilingual and monolingual Arabic and English speakers to determine whether the 

bilingual groups differ from the monolingual ones. The final section examines whether 

significant differences that exist in the VOT values between the bilingual and monolingual 

groups for voiceless plosive production could be attributed to language use (more Arabic, 

more English) and phonetic aptitude (high and low). 

 
VOT Values for the Voiceless Plosive /k/ in Arabic and English 
 
Comparison of Patterns for Monolingual Speakers 
 

First, the mean VOT for A mono is compared with that for E mono to determine 

whether the VOT of the voiceless /k/ differs between the two groups of monolingual 

participants. Figure 4.2 shows mean VOT values of /k/ in Arabic and English as produced by 

the A mono, E mono, A-E bilingual and E-A bilingual groups. The figure reveals that VOT 

values for E mono were numerically higher than those of A mono, meaning that E mono 

speakers tend to produce the /k/ in a more strongly aspirated manner (long lag) compared to 

the A mono group. 
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Figure 4.3. Boxplots for the VOT values (in msec) of the Arabic and English /k/ as produced by the A-
E bilingual, E-A bilingual, A mono and E mono groups 

 

To determine whether A mono and E mono speakers differ in a statistically significant 

way in terms of their VOT when producing the /k/ voiceless stop, I used mixed effects model. 

The response variable for this analysis is the VOT value in msec for each of the voiceless 

plosives /k/, /t/ and /p/. The fixed effect is group (A mono and E mono). Table 4.8 presents 

the results of this analysis, which reveal a significant effect of speaker group, showing that 

the VOT values of the /k/ phoneme were significantly higher (more strongly aspirated) for the 

E mono than for the A mono speakers.  
 

Table 4.7. VOT Value Comparison between A Mono and E Mono Groups for the Voiceless /k/ 

Fixed effects Estimate Std. error Df t-value p-value  

Intercept 47.992       3.471 28 13.82 < .0001  

Speaker group 163.163 4.91 28 12.9 < .0001  
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4.7.3 Comparison of Patterns for Bilingual Speakers  
 
Comparison of VOT Values for E-A and A-E Bilingual Speakers and A Monolingual 
Speakers for /k/ in Arabic 
 

Since Arabic and English monolingual participants differ in their production of the /k/ 

voiceless plosive, I then examined how bilingual speakers produce this phoneme in their 

Arabic productions and how they compare with Arabic monolingual speakers. Figure 4.2 

above shows the numerical differences in the VOT values of the /k/ produced by the A mono, 

E-A bilingual and A-E bilingual groups. I used mixed effects model to determine whether the 

E-A and A-E bilingual groups shown in Figure 4.2 differ statistically significantly in terms of 

VOT. The results shown in Table 4.9 reveal that E-A bilinguals differ from A mono speakers 

in terms of the VOT values of the voiceless /k/, but A mono and A-E bilingual speakers show 

no significant differences. These results mean that the E-A bilingual group did not achieve 

target-like production of the voiceless stop /k/ in terms of VOT and that there is no evidence 

of L1 attrition in the A-E bilinguals. 

Table 4.8. VOT Value Comparison of A Mono and E-A and A-E Bilingual Groups for /k/ in 
Arabic 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 47.992       4.43 42 10.84 < .0001 

A mono vs A-E bilingual 8.49       6.263 42 1.36   = .182     

A mono vs E-A bilingual  23.36       6.263 42 3.73   < .0001 

 
 

To explain the significant differences between the E-A bilinguals and the Arabic 

monolingual speakers, I considered whether language use or phonetic aptitude influences E-A 

bilingual speakers’ production of these phonemes. To determine whether aptitude and 

language use influence the VOT values in E-A bilinguals’ Arabic productions of /k/, I used 

mixed effects models. Tables 4.10 and 4.11 summarise the statistical results and show that no 

significant difference exists between the aptitude groups and language use groups in terms of 

the VOT values of the voiceless /k/ in Arabic.  

 
Table 4.9. VOT Value of /k/ in Arabic According to Aptitude Group 

Fixed effects Estimate Std. error t-value p-value 

Intercept 73.45       7.55    9.73 < .0001 
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Aptitude -4.497      11.052   -0.41 = .691 

 
 
Table 4.10. VOT Value of /k/ in Arabic According to Language Use Group 

Fixed effects Estimate Std. error t-value p-value 

Intercept 68.43       8.05    8.504 < .0001 

Language use 5.48      11.02    0.497     = .627    

 
 
Comparison of VOT Values for E-A and A-E Bilingual Speakers and A Monolingual 
Speakers Producing /k/ in English  
 

Since the production of the voiceless plosive /k/ differs between the two groups of 

monolingual speakers, I compared the A-E and E-A bilingual speakers’ English productions 

with those of E mono speakers. Figure 4.2 shows the numerical differences between E mono, 

A-E bilingual and E-A bilingual speakers when producing the English /k/. Again, I used 

mixed effects model to determine whether the monolingual English, E-A bilingual and A-E 

bilingual groups shown in Figure 4.2 differ statistically significantly in terms of VOT values 

for /k/. The statistical results shown in Table 4.12 demonstrate that E-A and A-E bilingual 

speakers differ from E mono speakers in terms of the VOT values of the voiceless stop /k/. 

Neither bilingual group showed target-like production in English, which means that the A-E 

bilinguals do not hit the L2 target VOT for the English /k/ and that the E-A bilinguals may 

show L1 attrition in their English /k/. Specifically, while the E-A bilinguals have significantly 

shorter VOTs for the English /k/ compared to the English monolinguals, both groups’ VOT 

values are clearly within the long-lag range, so that it is not entirely clear if this is a case of 

attrition.  

 
Table 4.11. VOT Value Comparison of E Mono and E-A and A-E Bilinguals for /k/ in English 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 111.16       5.58 41.29   19.921   < .0001 

E mono vs A-E bilingual 30.41       7.52 28 -4.05 < .0001 

E mono vs E-A bilingual  -19.451       7.52   28 -2.59 = .015  

 
 

To explain the significant differences between the bilingual groups and the 

monolingual English speakers, I employed mixed effects model to determine whether 

aptitude and language use influence the VOT values of the English /k/ produced by A-E and 



  
 

201 

E-A bilingual speakers. Tables 4.13 and 4.14 summarise these statistical results, showing that 

bilingual speakers did not significantly differ in terms of the VOT values of the voiceless /k/ 

in English according to their aptitude or language use patterns.  

 
 
Table 4.12. VOT Value of /k/ in English According to Aptitude Group 

Fixed effects Estimate Std. error t-value p-value 

Intercept 95.71     5.35   17.901 < .0001 

Aptitude -8.59       7.827   -1.097     = .293 

 
 
Table 4.13. VOT Value of /k/ in English According to Language Use Group 

Fixed effects Estimate Std. error t-value p-value 

Intercept 91.9524      5.9737   15.393     < .0001 

Language use  -0.4671      8.1798   -0.06     = .96   

 
 
VOT Values for the Voiceless Plosive /t/ in Arabic and English 
Comparison of Patterns for Monolingual Speakers 
 

To determine whether E mono and A mono speakers differ when producing the 

voiceless /t/ in Arabic and English, I compared the VOT values for the two groups. Figure 4.3 

shows the mean VOT values for the Arabic and English /t/ produced by bilinguals and A 

mono and E mono speakers. The VOT values for /t/ were higher for E mono than for A mono 

speakers, suggesting that the E mono group is likely to produce the /t/ vowel with stronger 

aspiration (longer lag) than is the A mono group. 
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Figure 4.4. boxplots for the VOT value (in msec) of the Arabic and English /t/ produced by A-E and 
E-A bilinguals and the A mono and E mono groups  

 
I used mixed effects model to determine whether the monolingual Arabic and English 

speakers shown in Figure 4.3 differ statistically significantly in terms of the VOT values for 

the voiceless stop /t/. The main effect for the speaker group variable in Table 4.15 represents 

a statistically significant difference in the VOT values between A mono and E mono speakers 

when producing /t/, with significantly stronger aspiration for E mono than for A mono 

speakers. 

 

 
Table 4.14. VOT Value Comparison of A Mono and E Mono Groups for the Voiceless /t/ 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 38.43       4.73 28 8.131 < .0001 

Speaker group 70.17       6.684 28 10.498 < .0001 

 
 
4.7.4 Comparison of Patterns for Bilingual Speakers  
 
Comparison between the VOT Values for E-A and A-E Bilingual Speakers and A 
Monolingual Speakers for /t/ in Arabic 
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Since the monolingual participants differ in their production of the /t/ voiceless 

plosive, it is also relevant to compare productions by A-E and E-A bilingual groups to those 

of monolingual Arabic speakers. Figure 4.3 shows the differences in the VOT values for /t/ 

produced by A mono, E-A bilingual and A-E bilingual speakers. I used mixed effects model 

to determine whether the E-A and A-E bilingual groups shown in Figure 4.3 differ in a 

statistically significant way. The results presented in Table 4.16 reveal that E-A bilingual 

speakers differ from A mono speakers in terms of the VOT value for the voiceless /k/, but no 

differences are observed between A-E bilingual and A mono speakers. These findings 

indicate that the E-A bilingual group does not achieve target-like production in terms of the 

VOT values for the voiceless stop /k/ in their L2 Arabic. In addition, the A-E bilinguals show 

no evidence of L1 attrition for the Arabic /k/ (even though the p-value obtained was close to 

reaching significance).  

 
Table 4.15. VOT Value Comparison of A Mono and E-A and A-E Bilingual Groups for /t/ in 
Arabic 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 38.43             4.39 42 8.76 < .0001 

A mono vs A-E bilingual 12.242       6.21 42 1.972    = .055 

A mono vs E-A bilingual  32.911       6.21 42 5.302 < .0001 

 

Because the Arabic monolingual speakers and the E-A bilingual speakers differ 

significantly in terms of the VOT values of /t/, I used mixed effects model to determine 

whether phonetic aptitude and language use influence these values within the E-A bilingual 

group. Tables 4.17 and 4.18 show the statistical results, revealing no significant difference 

between the aptitude groups or language use groups in terms of the VOT values of the 

voiceless Arabic /t/.  

 
 
Table 4.16.  VOT Value of /t/ in Arabic According to Aptitude Group 

Fixed effects Estimate Std. error t-value p-value 

Intercept 72.98      8.22    8.88 < .0001 

Aptitude -3.52      12.033   -0.292     = .775 
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Table 4.17. VOT Value of /t/ in Arabic According to Language Use Group 

Fixed effects Estimate Std. error t-value p-value 

Intercept 64.38       8.411    7.654 < .0001 

Language use 13.06      11.52    1.134     = .277 

 
 
Comparison between the VOT Values for E-A and A-E Bilingual Speakers and A 
Monolingual Speakers for /t/ in English 
 

Next, because the productions of the voiceless plosive /t/ differ between the two 

monolingual groups, I compared the A-E and E-A bilingual groups’ English productions with 

those of E mono speakers. Figure 4.3 illustrates the differences between the E mono, A-E 

bilingual and E-A bilingual speakers when producing the English /t/. Again, I used mixed 

effects model to determine whether the VOT values of /t/ in English differ significantly 

across the monolingual English and bilingual speakers. Table 4.16 presents the results. While 

the E-A bilingual group does not differ from the E mono group in a significant way, the A-E 

bilingual speakers differ from the E mono group in terms of the VOT values for the voiceless 

stop /t/. Once again, A-E bilingual speakers do not demonstrate target-like productions in 

English and there is no evidence for L1 attrition in the E-A bilingual group.  

 
Table 4.18. VOT Value Comparison between E Mono and E-A and A-E Bilingual Groups for 
/t/ in English 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 108.592       6.42 41.141   16.922   < .0001 

E mono vs A-E bilingual -37.471       8.599 28 -4.358 < .0001 

E mono vs E-A bilingual  -12.38       8.599   28 -1.439   = .161 

 
Since significant differences exist between the A-E bilingual speakers and the 

monolingual English speakers, I employed mixed effects model to determine whether 

aptitude and language use influence the VOT values of /t/ in English produced by A-E 

bilingual speakers. The statistical results summarised in Tables 4.20 and 4.21 show that the 

bilingual speakers’ aptitude and language use do not significantly influence the VOT values 

of the voiceless /t/ in English.  
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Table 4.19. VOT Value for /t/ in English According to Aptitude Group 

Fixed effects Estimate Std. error t-value p-value 

Intercept 98.14      10.443    9.397 < .0001 

Aptitude -4.112      15.29   -0.27     = .792    

 
 
Table 4.20. VOT Value for /t/ in English According to Language Use Group 

Fixed effects Estimate Std. error t-value p-value 

Intercept 84.99       10.4   8.21     < .0001 

Language use  21.05     14.18   1.49     = .161   

 
 
4.7.5 VOT Values for the Voiceless Plosive /p/ in English  
 
Comparison of VOT Values for E-A and A-E Bilingual Speakers with E Monolingual 
Speakers Producing /p/ in English 
 

Since MSA does not have a /p/ sound, the E mono speakers could not be compared 

with the A mono group; I thus compared the E mono speakers directly against the A-E and E-

A bilingual speakers. Figure 4.4 shows the mean VOT values for the English /p/ sound 

produced by E mono, A-E bilingual and E-A bilingual speakers. I used mixed effects model 

to identify any statistically significant differences between the bilingual groups and the 

monolingual English speakers in terms of the VOT values of the voiceless stop /p/, as shown 

in Figure 4.4. Table 4.22 presents the statistical results and shows that E-A and A-E bilingual 

speakers do not differ from E mono speakers in terms of the VOT values for the voiceless 

stop /p/. Both bilingual groups have achieved target-like English productions.  
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Figure 4.5. Boxplots for the VOT value (in msec) of the Arabic and English /p/ for A-E and E-A 
bilinguals and E mono groups. 

 

Table 4.21. VOT Value Comparison of E mono and E-A and A-E Bilingual Groups for /p/ in 
English 

Fixed effects Estimate Std. error Df t-value p-value 

Intercept 82.696       6.682   42 12.38 < .0001 

A mono vs A-E bilingual -14.12       9.45   42 -1.494     = .143     

A mono vs E-A bilingual -1.654       9.45   42 -0.18     = .862 

 
 

Since the A-E and E-A bilingual groups do not differ in the VOT values of the /p/ 

production when compared to the E mono group, there is no need to consider whether 

language use or phonetic aptitude influences phoneme production by bilingual speakers. 

 
 

4.8 Discussion  
 

The current chapter examined the VOT values of voiceless plosives in L2 acquisition 

and L1 attrition for speakers of two typologically different languages, especially late E-A and 

A-E bilinguals. The chapter also examined whether bilinguals’ phonetic aptitude and/or 

language use influenced how target-like were their productions of voiceless plosives in their 

L1 and L2.  
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As in Chapters 2 and 3, this chapter tested five hypotheses. In hypothesis one, I 

expected that there would be a difference in the pronunciation of voiceless plosives in Arabic 

and English. In particular, Hypothesis 1a suggested that the VOT of the voiceless stop of the 

Arabic monolingual speakers would be in the range of the English voiced (short-lag) stop. 

Hypothesis 1b proposed that the VOT of the voiceless stop of the English monolingual 

speakers would be strongly aspirated (long lag). A direct comparison of the VOT values of 

the voiceless stops /k/ and /t/ produced by the monolinguals confirmed Hypothesis 1: both /k/ 

and /t/ differed significantly across the two monolingual groups. In particular, the VOT 

values for Arabic /k/ and /t/ are in the short-lag range (similar to English voiced stops), 

whereas the VOT values for English /k/ and /t/ are strongly aspirated, i.e. in the long-lag 

range.  

In Hypothesis 2, I predicted that A-E bilinguals would form new categories for /t/ and 

/k/ in English and Arabic and they would produce them with VOT values much the same as 

do native speakers of Arabic or English (Hypothesis 2a). I also predicted that E-A bilinguals 

would produce the VOTs for the voiceless Arabic plosives /t/ and /k/ in a manner similar to 

the VOTs of Arabic, and A-E bilinguals would produce the English plosives /t/ and /k/ in a 

manner similar to the VOTs of English. Finally, I expected that A-E bilinguals would acquire 

the /p/, such that their productions would be similar to those of native English speakers 

(Hypothesis 2b). Comparing the VOT values of bilinguals’ L2 with that of monolinguals, I 

found that L2 learners of both Arabic and English failed to achieve the native patterns when 

pronouncing the voiceless plosives /k/ and /t/; thus, their results did not support Hypothesis 

2a. By contrast, A-E bilinguals produced /p/ similarly to native English speakers, thus 

supporting Hypothesis 2b.  

Hypothesis 3a predicted that A-E bilinguals would show L1 attrition and produce the 

VOTs for the voiceless Arabic plosives /t/ and /k/ in a manner similar to English, and these 

would therefore be longer than the VOTs of Arabic monolinguals. I also predicted that E-A 

bilinguals would produce the VOTs for the voiceless English plosives /t/ and /k/ in a manner 

similar to Arabic and that these would therefore be shorter than the VOTs of English 

monolinguals (Hypothesis 3b). Notably, I found attrition in the E-A bilinguals’ production of 

the English voiceless stop /k/, but not in the /t/, and there was no such evidence for the A-E 

bilinguals. Thus, Hypothesis 3 was only partially confirmed.  
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I tentatively proposed that language use would affect L2 acquisition and L1 attrition 

(Hypothesis 4). Comparing language use in the bilinguals’ productions suggested that there 

was no evidence for a link between language use and the bilinguals’ productions, and 

therefore the current results did not confirm Hypothesis 4. Finally, based on Mennen’s (2004) 

study, in which participants achieved native-like production either in both languages or in 

neither, I tentatively hypothesised that participants with high phonetic aptitude would have 

native-like VOT values in both their L1 and L2 (Hypothesis 5). However, Hypothesis 5 was 

not confirmed: similar to language use, phonetic aptitude did not affect L2 acquisition and L1 

attrition. These results are discussed in detail in the following section. 

 
4.8.1 Monolinguals  
 

The current data from the monolingual English and Arabic groups confirmed 

Hypothesis 1 in that the VOT values of Arabic voiceless stops differed reliably from the VOT 

values of English voiceless stops. As expected, Arabic voiceless stops have a short-lag VOT 

pattern, and English have a long-lag VOT pattern. The /k/ and /t/ produced by the English 

monolingual group showed strong aspiration (long lag), which was not found for Arabic. The 

current findings for Arabic monolinguals confirm suggestions by the earlier literature, 

including Yeni-Komshian et al. (1977), Jesry (1996) and Docherty (1992). In particular, 

Yeni-Komshian et al. (1977) and Jesry (1996) proposed that the VOT value is between 20 to 

30 msec for the Arabic /t/ and between 25 to 32 msec for the Arabic /k/. The current findings 

for English are in line with the VOT ranges measured in Docherty (1992), with a VOT range 

of 30-150 msec for /k/, 30-110 msec for /t/ and 10-80 msec for /p/. The findings from the 

current study of a short-lag pattern for Arabic and a long-lag aspirated pattern for English are 

compatible with this description. However, the findings from the Arabic monolinguals in this 

study are different from some previous studies. For example, Al Dahri’s (2010) and 

Alghamdi’s (2006) research suggested that the Arabic voiceless plosives are long-lag 

aspirated and do not fall into the voiced range of English stops. Thus, while Deuchar and 

Clark (1995), Yeni-Komshian et al. (1977) and Jesry (1996) proposed that Arabic voiceless 

stops /k/ and /t/ almost fall into the range of English phonemically voiced stops (short lag), Al 

Dahri’s (2010) and Alghamdi’s (2006) studies on the colloquial Saudi dialects Najdi and 

Gamdi differ from this pattern because the VOT in these dialects is about 30 msec longer 

than the VOT in other Arabic dialects.  
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In the following sections, I explain the bilinguals’ results in light of the SLM 

hypothesis (Flege, 1995) and I discuss the language use and phonetic aptitude factors for both 

bilinguals L2 acquisition and L1 attrition. 

 
 
4.8.2 Bilinguals: L2 Acquisition 
 

Attempts have been made to describe L2 phonetic acquisition in relation to the L1 

phonetic system (SLM, Flege, 1995). In the current chapter, three different acquisition 

patterns have been observed: complete L1-to-L2 transfer, equivalence classification and 

native-like acquisition. I found that both groups of highly advanced late L2 bilinguals (A-E 

and E-A bilinguals) showed L1-to-L2 transfer. The complete L1-to-L2 transfer was observed 

in the A-E bilinguals for the English voiceless stops /k/ and /t/ and in the E-A bilinguals for 

the Arabic /t/ and /k/, thus failing to support Hypothesis 2a. In particular, I found statistically 

significant differences between the monolinguals’ and the bilinguals’ L2 speech, suggesting 

that the bilinguals in this chapter did not manage to achieve native like acquisition of the L2. 

This means their results did not support the SLM, which predicts that bilinguals establish a 

new category for the L2 sounds and produce the L2 sounds differently from the L1 sounds 

and are potentially native-like in their L2 productions. More precisely, I found evidence that 

the bilingual productions of the /t/ and /k/ fell in between the two languages’ monolingual 

norms, and were thus more similar to bilinguals’ L1 productions than native-like L2 

acquisition would be. These results are in line with previous studies showing transfer from L1 

to L2 (Flege, 1987; Flege & Port, 1981). However, unlike the participants in the current 

study, the participants in Flege (1987) and Flege and Port (1981) were learners of English and 

not highly proficient L2 learners. Therefore, as the current results found L1-to-L2 transfer 

even for highly proficient speakers who had lived in the host country for a long time, 

suggesting that native-like VOT values may be difficult to acquire for late learners, even 

highly proficient ones.  

The results of this chapter showed that A-E bilinguals acquired the /p/ like native 

English speakers, which suggests that the A-E bilinguals in this study managed to 

approximate the VOT value of the voiceless /p/ in their L2, thus supporting Hypothesis 2b. It 

is perhaps unsurprising that highly proficient bilinguals, especially those who have been in 

the host country (where the L2 is spoken) for a long time, approximate native norms for 

sounds that have no close equivalents in their native language. My results are in line with 
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previous studies (Simon, 2009; Simon & Leuschner, 2010; Schmid et al., 2014), especially 

those of Schmid et al. (2014), even though their study of advanced Dutch-English bilingual 

participants was conducted on voiced and voiceless plosives and they observed native-like 

acquisition for L2 short-lag voiced stops. The A-E bilinguals’ results for /p/ support the SLM 

theory, which predicts that learners establish new category for phones that are new, and no 

new category for phones that are similar. So the SLM predicts native-like productions for /p/, 

but not (or only later) for /t/ and /k/. 

The data in this chapter relating to L2 acquisition of voiceless stops did not support 

Hypothesis 2a, which suggested that both groups of bilinguals would form new L2 categories 

for /t/ and /k/. However, the data did support Hypothesis 2b, which suggested that the A-E 

bilinguals would create a new category for the English /p/. While neither group of bilinguals 

achieved proper L2 pronunciation, the A-E bilinguals achieved native-like pronunciation in 

the production of the English voiceless /p/. 

The findings of the present chapter also failed to confirm Hypotheses 4 and 5 because 

neither language use nor phonetic aptitude showed any significant influence on participants’ 

voiceless plosive production; hence, there was no evidence that differences in production 

between participants with high and low L2 use or high and low aptitude related to the 

nativeness of their production. This finding contradicts previous research (e.g. Jilka et al., 

2008; Hopp & Schmid, 2010). Jilka et al.’s (2008) work on sounds revealed that 

pronunciation of German-English bilinguals was influenced by the participants’ phonetic 

aptitude. This difference in results may be because Jilka et al. (2008) had a very large sample 

size, whereas this study was carried out on a significantly smaller scale. Moreover, the tests 

used in this study to measure the phonetic aptitude are not exactly the same as those used by 

Jilka et al. (2008). However, these results are in line with the results in Chapter Three, 

suggesting that language use and phonetic aptitude – at least in the current study – do not 

affect VOT values for voiceless plosives (this chapter) or vowel formants for shared vowels 

(Chapter Three). 

 
 
4.8.3 Bilinguals: L1 Attrition 
 

The data in this study did not or only partially confirmed Hypothesis 3 in that I 

possibly found evidence for L1 attrition, but only among the L1 English bilinguals’ 
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productions of the voiceless stop /k/, and not among the L1 Arabic bilinguals. Specifically, 

the E-A bilinguals produced the English voiceless stop /k/ with significantly shorter VOT 

values than did the English monolinguals. Therefore, E-A bilinguals produced /k/ in both 

languages, Arabic and English, with longer VOT values than the Arabic norm, but not as long 

as the aspirated stops of English. Assimilatory patterns with compromise VOT values in this 

way have been confirmed in a number of previous studies on L1 attrition (Flege, 1987; 

Major, 1992; Mayr et al., 2012). The L1 VOT drift in the English voiceless plosive /k/ is also 

in line with the SLM because it assumes flexibility in the phonetic categories of the L1 

(Flege, 1995). However, the English /k/ values for E-A bilinguals, while statistically 

significantly shorter than for E monolinguals, are still clearly in the long-lag range. As 

mentioned above, it is therefore not entirely clear if this should be considered to be a case of 

L1 attrition. Perception studies would need to determine if this is indeed a case of attrition 

that monolingual native speakers can perceive or if it is merely variation within the native 

range. 

Overall, the bilinguals’ results showed no attrition in their L1 voiceless plosives, 

except for possibly the /k/ produced by the E-A bilinguals. It is not immediately clear why 

this is the only sound that may show attrition by the E-A bilinguals; there is no obvious 

reason or explanation for why /k/ should be affected but not /t/.  

Similar to the findings regarding vowels, the voiceless stop attrition data did not 

support Hypotheses 4 or 5. Specifically, the A-E bilinguals showed no L1 attrition, and 

neither L2 language use nor phonetic aptitude had an impact on the A-E and E-A bilinguals’ 

production in a way that one group (high or low aptitude and more or less L1/L2 use) could 

be considered to be more native-like. The results that language use in the current study had 

no effect on the bilinguals is quite surprising and different from the study of Sancier and 

Fowler (1997). The current study differs from Sancier and Fowler’s study because Sancier 

and Fowler had only one participant, who was specifically selected because other speakers 

had observed L1 attrition in her speech. Thus, the present study and Sancier and Fowler were 

asking different research questions: I wanted to know if there would be L1 attrition in terms 

of VOT in two groups of bilingual speakers, while Sancier and Fowler had one bilingual 

who, according to other people’s observations, was showing L1 attrition; and they wanted to 

know if (in a speaker with observed attrition) the language of the surroundings would module 

VOT values.  
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4.8.4 Conclusion 
 

The current chapter confirmed that the VOT values of voiceless stops in Arabic and 

English differ reliably. The results that the E-A bilinguals’ English /k/ differs reliably from 

that of monolingual English speakers is broadly in line with the SLM’s assumed flexibility of 

phonetic categories in the L1. In addition, the bilinguals’ results of the voiceless plosives /t/ 

and /k/ showed L1-to-L2 transfer. Moreover, the results for A-E bilinguals’ acquisition of /p/, 

but not /t/ or /k/, in the present chapter support the SLM theory, which predicts that speakers 

establish new categories in the L2 for L2 sounds that differ sufficiently from L1 sounds. 

Moreover, language use and phonetic aptitude did not contribute to the acquisition of 

voiceless plosives in either Arabic or English. 
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Chapter Five: General Discussion and Conclusions 
 

5.1 Introduction 
 

This project examined three different aspects of the productions of late E-A and A-E 

bilinguals. Specifically, this included the intonation patterns of wh-words in Chapter Two, the 

shared vowels’ formants in Chapter Three and the VOT of voiceless plosives in Chapter 

Four. In addition, the current project examined whether language use and phonetic talent may 

affect L1 attrition and L2 acquisition. The literature reviews in Chapters Two, Three and Four 

show that a number of studies suggest a bi-directional influence of L1 and L2 on the 

production of segmentals (Flege & Hillenbrand, 1984; Flege, 1987; Major, 1992; Flege, 

1994, 1995; Chang, 2012; Mayr et al., 2012; de Leeuw et al., 2013) and suprasegmentals 

(Willems, 1982; McGory, 1997; Ueyama, 1997; Mennen, 1999; Guion et al., 2000; Jilka, 

2000; Mennen, 2004; de Leeuw, 2009). In addition, it shows that there are some factors that 

seem likely to have affected L1 attrition and L2 acquisition (Leather, 1987; Flege & Fletcher, 

1992; Guion et al., 2000; de Leeuw, 2009; Mayr et al., 2012; Stoehr et al., 2017). Overall, it 

appears that certain kinds of language use have an influence on L1 attrition and L2 

acquisition, but it is not clear which aspects of pronunciation may be affected by language 

use. In addition, Mennen’s (2004) study finds variability across individuals and this could be 

due to phonetic talent or due to a variety of other factors that may be related to native-

likeness in both the L1 and the L2. The empirical evidence from the current study revealed 

that there is a bi-directional influence between the L1 and L2 at both the segmental and 

suprasegmental levels, and it also suggested that attrition may not affect all areas of 

pronunciation equally. 

To achieve the main aims of the project, late highly fluent A-E and E-A bilinguals and 

Arabic and English monolinguals completed three different production tasks: reading a list of 

12 wh-questions and eight yes/no questions (for the prosody analysis), reading a list of words 

and sentences that contained different vowels (for the formant analysis) and narrating short 

cartoons (for the VOT analysis). The bilinguals also provided proficiency tests for Arabic and 

English and a phonetic aptitude test. Given the research aims, the hypotheses were based on 

the SLM and previous research on L1 attrition and L2 acquisition regarding the production of 

segmentals and suprasegmentals in English and other languages.   
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This chapter will start by presenting an overview of the key findings in section 5.2 

and a general discussion of the results in section 5.3. Section 5.4 considers the project’s 

implications and Section 5.5 presents its limitations and recommendations for future research. 

The conclusions are presented in section 5.6.  

 

5.2 Overview of the Key Findings 
 

The present project is the first to examine L1 attrition and L2 acquisition in the speech 

of late, highly proficient L2 bilinguals of Arabic and English, which are two typologically 

different languages. The main purpose of the project was to explore L2 acquisition and L1 

attrition in the production of wh-words, of formants of shared vowels and of voiceless stops 

in late bilinguals. In addition, the aim was to examine whether late L2 learners’ language use 

and phonetic aptitude affect how target-like learners’ productions of segmentals (vowel 

formants and the VOT of voiceless plosives) and suprasegmentals (prosody of wh-words) are 

in both Arabic and English. This was measured by comparing the speech of the bilinguals 

who had lived in an L2 environment (for about 20 years) with that of Arabic and English 

monolinguals. Three different areas of pronunciation were examined: Study I focused on wh-

word production, Study II examined formants of shared vowels and Study III examined the 

VOT in plosive productions. In this section, I will discuss the findings from the project as a 

whole. First, I will discuss the monolinguals of both languages, the bilinguals regarding L2 

acquisition and the bilinguals regarding L1 attrition. Then, I will discuss the role of language 

use and phonetic aptitude in L2 acquisition and L1 attrition.  

 
5.2.1 Monolinguals 
 

The hypotheses regarding monolinguals were formulated on the basis of previous 

studies which found that Arabic and English differ in the production of wh-words (Defense 

Language Institute, 1974; El Zarka, 1997; El Zarka, 2017; Bartels, 2014), shared vowels 

(Deterding, 2006; Alotaibi & Hussain, 2009) and the VOT of voiceless stops (Yeni-Komshian 

et al., 1977; Docherty, 1992; Jesry, 1996). The current study supports these previous findings. 

The wh-words produced by the group of Arabic monolinguals showed a steep rise-fall 

pattern, which was not found for English, supporting previous work showing that the typical 

pitch pattern for Arabic wh-words is different from the typical pitch pattern for English wh-

words (Defense Language Institute, 1974; El Zarka, 1997; Bartels, 2014). 
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 Furthermore, monolingual vowel productions suggested differences in the 

productions of the vowels shared between Arabic and English. The Arabic monolinguals 

produced /iː/, /ɪ/, /uː/ and /ʊ/ with a lower tongue position than the English monolinguals. 

English monolinguals produced the long /ɑ:/ and /a/ with similar tongue position. The Arabic 

monolinguals produced the /a/, /ɪ/, /i:/ /u:/ vowels with less fronted compared to the English 

monolinguals. Moreover, both monolingual groups produced /ɑ:/ similarly in terms of tongue 

frontedness.   

The last key finding is that the monolinguals in this study suggest that the VOT values 

of Arabic voiceless stops differed reliably from the VOT values of English voiceless stops. 

Previous studies have suggested that voiceless stops in English have a long lag VOT pattern 

and voiceless stops in Arabic have a short-lag VOT pattern. The /k/ and /t/ produced by the 

English monolingual group was strongly aspirated (long lag), which was not found for Arabic 

monolinguals. The current study’s findings of VOT values for Arabic and English voiceless 

stops support previous findings (Yeni-Komshian et al., 1977; Docherty, 1992; Jesry, 1996). 

 
5.2.2 L2 Acquisition  
 

The hypotheses regarding the bilinguals’ L2 acquisition of wh-words were formulated 

based on previous research, which expected that the highly proficient E-A and A-E bilinguals 

would approximate the L1 pattern in their L2. The major finding was that the L2 acquisition 

of the wh-words indicated that highly advanced, late L2 bilinguals approximated native 

productions when producing wh-words. More specifically, despite the fact that the bilinguals’ 

L2 wh-word patterns differed from those of monolinguals, there was no evidence to suggest 

that the differences found were influenced by the bilinguals’ L1. It is not surprising that 

highly proficient bilinguals approximate native norms, particularly those who have been 

living in the L2 environment for a long time. However, the bilinguals’ results were somewhat 

surprising, as they were found to be contrary to cross-linguistic interference predictions. The 

wh-word results of the bilinguals in their L2 confirmed LILt, which holds that, as learners 

increase their experience of the L2, their intonation parameters will more closely approximate 

the norms of the L2. 

The hypotheses regarding the bilinguals’ L2 acquisition of vowels were formulated 

based on previous research and the SLM and PAM-L2. The SLM and PAM-L2 predicted that 

the participants may not form a new vowel category for L2 vowels that are similar to L1 
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vowels. I therefore expected that the bilingual participants would pronounce the L2 vowels as 

they do in their L1. Thus, bilinguals’ L2 vowels are expected to differ from those of the 

monolingual participants. The results for A-E and the E-A bilinguals showed that these two 

groups achieved native English-like and native Arabic-like production of some of the shared 

vowels. This result is not what I predicted based on the SLM and PAM-L2, but it is 

nevertheless compatible with these two theories as they do allow for native-like production of 

similar vowels and merely assume that this is less likely to occur than in the case of L2 

vowels that are sufficiently distinct from L2 vowels so that learners readily create a new 

category. However, it is perhaps not so surprising that bilinguals who are highly proficient in 

their L2 approximate native norms, particularly those who have been in the L2 environment 

for a long time. However, the study found that E-A bilinguals did not achieve native-like 

pronunciation of Arabic vowels. Thus, the vowel findings for the E-A bilinguals, but not the 

A-E bilinguals, align with those of previous studies that support the SLM theory, such as 

Munro et al. (1996), Flege (1987) and Flege and Hillenbrand (1984). In addition, the findings 

from the study displayed a significant effect of speaking condition for some vowels and 

showed that the vowel productions were significantly less peripheral in a carrier phrase than 

for words in isolation, particularly in the production of the Arabic vowel /iː/. This finding is 

in line with Deterding’s (1997) study.  

The hypotheses regarding the bilinguals’ L2 acquisition of the VOT of plosives were 

formulated based on previous research and the SLM. In terms of the SLM, bilinguals would 

establish a new category for the L2 sounds and produce the L2 sounds differently from the L1 

and potentially be native-like in their L2 productions (Flege, 1995). In the analyses of the 

VOT, only the A-E bilinguals established a new category and achieved native-like 

productions in the L2. The English-Arabic bilinguals’ results show an effect of the first 

language (English) on the L2 (Arabic), with their Arabic voiceless stop /t/ realised with 

strong aspiration. Meanwhile, the E-A bilinguals did not establish a new category for the 

Arabic plosives. Overall, support for the SLM from the current study is mixed with the 

findings of the A-E bilinguals’ vowel data and the E-A bilinguals’ VOT data supporting the 

SLM. 
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5.2.3 L1 Attrition  
 

English-Arabic bilinguals showed attrition in their English wh-word production, 

suggesting an influence of the steep rise-fall pattern of Arabic (their L2). L1 attrition also 

appeared in Study III (Chapter Four) in E-A bilinguals, displayed in the production of the 

English voiceless plosive /k/, suggesting an influence of their L2 Arabic’s short-lag 

categories. In Study II (Chapter Three), both E-A bilinguals and A-E bilinguals also showed 

attrition in their L1, as they produced some of their Arabic and English vowels differently 

from Arabic and English monolinguals. These findings suggest that attrition may not affect 

all areas of pronunciation equally, and are consistent with those of Mayr et al. (2012). In 

addition, the findings are consistent with Hopp and Schmid’s (2013) study, which concluded 

that “acquiring a language from birth is not sufficient for ensuring nativelikeness in bilingual 

speech production” (p.388). 

Generally, the present project suggests that living in the L2 environment for a long 

time affects the production of the L1 of late A-E and E-A bilinguals. In this regard, even 

though this project looked at the data as a group and not individually, the late bilinguals’ 

findings as a group are different from results found for some individuals in previous research, 

who achieved native-like production of their L2 and L1 for both languages (Major, 1992; 

Mennen, 2004). The particular factors that caused the L1 attrition in the bilinguals’ 

production are not known. However, language use, but not phonetic aptitude (or at least to a 

much lesser extent), modulates how closely bilingual participants approximate native patterns 

in the production of wh-words.  

However, not all the examined production areas of the late A-E and E-A bilinguals 

were liable to L1 attrition. For example, the English /t/ was produced by E-A bilinguals in a 

native manner, the Arabic /ɑː/ and /a/ were nativelike in A-E bilinguals productions, and the 

English ɑː/, /a/ and /ʊ/ were native-like in the productions of E-A bilinguals. In line with 

recent proposals, the current study found bidirectional influences such that L1 and L2 interact 

with one another. That is, not only does the L1 affect the L2, the L2 also has an influence on 

the L1. In addition, the results of the bilinguals in the present project suggest that some areas 

of pronunciation may be more vulnerable to attrition than others and that some areas of 

pronunciation may also be more amenable to achieving native-likeness than others.  
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5.3 General Discussion 
 

In the previous section, the results of Studies I, II and III were summarised with 

respect to the monolinguals’ results and the bilinguals’ results in L2 acquisition and L1 

attrition. This section provides a holistic judgement of the findings of the three studies in the 

areas of pronunciation, the relationship between L1 attrition and L2 acquisition, the L2 

speech learning models, and the role of phonetic aptitude and language use. 

First, the results of the bilinguals suggested that some areas of pronunciation may be 

more vulnerable to attrition than others and also more amenable for achieving native-likeness 

than others. In all three studies, L1 attrition was observed. In particular, L1 attrition appeared 

in the production of wh-words for the L1 English bilinguals but not in the L1 Arabic 

bilinguals. In addition, the L1 English bilinguals may have shown attrition in the production 

of the voiceless plosive /k/, but this was not the case for the L1 Arabic bilinguals in the L1 

Arabic. The L1 Arabic bilinguals showed attrition in their L1 vowels /ɪ/, /iː/, /ʊ/ and /uː/, 

whereas the L1 English bilinguals they showed attrition in their L1 vowels /ɪ/, /iː/, and /uː/. 

There are several possible reasons for these discordant results of the E-A and A-E bilinguals 

in L1 attrition.  

In particular, the results for the prosody of wh-words are compatible with Eckman’s 

(1987, p.1) MDH, which states that “when two languages differ, marked structures are more 

difficult to acquire than unmarked structures”. English sentence prosody is considered to be 

more marked than Arabic sentence prosody (Zerbian, 2015) and is therefore predicted to be 

more difficult to learn than Arabic sentence prosody. Therefore, it is possible that the English 

prosody of wh-words is harder to acquire than the Arabic prosody of wh-words. If a particular 

characteristic is harder to learn in the L2, then it typically takes longer to acquire and may 

never be fully mastered. One possibility is that aspects that are harder to acquire are also 

harder to lose, as increased effort has initially been put into acquiring these aspects. This 

might possibly explain why L1 attrition was found in the prosody of the E-A bilinguals, but 

not the A-E bilinguals. However, other studies have shown that marked patterns can be 

subject to L1 attrition, for example, in Mayr et al. (2012), MZ showed attrition in the marked 

Dutch front rounded vowels. Furthermore, as far as I am aware, there are no previous claims 

or demonstrations that markedness would affect L1 attrition. Consequently, the current study 

cannot draw any conclusions regarding a possible relationship between markedness and L1 

attrition. 
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Successful L2 acquisition was observed when both groups of bilinguals approximated 

native productions of wh-words in their L2. However, their L2 productions of the segmental 

voiceless stops /k/ and /t/ differed from L1 productions. Additionally, the A-E bilinguals 

succeeded in correctly producing the English vowels and the English voiceless stop /p/, 

whereas the E-A bilingual did not correctly produce the Arabic vowels and Arabic voiceless 

stops. Based on these findings, A-E and E-A bilinguals can maintain native-like abilities in 

their L1 and L2 when producing wh-words (suprasegmental).  

The results confirmed the idea that some areas of pronunciation may be more 

vulnerable to attrition than others and that some areas of pronunciation may also be more 

likely to achieve native-likeness than others.  

The current project partially supported the predictions of the SLM theory and 

observed three different acquisition patterns: complete L1-to-L2 transfer, equivalence 

classification and native-like acquisition. Generally, the present work found some evidence 

for the SLM, particularly in the results of the vowels for E-A bilinguals in Chapter Three 

(Study II). Specifically, the results suggest that similar (but not identical) sounds in learners’ 

L1 and L2 are difficult to learn, and that L2 speakers do not form a native-like L2 category 

for similar L2 sounds. The SLM also proposes that vowel categories for similar vowels in L1 

and L2 are more likely to merge, while sounds that are not similar (different) are more likely 

to retain their separate categories: “By hypothesis, category formation will be blocked if 

instances of an L2 speech category continue to be identified as instances of an L1 category. 

The SLM predicts that in such cases, a ‘merged’ category will develop over time that 

subsumes the phonetic properties of the perceptually linked L1 and L2 speech sounds” (Flege 

et al., 2003: p.469). 

 In addition, study I on the prosody of wh-words is in line with LILt, as I have found 

that the E-A and A-E bilinguals approximate the norms of the L2. With regards to L1 

attrition, the results from the E-A bilinguals, but not the A-E bilinguals, are in line with LILt, 

which allows for the L2 to influence the L2. Specifically, the E-A bilinguals showed attrition 

in their L1 wh-words, thus revealing plasticity in the L1.  

In terms of acquisition, in the analysis of vowels, it appears that the results for the E-

A bilinguals and the A-E bilinguals align with those of previous studies that support the SLM 

theory (e.g. Flege & Hillenbrand, 1984; Flege, 1987; Munro et al., 1996). In addition, the 

results of A-E bilinguals in the production of the English /p/ support the SLM. Therefore, the 

data support the SLM in some areas at the segmental level.  
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The previous studies discussed in the current project, which either directly or 

indirectly examined second-language acquisition or first-language attrition in the phonetic 

domain at the suprasegmental or segmental level, focused on one level (Weinreich 1954; 

Flege, 1994, 1995; McGory, 1997; Ueyama, 1997; Mennen, 1999; Jilka, 2000; Chang, 2012; 

Mayr et al., 2012; de Leeuw et al., 2013). The present thesis carries new information because 

it investigated the segmental level and the suprasegmental level for the same speakers in their 

L2 and L1. In addition, this study examined the relationship between L1 attrition and L2 

acquisition within the same speakers. The results of the vowel data of A-E bilinguals and the 

prosody of wh-words of E-A bilinguals revealed that native-like L2 acquisition occurred 

along with L1 attrition, which means that sounds that have been acquired well in the L2 are 

susceptible to attrition in their L1. However, this is not the case for the present data of VOT 

values of voiceless plosives, as the E-A bilinguals did not achieve the Arabic voiceless stops 

but instead showed attrition in their L1 /k/. The place of articulation also seems likely to play 

a role in L1 attrition. 

The variables that were considered to play a role in L1 attrition and L2 acquisition in 

the speech production of bilinguals were language use and phonetic aptitude. From the L1 

attrition perspective, no evidence suggested that language use or phonetic aptitude influenced 

L1 attrition in the three studies; in other words, there was no effect of language use on the 

process of L1 attrition in the three studies. The main limitation was the method used to 

measure or quantify language use in the present project, and possibly any investigation into 

the linguistics of bilinguals. Specifically, there are many ways to collect information about 

language use and quantify this information. Thus, it is possible that language use has little 

effect on L1 attrition and L2 acquisition in the phonetic domain, or that the current project 

merely measured aspects of language use that do not affect attrition or acquisition and did not 

capture aspects of language use that may relate to attrition and acquisition. The present study 

revealed that frequent L1 use by various speakers with different phonetic aptitudes plays a 

small role in avoiding L1 attrition in the phonetic domain. Previous literature has discussed 

the difficulty of measuring aptitude; for example, de Leeuw (2008) decided not to investigate 

the influence of phonetic aptitude on the L1 attrition results because there was no established 

instrument available to measure this variable (Meara, 2006). Hence, the current project 

investigated the impact of phonetic aptitude on L1 attrition outcomes by creating an aptitude 

test using samples from the MLAT (Carroll & Span, 1959) and the PLAB (Pimsleur, 1968), 

which are available online. In conclusion, phonetic aptitude is not a clearly understood 

concept, and there is still no standardised tool available to measure it. 
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The present project, particularly Study I (Chapter Two), found that aptitude plays a 

small role in L2 acquisition, while some evidence was found of language use affecting 

pronunciation. More specifically, participants with more L2 language use showed more 

native-like production of their L2 than participants with less L2 language use. These results 

are in line with previous research by Purcell and Suter (1980), as well as with Hopp and 

Schmid’s (2010) work. Despite the fact that phonetic aptitude did influence the L2 

participants’ productions, there was no evidence that the differences in production between 

participants with both high and low aptitudes were related to how native-like the productions 

were. In other words, the prosody study (Study I) revealed that neither group of bilinguals 

appeared more or less native-like in their L2.  

The findings offer two broad conclusions: language use affected the prosody of L2 

acquisition in the current study, but not any other aspects (segmentals, namely vowels and 

VOT of voiceless plosives). Second, L1 use and phonetic aptitude may not be essential for 

avoiding L1 attrition in the phonetic domain. I only found effects of talent when it comes to 

prosody, but not when it comes to segments. There are no clear reasons to suggest why these 

factors affect L2 prosody acquisition, but not the other phonetic levels explored in this thesis. 

One possible explanation is that second language learning typically does not involve 

instruction in prosody, but learners may systematically have learned individual segments 

during their L2 acquisition in a formal, i.e. school, context. It is thus possible that L2 

language use has a larger influence on aspects of pronunciation that are not systematically 

learned in a more formal and systematic context. Phonetic aptitude and language use will be 

key themes for future research to identify conditions that lead to L2 success and L1 

maintenance. 

 

5.4 Implications of the Study  
 
The present project has a number of implications for L1 attrition and L2 acquisition in the 

phonetic domain. It looked at segmental and suprasegmental aspects of the same late A-E and 

E-A bilinguals (in both their L1 and L2). Having the data from the same speakers in their 

second language offers the chance to test the data directly for any asymmetry in terms of 

deviance from the native norm in the L1 and the L2. In addition, Arabic and English are 

typologically different languages. To my knowledge, the present study is the first to directly 

compare the production of bilinguals in terms of L1 attrition and L2 acquisition in two 

typologically different languages and to examine whether language use and phonetic aptitude 
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play a role in their L1 attrition and L2 acquisition. The vast majority of linguistic and 

phonetic research has investigated Indo-European languages, with a focus on Germanic 

languages. As Favier et al., (2019) have argued, linguistic research, especially research that is 

related to any aspect of cognition, would benefit from investigating typologically different 

languages. Restricting the range of languages may restrict the phenomena that research 

uncovers, which may limit the development of theories of first language attrition and second 

language acquisition or which may lead one to draw conclusions based on incomplete data.  

The current study offers a better understanding of the nature of how sound systems 

interact in bilinguals who speak two typologically different languages. For example, the 

current work gives us a better understanding of the intonations of wh-words in Arabic and 

English, since very few studies on the intonation of wh-questions have focused on the wh-

word; most studies have instead concentrated on utterance final intonation in wh-questions 

rather than on the actual wh-words themselves.  

The current project examined whether aptitude and language use play a role in L2 

acquisition and L1 attrition in the phonetic domain. This objective contributes to the growing 

number of studies exploring these factors in L2 language acquisition and L1 attrition and 

offers a better understanding of these factors. In addition, the present work contributes to the 

area of methodology. It is one of the few studies to use phonetic aptitude tests to measure 

aptitude directly to ascertain whether aptitude plays a role in L2 language acquisition and L1 

attrition of segmental and suprasegmental productions of A-E and E A bilinguals. However, 

while using aptitude tests is a step in the right direction, it needs to be said that the concepts 

of aptitude and phonetic aptitude are still somewhat mysterious and a better definition of 

these concepts as well as research on how to best measure different aspects of aptitude are 

needed.  

Maybe even more important than the theoretical contribution to the rather new area of 

the relationship between L1 attrition and L2 acquisition is the relevance that the present 

project offers to immigrants who have moved to a new country after the age of puberty or in 

adulthood. The United Nations estimates that 258 million people live outside of their country 

of birth (United Nations, 2017). Almost all of these people have acquired a new language as 

adults in their host country. Those people (immigrants) who wonder whether the 

pronunciation of their L1, as acquired from birth, has been influenced by the acquisition of 

their L2, may possibly find this research relevant.  
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In addition, the present project provides a better understanding of the factors involved 

in L1 attrition and L2 acquisition; it illuminates the processes of language loss and learning 

within the brain and could contribute to the development of pedagogies that can succeed in 

optimising L2 acquisition without concomitant L1 attrition. It may be possible, for example, 

to predict which phonological difficulties might arise in particular groups of learners and then 

to design appropriate instruction methods to remedy these difficulties in the classroom 

(Eckman, 1981).  

5.5 Limitations of the Study and Recommendations for Future 
Research 
 

The present project has succeeded in achieving its aim and has contributed to 

theoretical and methodological knowledge in the areas of L1 attrition and L2 acquisition in 

the phonetic domain for A-E and E-A late bilinguals in particular. Nevertheless, the study 

encountered a few possible limitations that will need to be addressed in the future by anyone 

who replicates the investigation or continues on from it. First, the genders were not equal or 

well-balanced across the four groups; there were more females than males in each group. 

Second, due to the sheer volume of data, a full-fledged manual or hand-corrected ToBI 

analysis of wh-words in Chapter Two was not carried out. A ToBI analysis may give a clearer 

picture of the pitch accent distribution on wh-words in English and Arabic; future studies will 

need to confirm the current findings regarding the prosody of wh-words in Arabic and 

English. Third, the production data from suprasegmental tasks in the current project were 

carefully designed by the researcher and were read many times by native and non-native 

speakers, but it might have been more natural to use data from authentic conversational 

materials. Data obtained using this type of source could provide a different picture of the 

participants’ L1 and L2 abilities than what is shown here.  

A further limitation is the method of sampling and matching of accents. In the current 

thesis, I had very narrowly-defined participant groups. For example, the bilingual participants 

had to be very proficient in both languages, and needed to have lived in the L2 environment 

for a long time. I used snowball method because of these very strict inclusion criteria. This 

method allowed me to more easily find people who fulfilled the inclusion criteria. However, 

the snowball method also influenced the kinds of participants who were selected. 

Specifically, as each participant suggested another participant, as a group, participants are not 

very socially diverse and likely to come from similar social circles, with some participants 
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knowing each other. While this may not necessarily have influenced the results, it needs to be 

kept in mind when interpreting the results 

There are different accents and dialects for both English and Arabic, which may differ 

substantially. Matching on accents is therefore challenging. My main concern was that the 

accents are matched well across participant groups, not within groups. In other words, while I 

allowed for participants from different regions within groups, I tried to ensure that regions 

were matched as well as possible across groups, keeping in mind the strict inclusion criteria. 

Thus, within groups participants were from different regions in Saudi Arabia (Makkah, 

Jeddah, Riyadh and Abha) and from different regions of the UK (Sheffield, Chester and 

London). But across groups, region was matched as well as was possible within the 

constraints of the inclusion criteria. For example, if the Arabic monolingual group included a 

participant from Makkah, I also tried to have a participant from Makkah or a region with a 

very similar dialect in the A-E bilingual group and a participant who lived in Makkah or a 

region with a very similar dialect in the E-A bilingual group. And I tried to avoid a situation 

where one group, for example, includes speakers from Makkah and another group speakers 

from Abha. That said, it does need to be acknowledged that speakers overall come from 

different dialect regions and that this may have introduced variability in the data that could 

have influenced the results. To sum up, the main concern was to match the participants across 

groups and matching within groups was secondary, and it was just not possible to find 

enough people to match both across groups and within groups very narrowly.  

Also, this study did not fully determine how attrition and acquisition may relate to 

each other. The present research compared both bilingual groups’ Arabic with Arabic 

monolingual speakers and both bilingual groups’ English with English monolingual speakers. 

However, it did not compare the bilinguals directly in their L1 and L2 as this was beyond the 

scope of the current study. My results therefore speak to L1 attrition and L2 acquisition 

within the same individuals (in that I examined how they compared with monolingual native 

speakers of both of their languages). However, my results do not speak to whether there are 

any differences between L2 English vs. L1-attrited English or L2 Arabic vs. L1-attrited 

Arabic because I have not compared bilingual groups directly with each other. In addition, 

my results do not speak to whether bilinguals show distinct (or merged) patterns in their two 

languages because I have not compared the English and Arabic of the A-E bilinguals or the 

English and Arabic of the E-A bilinguals directly. This means that my results speak to the 

relation between L1 attrition and L2 acquistion within individuals, but not within languages. 

This will be reserved for future analyses. Therefore, future analyses that compare the 
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bilinguals’ patterns in the L1 and L2 would make a valuable contribution to understanding 

the relationship between L1 attrition and L2 acquisition. Additional analyses comparing the 

bilinguals’ patterns across both their languages would clarify this relationship.  

Furthermore, I have used a rather lax definition of phonetic aptitude when selecting 

the tests to assess phonetic aptitude. Specifically, I selected three tests to assess phonetic 

aptitude that involved knowledge and skills about segments or suprasegmentals, but that were 

not restricted to such knowledge and may have involved knowledge and skills unrelated to 

phonetic aspects of language. The test that I used that possibly most closely taps into what 

one may call phonetic aptitude is the ‘sound discrimination test’. Thus, an alternative for 

measuring phonetic aptitude in the current study would have been to only use the ‘sound 

discrimination test’ as a measure of phonetic aptitude. The results from this test may have 

more narrowly and more accurately captured participants’ phonetic aptitude.   

Moreover, the current project mainly examined the production at the level of 

segmentals and suprasegmentals, and the results from the A-E and E-A bilinguals in this 

project suggested that there is a bidirectional influence of L1 and L2 sounds. Therefore, a 

future perception study on L1 attrition and L2 acquisition would be valuable to the field of 

phonetics and could improve the understanding of the nature of interactions in the sound 

systems of bilinguals. Such a study should examine whether the interplay of two 

typologically different language groups affects the perceived pronunciation accuracy in 

different ways. Finally, additional studies on the segmental and suprasegmental production of 

L1 attrition and L2 acquisition would improve the knowledge in this field and narrow the gap 

in the literature, completing the picture of intonation, formant and VOT value variation in 

English and Arabic. 

 

5.6 Conclusions  
 

This study carried out a direct comparison of the production of segmentals (formants 

of shared vowels and VOT values of voiceless plosives) and suprasegmentals (prosody of wh-

words) in late L1 attrition and L2 acquisition of Arabic-English and English-Arabic 

bilinguals. A direct comparison between L1 attrition and L2 acquisition in the same speaker 

was presented for both their L1 and L2. The findings from this project reveal that the first 

language can be susceptible to attrition in the domain of phonetics. At the level of production, 

deviations from the monolinguals’ norm were detected in the speech of L1 participants who 
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acquired their L2 in adulthood. In addition, this study revealed that late L2 learners, who 

acquired their L2 in adulthood, can succeed in acquiring and producing the L2 like natives in 

the phonetics domain.  

In regards to L2 acquisition, the bilinguals in this study achieved native-like speech in 

some aspects but not in others. For example, A-E and E-A bilinguals both approximated the 

native-like prosody of wh-words in Arabic and English. However, the E-A bilinguals did not 

achieve native-like speech in Arabic vowels and Arabic voiceless plosives, and A-E 

bilinguals did not achieve native-like pronunciation in the English /t/ and /k/ sounds.  

Regarding L1 attrition, the results from the bilinguals indicated some asymmetric 

patterns of L1 attrition, with evidence for attrition among the E-A bilinguals (but not among 

the A-E bilinguals) in the production of wh-words and the VOT values of voiceless plosives. 

The production of the shared vowels revealed L1 attrition in both bilingual groups.  

When all factors were examined, language use, but not phonetic aptitude (or at least to 

a much lesser extent), turned out to affect prosody. However, there is no evidence that 

language use or phonetic aptitude influenced the formants of shared vowels (Study II) as well 

as the VOTs (Study III) of A-E and E-A bilinguals in both L1 attrition and L2 acquisition.  

To conclude, L1 phonetic attrition appears to be prevented by L1 use, but only at the 

suprasegmental level. Some, but not all, of the current segmental results support the SLM and 

PAM-L2. In addition, there are some areas of pronunciation that may be more vulnerable to 

attrition than others, and some areas may be more likely to achieve native-likeness than 

others. The present project revealed that there are some aspects of native-like L2 acquisition 

that can occur along with L1 attrition, which means that, while they are acquired well in the 

L2, they are susceptible to attrition in L1. However, this is not the case for all the aspects. 

Finally, the current study confirms the idea that acquiring a language from birth is not 

sufficient to ensure native-likeness in the production of bilingual speech. 
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Appendices 
 

Appendix A 

a) The Arabic proficiency test (APT): 

Example section one: 
 :عومسملا مھفو تاوصلأا ً:لاوأ

 ءامس -١

 حامس -٢

 عامس -٣

 

Sounds and understanding what you hear: 

1- /sama:ʔ/ sky 

2- /sama:ħ/allowing 

3- /Sama:ʕ/ listen 

 

 Example section two: 
  :ةحیحصلا ةباجلإا رتخا

 .ةقباسملا يف لولأا زكرملا ىلع يلوصح ........ نكأ مل -١

  عقوتأ /أ

 ّ دوأ /ب

 دقتعأ /ج

 ىرأ /د

 

Choose the correct answer: 

1- I did not………to get the first place in the competition. 

a/ expect 

b/ want 

c/ think 

d/ see 

 

Example section three: 

  :ةحیحصلا ةباجلإا رتخا

 ........... ةثلاث تأرق -١

  باتك /أ

 بتك /ب

  باتكلا /ج
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Choose the correct answer: 

1- I read three……… 

a/  book 

b/ books 

c/ the book 

 

 
b) Examples from the online TOEFL test: 
 

Example section one: 
 
(Audio recording) 
Man: My car is broken. 
Woman: I’ll pick you up. 
Narrator: What does the woman imply? 
 
(Written answer choices; correct answer in bold face) 
• She’ll give the man a ride. 
• She’ll take the take the car to a gas station. 
• She’ll look for a new car. 
• She’ll ask for help. 

 
 

Example section two: 
 

Listen to the conversation and answer the question.  
(Audio recording about a conversation between two friends; the conversation ends 
with the question: What does Johan want to buy?) 
 
(written answer choices; correct answer in bold face) 
• A mug with the university logo 
• A T-shirt with a matching hat 
• A book 
• A calendar 
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Example section three: 

When did Mary ………... college? 
 
(Correct answer in bold face) 
• graduate 
• graduate from 
• graduating 
• graduating from 
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Appendix B 

Background Questionnaire (Arabic-English bilinguals)  
Part 1 
Participant code:………………………. 
 
Please answer the following questions:  
 
1. Age:…………………………………….. 
2. Sex:   Male                             Female 
3. Education (degree obtained or school level attended):……………………………………… 
4. Please list all the places where you have lived: 

Town/City………………………Country……………….from………………until……..... 
Town/City………………………Country……………….from………………until……..... 
Town/City………………………Country……………….from………………until……..... 
Town/City………………………Country……………….from………………until……..... 
Town/City………………………Country……………….from………………until……..... 
Town/City………………………Country……………….from………………until……..... 

5. Which languages do you speak? And how well do you speak them? 
Language 1:……………. 
Proficiency: 

beg. 
 

int. adv. 
 

flu. 
 

 
Language 2:……………. 
Proficiency: 

beg. 
 

int. adv. 
 

flu. 
 

Language 3:……………. 
Proficiency: 

beg. 
 

int. adv. 
 

flu. 
 

 
6. Which of the above languages is your native language?  (If you grew up with more than 
one language, please specify) 
………………………………………………………………………………………………….. 
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Part 2  
1. How did you learn English as a foreign language? Please check all the answers that 

apply. 
 Through lessons while you were still in Saudi/Yemen? 

From…………………………….until…………………………………………. 
 Through systematic English lessons after you emigrated? 

From…………………………….until…………………………………………. 
 Only through everyday use? 

From…………………………….until…………………………………………. 
 Other……………………………………………………………………………. 

………………………………………………………………………………….. 
2. With whom did you talk Arabic after the time of your emigration? If you no longer 

speak Arabic with these people, please indicate until when you did so? 
 Other……………………………………………………………………………. 

………………………………………………………………………………….. 
3. With whom did you talk Arabic after the time of your moving here? If you no longer 

speak Arabic with these people, please indicate until when you did so? 
- With your parents  

- With your parents until………………. 

- With your brothers and sisters  

- With your brothers and sisters until…………. 

- With your partner or spouse 

- With your partner or spouse until…………… 

- With your children  

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
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- With your children until……………   

- With others, please say with whom:……………………………………  

- With others, please say with whom:…………………… until………….. 

4- With whom did you talk English after the time of your moving here? If you no longer 
speak English with these people, please indicate until when you did so? 

 
- With your parents  

- With your parents until………………. 

- With your brothers and sisters  

- With your brothers and sisters until…………. 

- With your partner or spouse 

- With your partner or spouse until…………… 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80%    Sometimes 50% 
 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
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- With your children   

- With your children until……………   

- With others, please say with whom:…………………………… 

- With others, please say with whom:………………………… until………………….. 

- What is the native language of your partner or spouse? 
………………………………………………………………………………………
……………………………………………………………………………………… 

- If you had another partner or spouse at an earlier time: what was his/her native 
language? 

………………………………………………………………………………………
……………………………………………… 

- Did you talk Arabic with him/her (your previous partner or spouse)? 

If so until what time?............................................................................................ 
5- How is talking Arabic nowadays? 

effortless 
 

with some effort difficult  

6- For what other purposes do you use Arabic now? Please check all the answers that 
apply. 

 when writing your diary 
 in creative writing  
 when writing your memories  
 when writing letters 
 when dreaming 
 never  
 other:……………………………………………………………………………………

…………………………………………………………………………………………
………………………………………………………………………………………… 
 

   Always 100%     Frequently 80%    Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80%    Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
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7- Is there anything else you would like to tell me about how you feel about Arabic or 
English? 

…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
………………………………………………………………… 
 

Thank you J 
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Background Questionnaire (English-Arabic bilinguals)  
 
Part 1 
Participant code:………………………. 
 
Please answer the following questions:  
 
1. Age:…………………………………….. 
2. Sex:   Male                             Female 
3. Education (degree obtained or school level attended):……………………………………… 
4. Please list all the places where you have lived: 

Town/City………………………Country……………….from………………until……..... 
Town/City………………………Country……………….from………………until……..... 
Town/City………………………Country……………….from………………until……..... 
Town/City………………………Country……………….from………………until……..... 
Town/City………………………Country……………….from………………until……..... 
Town/City………………………Country……………….from………………until……..... 

5. Which languages do you speak? And how well do you speak them? 
Language 1:……………. 
Proficiency: 

beg. 
 

int. adv. 
 

flu. 
 

 
Language 2:……………. 
Proficiency: 

beg. 
 

int. adv. 
 

flu. 
 

Language 3:……………. 
Proficiency: 

beg. 
 

int. adv. 
 

flu. 
 

 
6. Which of the above languages is your native language?  (If you grew up with more than 
one language, please specify) 
………………………………………………………………………………………………….. 
 
 
 
 
 
 
 
 
Part 2  
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1. How did you learn Arabic as a foreign language? Please check all the answers that 
apply. 

 Through lessons while you were still in the UK? 
From…………………………….until…………………………………………. 

 Through systematic Arabic lessons after you emigrated? 
From…………………………….until…………………………………………. 

 Only through everyday use? 
From…………………………….until…………………………………………. 

 Other……………………………………………………………………………. 
………………………………………………………………………………….. 

2. With whom did you talk English after the time of your emigration? If you no longer 
speak English with these people, please indicate until when you did so? 

 Other……………………………………………………………………………. 
………………………………………………………………………………….. 

3. With whom did you talk English after the time of your moving here? If you no longer 
speak English with these people, please indicate until when you did so? 

- With your parents  

- With your parents until………………. 

- With your brothers and sisters  

- With your brothers and sisters until…………. 

- With your partner or spouse 

- With your partner or spouse until…………… 

- With your children  

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80%    Sometimes 50%     Seldom 10%    Never 0% 
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- With your children until……………   

- With others, please say with whom:……………………………………  

- With others, please say with whom:…………………… until………….. 

4- With whom did you talk Arabic after the time of your moving here? If you no longer 
speak Arabic with these people, please indicate until when you did so? 

 
- With your parents  

- With your parents until………………. 

- With your brothers and sisters  

- With your brothers and sisters until…………. 

- With your partner or spouse 

- With your partner or spouse until…………… 

- With your children   

  
 

 
 

 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80%    Sometimes 50% 
 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
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- With your children until……………   

- With others, please say with whom:…………………………… 

- With others, please say with whom:………………………… until………………….. 

- What is the native language of your partner or spouse? 
………………………………………………………………………………………
……………………………………………………………………………………… 

- If you had another partner or spouse at an earlier time: what was his/her native 
language? 

………………………………………………………………………………………
……………………………………………… 

- Did you talk English with him/her (your previous partner or spouse)? 

If so until what time?............................................................................................ 
5- How is talking English nowadays? 

effortless 
 

with some effort difficult  

6- For what other purposes do you use English c now? Please check all the answers that 
apply. 

 when writing your diary 
 in creative writing  
 when writing your memories  
 when writing letters 
 when dreaming 
 never  
 other:……………………………………………………………………………………

…………………………………………………………………………………………
………………………………………………………………………………………… 
 

   Always 100%     Frequently 80%    Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80% 
 

   Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
 

   Always 100%     Frequently 80%    Sometimes 50% 
 

 

    Seldom 10% 
 

 

   Never 0% 
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7- Is there anything else you would like to tell me about how you feel about Arabic or 
English? 

…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
………………………………………………………………… 

Thank you J 
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Appendix C 

Examples of the mini-dialogues of wh-questions: 
 
A- English  
 
Please have a look at the following sentences and then read them 6 times:  
 
Is this your ball?      
No it is not. 
 
Do you have a pen?  
Yes, I have 
 
Are they both helpful? 
Yes they are. 
 
What are you going to do about the roof? 
We are going to repair it. 
 
At what time did you leave Miami?       
We left at 5:00p.m.. 
 
From where is your friend Linda leaving?         
From London. 
 
And what did you do in London?      
We spent three wonderful weeks there. 
 
And when are we landing?       
I don’t know. 
 
On what day are we leaving?     
Next Monday. 
 
With which airline are we leaving?     
Miami Airlines. 
 
So what about your friend Marline?  
She went home for Christmas. 
 
From where are you coming this morning?   
I am coming from Monaco. 
 
And what is your maiden name?   
My maiden name is Jones. 
 
 
And when is the meeting?  
Tomorrow.  
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From where is this wonderful lemon?  
From M&S. 

 
And who is your new friend Lora?   
She is the girl who is new in town.  
 
And where do we live?  
We live in London. 
 
Do you come from Greece? 
No I don’t  
 
Is your last name Smith? 
Yes it is. 
 
What are you doing? 
Nothing. 
 
And Where is your house? 
In the bay. 
 
B- Arabic 
 

:تارم تس اھأرقا مث لمجلا هذھ ىلا رظنا  
 

؟ھسردملا ىلا بھذتس لھ  
.بھذأس معن  

 
؟لولاا كمسا وھ ام  

.ىلیل يمسا  
 

؟ةدعاسملا ىلا جاتحت لھ  
.اركش لا  

 
؟ةكم ترداغ ىتمو  

  .ءاسم ةسماخلا ةعاسلا ةكم ترداغ
 

؟حاتفملا وھ نیا  
.ةلواطلا ىلع  

 
؟يمایم ترداغ ىتم و  

.ءاسم ةسماخلا ةعاسلا يف ترداغ  
  

؟ لایل ادنیل انتقیدص رداغتس نیا نمو     
.ندنل نم    

  
؟ندنل يف تلعف اذامو     

.ةلیمج عیباسا ثلاث انیضق  
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؟طبھن فوس ىتم و  
.ملعا لا  

 
       ؟رداغن فوس موی يأ يف

.مداقلا نینثلاا  
 

؟رفاسن فوس ةیوج طوطخ يأ ىلع  
.ةیوجلا يمایم طوطخ ىلع  

 
  ؟میرم  كتقیدص نع اذامو

. اھتلئاع عم ةزاجلاا يضقت يكل تبھذ   
 

؟ةدجام ای تنا نیا نمو   
.ةمركملا ةكم نم   

  
؟ءاسم ءاقللا نوكیس ىتمو  

 
.ةرشاعلا ةعاسلا  

  
        

؟نومیللا ریصع تیرتشا نیا نم  
.قوسلا نم  

  
؟ارول  ةدیدجلا كتقیدص يھ نم و  

.ةدلبلا يف ةدیدجلا ةاتفلا يھ   
 

؟شیعن  فوس نیأ و   
.ندنل يف شیعنس  

 
؟ایناملا ىلا رفاستس لھ  

  .رفاسأس معن
 

؟رمحلاا ملقلا وھ نیا  
.ةبیقحلا يف وھ  

 
؟ىنبل  يھ نم و  

.يتقیدص يھ  
 

؟كتلئاع مسا وھ ام و  
.دلاخلا يتلئاع مسا  
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Appendix D 

Examples of the vowels production  
 
A- English  
 
Please read the following sentences three times: 
1) 
I said kid and then I left 
I said bid and then I left 
I said hid and then I left 
2) 
I said bad and then I left  
I said cad and then I left 
I said had and then I left 
3) 
I said put and then I left 
I said could and then I left 
I said hood and then I left 
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B- Arabic  
  

)هرسكلا،ھمضلا ،ھحتفلا تاكرحلا ىلا هابتنلاا ءاجرلا( : تارم ثلاث   ھیلاتلا لمجلا ةءارق ءاجرلا
1(  

. تبھَذ مث و دجَ تلُق  
.تبھذ مث و دكَ تلق  
.تبھذ مث و دھَ تلق  

2(  
.تبھذ مثو دضِ  تلق  

تبھذ مثو دشِ تلق .  
.تبھذ مثو دھِ تلق  

3(  
.تبھذ مث و  دُق تلق  

تبھذ مث و دصُ تلق  .  
.تبھذ مث و دھُ تلق  

4(  
تبھذ مثو داق تلق  
تبھذ مثو داص تلق   

تبھذ مثو داھ تلق  
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Appendix E 

Example of Praat waveform and spectrogram: 
 

A- Example: waveform and spectrogram of monolingual native Arabic speaker 

        

B- Example: waveform and spectrogram of monolingual native English speaker 
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Appendix F 

 Approval of Bangor ethics committee of the College of Arts and Humanities 

 
 

Ysgol Ieithyddiaeth ac Iaith Saesneg 
Prifysgol Bangor 

 
School of Linguistics and English Language 

Bangor University 
 

Myfyrwraig/Student: Alharbi, Amirah (LX-1430), July 8th 2015 
 
Mae’r astudiaeth PhD hon wedi cael ei chadarnhau o ran agweddau moesegol, yn dilyn 
ymgynghoriad gyda’r arolygwr a swyddog Moeseg yr Ysgol, ac yn ogystal mae wedi cael ei 
chadarnhau gan bwyllgor Moeseg Coleg y Celfyddydau a’r Dyniaethau. Mae rhyddid i’r 
fyfyrwraig a enwir uchod barhau gyda chasglu’r data a gweithio ar y traethawd hir. 
This PhD study has been approved with regards to ethical concerns, following consultation 
with the supervisor and the School Ethics officer, and furthermore has been approved by the 
Ethics committee of the College of Arts and Humanities. The student named above is now free 
to continue with collecting the data and working on the dissertation. 
 

Dr Peredur Webb-Davies 
Swyddog Moeseg yr Ysgol / Darlithydd mewn Ieithyddiaeth Gymraeg 

School Ethics officer / Lecturer in Welsh Linguistic 
 

PRI FYS GOL 
APPLICATION FOR APPROVAL BY RESEARCH ETHICS COMMITTEE BANGOR 
STUDENT RESEARCH PROJECT - DECISION UNIVERSITY 

 

Reference Number: CAH 1 1 
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Name of researcher: Amirah Alharbi 

Name of supervisor: Peredur-Webb Davies 

Research project title: 

First Language Attrition and Second 
Language 
Acquisition: The Effects of Phonetic 
Aptitude on Arabic-English Late Bilinguals 

Title of qualification 
being pursued: PhD Linguistics and English Language 

Submission date: 20/05/1 5 

Decision date: 1 9/08/1 5 

This proposal was approved by College of Arts and Humanities Ethics Committee, 
Bangor University, on 

Signed (on behalf of the committee) by: 

 

Peter Shapely 
Date: 1 9/08/1 5 
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Appendix G 

A. Participant Consent Form English version: 
  

 
 

Bangor University’s ‘Code of Practice for the Assurance of Academic Quality 
and Standards of Research Programmes’ (Code 03) 

https://www.bangor.ac.uk/ar/main/regulations/home.htm 
 

COLLEGE OF ARTS & HUMANITIES 

 

Participant Consent Form 
 
Researcher’s name:  
 
The researcher named above has briefed me to my satisfaction on the 
research for which I have volunteered.  I understand that I have the right 
to withdraw from the research at any point.  I also understand that my 
rights to anonymity and confidentiality will be respected. 
 
I agree that my speech may be audio recorded and that the audio 
recordings will later be analysed as part of the research project. I also 
agree that the audio recordings may be used for future research projects. 

 Signature of participant ……………………………………………………………… 
Date  ……………………………………………………………… 

 
This form will be produced in duplicate.  One copy should be retained by 
the participant and the other by the researcher. 
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B. Participant Consent Form Amirah version  
 

 
 

 ةیمیداكلأا ةدوجلا نامضل تاسرامملا ةنودم"
 )03 ةنودملا( روجناب ةعماج ىدل "ةیثحبلا جماربلا رییاعمو 

https://www.bangor.ac.uk/ar/main/regulations/home.htm 
 

 ةیناسنلإا مولعلاو بادلآا ةیلك

 

  كراشملا ةقفاوم جذومن
 
  :ثحابلا مسا
 
 ثحبلا نم باحسنلااب قحلا يل نأب مھفأ .ھیف ةكراشملل تعوّطت يذلا ثحبلا نعً ایفاوً ازجوم هلاعأ روكذملا ثحابلا يل مّدق
  .يتیوھ نامتكو ةیرسلا مارتحاب يقوقحً امامت مھفأ امك ،ةلحرم ةیأ يف
 امك .يثحبلا عورشملا نمض لیلحتللً اقحلا عضختس ةیتوصلا تلاجسلا كلت نأ ىلعوً ایتوص يثیدح لیجست ىلع قفاوأ
  .ةیلبقتسملا  ةیثحبلا عیراشملا ضارغلأ ةیتوصلا تلایجستلا كلت مادختسا ىلع قفاوأ
 
 

 .........................................  :كراشملا عیقوت
 
  .......................................... :خیراتلا          

 
 

  .ىرخلأا  ةخسنلاب ثحابلا ظفتحیو نیتخسنلا ىدحإب كراشملا ظفتحی ثیحب جذومنلا اذھ نم نیتخسن دادعإ متیس
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Appendix H 

A. Participant Information Sheet English Version 

 
 

Bangor University’s ‘Code of Practice for the Assurance of Academic Quality 
and Standards of Research Programmes’ (Code 03) 

https://www.bangor.ac.uk/ar/main/regulations/home.htm 
 

COLLEGE OF ARTS & HUMANITIES 

 
PARTICIPANT INFORMATION SHEET: 

L1 and L2 skills in highly proficient bilinguals 
The School of Linguistics and English Language at Bangor University requires that all 
persons who participate in linguistic studies give their written consent to do so. Please read 
the following carefully before you decide whether or not to participate in the present study. 

The broad goal of this research is to determine the relationship between the first language and 
the second language in highly proficient bilinguals. If you decide to participate, you will be 
asked to: 

• fill in a background questionnaire (this will take around 10 minutes) 

• do a grammar (structure) test and listening comprehension test (this will take around 30 
minutes) 

• do a spelling game, a word language task, and a word discrimination task (this will take 
around 60 minutes ) 

• describe carton pictures, produce words and sentences, and read sentences aloud (this will 
take around 30 minutes and your speech will be audio recorded) 

You will do these tasks in two separate sessions of about 60 to 70 minutes. 

Your responses and information from this study will be kept strictly confidential. Your name 
will not be associated in any way with the research findings. Data collected from this 
experiment may be used for future research or made available to other research staff working 
on the project, but all data will be preserved or distributed in a completely anonymous format 
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– with no personal identification marks. 

Your participation is voluntary. You are free to withdraw consent from the study and 
discontinue participation at any time and for any reason without any negative consequences. 

The data from this study will be used for the researcher’s PhD dissertation. It may also be 
presented at conferences or as journal publications. In all cases, all data reported will be 
completely anonymous. 

If you have any questions about the tasks or procedure of the study, please ask the researcher 
before signing the consent form. If all of your questions have been answered to your 
satisfaction and you would like to participate in the current study, we would ask you to sign 
the consent form. 

If you have any general questions relating to the project, feel free to contact Amirah Saud A. 
Alharbi at elp2dd@bangor.ac.uk. 

If you have any concerns or complaints about this study, please contact Dr. Marco 
Tamburelli, Head of School, School of Linguistics and English Language, Bangor University 
at the following address: 

School of Linguistics and English Language 
Bangor University 
College Road 
Bangor, Gwynedd 
LL57 2DG 
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B. Participant Information Sheet Arabic Version 

 

 
 ةیمیداكلأا ةدوجلا نامضل تاسرامملا ةنودم"

 )03 ةنودملا( روجناب ةعماج ىدل "ةیثحبلا جماربلا رییاعمو 
https://www.bangor.ac.uk/ar/main/regulations/home.htm 

 

 ةیناسنلإا مولعلاو بادلآا ةیلك
 

  كراشملا تامولعم ةحفص

  نیتغلب ةقلاطب نیثدحتملا ىدل ةیناثلا ةغللاو ىلولأا ةغللا تاراھم

 ةیطخلا مھتقفاوم تایوغللا تاسارد يف نیكراشملا ةفاك مدقی نأ روجناب ةعماج يف ةیزیلجنلإا ةغللاو تایوغللا ةیلك بلطت
  .ةساردلا هذھ يف ةكراشملاب نوبغرت متنك نإ ام اوررقت نأ لبق ةیانعب يلی ام ةءارق مكنم وجرن .ةكراشملا ىلع

 يف .نیتغلب ةقلاطب نیثدحتملا ىدل ةیناثلا ةغللاو ىلولأا ةغللا نیب ةقلاعلا دیدحت يف ةساردلا هذھ نم عساولا فدھلا لثمتی
  :يلی ام كنم بلطیس ،ةكراشملا تررق لاح

  )قئاقد 10 يلاوح كنم قرغتسیس( ةماعلا تامولعملاب نایبتسا ءلم •

  )ةقیقد 30 يلاوح كلذ قرغتسیس( يعمسلا باعیتسلال رابتخاو دعاوقلل )يلكیھ( رابتخا ضوخ •

   )ةقیقد 60 يلاوح كلذ قرغتسیس( تاملكلا زییمتل ىرخأ ةمھمو تاملكلاو ةغّلل ةمھمو ةئجھتلل ةبعلب مایقلا •

 متیسو ةقیقد 30 يلاوح كلذ قرغتسیس( عومسم توصب لمجلا ةءارقو لمجلاو تاملكلا جاتنإو ةینوترك روص فصو •
  )كثیدح لیجست

  .ةقیقد 70 و 60 نیب امھنم لك لوط حوارتی نیتلصفنم نیتسلج ىلع ماھملا كلتب موقتس

 جئاتن نم يأب كمسا طبر متی نلو ،ةساردلا هذھب ةقلعتملا كتامولعمو كتاباجلإ ةیصوصخلا تاجرد ىصقأ ةاعارم متتس 
 ثاحبلأا يف ةبرجتلا هذھ للاخ نم اھیلع لوصحلا يرجی يتلا تانایبلا مادختسا متی نأ نكمملا نم .ةقیرط يأب ثحبلا
 ثیحبً امامت يرس لكشب عزوت وأ ظفحتس تانایبلا ةفاك نكلو ،عورشملا ىلع نولمعی نیرخآ نیثحابل اھریفوت وأ ةیلبقتسملا

  .اھبحاصب فرّعت ةیصخش تامولعم وأ مسا يأ لمحت لا

 تقو يأ يف ةكراشملا نع فقوتلاو ةساردلا يف ةكراشملا ىلع كتقفاوم بحس كنكمیو ،ةیعوط  ةساردلا هذھ يف كتكراشم
  .ةیبلس جئاتن ةیأ كلذ ىلع بترتی نأ نود ببس يلأو
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 للاخ اھضرع متی دق امك ،ثحابلا اھّدعی يتلا هاروتكدلا ةلاسر يف ةساردلا هذھ اھیلإ صلخت يتلا تانایبلا مدختستس
 .اھبحاص نع حصفت تامولعم وأ ةیوھ ةیأب تانایبلا طبترت نل ،لاوحلأا ةفاك يفو .ةیرود تارشن نمض وأ تارمتؤملا

 لبق ثحابلل كتلئسأ ھیجوت كنم وجرن ،ةساردلا هذھ اھیلع يوطنت يتلا تاءارجلإا وأ ماھملاب قلعتت ةلئسأ ةیأ كیدل تناك اذإ
 ،ةساردلا هذھ يف ةكراشملا يف تبغرو ،ضٍرمُ وحن ىلع ةلئسلأا ةفاك ىلع ةباجلإا لاح يفو .ةقفاوملا جذومن ىلع عیقوتلا
   .ةقفاوملا جذومن ىلع عیقوتلا كنم وجرن

 :ينورتكللإا ناونعلا ىلع يبرحلا دوعس ةریمأ عم كلصاوتب بحرنف ،عورشملاب قلعتت ةماع ةلئسأ كیدل تناك نإ
.elp2dd@bangor.ac.uk 

 ةیلك دیمع ،يلیروبمات وكرام روتكدلا عم لصاوتلا كنم وجرن ،ةساردلا هذھب قلعتت ىواكش وأ فواخم ةیأ كیدل تناك اذإ
  :يلاتلا ناونعلا ىلع روجناب  ةعماج يف ةیزیلجنلإا ةغللاو تایوغللا
 
 ةیزیلجنلإا ةغللاو تایوغللا ةیلك

  روجناب ةعماج

  ،دور جیلوك

 روجناب

  دینیوغ

LL57 2DG 

 ةدحتملا ةكلمملا
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Appendix I 

Approval consent from ALI, UQU 
  

 




