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Abstract 

Phonetic variation is inherent in natural speech. It can be lexically relevant, 

differentiating words, as well as lexically irrelevant indexical variation, which gives 

information about the talker or context, such as the gender, mood, regional or foreign accent. 

Efficient communication requires perceivers to discern how lexical versus indexical sources 

of variation affect the phonetic form of spoken words. While ample evidence is available on 

how children acquiring a single language handle variability in speech, less is known about 

how children simultaneously acquiring two languages deal with phonetic variation. This 

thesis investigates how the bilingual language environment affects children’s ability to 

accommodate accented speech. We consider three hypotheses. One is that bilingual infants 

may have an advantage relative to monolinguals due to their greater experience with phonetic 

variability across their two phonological systems.  This is because the lexical representations 

in bilingual children, who have more experience with accent variation than monolingual 

children, might be more open to phonetic variation than monolinguals. Representations that 

are more open to variation might lead to higher flexibility in the word recognition of children 

with multi-accent input (bilinguals), resulting in accommodation benefits when processing an 

unfamiliar accent. An alternative hypothesis, however, is that bilingual children may have 

less stable lexical representations than monolinguals because their vocabulary size in each 

language is smaller. This could lead to processing costs in accent adaptation, resulting in 

accommodation disadvantages for bilinguals. The third and final hypothesis is that there 

would be no difference between bilinguals and their monolingual peers. This is because the 

effects of greater accent experience but less stable lexical representations in bilinguals may 

essentially neutralise each other, resulting in equivalent accent accommodation by bilinguals 

and monolinguals.  
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To evaluate these hypotheses, three experiments were conducted with 17- and 25-

month-old bilingual and monolingual children. Their ability to accommodate unfamiliar 

accented speech was analysed based on their language experience, pre-exposure to the 

unfamiliar accent, the type of phonetic variation (easy versus difficult phonetic change), and 

the cognitive demands of the experimental procedure.  In experiments 1 & 2, a preferential 

listening procedure was used to test 17-month-old Australian English-learning monolingual 

and bilingual infants’ ability to recognise familiar English words, relative to unfamiliar 

words, across native- and Jamaican Mesolect English-accented speakers. In both studies, 

children were pre-exposed to a children’s story in either the native or the non-native accent. 

This allowed us to determine whether short-term pre-exposure to an unfamiliar regional 

accent would improve accent generalisation. Experiment 1 tested easy vowel differences 

between the accents, relative to more challenging vowel differences in experiment 2. Both 

bilinguals and monolinguals succeeded in generalising familiar word forms across the accents 

in the two studies. This suggests that by 17 months, the bilingual language input neither 

helped nor hindered bilingual children’s ability to generalise word recognition to an 

unfamiliar accent.  

Study 3 tested whether bilinguals’ success would persist when the language skill 

being assessed was more cognitively demanding. Using a looking-while-listening procedure, 

25-month-old bilingual and monolingual children were tested on their ability to generalise 

newly taught words to an unfamiliar regional accent. Both groups failed to generalise across 

native- and non-native-accented productions of newly taught Australian English words. 

Taken together, the findings of Experiments 1-3 suggest that bilingual language input neither 

benefits nor hampers accent adaptation in bilingual children relative to monolingual children. 

The results carry implications for our current understanding of bilingualism and phonological 

development. 
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CHAPTER 1: OVERVIEW 

1. Motivation for the current research                                                        

Australia is a multicultural and multilingual society in which nearly one in five people 

speak a language other than English (LOTE) at home (Australian Bureau of Statistics, 2017), 

and young children will hear speech from different talkers from diverse linguistic 

backgrounds. For example, an infant raised in Australia will likely be exposed to several 

different languages, as well as regional and foreign accents. To become proficient language 

learners, infants and children must learn to accommodate differences across talkers and 

successfully generalise new learning across accents. Without this ability, children who learn a 

new word spoken by someone with one accent would be unable to recognise that same word 

when spoken by someone with a different accent. Most studies that have examined children’s 

ability to accommodate to regional and foreign accents have mostly focused on children 

learning a single language (monolinguals) (e.g., Best, Tyler, Gooding, Orlando, & Quann, 

2009; Mulak, Best, Tyler, Kitamura, & Irwin, 2013; Schmale, Cristia, & Seidl, 2012; 

Schmale, Hollich, & Seidl, 2011; Van Heugten & Johnson, 2014). Although how 

monolinguals accommodate to accents has been researched to a large extent, less is known 

about when this ability begins to emerge in bilinguals. Just two recent reports1 (e.g., Levy, 

Konieczny, & Hanulikova, 2019; McDonald, Gross, Buac, Batko & Kaushanskaya, 2018) 

and an unpublished thesis (Hudon, 2013) have included children learning two languages 

(bilinguals). The present thesis seeks to determine when and how young bilingual children 

develop the ability to accommodate to an unfamiliar regional accent in one of the languages 

they are learning. The studies conducted within the scope of this project examine how 

 
1 Both published after the current thesis commenced in 2016. 



16 

 

bilinguals compare to their monolingual peers in word recognition (17-month-olds) and word 

learning (25-month-olds) across native versus unfamiliar accents.  

In a multilingual society, children and adults face accent variation in speech, as they 

are exposed to both native- and foreign-accented speakers of the mainstream language of the 

community. To recognise words pronounced in accented speech, the listener must be able to 

generalise across those phonetic variations by attending to phonologically specified word 

forms, which are abstracted at a higher level than that of the more variable phonetic word 

forms of different talkers and accents (Best et al., 2009). For example, a native American 

English (AmE) listener who recognises that the Australian English (AusE) pronunciation of 

the word “nice” [nɑes] (with a low back onset to the diphthong vowel) is the same word as 

the AmE pronunciation [naɪs] (with a more fronted low onset and higher offset to the 

diphthong) has discovered the abstract phonological form of the word. Therefore, word 

recognition is dependent on language learners’ ability to attend to linguistically relevant 

phonemic structures despite phonologically irrelevant phonetic variation. Unlike phonetically 

based word forms, phonological word forms can accommodate to systematic accent-related 

phonetic changes that do not conform to the exact phonetic details of the listener’s native 

accent (Mulak et al., 2013). 

There are two complementary principles needed for separating meaningful from non-

meaningful phonetic variation (Best et al., 2009). One of these two principles is phonological 

constancy, by which the underlying phonological form of the word remains intact despite 

phonetic variation. The other is phonological distinctiveness, by which critical phonetic 

variations change one word into another word. For instance, in the example above, 

phonological constancy signals that AmE [naɪs] and AusE (AusE) [nɑes] are the same word 

“nice”, while phonological distinctiveness differentiates AusE [nəiːs] “niece” from AusE 

[nɑes] “nice” and the corresponding AmE [niːs] from AmE [naɪs]. When language learners 
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have discovered the complementary relationship between the two types of phonetic variation, 

they begin to recognise words as patterns of abstract phonological structure. Therefore, to 

recognise words across phonetic variation, listeners must detect the more abstract 

phonological structure of a word form that is not restricted to its concrete phonetic details or 

to native accent phonetic categories, but rather is abstract enough to accommodate to 

phonetic variations that do not signal a change in phonemic categories, for example, in 

regional accent differences.  

Young children are word recognition novices, and the ability to identify the abstract 

phonological structure of words, i.e., phonological word forms, requires phonological 

constancy, which takes time to develop. Until the emergence of this ability, children 

recognize words as forms that are phonetically specific to the accent(s) they are familiar with, 

i.e., as phonetic word forms. Unlike phonological word forms, phonetic word forms cannot 

tolerate the phonetic variation resulting from unfamiliar accented speech because they are too 

strongly tied to specific phonetic details (Mulak et al., 2013). By comparison, the case is 

different for adults as they possess more flexible, phonologically abstract word forms, which 

allow typically quick accommodation to phonetic variation from their native language and 

accent (Clarke & Garrett, 2004). This is discussed further in section 2.6.1.1. By relying on 

phonetically specified word forms, children before 19 months fail to recognise words that are 

not pronounced in their native accent (Best et al., 2009; Mulak et al., 2013). Therefore, young 

language learners are phonetically restricted in processing accented words until phonological 

constancy emerges, allowing recognition of phonological word forms across talker and accent 

variation. 

Although extensive research has been conducted on the development of phonological 

word forms, so far, a lot of what we know about phonological abstraction has been focused 

on monolingual children’s ability to recognise words pronounced in unfamiliar accents 
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(phonological constancy. However, questions remain about how and at what age bilingual 

children achieve this. The possible effect that learning two languages might have on the 

emergence of phonological constancy and the ability to identify the abstract phonological 

form of words across phonetic variations is not yet well understood. It is an important 

question given that more than half the world’s population is bilingual (Ansaldo, Marcotte, 

Scherer, & Raboyeau, 2008).  

To understand the differences between monolinguals’ and bilinguals’ language 

acquisition, it is important to examine a few key properties of how the bilingual learning 

experience differs from the monolingual. Firstly, bilinguals receive less exposure to each 

language than monolinguals (Byers-Heinlein & Fennell, 2014). This is because they 

distribute their language-learning time across two languages, while for monolinguals it is 

devoted to only one language. Although bilinguals and monolinguals receive a similar 

amount of exposure to language overall, because bilinguals’ exposure is shared across their 

two languages, they receive less exposure to each.  

Relatedly, bilingual children face a more challenging lexical development process 

than monolinguals, as they are concurrently exposed to words in two languages and receive 

reduced input for new words in each language (DeAnda, Bosch, Poulin-Dubois, Zesiger, & 

Friend, 2016; DeAnda, Hendrickson, Zesiger, Poulin-Dubois, & Friend, 2018; Pearson, 

Fernández, & Oller, 1993). Consequently, monolingual and bilingual vocabulary growth is 

likely to differ. Monolingual children possess a more extensive vocabulary in a given single 

language, which can be beneficial to lexical processing (Anglin, Miller, & Wakefield, 1993; 

Beck, McKeown, & McCaslin, 1983). In contrast, bilingual children usually have smaller 

receptive (Bialystok, Luk, Peets, & Yang, 2009) and expressive vocabularies (Hoff, 

Rumiche, Burridge, Ribot, & Welsh, 2014) in each language when compared to monolinguals 

(Poulin-Dubois, Bialystok, Blaye, Polonia, & Yott, 2012). It is important to note, however, 
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that when bilinguals’ vocabulary size in both languages is measured, their total vocabulary 

size is equivalent to or larger than that of monolinguals (Hoff et al., 2012). Given that 

vocabulary may be important to the emergence of phonological constancy (Mulak et al., 

2013; Mulak & Escudero, 20162), it is possible that due to a smaller language-specific 

vocabulary, bilinguals might adapt more slowly to an unfamiliar accent in one of their 

languages relative to their monolingual peers. 

Unlike monolinguals who only need to represent the phonological system of one 

language, bilinguals must simultaneously represent the phonological systems of two different 

languages (Byers-Heinlein & Fennell, 2014). They must establish phonemes for both of their 

languages, while monolinguals acquire phonemes for a single language. Furthermore, some 

bilinguals are faced with the challenge of representing phonemes that overlap across both 

languages, including cases in which two phonemes might be separate and contrastive in one 

language while they represent variants of a single category in the other language. For 

example, a bilingual learning English and Japanese must learn that although /l/ and /r/ are 

separate phonemes in English, they are non-contrastive variations within a single category in 

Japanese (Miyawaki, Strange, Verbrugge, Liberman, & Jenkins, 1975). Although faced with 

many instances of phonemes being represented differently across both of their languages, 

studies have shown that by the end of the first year, bilinguals typically acquire the phonemes 

of both languages without major delays (Bosch & Sebastián-Gallés, 2003; Burns, Yoshida, 

Hill, & Werker, 2007; Sundara, Polka, & Molnar, 2008). 

Having to become perceptually attuned to phonemes across two languages might 

impact bilinguals’ ability to accommodate to pronunciations in an unfamiliar accent. Previous 

 
2 Mulak & Escudero (2016) is an unpublished and non peer-reviewed conference presentation, however, I have 

access to the full presentation. Although this is an unpublished word, I have extensive relied on it in the thesis, 

for several reasons. First, there is very little other prior research on the specific issues addressed in the thesis 

(i.e., bilingual children’s accent accommodation). Second, it is the only prior study conducted that is similar to 

the thesis studies, in that, it examines regional accent accommodation in monolingual and bilingual children. 
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findings highlight that the way in which other-accent phonemes are perceptually assimilated 

to native-accent phonemes affects infants’ recognition of accented words by as early as 15 

months (Best, Gates, Kitamura, Docherty, & Evans, 2016; Best & Kitamura, 2014). 

Therefore, bilinguals might have greater language-specific perceptual attunement demands 

than monolinguals since they must first identify whether a phoneme is similar or different to 

other phonemes in not just one but two languages. 

Finally, bilingual language input is considered to be ‘noisier’ – or, more properly, to 

contain greater accent variation in word pronunciations than monolingual input (Byers-

Heinlein & Fennell, 2014). This noisiness in input arises not only because bilinguals are 

exposed to two languages simultaneously, but also because their two languages may not be 

neatly divided between parents (it must be noted that not all children come from 2 parent 

households). That is, one parent does not usually speak only one language while the other 

speaks only another; both parents/caregivers speak both languages to or around the child, to 

some degree. As a result, one or both parents/caregivers are likely to produce one of those 

languages with a non-native accent. Bilingual infants often hear both of their languages from 

the same person, sometimes even within the same sentence (Byers-Heinlein, 2013). This is 

supported by studies that show that code-switching/language-switching is very frequent in 

bilingual input, but how it affects language acquisition is still unclear (Bail, Morini, & 

Newman, 2015; Byers-Heinlein, 2013). In addition, bilingual adults typically produce some 

phonemes of each language differently when compared to monolingual speakers (Sundara & 

Polka, 2008; Sundara, Polka, & Baum, 2006). It has been shown that most bilinguals who 

learn a second language in adulthood speak that language with an accent (Piske, Mackay, & 

Flege, 2001). Even bilinguals who acquired two languages early in life produce phonemes 

that differ in small ways from monolingual speakers (e.g., Antoniou, Best, Tyler, & Kroos, 

2010). For instance, Bosch and Ramon-Casas (2011) found that even highly proficient 
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Spanish-Catalan adult bilinguals’ vowel productions differed as a function of their own early 

language environments, indicating a slight accent. Thus, bilingual infants very likely 

encounter more accent variation in their language environment than monolingual infants.  

Having to switch between two different languages, children and adult bilinguals often 

outperform monolinguals in studies that measure cognitive control. This includes but is not 

limited to studies focusing on resolving conflicting information (Costa, Hernandez, & 

Sebastián-Gallés, 2008), and on attentional control (Bialystok, 1999). In an effort to 

understand the bilingual cognitive advantage, Kovacs and Mehler (2009) compared 

monolingual and bilingual 7-month-olds’ ability to suppress a previously learned stimulus-

reward association in order to learn and respond to a new combination. Only the bilingual 

group succeeded in suppressing the previously learned response and updating their looks to 

match whatever stimulus-reward changes were made in the task. The authors attributed 

bilinguals’ enhanced cognitive control to their experience with processing and representing 

two languages. Although several studies have put forward findings that suggest a bilingual 

cognitive advantage, it has been proposed to be restricted to tasks that include a salient but 

irrelevant cue (Bialystok, Craik, Grady, Chau, Ishii, Gunjhi, & Pantev, 2005). If bilinguals’ 

success in tasks involving cognitive control is specific to ignoring irrelevant cues, then this 

could also extend to accent accommodation in infant speech perception. Particularly, 

bilingual infants may be better prepared to ignore phonologically irrelevant phonetic 

information in order to generalise word forms across speakers with different accents.  

The aim of this thesis is to examine the impact of language experience on the 

development of phonological word forms in bilingual as compared to monolingual infants in 

their second year. This aim is particularly with respect to their ability to recognise familiar 

words in accented speech and to generalise newly learned words to accented pronunciations 

of them. Several characteristics of the bilingual language environment have been proposed as 
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potential factors that can impact bilinguals’ performance in accommodating accented speech. 

The potential effects of these characteristics may be somewhat difficult to separate. On one 

hand, hearing two phonological systems as well as hearing accented speech more often would 

each produce a degree of phonetic overlap as well as a greater range of phonetic differences 

in the learning environment, which could potentially benefit bilinguals’ ability to 

accommodate accents when recognising words. Furthermore, bilinguals may simultaneously 

benefit from general cognitive advantages and from hearing several sources of systematic 

phonetic variability. On the other hand, acquiring words across two languages reduces the 

vocabulary size in each language relative to monolinguals, which could disadvantage 

bilingual children’s word recognition across unfamiliar accents. The approach taken in this 

thesis was not to argue for a single factor but rather to narrow the possible explanations for an 

advantage or a disadvantage over three studies. We put forward three possible, alternative 

hypotheses. On the one hand, bilinguals’ experience with variability in speech might lead to 

tolerance for phonetic changes which may allow them to succeed in word form recognition 

and word learning tasks where monolinguals fail, namely in accommodating to changes in 

accent and speaker. On the other hand, bilinguals might show a delay in accent 

accommodation due to their reduced vocabulary size. Alternatively, bilinguals might achieve 

phonological constancy at the same pace as monolinguals because the potential bilingual 

benefit of greater accent exposure versus the potential disadvantage of a smaller vocabulary 

in a given language may effectively neutralise each other. 

The following section provides a brief outline of the structure of the thesis chapters, 

as well as the topics discussed in each of the chapters.  
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1.2 Structure of the thesis 

Chapters 2 and 3 are dedicated to reviewing the relevant existing literature that 

informs these novel research questions. Chapter 2 focuses on when bilinguals and 

monolinguals achieve basic developmental milestones from early speech perception to word 

learning (chapter 2). The first section of the literature review (section 2.1) provides an 

overview of the foundational spoken language perception skills acquired in the first year of 

life that lead infants to be able to recognise words and learn new words in the second year. It 

describes the context and foundation for understanding and recognising words, and highlights 

how bilinguals and monolinguals compare in their acquisition of perceptual skills in the first 

year.  To better understand the foundation for recognising word forms, section 2.2 is included 

which summarises and compares theoretical models of cross-language speech perception in 

infants. This will help us to better understand how linguistic experience impacts the 

development of the word processing skills examined in the second section, which focuses on 

the development of early segmentation (section 2.3.1) and word recognition skills (section 

2.3.2), largely in the second year. It explores the differences between bilinguals’ and 

monolinguals’ early word recognition to provide a foundation for understanding how 

language experience impacts early lexical development. The third section (2.5) reviews the 

development of children’s ability to learn new word forms and summarises how bilinguals 

and monolinguals compare in their ability to learn new words. Altogether the literature 

reviewed in this chapter ultimately points to the importance of phonologically specified word 

forms for children’s ability to process words.  

Chapter 3 reviews research on children’s development of more abstract 

phonologically specified word forms that depend on emergence of phonological constancy 

across talker variation and especially across accent variation. Reviewing the developmental 

progression to phonologically abstract word forms will lay the foundation for understanding 
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when and how young children can recognise and learn new words in the face of phonetic 

variation, specifically, accented speech. Therefore, this section (3.2) of the chapter will 

discuss early word recognition and word learning with accents and other variation (e.g., talker 

variation, emotion variation) rather than only with native-accented speech. Chapter 3 

concludes by describing theoretical models that have attempted to account for how the 

progression from phonetically specified to phonologically specified word forms is achieved. 

This included models that are specific to the developmental progression from phonetic to 

phonological word forms.  

Chapter 4 provides an overview of the present thesis in detail. In particular, it 

describes the specific research questions addressed in the project and shows how they are 

related to the context of the earlier findings on the impact of language experience on early 

word recognition and word learning. 

Chapter 5 reports on Experiments 1 and 2, which examine bilingual and monolingual 

16- to 18-month-olds’ phonological constancy in recognising words known to them when 

they are spoken in an unfamiliar regional accent. The study also assesses whether pre-

exposure to a meaningful story spoken in the unfamiliar accent facilitates reliance on 

phonological principles in order to subsequently recognise other words in that accent. We ask 

whether such pre-exposure is sufficient to help bilinguals and/or monolinguals to successfully 

generalise word recognition to an unfamiliar accent, given that in a prior study without pre-

exposure, bilinguals failed to recognise words spoken in an unfamiliar regional accent at 17 

months (Mulak & Escudero, 2016). 

Chapter 6 reports on Experiment 3, which examines 24- to 26-month-old bilinguals’ 

and monolinguals’ ability to generalise newly taught words that they learned in their native 

accent to an unfamiliar accent, again following pre-exposure to the story in the unfamiliar 

accent. Pre-exposure was included in the cross-accent word learning study because an earlier 
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study found that without pre-exposure, 24-month-old monolinguals failed to generalise newly 

learned words to a non-native accent (Schmale et al., 2011). Together with earlier findings, 

this study advances the picture of when children develop phonological constancy as well as 

clarifies whether and how the bilingual language experience impacts the emergence of these 

skills.  

Chapter 7 is a general discussion of the results of all three experiments conducted in 

this project. It also includes a full consideration of the implications of the findings for models 

of early speech and language development, and directions for future research.  
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CHAPTER 2: YOUNG LANGUAGE LEARNERS’ LEXICAL DEVELOPMENT AND 

ITS FOUNDATIONAL ABILITIES 

To understand how children become able to recognise familiar words and learn new 

word forms, it is important to consider the foundations laid in the first year that support the 

emergence of these abilities in the second year. One crucial early ability is perceptual 

attunement to the phonetic categories in their native language. This chapter reviews existing 

research and theories on infants’ perceptual attunement and considers how it serves as a 

foundation for building of vocabulary. Given the focus of this thesis is on comparing 

performance by monolingual versus bilingual children, the discussions below address what is 

known from the majority of studies on monolinguals, followed by evidence and theoretical 

considerations about bilinguals. Figures 1 and 2 are schematic developmental timelines 

comparing monolingual and bilingual milestones in lexical development, from speech 

perception through to novel word learning both in native and unfamiliar accents. 

 



27 

 

 

Figure 1. Language learners’ milestones in lexical development in the first year, starting with speech perception. Monolinguals’ milestones are 

represented with orange boxes, while bilinguals’ milestones are represented with yellow boxes. This developmental milestone illustration was 

inspired by Curtin, Hufnagle, Mulak & Escudero (2017) but has been restructured.  
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Figure 2. Language learners’ milestones in lexical development in the second year (13- to 24-months). Monolinguals’ milestones are represented 

with orange boxes, while bilinguals’ milestones are represented with yellow boxes. This developmental milestone illustration was inspired by 

Curtin, Hufnagle, Mulak & Escudero (2017) but has been restructured.  
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2.1 Infant speech perception 

There is general agreement across developmental models of speech perception that 

infants experience a perceptual shift in the first year of life from language-general to 

language-specific perceptual sensitivity (Best, 1994, 1995; Kuhl, 1993; Werker & Curtin, 

2005). That is, earlier in life infants can discriminate virtually any phonetic contrast 

regardless of its presence or absence in their language environment. However, later in the 

first year of life their discrimination ability becomes more adult-like, and they are less 

accurate at discriminating many non-native contrasts (e.g., Werker & Tees, 1984). 

Nevertheless, the age at which phonetic perception becomes language-specific is not the 

same for all contrasts (e.g., Best, McRoberts, LaFleur, & Silver-Isenstadt, 1995). For 

example, vowel perception becomes language-specific a few months earlier than consonant 

perception (Kuhl et al., 1992; Polka & Werker, 1994; Polka et al., 2001; Sundara et al., 

2006). Moreover, extreme acoustically distinct contrasts, especially those that adults perceive 

as nonspeech sounds because they differ dramatically from all native consonants (e.g., click 

consonants), may remain discriminable past infancy and through adulthood even without 

prior listening experience (Best et al., 1988; see Best, 2020).  

 2.1.1 Development of perceptual attunement in monolinguals 

In the first half year, monolingual infants raised in an English language environment 

can discriminate the Hindi dental-retroflex voiceless unaspirated stop contrast [ta̪]-[ʈa] and 

the Salish velar-uvular voiceless ejective stop contrast [k’i]-[q’i] (Werker & Tees, 1984). 

This and other similar findings have been interpreted to indicate that infants initially display 

broad, language-general discrimination of many consonant and vowel contrasts, regardless of 

whether they exist in their native language input. However, by 10-12 months this ability 

declines, with infants no longer able to reliably discriminate these and many other consonant 
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contrasts that are not present in their native language environment. To further understand this 

shift in the English-learning infants’ perceptual ability, Werker and Tees (1984) tested 11- to 

12-month-olds from Hindi- and Salish-speaking families. The Hindi-learning infants 

discriminated the Hindi [ta̪]-[ʈa] contrast, and the Salish-learning infants discriminated the 

Salish [k’i]-[q’i] contrast (Werker & Tees, 1984), indicating that the English-learning infants’ 

decline in discrimination of the two contrasts reflects language-specific tuning to English. 

Overall, these findings have been accepted as evidence for an age-related effect of language 

experience on the perception of non-native contrasts.  

However, just because a contrast is non-native does not automatically mean that 

children will not be able to discriminate it after undergoing perceptual attunement to their 

environment. Rather, discrimination of some types of both native and non-native contrasts 

might depend on the properties of the contrasts, and not show a decline with age (see Best, 

1994, 1995). As an example, both English-learning 6- to 8-month-olds and 10- to 12-month-

olds discriminated the non-native Tigrinya ejective contrast [pɛ’]-[t’ɛ] (Best and McRoberts, 

2003). English-learning 6- to 8-month-olds and 10- to 12-month-olds were tested on their 

ability to discriminate various non-native contrasts, including three isiZulu contrasts: [ɬɛ] – 

[ɮɛ] (voiced vs. voiceless lateral fricatives), [kha] – [k’a] (voiceless aspirated vs. ejective 

velar stops), and [bu] – [ɓu] (pre-voiced plosive vs. implosive bilabial stops), as well as 

Tigrinya ejective contrast [p’ɛ]-[t’ɛ] (the bilabial versus alveolar ejective stop). The data 

showed that although the younger group successfully discriminated the isiZulu contrasts, 

discrimination was unreliable in the older group. As expected, the 10- to 12-month-olds 

showed a decline relative to the 6- to 8-month-olds in discriminating the three isiZulu 

contrasts. However, for the Tigrinya contrast, there was no age difference in discrimination. 

That is, the older group discriminated the Tigrinya contrast on par with 6- to 8-month-olds. 

Based on results from an earlier adult study (Best, McRoberts, & Goodell, 2001), Best and 
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McRoberts (2003) hypothesized that this lack of decline in the older children’s discrimination 

might be because they retained categorical discrimination of [thɛ]-[phɛ] (aspirated alveolar 

and bilabial stops) in their native language, and that they perceptually mapped both elements 

of the Tigrinya contrast onto those contrasting native language categories. Overall, these 

findings show that infants do not show a decline in language-specific discrimination of all 

non-native contrasts by the end of the first year.  

Language-specific perceptual attunement begins even earlier for vowels. Although 

sensitivity to non-native consonant contrasts starts to decline between 8-10 months, the 

decline in sensitivity to non-native vowel contrasts has been observed earlier. At 4 months, 

children learning English can discriminate their native /i/-/a/ vowel contrast as well as the 

non-native German back versus front rounded /ʊ/-/ʏ/ (lax) and /u/-/y/ (tense) vowel contrasts. 

However, their ability to discriminate the German vowel contrasts declines by 6-8 months 

(Polka & Werker, 1994) supporting the hypothesis that discrimination of many non-native 

vowel as well as consonant contrasts becomes difficult for infants before the end of the first 

year.  

It should be noted, however, that not all non-native vowel contrasts show a 

developmental decline in discrimination (e.g., Best, & Faber, 2004; Best, & Faber, 2000; 

Polka, & Bohn, 2011; Polka & Bohn, 2003), just as with non-native consonants. Various 

findings have suggested that infants respond differently to vowels that occupy different 

positions in the articulatory/acoustic vowel space (defined by F1–F2), which indicates a 

universal bias toward peripheral vowels (e.g., /a, ɒ , e, i, u, o/) over non-peripheral vowels 

(e.g., /ɪ, ɛ, ʊ/), which infants bring to the task of vowel perception (Natural Referent Vowels: 

Polka & Bohn, 2011). This leads to developmentally persisting asymmetries in discrimination 

of even non-native peripheral vs non-peripheral vowels. For example, Danish-learning 

children were found to maintain discrimination of non-native Southern British English non-
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peripheral vowel [ʌ] (mid-central back unrounded) from peripheral vowel [ɒ] (open back 

rounded), but failed to discriminate in the opposite direction (from peripheral [ɒ] to non-

peripheral [ʌ]), throughout the second half of the first year (Polka & Bohn, 2011).  

Altogether, these findings indicate a shift from discrimination that is almost universal 

to language-specific phonetic sensitivity for most consonant and vowel contrasts. In other 

words, infants become less sensitive to most non-native consonant contrasts by 8-10 months 

and most non-native vowel contrasts by 6 months, suggesting that they gradually “tune out” 

phonetic contrasts that are not used in their language environment, while becoming attuned to 

the phonetic categories of their native language. However, this claim is qualified, 

importantly, by observations that not all non-native consonant or vowel contrasts show a 

developmental decline in discrimination. 

2.1.2 Development of perceptual attunement in bilinguals 

Bilinguals need to acquire more phonological categories and contrasts than 

monolinguals and to keep them tagged regarding their relevance to each of their languages, 

and they do so while dealing with overlapping phonetic distributions across their two 

languages (Byers-Heinlein & Fennell, 2014). The impact of this added challenge has been 

investigated by several studies on whether bilinguals and monolinguals show similar patterns 

in perceptual attunement. It has been shown that bilinguals are sensitive to phonetic 

categories within and between their two languages and ultimately do maintain native 

categories of both languages in their dual-language environment (Burns et al., 2007).  

The first study on bilinguals’ native language phonetic representation focused on 

situations in which a vowel contrast exists in only one of a bilingual’s two languages. For 

example, Spanish-Catalan bilinguals have to learn the Catalan-only vowel contrast /e/-/ɛ/. 

Spanish has /e/, which overlaps with both Catalan /e/ and Catalan /ɛ/, but Spanish has no 
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separate category for /ɛ/, making this contrast meaningful in Catalan but not in Spanish. 

Bosch and Sebastián-Gallés (2003) tested whether 4-, 8-, and 12-month-old Spanish-Catalan-

learning bilinguals, Spanish monolinguals and Catalan monolinguals can discriminate the 

Catalan-only vowel contrast /e/-/ɛ/. The Spanish monolinguals discriminated the contrast at 4 

months, but failed to discriminate at 8 and 12 months, as expected, while the Catalan-learning 

monolinguals also adhered to their expected pattern, discriminating their native contrast at all 

ages. 

However, the bilinguals showed unexpected results. While they discriminated the 

native Catalan contrast at both 4 and 12 months, they surprisingly failed to discriminate the 

contrast at 8 months, showing a U-shaped developmental pattern. One possible explanation 

for the U-shaped pattern is that bilinguals might have difficulty discriminating a contrast that 

exists in only one language but that overlaps in phonetic distribution with a singular (non-

contrasting) vowel in their other language. Bosch and Sebastián-Gallés (2003) argued that the 

temporary failure to discriminate might be due to a more crowded distribution in the phonetic 

space of the bilingual infants (Catalan /e/ versus /ɛ/, and Spanish /e/), which may initially, but 

only temporarily, delay their ability to discriminate the Catalan-only contrast. The authors 

proposed a number of factors to consider, including differences in how infants process 

vowels versus consonants, the language being tested, and bilingual versus monolingual input, 

among others (Bosch & Sebastián-Gallés, 2003). 

These findings indicate that bilinguals can discriminate the phonetic categories in 

both their languages at least by the end of the first year. Overall, monolinguals showed a two-

phase trajectory in their perceptual reorganisation, moving from language general to 

gradually aligning discrimination with the properties of their native language. In contrast, 

Bosch and Sebastian-Gallés posit that bilinguals may demonstrate a three-phase process with 

an intervening stage around 8 months, when perceptual sensitivities are aligned with the 
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properties of their more frequent language, prior to showing language-specific responses to 

both languages. In their study, Spanish was the more frequent language, which has only one 

vowel where the less frequent language for them, Catalan, has two contrasting vowels that 

they failed to discriminate at 8 months (Bosch & Sebastián-Gallés, 2003). 

Follow-up studies explored whether a crowded distribution in the bilingual phonetic 

space across two languages affects the language-specific phonetic category representations. 

One such study tested the ability of monolinguals and French-English bilingual infants to 

discriminate the French and English stops /p/ and /b/ (Burns et al., 2007). These phonemes 

are present in both the French and English inventory, but the voice-onset-time (VOT) differs 

as the French boundary is distinguished at a shorter VOT than the English contrast 

(Caramazza, Yeni-Komshian, Zurif, & Carbone, 1973). This results in a range of the VOT 

continuum being categorised as /p/ by French speakers but as /b/ by English speakers. 

Although monolingual and bilingual 6- to 8-month-olds responded similarly regardless of 

language environment, by 10–12 months both groups of infants demonstrated perceptual 

abilities that were language-specific (English-only for the monolinguals, both languages for 

the bilinguals). This shows that although bilinguals have to learn the phonetic categories of 

both their languages, analogous to monolinguals, they show language-specific discrimination 

across both their languages in the first year. To account for the differences in findings on 

bilinguals’ perceptual development, Burns et al. (2007) argued that frequency of occurrence 

and distributional factors may have played a role in the temporary “dip” for the Catalan-only 

vowel contrast observed by Bosch and Sebastián-Gallés (2003). Specifically, the phonetic 

categories in Burns and colleagues’ study are both highly frequent, while the Catalan /ɛ/ is 

much less frequent than the Spanish and Catalan /e/, which may have affected whether 

bilinguals show a dip in discrimination or not.  
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Other researchers have provided evidence in support of the frequency of occurrence 

proposal (Sundara et al., 2008). They investigated the ability of French monolingual, English 

monolingual and French-English bilingual infants to discriminate French /d/ from English /d/, 

which have a different phonetic realisation in each language. In English, /d/ is realised at an 

alveolar place while in French the place is dental. Also, it is pre-voiced with a negative VOT 

in French but has a voiceless unaspirated short-lag (positive) VOT in English. Therefore, 

since /d/ occurs very frequently in both languages, yet has a different phonetic place of 

articulation and VOT, the bilinguals get exposed to the two phonetic versions of /d/. 

However, the English infants can discriminate it because they have a native alveolar stop vs. 

a dental voiced fricative (/ð/) contrast. The results showed that at 6-8 months, the infants 

across all three groups discriminated the two realisations of this phoneme, but at 10-12 

months, the English monolinguals and the French-English bilinguals succeeded while the 

French monolinguals failed (Sundara et al., 2008). The authors proposed that English 

monolinguals succeeded due to the perceptual similarity of French /d/ to the English /ð/, and 

their experience with the dental–alveolar place difference for fricatives (/ð/-/z/) in English, 

but French monolinguals do not have experience with this contrast.  

These findings suggest that the developmental time course of phonetic perception in 

bilingual infants might depend on both the contrastiveness and the acoustic–phonetic 

properties of their input in both languages. Furthermore, they provide evidence that although 

bilinguals may be exposed to overlapping distributions of phonetic categories across their two 

languages, if these are highly frequent phonemes in both languages, this might help infants to 

overcome the challenge posed by phonetic overlap (Sundara et al., 2008). 

Although bilinguals may show a difference from monolinguals in the developmental 

trajectory for perception of some contrasts from one of their languages depending on the 

frequency and distribution and other factors unique to the bilingual language experience, by 
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10-12 months they are able to discriminate contrasts in both languages like their monolingual 

peers of each language. Explanations for the findings summarised above are underpinned by 

postulations of several theoretical models in the following section. 

2.2 Theories of early language attunement 

Two primary theoretical considerations have been proposed to account for how and 

when young language learners establish the phonetic categories and contrasts used in their 

native language(s). On the one hand, statistical learning is hypothesised by many researchers 

as a mechanism that accounts for how infants refine and establish native phonetic categories 

(e.g., Jusczyk, Bertoncini, Bijeljac-Babic, Kennedy, & Mehler, 1990; Kuhl, 1993). On the 

other hand, some researchers argue that the shift in perceptual abilities is due to word 

learning (Lalonde & Werker, 1995), and is related to the emergence of more abstract 

phonological abilities such as phonological constancy (Best, 1994; Best et al., 2009). In the 

following section the main existing theoretical models that are connected to both mechanisms 

are discussed.  

2.2.1 Statistical learning as a mechanism for the development of language attunement 

Accounts arguing that statistical learning is the primary mechanism for language 

learning posit that children learn language by tracking the statistical patterns in the input 

(Pierrehumbert, 2003). By this view, after sufficient exposure to native language input, 

infants are able to attend selectively to the frequency distribution/distributional patterns of the 

native language. That is, infants at 6 months in the case of vowels, and after 8 months in the 

case of consonants, have received sufficient exposure to the native language to track the 

frequency, distribution, and other statistical properties of the phonetic categories in the input 

to maintain reliable discrimination for native contrasts. For example, Maye, Werker, and 
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Gerken (2002) found that after familiarising 6- and 8-month-old infants with acoustic variants 

of consonants along a continuum presented in either a unimodal or a bimodal frequency 

distribution, only the infants in the bimodal condition discriminated tokens from the 

endpoints of the continuum at test, reflecting recognition of a categorical contrast between 

them. The findings suggest that infants are sensitive to distributional patterns in the input and 

can potentially use this information in speech perception. Models of early speech perception 

and language development such as the Native Language Magnet (NLM: Kuhl, 1993) and 

developmental framework for Processing Rich Information from Multidimensional 

Interactive Representations (Werker & Curtin, 2005), discussed below, incorporate statistical 

learning as a mechanism for the developmental changes observed in early language 

acquisition.  

2.2.2 Native Language Magnet theory  

According to the Native Language Magnet model (NLM: Kuhl, 1993), infants’ 

sensitivity to the distributional patterns of the native input results in the development of 

phonetic representations of vowels and consonants that are based on the exemplars they have 

encountered in the ambient language. Therefore, increasing experience with the native 

language results in formation of category ‘prototypes’ that are most frequently activated, 

which start functioning as ‘perceptual magnets’ for other exemplars of their respective 

categories. These perceptual magnets therefore foster perception of the native categories, 

which leads to a decrease in infants’ ability to discriminate the non-native contrasts. Kuhl et 

al. (2008) later revised NLM to create NLM-expanded (NLM-e), which proposes that 

experience with the ambient language leads to native language neural commitment in which 

the infant’s neural networks become attuned to native phonetic categories and ‘tuned out’ to 

non-native categories. NLM-e describes perceptual development in four phases. During 
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Phase 1 infants’ phonetic abilities are not yet refined or language specific. Next, in phase 2, 

infants become sensitive to distributional patterns and the exaggerated acoustic cues in Infant 

Directed Speech (IDS). In phase 3, the refined perceptual abilities impact three skills, 

namely, the detection of phonotactic patterns, the detection of transitional probabilities and 

the association between sound patterns and objects.  In phase 4 perceptual abilities are 

influenced by the native language patterns.  

NLM-e argues that both distributional patterns and the exaggerated acoustic cues to 

phonetic units that are found in IDS are factors that contribute to the shift from early near-

universal to later language-specific speech perception (Kuhl et al., 2008). For example, Liu, 

Kuhl and Tsao (2003) provided evidence that mothers’ exaggerated acoustic cues in IDS 

speech could make the differences between contrasting phonetic units more discriminable, 

which may be helpful for infants. They found that the degree to which an individual mother 

exaggerated the acoustic cues to the corner vowels /a, i, u/ during IDS speech was 

significantly correlated with her infant’s speech perception abilities.  

NLM-e proposes that phonetic learning in bilinguals is aided by the same factors as in 

monolinguals, specifically by learning through the exaggerated cues in IDS as well as 

through the distributional properties of their ambient languages. However, the model 

proposes that bilingual language experience could possibly have an effect on phonetic 

learning, particularly as the development of sensitivity to the categories of two native 

languages might require a longer period of time than for the single language of monolinguals 

(Kuhl et al., 2008). Furthermore, bilinguals might remain in the phase of phonetic learning 

(phase 2) for longer because of extra time needed for sufficient language exposure in each 

language. This would depend on the amount of input in each language in the bilingual’s 

environment, the amount of exposure to IDS in each language, and the number of people 

speaking in each language (Ferjan Ramírez, Ramírez, Clarke, Taulu, & Kuhl, 2017; Garcia‐
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Sierra, Silva‐Pereyra, Ramirez‐Esparza, Siard, & Champlin, 2011). There is evidence that 

supports this argument that bilinguals might take longer to perceive contrasts in both of their 

languages (Bosch & Sebastian-Galles, 2003). Although NLM makes predictions about the 

possible effect of bilingual language input on children’s perceptual development, which we 

can use to extrapolate possible predictions on how bilinguals might deal with phonetic 

variation, the model does not explicitly deal with phonological development and cross accent 

adaptation. Therefore, for the remainder of this thesis we will be cautious in attempting to 

extend the predictions from this model to the accent adaptation process (which is discussed in 

detail in Chapter 3).  

2.2.3 Processing Rich Information from Multidimensional Interactive Representations 

(PRIMIR) framework 

Like NLM, Werker and Curtin’s (2005) developmental framework for Processing 

Rich Information from Multidimensional Interactive Representations (PRIMIR) incorporates 

statistical learning as a mechanism for language learning. Within this framework, infants’ 

phoneme and word learning occur through the general mechanism of statistical learning, 

coupled with dynamic filters, namely, infants’ preference for infant-directed speech, their 

developmental level, and task demands. These filters enhance or diminish the raw physical 

saliency of the information in the signal. 

PRIMIR posits multidimensional interactive representational planes that pick up and 

organise the information in the speech input: the general perceptual plane, word form plane 

and phonemic plane, which are important to language development. The general perceptual 

plane stores phonetic information about spoken utterances, and indexical information, which 

are characteristics of the talker, including gender, speech register, regional and foreign 

accent. The word form plane stores information about sound sequences that have been 
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retrieved from speech signals, which are attached to concepts to form meaningful words. 

When a sufficient number and density of meaningful words has been established, then the 

final phonemic plane emerges as the component segments that comprise words are defined 

across the child’s increasing lexicon (mental dictionary). The planes facilitate the utilisation 

of different information for different language tasks, and some information might be more 

accessible at different times in language development. For example, during the earlier 

perceptual learning period, infants would access the general perceptual plane to retrieve 

information about native phonetic categories, but would not have access to the phonemic 

plane, due to lacking a sufficient vocabulary size.  

PRIMIR has been expanded to account for bilingual language development and 

assumes that bilinguals and monolinguals have the same representational planes, which have 

been renamed as ‘spaces’ to highlight their multidimensional characteristics (Curtin, Byers-

Heinlein, & Werker, 2011). Furthermore, it is assumed that the dynamic filters are the same 

and operate similarly in both bilinguals’ and monolinguals’ language development, supported 

by the same learning mechanism. In PRIMIR, the learning mechanism for bilingual language 

development must facilitate language differentiation since bilinguals simultaneously 

represent two languages, something not needed by monolinguals. PRIMIR predicts that 

statistical consistency in each language results in language-specific clustering within the 

representational space. Since only the statistical learning mechanism was considered for 

monolinguals in the earlier version of PRIMIR, the bilingual version of the model (Curtin, 

Byers-Heinlein, & Werker, 2011) extended statistical learning to include a comparison-

contrast mechanism, which is coupled with the three multidimensional interactive spaces 

(previously ‘planes’). It also expands statistical clustering, to allow bilinguals to track and 

differentiate phonetic categories across their two languages. PRIMIR also assumes that 

bilinguals and monolinguals experience different task demands, even in similar experiments. 
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Thus, when mapping sound to meaning, bilinguals may face higher cognitive demands in the 

same tasks due to having less exposure to each language, a crowded phonetic space, and 

having to switch between languages.  

2.2.4 Perceptual Assimilation Model 

Unlike PRIMIR, which does not make a commitment regarding the type of 

information that is tracked in speech perception, the Perceptual Assimilation Model (PAM: 

Best, 1994, 1995) relies heavily on the tenets of the direct realist metatheoretical perspective, 

which posits that perceivers obtain information about objects and events in the world directly 

via the perceptual system (Gibson, 1972, 1979). The objects of speech perception are 

articulatory gestures, that is, the various articulatory constrictions formed by the different 

articulators along the vocal tract, which also guides development of speech production (Best, 

Goldstein, Tyler, & Nam, 2016). Perceptual learning involves attunement to the articulatory 

gestural patterns of the native language (Best, 1994, 1995). Therefore, when a listener is 

exposed to a non-native phone, the listener perceives information not about the acoustic 

properties per se, but rather information about the gestural similarities of that phone to one or 

more (or no) native phones (Best, 1994). Through experience with their native language, 

infants begin to recognise the articulatory features that distinguish phonetic categories from 

each other in their native language(s). Specifically, infants begin to discover the abstract 

higher-order invariants that are features of the phonetic categories in the input. While 

establishing the phonetic categories of the native language, infants begin to tune out phonetic 

features that are not relevant to the language. This shift from language-general to language-

specific perception may emerge due to a shift from relying on lower-order phonetic invariants 

to abstracting the higher-order invariants of native phonological categories.  
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The perceptual attunement approach, which relies on the principles of PAM (Best, 

2015; Best et al., 2009), posits that speech perception follows a particular learning course 

with infants’ initial perception of native categories being phonetically-based, thereby 

allowing them to discriminate most native as well as many non-native contrasts (see also 

Aslin, & Pisoni, 1980; Burnham, 1986; Werker & Tees, 1999). However, with experience, 

infants undergo perceptual learning, and later discover the abstract, systematic features in the 

language input which give rise to the coordinated articulatory gestures that correspond more 

or less to phonemes in their language. At the same time, they learn to ignore irrelevant 

phonetic features for that language, enabling speech perception to become more efficient and 

optimised to their language environment. 

It must be noted that one limitation of PAM is that it does not make any specific 

predictions for the effect of bilingualism on infant perceptual attunement. Furthermore, PAM 

itself, in its original form, does not provide predictions for how infants will handle phonetic 

variation such as talker and accent differences in speech. One goal of this thesis is to extend 

PAM principles to understanding how bilinguals handle phonetic variation versus 

phonological structure in early word recognition and learning. 

2.2.5 Summary of models of infant speech perception  

According to the two models that rely on statistical learning as a mechanism for 

developmental change, NLM and PRIMIR, infants perceive the phonetic categories of their 

native language by tracking statistical distributions in speech input, while in the perceptual 

attunement account based on PAM, infants discover the relevant articulatory gestural patterns 

in the input. In both types of accounts, infants’ speech perception is developed through their 

experience with the native language. The experience with the native language results in 

maintaining or increasing children’s sensitivity to the features of the native language. More 
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specifically, the experience allows them to discover the features that are important for 

distinguishing phonetic categories in their native language and ignoring those that are 

irrelevant.  

Overall, it is evident that by the end of the first year, infants become, for the most 

part, more sensitive to the phonetic categories of their native language(s) than they are to 

unfamiliar non-native categories and contrasts, for which their discrimination declines. How 

the process of native language attunement may affect the development of word recognition is 

addressed in the following section of this chapter.  

2.3 Development of word recognition 

In parallel with the development of early speech perception discussed above, in their 

first year, infants must begin building a lexicon by recognising and identifying, and later 

producing, familiar words. However, before words can be learned, children must first 

segment, or “find”, words from connected speech so that they can attach meanings to them. It 

has been proposed that early word segmentation is a major milestone in children’s ability to 

build a lexicon partly because infants are neither explicitly informed nor reliably signalled by 

acoustic boundaries as to where a word begins or ends in running speech to them, including 

even in IDS (Swingley, 2008). This leads to the question of how and when children develop 

the ability to segment words from longer utterances and identify word boundaries, and also 

how they use this foundational skill to recognise known word forms in their native 

language(s). It appears that infants attend to a variety of cues to discern likely word 

boundaries early on (Jusczyk, Cutler, & Redanz, 1993; Saffran, Aslin, & Newport, 1996). 

These cues bootstrap the building of their lexicon, providing them with a means to separate 

out their first words and associate these words with concepts.  
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2.3.1 Word segmentation 

To segment words from larger, continuous speech utterances, the listener must find 

useful cues (i.e., sources of information) about word boundaries in the language. There are 

multiple sources from which young language learners draw information about word 

boundaries, including statistical and distributional cues (Saffran et al., 1996), segmental cues 

such as phonotactic constraints (Brent & Cartwright, 1996; Mattys & Jusczyk, 2001b; 

Mattys, Jusczyk, Luce, & Morgan, 1999), context-sensitive allophones (Bolinger & 

Gerstman, 1957), as well as suprasegmental features such as phrasal prosody and lexical 

stress (Nelson, Hirsh-Pasek, Jusczyk, & Cassidy, 1989). The distributional and statistical cues 

framework (Pierrehumbert, 2003) assumes that infants use information about the distribution 

and statistical regularities of speech sounds to discover word boundaries. Transitional 

probabilities (TP) are one source of information that can inform listeners about possible word 

boundaries. Highly probable sequences of syllables are perceived as likely within-word, 

while sequence of syllables that are not frequent are seen as likely to occur between-words 

(Aslin, Saffran & Newport, 1998). Studies show that children are able to track and make use 

of these distributions (Aslin et al., 1998; Saffran et al., 1996) as well as other sources of 

information for word segmentation. Children’s ability to use these cues to segment familiar 

words from continuous speech has been extensively examined in monolingual infants.  

2.3.1.1 Word segmentation in monolinguals  

Monolingual infants as young as 5.5 months are able to use TP information to 

segment words from continuous speech (Aslin, Saffran, & Newport, 1998; Saffran et al., 

1996; see also Johnson & Tyler, 2010). In these studies, infants acquiring a single language 

were presented with artificial languages in which the only cues to word boundaries were TPs 

across the syllables in a long string of nonsense syllables presented during the familiarisation 
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period. The procedure used was similar to Jusczyk and Aslin (1995) which was modified and 

used by Saffran et al. (1996). In a study conducted by Johnson and Tyler (2010) the artificial 

languages used contained four words comprised of consonant-vowel (CV) syllables. In one 

condition, the artificial language contained four disyllabic words (the uniform word length, 

UWL, condition). In the other condition, the artificial language contained two disyllabic 

words and two trisyllabic words (the mixed word length, MWL, condition). In both 

conditions, the statistical structure of the language was the same as in Thiessen and Saffran 

(2003); transitional probabilities spanning word boundaries ranged from .2 to .5, whereas 

transitional probabilities between syllables within a word were equal to 1.0. Therefore, the 

artificial language was designed so that TPs between adjacent speech segments (consonants 

and vowels) were always much higher across word boundaries (between syllables at a word 

onset) than between within-word syllables. All infants were exposed to an approximately 2.5-

minute stream of speech, and then immediately tested for their listening preferences for 

disyllabic words versus partwords. Similar to most artificial language studies testing this age 

group (e.g. Saffran et al., 1996), it was predicted that infants would demonstrate their 

recognition of the words in the language by looking longer to novel (partword) test items. 

The findings showed that the orientation times were longer overall for partwords than words. 

The infants were able to segment the words during the subsequent test phase, as demonstrated 

by their ability to discriminate the statistically possible words from statistically impossible 

words by tracking the TPs in the input.  

Children at 9 months are sensitive to the phonotactic rules of their native language, 

which are also useful for word segmentation. Phonotactics are the rules that govern the 

sequencing of phonemes and where they can occur in words in a language. Infants rely on 

their knowledge of the consonant and vowel sequences that are permitted in the native 

language to discover word beginnings and endings, such that by 9 months, infants have 
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discovered that certain phoneme sequences usually occur at word boundaries while others 

occur within words (Mattys et al., 1999). Their ability to segment words based on 

phonotactics is also evidenced by their preference to listen to a list of words with phonotactic 

properties that occur frequently in their native language over a list of words that are 

phonotactically impermissible (Jusczyk, Luce, & Charles-Luce, 1994). 

Allophones are different phonetic variations in the realisations of a given phoneme in 

different positions of words and syllables, which can also provide cues for word boundaries. 

Research shows that infants can use these allophonic differences to segment words from 

longer utterances, but do not do so reliably before 10.5 months (Jusczyk, Hohne, & Bauman, 

1999). Their sensitivity to allophonic variation is evidenced by their ability to discriminate 

pairs such as “night rates” and “nitrates” in continuous speech even though the pairs are 

identical except for the allophonic variation of the /t/, with the t in the former phrase being 

unaspirated and the first t in the single word aspirated in the latter.   

The metrical properties of a language provide the primary suprasegmental cues for 

informing word boundaries. To use the metrical segmentation strategy, the language learner 

must be able to identify the language-specific stress pattern. As early as 6 months, infants 

begin to show signs that they are becoming attuned to the metrical cues of their native 

language (Morgan, 1996), and by 7.5 months, they begin to use these cues in early word 

segmentation (Jusczyk, Houston, & Newsome, 1999). For example, English learning infants 

show evidence that they segment words based on the predominant stress pattern of their 

native language. English has a predominantly strong/weak stress pattern (trochaic stress). At 

7.5 months old, English learning infants were able to segment strong/weak words from fluent 

speech, but showed difficulty with weak/strong words (iambic stress) (Jusczyk, Houston, et 

al., 1999). This suggests that they were relying on the dominant metrical cue in English to 

segment words from fluent speech.  
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Overall, the studies discussed thus far demonstrate that monolingual language learners 

as early as 5.5 months can rely on a range of cues to segment words from continuous speech. 

They also show that monolinguals can segment words when they follow the patterns or cues 

that are in the native language, whether these be transitional probabilities of syllables, 

phonotactic regularities, allophonic variations, or specific metrical cues.  

Unlike monolinguals, who learn all the sources of regularity for a single language, 

bilinguals have the added challenge of identifying cues in two languages. Compared to 

monolinguals, bilinguals may have less opportunity to identify and notice the segmentation 

cues in each language because their total language input is shared across languages, which 

may differ in the segmentation cues they employ. This means they likely need more time to 

learn the cues to segment words in each of their languages (Polka, Orena, Sundara, & 

Worrall, 2017). 

2.3.1.2 Word segmentation in bilinguals  

It is necessary to understand how bilinguals use the cues/information about 

distributional patterns in both their languages to segment words as this can inform how they 

recognise known word forms in both languages. This is also important because bilinguals 

acquire languages in a linguistic environment that is different from that of monolinguals, as 

discussed earlier, and these differences can have an effect on bilinguals’ language 

development. Early segmentation in bilinguals is complicated by the fact that they have to 

identify the metrical cues for each of their languages if one is stress-timed and the other is 

either syllable-timed or mora-timed. For stress-timed languages like English, word 

boundaries naturally occur between stress units, e.g., a strong syllable followed by one or 

more weak syllables. In syllable-timed languages (e.g., French), word boundaries occur 
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between syllables. So, for example, a child learning English and French would have the 

difficult task of learning two languages in different metrical classes. 

One property of bilingual language development that can influence word 

segmentation ability, relative to monolinguals, is their lesser exposure time to each of the 

languages they are acquiring. However, the role of bilinguals’ language input might only be 

relevant for language-specific cues (lexical stress, phonotactics, distributions of allophones) 

and not so much for language-general cues (transitional probability). Therefore, with the 

language-specific cues to segmentation, there might be a difference in the developmental 

trajectory of bilinguals and monolinguals, as children’s ability to use these cues in word 

segmentation might be impacted by the amount of language input. But, with language-general 

cues we would expect that bilinguals and monolinguals would perform similarly given that 

their ability to rely on these cues would not be influenced by how much exposure they 

receive in their native language(s).  

Prior to discussing the findings on segmentation in bilinguals, it must be noted that 

research on bilingual infants’ word segmentation abilities, specifically whether bilinguals are 

able to segment words in both languages, is very limited. Overall, research shows that 

bilinguals learn to use the various language cues at the same pace as monolinguals (Gervain 

& Werker, 2013; Polka et al., 2017; Polka & Sundara, 2003). One of the few studies that 

examined bilinguals’ ability to segment words from continuous utterances was conducted by 

Bosch, Figueras, Teixidó, and Ramon-Casas (2013). Six- and 8-month-old Spanish 

monolinguals, Catalan monolinguals, and Spanish-Catalan bilinguals dominant in one or the 

other language (primary input language) were tested on their ability to segment monosyllabic 

words in Spanish and Catalan, both syllable-timed languages. In the study, evidence of 

segmentation ability was examined using the HPP technique (used in Jusczyk and Aslin’s 

(1995) study). However, in the Bosch et al. (2013) study the researchers selected the less 

https://www.sciencedirect.com/topics/neuroscience/phonotactics
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frequently used passages-first order.  In the first experiment the researchers analysed 8-

month-olds’ ability to segment words that match the rhythmic unit of their native language, 

while in a second experiment they explored whether evidence of monosyllabic word 

segmentation could be found at an earlier age (6 months) in syllable-timed languages 

compared to stress-timed ones. The findings showed that both groups of bilinguals showed 

the expected preference for the familiarised target words, as is typically found in 

segmentation tasks, in their dominant language, as did the monolinguals of each language. 

Overall, the findings from this study suggest that bilinguals follow the same developmental 

trajectory as their monolingual peers, at least in their dominant language. However, this study 

does not give a comprehensive view of segmentation in bilinguals since it did not test their 

ability to segment words in the non-dominant language. It also fails to help us to understand 

whether having to track cues across two languages with different rhythmic patterns interferes 

with bilinguals’ developmental trajectory, given that Spanish and Catalan have essentially the 

same syllable-timed rhythmic pattern.  

Another study, however, has provided evidence that bilinguals can use cues to 

segment words in both their languages at the same age as monolinguals of each language, 

even when the languages differ in their metrical patterns. The study of interest here involved 

English, which is stress-timed, and French, which is syllable-timed (Polka & Sundara, 2003). 

Using the head-turn preference procedure (HPP), Polka and Sundara tested the ability of 7.5-

month-old French-English bilinguals, French monolinguals, and English monolinguals to 

segment bi-syllabic words in both languages. Although English monolinguals could segment 

words in English, and French monolinguals could segment words in French, French 

monolinguals failed to segment in English and English monolinguals failed to segment in 

French. However, the French-English bilinguals segmented words in both languages, 

providing evidence that at the same age as the monolinguals,7.5 months, they can use 



50 

 

language specific cues to segment words in both of their languages. This suggests that 

simultaneously learning two languages with different rhythmic properties does not hinder the 

emergence of metrical word segmentation skills. However, these results should be taken with 

caution, because the sample size for the bilinguals (n = 9) was relatively small.  

To determine whether the findings presented in Polka and Sundara (2003) would be 

upheld in a larger sample, the researchers conducted a follow up study with 8-month-olds. 

They found that whereas the monolinguals segmented the words in their native language, 

they failed in the unfamiliar language (Polka et al., 2017). In contrast, French-English 

bilinguals segmented French words from French passages, but only when they were tested on 

French first. Moreover, the bilinguals did not show successful segmentation of English words 

from English passages. These findings revealed that bilinguals at 8 months do not show equal 

segmentation for each of their languages. A follow up experiment was conducted with longer 

exposure to the sentences prior to the test phase, to assess whether the reduced exposure in 

the dual task used in the earlier study contributed to the bilinguals’ failure to segment English 

words. The results showed that when given more exposure to the English sentences, the 8-

month-old bilinguals segmented bi-syllabic words in English, suggesting overall that, like 

monolinguals, they can segment words in both of their languages within the first year, though 

they might possibly need a bit more contextual support to do so, i.e., a longer familiarisation 

phase than monolinguals. This finding further supports the argument that the bilingual 

language input might play a role in the use of language-specific cues for word segmentation . 

To summarise the research on word segmentation, both monolinguals and bilinguals 

demonstrate an early sensitivity to native language properties (e.g., Christophe & Morton, 

1998; Mehler et al., 1988; Moon, Cooper, & Fifer, 1993; Polka & Sundara, 2003), as well as 

language-general properties such as transitional probability cues (e.g., Pelucchi, Hay & 

Saffran, 2009), and go on to exploit this sensitivity as a primary means to segment early 
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words from connected speech. Within the first year, language learners acquiring one or two 

languages display the ability to use a number of potential cues to determine likely word 

boundaries.  

These findings on segmentation indicate that although bilinguals have the demanding 

task of learning two languages, this may not result in a delay in their development of these 

word segmentation skills. Considering this, a reasonable extrapolation is that bilinguals may 

continue to show a similar developmental course as their monolingual peers in their early 

recognition and identification of known words in isolation, as well. In the next section, we 

will explore how and when children rely on these cues to recognise known words and 

associate them with a referent.  

2.3.2 Word Form Recognition  

This section reviews how monolingual and bilingual infants come to recognise 

familiar word forms.  

2.3.2.1 Word form recognition in monolinguals  

Many studies that have looked at word recognition involved no familiarisation phase, 

only listening preferences for familiar words of various types, such that word recognition is 

based solely on the infant’s existing word representations. Infants learning a single language 

can recognise their own names as early as 4.5 months of age (Mandel, Jusczyk, & Pisoni, 

1995) and other highly frequent word forms by 6 months  (Tincoff & Jusczyk, 1999 ).  

Hallé and De Boysson-Bardies (1994; 1996) also examined word recognition without 

using familiarisation. They created a new type of familiar-word listening preference 

paradigm, which takes advantage of older infants’ tendency to preferentially listen to 

sequences of familiar over unfamiliar words, in which lists of familiar words and lists of 

unfamiliar low-frequency adult words are presented separately for as long as the children 
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fixate on a checkboard on a computer screen. The familiar words were ones that young 

children are frequently exposed to and are frequent in their early productive vocabularies, and 

the unfamiliar words were ones that are infrequent in everyday language use that children are 

not likely exposed to. If children recognise the familiar words, they show more attention by 

looking and listening longer to them than to the unfamiliar words. 

The original studies by Hallé and De Boysson-Bardies tested 11- and 12-month-olds 

learning French (Hallé & De Boysson-Bardies, 1996, 1994). The 12-month-olds paid more 

attention to lists of familiar words than to unfamiliar words, indicating familiar word 

recognition. The 11-month-olds’ preference for familiar words was only marginally above 

chance, suggesting that word recognition is just beginning to emerge at this age (Hallé & De 

Boysson-Bardies, 1994). A similar pattern was found in English-learning 11- and 9-month-

olds, with 11-month-olds, but not 9-month-olds, showing a preference for familiar words 

over unfamiliar ones (Vihman, Nakai, DePaolis, & Hallé, 2004). These findings indicate that 

at around 11 months, infants begin to show recognition of familiar words not merely because 

they have been exposed to them in the laboratory, but because they have a stored 

representation of these familiar word forms previously experienced in their environment.  

To summarise, monolinguals begin to show early word recognition in their native 

language by 6-9 months. The following section will summarise the evidence on bilingual 

early word recognition abilities. 

2.3.2.2. Word form recognition in bilinguals 

Research on bilinguals’ word recognition abilities is still limited. It would be 

reasonable to suggest that tracking familiar word forms or word representations across two 

languages may take longer, resulting in a delay in bilinguals’ lexical acquisition relative to 

monolinguals. In one of the few studies on this topic, Vihman et al. (2007) examined how 
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monolingual children compare to English-Welsh bilinguals in familiar early word recognition 

in both languages. The authors wanted to determine whether word recognition in infants 

raised as English-Welsh bilinguals would resemble English- and/or Welsh-learning 

monolingual infants. In this study, two experiment paradigms were used together to compare 

responses to familiar versus rare words, namely HPP and event-related potentials (ERPs), 

which involves recording infants’ brain responses. The tests were done with English and 

Welsh monolingual infants at ages 9, 10, 11, and 12 months, and English-Welsh bilingual 

infants at 11 months only. The monolingual English infants in both procedures showed a 

familiar word preference by 11 months, but not earlier (Vihman et al., 2007). The 

monolingual Welsh infants did not show the familiarity effect in the first three age groups but 

showed marginally longer looking to familiar words around 12 months, suggesting that 

familiar word recognition is somewhat more difficult in this language but is beginning to 

emerge by end of the first year. The English-Welsh bilinguals showed word form familiarity 

by 11 months in both languages, indicating that having to store and track familiar word 

representations across two languages does not interfere with early word recognition and may 

even enhance it for Welsh, the more difficult language in this case. 

Taken together, these few bilingual findings suggest that bilinguals reach their word 

recognition milestones at around the same time as monolinguals. Bilinguals and 

monolinguals both start to recognise familiar words in each of their languages by the end of 

the first year. Thus, although learning two languages means that bilinguals have reduced 

exposure to each, that is, less chance to encounter individual word forms in each language, 

they still show maturity in word recognition comparable to that of monolinguals at the same 

ages. To summarise, the convergent results presented in this section of the thesis suggest that 

early word form recognition develops on a similar timeline in monolingual and bilingual 

infants. 
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2.4 Development of word identification 

To further understand whether the bilingual experience interferes with the ability to 

recognise known words in two native languages, it is important to understand how young 

bilingual children identify familiar words. Although word recognition is the ability to 

recognise a familiar word form, word identification is the ability to recognise the familiar 

word form and map it to the corresponding referent/object. In the following two sections, 

evidence about the early word identification skills of monolinguals and bilinguals will be 

compared.  

2.4.1 Word identification in monolinguals 

Monolingual infants as early as six months old can identify familiar word forms by 

attending to the associated referent. Bergelson and Swingley (2012) used a “looking-while-

listening” task with infants’ fixation to named pictures as a measure of their word 

identification abilities. In this task, infants are presented with visual displays, typically two 

distinct pictures, only one of which is labelled in a concurrently presented spoken word or 

sentence. Looking/fixation to a target object is compared to looking to the distractor object 

(unnamed picture). When infants fixate more on the target than the distractor picture this is 

taken as evidence that they have identified the target word. The 6- to 9-month-old 

monolingual infants in their study fixated significantly more on target images for words 

representing food and body parts, indicating that they understood the meaning of those words 

(Bergelson & Swingley, 2012). Thus, within the first year, monolinguals begin to make an 

associative link to known words and their referent objects.  

As early as 14 months, young children begin to show sensitivity to phonetic changes 

to familiar words in early word form identification, which has been taken as evidence of their 

ability to attend to the phonological structure of the word. Classically, research on the 
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development of phonetic and/or phonological word form specificity has relied on testing 

children's ability to discriminate minimal pairs. Using the looking-while-listening procedure, 

Swingley and Aslin (2002) examined 14-month-olds’ response to pictures paired with either a 

correct pronunciation or a minimal-pair mispronunciation of a word familiar to toddlers (e.g., 

“baby” versus “vaby”). If children are sensitive to minimal-pair mispronunciations of known 

words, they should show a difference in their fixation to a named picture for correctly 

pronounced than mispronounced words. When a picture of a baby was paired either with the 

spoken word “baby” or “vaby”, children at this age fixated more quickly to the correctly 

matched “baby”, thereby suggesting they reliably detected such minimal pair changes to 

familiar words (Swingley & Aslin, 2002). Sections 2.5 will discuss how minimal phonetic 

changes impact lexical development, and how this informs us about children’s phonological 

knowledge. 

2.4.2 Word identification in bilinguals 

Bilingual children appear sensitive to mispronunciations that involve a phonemic 

contrast in one of their languages when they identify words. In one study, Spanish-Catalan-

learning bilingual and Spanish- and Catalan-learning monolingual children at 17- to 24 

months were presented with two pictures side by side and heard either a sentence containing 

the target word or a mispronunciation of the target differing by a single phoneme (Ramon-

Casas, Swingley, Sebastián-Gallés, & Bosch, 2009). The mispronounced words were created 

by exchanging vowels from the Catalan /e-/ contrast, a contrast that is difficult for Spanish 

learners, for example, the Catalan word [əə] meaning “bee” and the Spanish equivalent 

[aexa]. The task was similar to that used by Swingley and Aslin (2000). It was predicted that 

if Catalan-learning infants have well-specified vowel representations in their lexicon, 

mispronunciations of /e/ and // in familiar words should hinder their recognition of those 
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words, relative to when the object labels are accurately pronounced. Spanish-learning 

children on the other hand were expected to treat mispronounced words with the Catalan 

vowels like homophones of correct pronunciations, based on the phonology of their own 

language. The results showed that as expected, the Catalan-learning monolinguals looked less 

when the words contained a mispronunciation. Also as expected, the Spanish-learning 

monolinguals showed no sign of detecting the mispronounced vowel in familiar words, that 

is, they looked equally for both vowel pronunciations. However, simultaneous Catalan-

Spanish bilingual toddlers also failed overall to respond differently to the mispronunciation 

and the correct pronunciation. However, the proportion of Catalan exposure was positively 

correlated with the magnitude of their preference for the correct pronunciation over the 

mispronunciation (Ramon-Casas et al., 2009). The results also showed that among 

preschoolers, Catalan-dominant bilinguals but not Spanish-dominant bilinguals revealed 

mispronunciation sensitivity for the Catalan-only contrast. The results were interpreted by the 

authors as showing that bilinguals might be later in establishing functional representations in 

each of their languages than their monolingual peers, which implies that bilinguals might take 

longer to detect the phonological structure of word forms in each of their languages. The 

emergence of phonological abstraction in lexical development (words) across phonetic 

variation that arises from indexical factors (different talkers, emotions, regional and foreign 

accents) will be discussed in Chapter 3. 

2.5 Development of word learning  

The findings on word recognition and identification reviewed in Sections 2.3 and 2.4 

have led some researchers to suggest that bilinguals may rely on different or additional 

sources of information to reliably segment and recognise known word forms in their native 

languages (Gervain & Werker, 2013) than those that monolinguals rely on, such as 
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knowledge about phonemes and word frequencies (Mattys & Jusczyk, 2001a; Mattys et al., 

1999; Saffran et al., 1996). At the same time, it is apparent that learning two languages does 

not necessarily interfere with bilinguals’ ability to generalise word recognition in both of 

their languages. Like their monolingual peers, bilinguals show limited word form recognition 

at 7.5 months, but this ability becomes more robust by around 11 months. Furthermore, 

bilinguals show similar early word recognition as monolinguals even in cases where a feature 

is phonemic in one language and non-phonemic in the other, i.e., both groups start to apply 

language-specific phonological rules for each of their languages by the end of the first year 

(Singh & Foong, 2012). However, findings on word identification suggest that bilinguals 

might be delayed relative to their monolingual peers in establishing functional minimal-pair 

phonemic representations in each of their languages (Ramon-Casas et al., 2009).  

Given that learning two languages does not seem to impact the development of 

infants’ early recognition of familiar word forms in their native languages relative to 

monolinguals, a similar undeterred trajectory might be expected in other areas of lexical 

development such as recognising newly learned words. However, the finding that word 

identification may be somewhat delayed in bilinguals relative to monolinguals, at least for 

minimal-pair word mispronunciations that reflect a contrast in only one of their languages, 

opens the possibility that this difference may also lead to discrepancies in bilinguals’ 

developmental trajectories for (some) other lexical skills, particularly minimal-pair word 

learning. We turn next to evidence on early word learning to examine whether bilinguals and 

monolinguals may differ specifically in their ability to attend to the phonological 

representation of minimal-pair distinctions in newly learned words. 

To learn words in their language naturally, from ambient utterances, infants must first 

reliably segment word forms from speech, learn them such that they become familiar forms, 

and attach meanings to them. This is cognitively taxing because it requires them to 
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simultaneously attend to the specific phonetic details and the more abstract phonological 

representation of the word forms, to learn the concurrent objects, actions or attributes they 

refer to, and to make the connection between the word forms and their referents. Moreover, 

given the demands of establishing object-label associations by tracking both the features of 

the spoken label and the object (or action), word learning may be more cognitively 

demanding than other areas of lexical development, such as segmentation and recognition of 

known, familiar word forms that have been discussed thus far in the present chapter.  

To understand the difference in cognitive demands between word recognition and 

word learning, the framework of recognitory versus referential comprehension (Oviatt, 1982) 

is useful. Recognitory comprehension only requires that the infant recognise a linguistic form 

as familiar, such as we have shown in our discussion of recognition of known word forms in 

Section 2.3. However, referential comprehension involves understanding the link between a 

word and an object (or action). That is, it means grasping that the word does not simply co-

occur with the object, but that the word refers to the object, even when the object is not 

present. New word learning depends on referential comprehension. In this section, we review 

how children resolve the issue of mapping a novel word form to a referent: an object, action, 

event, or attribute. We first discuss how both monolinguals and bilinguals learn to associate 

novel word forms to a referent. Second, we explore how the demanding task of learning two 

languages affects bilinguals’ word learning.  

2.5.1 Word learning in monolinguals 

In an influential study on early word learning abilities in monolingual English-

learning children, Woodward, Markman, and Fitzsimmons (1994) found that 18-month-olds 

showed word learning in their experimental task, but 13-month-olds did not. To further 

understand whether infants as young as 13 months can learn new words, subsequent 
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researchers designed a task to evaluate early word learning, i.e., word-object associations, 

using a variant of the Switch task (Stager & Werker, 1997; Werker, Cohen, Lloyd, & Stager, 

1998).  In this task, children are first trained to learn an arbitrary association between a 

specific word and a specific object, and then show learning via increased looking to a word-

object pairing in the test phase that violates the associative link presented during the training 

phase, relative to a congruent word-object pairing. In the training phase, children are 

habituated to two novel word–object associative pairings, object A paired with word A and 

object B paired with word B. After training, they are presented with two test trials: a same 

trial where they are presented with a familiarised combination such as object A with word A, 

and a switch trial in which a familiar object is mismatched with the word, object A with word 

B. If infants have learned the link between the specific words and objects, the switch trial, as 

a violation of that link, should be surprising to them and therefore attract greater looking time 

than the same trial (Werker et al., 1998).  

Werker et al. (1998) used the task to examine whether 8- to 14-month-olds could 

learn new word-object associations. They first tested this with words that were phonetically 

dissimilar, “lif” and “neem”. Children at 14 months showed a difference in looking time on 

the same and switch trials, which indicated that they learned the novel word-object pairing 

and thus were surprised by the switch in word-object pairs. However, infants younger than 14 

months (8 to 12 months), tested on the same novel word-object pairing, looked equally long 

to the same and switch trials, indicating that they had not learned to link the word-object 

pairings. The findings show that 14-month-olds can learn new word-object links when words 

are phonetically dissimilar (Werker et al., 1998).  

In a separate study, Stager and Werker (1997) examined whether 14-month-olds could 

learn new word-object associations when words are phonetically similar (minimal pairs), for 

example, “bih” and “dih”. The 14-month-olds did not show a difference in their looking time 



60 

 

to the switch versus same trial, indicating that they had failed to learn new word-object links 

for the minimal pair word forms. To understand the reason for the 14-month-olds’ failure, a 

series of follow-up studies were conducted in which the word learning task was simplified. 

One study attempted to reduce the task demands by changing the type of objects used. In 

particular, high visual similarity shared by the objects used in the original study by Stager and 

Werker (1997) was reasoned to have made the task difficult (increased cognitive demands), 

so they made the visual differences between the objects more salient. Werker and colleagues 

(2002) also tested whether more exposure time in the minimal-pair word learning task would 

be beneficial to 14-month-olds by presenting them with the objects over an increased 

exposure time. But even with more visually salient differences and longer exposure time, the 

children failed to learn the words that were phonetically similar. This failure to attend to 

minimal-pair phonetic differences in word learning has been confirmed by other studies with 

other pairs of phonetically similar words such as “pin” and “din” (Pater, Stager, & Werker, 

2004). Based on the findings from the studies reviewed, 14-month-olds may not have robust 

phonological representation of novel word forms, resulting in their failure to learn words that 

are phonetically similar. 

However, the ability to learn object associations for minimally differing novel words 

can be observed at 14 months if contextual support is provided through sentential context and 

word referent training (Fennell & Waxman, 2010). Using the switch task, Fennell and 

Waxman (2010) tested infants’ ability to link novel words “bin” and “din” to novel objects. 

The task was modified to include referential cues by placing the target token in phrases such 

as “look, it’s the bin”. With these referential cues, 14-month-olds showed greater looking on 

switch trials that same trials, indicating that they had learned the taught association and 

therefore detected the switch. These results were interpreted as showing that when referential 
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cues are provided, children at this age can rely on their sensitivity to phonetic details in word 

learning, even for minimal pair novel words. 

Altogether, it is evident that monolinguals can learn new word-object associations as 

early as 14 months depending on whether words are phonetically similar as well as whether 

contextual support is provided. Thus, the contextual support was sufficient to reduce the 

cognitive demands of the word learning task for minimal-pair words, thereby allowing them 

to attend to the new word forms.  

Other studies show that monolinguals’ ability to make an associative link between 

new word-object pairs when words are phonetically similar (minimal-pair differences) is 

more robust at a later age (Werker, Fennell, Corcoran, & Stager, 2002). Considering that 

children have been found to show more rapid and phonological rule-governed word learning 

at the age of the vocabulary spurt (around, or shortly after 18 months; Benedict, 1979), 

Werker et al. (2002) included ages before and after the spurt, testing 14-, 17-, and 20-month-

olds, using the switch task. The 20-month-olds successfully learned novel minimal-pair 

word-object pairings, while the 14-month-olds failed. Infants of 17 months of age showed 

intermediate evidence of word learning, relative to the 14- and 20-month-olds. Individual 17-

month-olds’ success in this task was linked to their vocabulary size. Specifically, infants with 

a larger vocabulary size showed significantly greater looking on the switch test trial than on 

the same trial while those with smaller vocabulary size looked equally to the same and switch 

trials, i.e., a non-significant difference. This finding suggests that vocabulary size may be 

associated with infants’ ability to attend to minimal phonetic differences between word forms 

in word learning  

Findings from other studies further support the idea that monolinguals at 14 months 

can learn minimal pair word-object associations when they are provided with supportive 

contextual information that the task is indeed referential (Ballem & Plunkett, 2005; Mani & 
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Plunkett, 2008). Using a preferential looking paradigm, Mani and Plunkett (2008) tested 14-

month-olds’ sensitivity to vowel mispronunciation in word learning, while Ballem and 

Plunkett (2005) tested consonant mispronunciations. In their word-learning task, there was a 

familiarisation phase in which children were presented with the novel objects, followed by a 

training phase in which children were trained on a novel word-object pairing. In the training 

trials, one of the novel objects was presented, accompanied by the novel label presented twice 

in a carrier phrase (e.g., look at the X! X!), which provides the referential cue. In both studies 

the infants showed appropriate longer looking at targets with correct pronunciation of the 

novel words, while incorrect forms were not sufficient to activate target looking. The infants’ 

preferences for correctly pronounced words when referential cues supported learning 

suggests that their representations of both vowels and consonants may be more phonetically 

detailed at 14 months than previous studies indicated.  

Overall, the findings with monolinguals suggest that at 14 months, infants cannot 

easily process certain phoneme-level phonetic changes (example, mispronunciations or 

minimal-pair word differences), especially in the demanding task of word learning, unless 

task demands are reduced, or additional contextual support is provided. Older infants of 

around 18-20 months of age have more robust phonological representation of words, which 

they use to learn and retain novel word-object associations even for minimal-pair words, even 

without additional contextual support or referential cues. This could possibly suggest that 

infants’ ability to attend to fine phonetic detail at the younger age might depend on the 

language skill being examined. Therefore, when recognising known forms, infants may detect 

minimal phonetic differences between word forms more easily because word recognition is 

less cognitively demanding than word learning. Alternatively, however, the contextual 

support might only assist them in better retaining the specific phonetic details that 

differentiate the newly trained minimal-pair word-object associations.  
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2.5.2 Word learning in bilinguals 

Bilinguals also show different patterns in novel word learning depending on the words 

presented and the task demands. Bilinguals do not show any difference in associative word 

learning relative to their monolingual peers when the words are phonetically dissimilar. 

English-learning monolinguals and heterogeneous bilinguals, for whom English as well as 

another language had been spoken regularly since birth, were tested using the switch task, on 

their ability to learn new word-object pairs with the phonetically dissimilar words “lif” and 

“neem” at 12 and 14 months (Byers-Heinlein, Fennell, & Werker, 2013). It was observed that 

at 14 months, but not 12 months, both monolinguals and bilinguals learned new word-object 

pairings. Both language groups showed longer looking on switch trials at 14 but not 12 

months, indicating that they perceived the mismatch between a learned word and its 

associated object. This would indicate that bilinguals and monolinguals make novel word-

object associations at the same age, at least when words are not minimal pairs. 

It is possible that the bilinguals performed similarly to monolinguals on this task 

because the non-minimal difference between the words did not require attention to fine 

phonetic differences in word learning. However, when required to attend to minimal phonetic 

distinctions between new word forms, bilinguals might face more difficulty in word learning 

than monolinguals. Bilinguals might have more difficulty interpreting the fine phonetic detail 

that is crucial for success in the minimal pair discrimination for various reasons including but 

not limited to the fact that they must simultaneously learn and use two sets of phonetic 

categories (Fennell, Byers-Heinlein, & Werker, 2007). Moreover, bilinguals must represent 

words from two languages and therefore must have robust representations of minimal 

phonetic distinctions between word forms in two language systems while monolinguals only 
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need to represent words and minimal contrasts from a single language (Fennell et al., 2007).   

To further assess whether the bilingual language experience interferes with infants’ 

development of reliable representations of minimal phonetic distinctions between word 

forms, Fennell et al. (2007) examined their associative word learning with words that are 

phonetically similar. As discussed earlier, this poses difficulties even for monolinguals before 

17 months because it requires that they use the fine phonetic detail. Using the switch task, 

heterogeneous bilinguals who were learning English and any other language, as well as two 

homogenous groups of bilinguals, one group learning English and Chinese and the other, 

English and French, were tested at 14, 17 and 20 months on their learning of the new 

phonetically similar minimal-pair words “bih” and “dih” (Fennell et al., 2007). Both groups 

of bilinguals as well as the monolinguals failed to notice the switch in pairings at 14 months, 

indicating that like previous findings with monolinguals at this age (Stager & Werker, 1997; 

Werker et al., 2002), they were insensitive to the singular phonetic distinction between the 

newly learned minimal pair words. Although monolinguals with larger vocabularies had 

succeeded at learning minimal pairs at 17 months (Werker et al., 2002), bilinguals at this age 

failed entirely to differentiate between switch and same trials regardless of their individual 

vocabulary sizes, suggesting that they were not yet attending to minimal phonetic distinctions 

between newly-learned word forms. However, by 20 months, bilinguals associated the novel 

word forms to the correct objects despite their phonetic similarity, indicating robust retention 

of the minimal phonetic distinction in the new word-object associations. 

The results indicate that bilingual infants may begin to attend to minimal phonetic 

distinctions in associative word learning at a later age than their monolingual peers who have 

a sufficiently large vocabulary size. Although bilinguals’ vocabulary size was not correlated 

with their performance at 17 months as it is for monolinguals (Fennell et al., 2007; Werker et 

al, 2002), we can assume that overall, the bilinguals would have smaller vocabularies than the 
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monolinguals in each of their languages. A smaller vocabulary per language could be one 

possible reason they showed less reliable minimal-pair word learning at that age, that is, 

fewer or none of the bilinguals would have achieved the needed vocabulary size comparable 

to the larger-vocabulary monolinguals who did learn the minimal-pair words. Another 

possible explanation could be the age at which the bilinguals were tested. Given that the 

bilinguals were tested at set ages (14, 17 and 20 months), it is possible that despite failing at 

17 months, they could have succeeded at 18 months. It is possible that even if the bilinguals 

at 17 months received twice as much language exposure in each of their native languages 

(amounting to similar language experience as monolinguals), they would still fail to attend to 

minimal phonetic distinctions between newly learned word forms. Therefore, other than the 

amount of language experience and/or their related vocabulary size, the age that bilinguals 

are tested on certain tasks could be the reason they are performing differently to their 

monolingual peers. However, given these findings, we reason that the demands of learning 

two languages may result in later attention to finer, minimal-pair distinctions between word 

forms in a given language.  

The developmental timing difference between bilinguals and monolinguals in 

minimal-pair word learning was attributed by Fennell et al. (2007) to the cognitive demands 

of learning two languages. They argued that bilinguals have more work to do in associative 

word learning compared to monolinguals due to a number of factors inherent to the bilingual 

input. Bilingual infants must establish the phonetic properties of the phones that distinguish 

words in each of their languages. They need to learn two words for each object, one per 

language. Finally, bilinguals must first determine which language, and thus, which phonetic 

system is required in each particular word learning context. All these factors, as discussed in 

the earlier sections of the thesis, may add computational task demands for bilinguals, thereby 

leading to a temporary delay in their lexical processing abilities.  
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2.5.3 Summary 

Overall, the findings indicate that bilinguals and monolinguals in many cases reach 

developmental targets in word learning at similar ages. For a few specific skills, however, 

they appear to differ slightly in developmental trajectories, with bilinguals showing either a 

temporary dip in performance at some age, or a slight delay on a skill, relative to 

monolinguals. Importantly, though, neither bilinguals nor monolinguals seem to have robust 

representations of minimal-pair phonetic distinctions between word forms until around 20 

months (Fennell et al., 2007; Werker et al., 2002).  

Although monolinguals and bilinguals show largely similar patterns in novel word 

learning, their language environments may impact on infants’ ability to recognise familiar 

words and/or learn novel words when there is phonetic variability, such as that encountered 

with unfamiliar accents. As will be discussed in the next chapter and throughout this thesis, 

relative to their monolingual peers, bilingual infants are exposed to more and different 

linguistic variability. Bilinguals hear two overlapping phonological systems, they usually 

hear words from each of their languages that sound dramatically or perhaps just subtly 

different and yet mean the same thing, and they are regularly exposed to accented speech 

which contributes to both phonological overlap and word-level variability. This type of 

learning environment may lead to a general tolerance for subtle phonetic or phonemic 

differences, consequently allowing infants to generalise words over a variety of phonetic 

forms. In particular, bilinguals may be more tolerant of and possess the distinct advantage of 

being able to process variable input as a function of their linguistic environment. Potentially 

greater willingness to accept variability could result from hearing two languages with 

different phonetic properties as well as different words and grammar. It could also result from 

hearing greater talker differences, i.e., caregivers and others around them who acquired a 

second language in adulthood and therefore speak that language with an accent (Piske et al., 
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2001). Thus, there are likely to be differences in adult pronunciations in monolingual and 

bilingual infants’ language environments, which could affect their ability to process phonetic 

variations they may be able to attribute to different types of speakers, especially in the 

demanding task of word learning. Since bilinguals may be more adept at handling variability 

than monolinguals, due to the higher variability in their input, we could hypothesise that in 

cross-accent lexical processing bilinguals might be more accepting of unfamiliar accent 

variability in words than monolinguals. Note that this discussion does not address the key 

question of how and when infants may shift from phonetically based word forms, as reflected 

in the studies discussed thus far, to more abstract phonologically based word representations. 

That issue will be examined in Chapter 3, where a detailed discussion of how and when 

children can rely on both phonetic and phonological detail in lexical development will be laid 

out. The impact of input variability, and particularly of accent differences, on language 

learning and word recognition/learning, and their relevance to our understanding of how and 

when children begin to shift from phonetically based to more abstract phonologically 

structured word representations will also be discussed in detail in the next chapter.  
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  CHAPTER 3: THE IMPACT OF PHONETIC VARIATION ON PHONOLOGICAL 

ABSTRACTION 

In multilingual societies, children hear speech from talkers of different language 

backgrounds and the speech input is thus characteristically varied. The sources of phonetic 

variation in speech range from within-speaker differences such as the emotional state of the 

speaker, to between-speaker differences such as speaker gender, pitch range, and shape of the 

vocal tract, through to between-group differences such as differences in pronunciation due to 

regional accent differences. Furthermore, variation can include subphonemic detail (subtle 

differences in the realisation of phonemes, such as pronouncing an /ɪ/ sound with the tongue 

positioned higher or lower in the mouth in English), and suprasegmental information 

(variation across segments larger than a single phoneme, such as fundamental frequency (f0 

or “pitch”), intensity and duration differences between stressed and unstressed syllables in 

English). Therefore, to become proficient language learners, infants must be able to handle 

various types of variation since recognising word forms despite phonetic variations is 

foundational to the development of abstract phonological word form representations. Chapter 

2 examined when and how infants begin to rely on their native language experience to 

perceive native phonetic categories and contrasts, and to segment, recognise, and identify 

familiar word forms and learn new words. However, the research we reviewed there did not 

address how the natural variation in speech might impact those processes when the variations 

do not signal a phonological change. In this chapter, we will highlight how and when children 

have sufficient variable exemplars to be able to recognise that variable word tokens are 

referring to the same word. 
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3.1 Types of Phonetic Variation 

When dealing with phonetic variation across pronunciations of a given word, there are 

two possible outcomes of a particular phonetic variant: Two word-level utterances can 

display minimal phonetic differences that signal a difference in the phonological structure of 

the two words, which when introduced to a given word will change it to another word, or to a 

non-word. That is, when a minimal phonetic difference yields a lexical distinction, that 

phonetic difference supports phonological distinctiveness. There has been extensive research 

on developmental changes in infants’ ability to detect minimal phonetic contrasts both in 

basic speech perception and in various aspects of word processing, as reviewed in Chapter 2. 

However, because cases of phonological distinctiveness conflate a phonetic difference with a 

phonological difference, research on infants’ perception of minimal distinctions between 

words cannot by itself unequivocally reveal whether their abilities reflect the emergence of 

true phonological abstraction or merely reflect evolving changes in perception of or attention 

to fine-grained phonetic properties.  

In order to evaluate the emergence of phonological abstraction it is necessary to be 

able to tease apart perceptual sensitivity to phonetic details from recognition of abstract 

phonological structure. This requires going beyond studies of phonological distinctiveness 

and considering the complementary ability to recognise that abstract phonological structure 

remains constant across many perceptible but phonologically-irrelevant phonetic differences. 

That is, in addition to displaying phonetic differences that can signal a difference in 

phonological structure, two word-level utterances can also display perceptible phonetic 

variation and yet represent the same word, with the phonetic variations leaving the 

phonological structure of the word intact. In such cases phonological constancy is recognised 

across two utterances of a single word. Robust and reliable word recognition requires that 

perceivers have a grasp of both phonological distinctiveness and phonological constancy 
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(Best, 2015; Best et al., 2009; Mulak et al., 2013). This is because word recognition abilities 

must be exact enough to distinguish between minimal phonetic variations that differentiate 

between words, and yet flexible enough to accept speaker variations that range from 

individual differences in vocal tract characteristics, through to differences across regional 

accents of the native language, while leaving word identity intact. 

Given that inferences about the emergence of true phonological abstraction cannot be 

drawn unequivocally from studies of phonological distinctiveness alone, which were 

reviewed in Chapter 2, the current chapter will address the phonological implications, and 

limitations, of the research on minimal pairs/mispronunciations, now reconsidered from the 

perspective of phonological distinctiveness. Following that, we will focus specifically on the 

much smaller body of research on phonological constancy across talker and accent variation, 

which disentangles phonetic differences from phonological distinctions and can therefore 

provide clearer insights into the emergence of phonologically-based word forms. 

3.2 Coping with word form variability in early language development 

Beyond learning the phonemes of their native language(s), infants must learn which 

phonetic differences are meaningful and which can be ignored. The earlier children learn to 

ignore phonetic variations that do not signal meaningful differences in the native language, 

the better their subsequent language development (Kuhl et al. 2008). Variability in non-

linguistic cues (such as the exaggerated prosody and hyperarticulation of vowels found in 

infant-directed speech) is considered helpful for language learning in young infants (Best, 

2015; McMurray et al., 2013). This is supported by emerging evidence that infants make use 

of the variation in speech at different stages of language learning and development.  
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3.2.1 Coping with meaningful variation: Phonological distinctiveness 

Thus far, particularly in the section on word learning in the previous chapter, we have 

discussed phonological distinctiveness, given that the minimal difference in those studies 

were distinctive (meaningful differences). To summarise, research on the development of 

phonological distinctiveness has relied on children’s ability to detect correct pronunciations 

versus single-segment mispronunciations of familiar words, that is, minimal pair distinctions 

(Swingley & Aslin, 2000, 2002). Findings from these studies suggest that recognition of 

minimal-pair spoken word forms does not become robust until 18–20 months (Swingley & 

Aslin, 2000). Findings from studies on the development of word learning have supported the 

same timeline for the development of phonological distinctiveness. As discussed earlier, 

(section 2.5) by 18 months children start to acquire minimal-pair distinctions between newly 

taught words (Werker et al., 2002). On the other hand, younger 14-month-old infants fail to 

learn new minimal-pair words as distinct from one another (Stager & Werker, 1997). 

However, it is possible that this skill can be seen by 14 months if there is strong contextual 

support and reduced task demands (Fennell & Waxman, 2010; Fennell & Werker, 2003).  

Taken together, these results suggest that phonological distinctiveness may be 

emerging yet fragile at 14 months and has become robust by 18–20 months. One explanation 

provided to account for the change in children’s’ ability to learn new words with phonemic 

differences between 14 and 17 months, is that young children are faced with a cognitive 

resource limitation (Werker et al., 2002). That is, when 14-month-olds are presented a word 

learning task with labels that are phonetically similar, this requires so much cognitive 

resource capacity to resolve that children cannot maintain attention to fine phonetic 

differences. However, children’s ability to use minimal phonemic differences in a word-

learning task is correlated with their vocabulary size (Werker et al., 2002). That is, the larger 

their vocabulary size the more likely it is that they will have the attentional resources 
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necessary to attend to the fine phonetic detail. This argument for a link with vocabulary size 

and ability to shift attention to phonemic differences will be further explored later in this 

chapter.  

As a reminder bilinguals’ development of phonological distinctiveness has been 

extended to word learning (Fennell et al., 2007) (section 2.5.2). Although both monolinguals 

and bilinguals failed to learn a minimal-pair distinction between novel words at 14 months, 

monolinguals succeeded at 17 months whereas bilinguals failed. However, 20-month-old 

bilinguals succeeded, like monolinguals. Overall, these results suggest a modest 

developmental timing difference between bilinguals and monolinguals in emergence of 

phonological distinctiveness.  

Recognising meaningful distinctions (i.e., phoneme substitutions) between word 

forms is important for later word learning. However, natural language environments contain a 

wealth of variability that is irrelevant to word meaning (e.g. affect, gender). Although 

investigating children’s sensitivity to minimal pairs can provide information about the 

phonologically distinctive aspect of word forms, it cannot reflect their sensitivity to 

phonologically constant word forms. That is because in phonological constancy the phonetic 

variation does not alter the phonological form of the word, while in phonological 

distinctiveness a phonetic variation does change the phonological form of the word, i.e., the 

phonetic and phonological information are conflated. The two forms of information are 

separated in examinations of phonological constancy across talker, emotion and accent 

variation. We turn next to research on phonological constancy as clearer evidence about the 

emergence of phonological abstraction, i.e., phonological word forms.   
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3.2.2 Early speech perception and phonetic variation 

Recall that the findings presented in chapter 2 (section 2.1.2) show that although 

bilinguals may show a difference from monolinguals in the developmental trajectory for 

perception of some contrasts from one of their languages depending on the frequency and 

distribution and other factors unique to the bilingual language experience (Bosch & 

Sebastián-Gallés, 2003), by 10-12 months they are able to discriminate contrasts in both 

languages like their monolingual peers of each language (Burns et al., 2007). In this section, 

we will discuss whether the two language groups differ in how and when they can handle 

variation in early speech perception.  

3.2.2.1 Monolingual early speech perception and variation 

Kuhl (1983) found that during the “universal” period preceding native vowel 

attunement at 6 months, monolingual infants could categorise vowels even when produced by 

talkers differing in gender/age.  

3.2.2.2 Bilingual early speech perception and variation  

 To date, how bilinguals handle variation in early speech perception has not been 

examined.  

3.2.3 Word segmentation and variation 

The findings on segmentation presented in chapter 2 indicate that although bilinguals 

have the demanding task of learning two languages, this may not result in a delay in their 

development of these word segmentation skills. That is, without interference of variation, 

within the first year, language learners acquiring one or two languages display the ability to 

use a number of potential cues to determine likely word boundaries. In this section, how 
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children learning one versus two languages deal with variation in word segmentation will be 

discussed.  

 

3.2.3.1 Monolingual word segmentation and variation  

In early word segmentation at 7.5 months, monolingual infants showed familiar word 

segmentation between two talkers if talker gender was held constant across the familiarisation 

and test phase, but they failed if there was a gender mismatch between the two phases 

(Houston & Jusczyk, 2000). However, in the same study, 10.5-month-olds segmented words 

across talkers of different genders, suggesting that their word form representation has become 

more flexible and that they are able to accommodate some level of indexical variation by that 

age. Similarly, Singh, Morgan, and White (2004)  refer to the infants’ behaviour being tested 

in their study as “word recognition”, whereas other researchers have designed/used  this same 

task to examine word segmentation from fluent speech. The researchers found that infants at 

7.5 months failed to segment familiarised words when they did not match in vocal affect 

between familiarisation and test (e.g. happy vs neutral), while 10.5-month-olds did 

successfully segment words across an affect mismatch (Singh et al., 2004). Overall, these 

sensitivities to non-linguistic variation appear to diminish in monolingual infants by 10.5 

months for gender and affect, suggesting that infants quickly learn to ignore irrelevant 

phonetic details when segmenting words from connected speech.  

Young language learners even at 7.5 months do not segment word forms when there 

is indexical variability, such as differences in talker gender. This indicates that their word 

recognition ability is fragile, and that early word forms may be over-specified, comprising 

very specific and even richly detailed phonetic patterns, rather than being abstract. 

Nevertheless, Singh (2008) found that experience with variability can improve early word 
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segmentation across indexical variations for 7.5-month-olds. In that study, infants were 

familiarised with target words, some with variability in emotional affect and others produced 

with a single affect. They were then tested on passages containing the familiarised words 

versus passages with unfamiliarised words; longer attention to the passages with familiarised 

words indicates ability to segment the familiar words from the passages. The 7.5-month-olds 

recognised words that varied in affect following familiarisation that included variability, but 

not after familiarisation with a lack of affect variability (Singh, 2008). Following these 

results, Singh (2008) proposed that experience with variation can lead to a greater degree of 

phonological abstraction rather than phonetic specificity in early word recognition. Following 

this line of argument, we reason that since bilinguals experience more indexical variation 

than monolinguals in their linguistic input, they might be better able to handle phonetic 

variability in early word segmentation. This will be discussed further in the section on 

bilingual word form recognition.  

Alternatively, however, given that exposure to variable forms has resulted in 

improved word recognition in monolingual 7.5-month-olds (Singh, 2008), it is possible that 

the greater variability in the bilingual language environment could instead enhance their 

ability to segment word forms from fluent speech across phonetic variation. As a result, we 

extrapolate that bilingual toddlers’ delay in accessing the underlying phonological structure 

of lexical representation in each of their languages may also be affected by how they respond 

to accented pronunciations of words. This issue of whether bilinguals might need more time 

to attend to abstract phonological representation of word forms in order to accommodate to 

accented speech in word segmentation tasks has barely been studied previously. 
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3.2.3.2 Bilingual word segmentation and variation  

Although bilingual research in this area is nearly non-existent, one study assessed 

how unfamiliar indexical cues may affect bilingual infants’ segmentation. It examined 

Mandarin-English learning bilinguals’ ability to handle phonemic changes in pitch variation 

in English word segmentation, as well as lexical tones in Mandarin word segmentation (Singh 

& Foong, 2012). Pitch variation may pose a challenge for bilinguals acquiring these two 

language systems since the rules governing this variation are different in each: non-phonemic 

and lexically irrelevant in one (English), and phonemic and relevant for lexical distinctions in 

the other (Mandarin). Using the HPP, Singh and Foong (2012) conducted two experiments, 

one using pitch differences in English and another using lexical tones in Mandarin, to test 

bilingual infants’ early word segmentation ability at ages 7.5, 9, and 11 months. The first 

study used pitch variation in English and consisted of a familiarisation phase, where infants 

were presented with two of four target words (“bike”, “hat”, “tree” and “pear”) followed by a 

segmentation test in which infants heard six sentences that made up a series of passages 

containing all four words. There were two sets of stimuli, one with fundamental frequency 

modified to create high pitch and a second set with low pitch. Listening times to passages 

containing familiarised words were divided into passages in which the familiarisation phase 

and segmentation phase stimuli were matched in pitch, those where they were mismatched in 

pitch, and both results were compared with listening times to passages containing novel, i.e., 

non-familiarised words. In the second study, which used the same design as the first study 

described above but used lexical tones in Mandarin words. The familiarisation stimuli 

consisted of two words, one spoken with a lexical tone that matched the segmentation stimuli 

and one with a different lexical tone that did not match the segmentation stimuli. The 

segmentation stimuli consisted of the target words “bei” (Tone 1) meaning “cup”, “tou” 

(Tone 2) meaning “head”, “dan” (Tone 4) meaning “egg”, and “tian” (Tone 3) meaning 
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“sky”. For each pair of familiarisation words, one word matched in tone with the target word 

during the segmentation phase and one word mismatched in tone. Analogously to the first 

study, listening times to passages containing familiarised words were divided into passages in 

which the lexical tone matched the segmentation phase and those in which the stimuli were 

mismatched in tone, and both results were compared with listening times to passages 

containing novel, i.e., non-familiarised, words.  

At 7.5 months, infants showed significantly longer listening times to passages 

containing both pitch-matched and tone-matched words compared with those containing 

unfamiliar words. For passages with pitch-mismatched and tone-mismatched words, infants 

did not show longer listening times compared with those containing unfamiliar words across 

both studies. At 9 months, infants showed significantly longer listening times for passages 

containing pitch-matched and passages containing pitch-mismatched words compared with 

those containing unfamiliar words. At 9 months, infants showed significantly longer listening 

times for passages containing tone-matched and passages containing tone-mismatched words 

compared with those containing unfamiliar words. Although disregarding the pitch changes 

introduced in each language is expected at this age for word segmentation in English where a 

pitch difference does not change word meaning, it goes against the phonological rules of 

Mandarin for tone changes, which change word meanings. Therefore, the results suggest that 

at this age, bilingual infants learning English and Mandarin were under-representing the 

importance of pitch in their Mandarin lexical representations and were not segmenting 

Mandarin words based on language-specific properties. However, by 11 months, infants were 

showing more language-specific phonological representation in study 1, as evidenced by 

longer listening times for passages containing pitch-matched and passages containing pitch-

mismatched words compared with those containing unfamiliar words. But, in study 2, at 9 

months, infants showed significantly longer listening times for passages with tone-matched 
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words compared with those containing unfamiliar words, but did not show this difference for 

passage containing tone-mismatched words versus those containing unfamiliar words. It is 

possible that their temporary failure to distinguish the tone-differing Mandarin words actually 

reflects that they might have been trying to impose phonological constancy for pitch 

differences incorrectly in their lexical tone language, Mandarin. But at the next age (11 

months) they clearly had sorted out the difference between English and Mandarin in the 

phonological relevance of pitch variations. 

To explain these results, Singh and Foong (2012) considered their findings with 

respect to the three-stage sequence observed in bilinguals’ language acquisition thus far in 

some studies in areas such as speech perception (Bosch & Sebastián-Gallés, 2003), as 

outlined in the thesis (section 2.1.2). In those studies, infants seem to demonstrate a middle 

stage between the early universal perception and the later stage of perceptual attunement for 

both of their native language(s), during which perceptual sensitivities are aligned with the 

properties of one of their languages prior to language-specific responses to their other 

language. However, as Singh and Foong (2012) noted, while bilinguals differ from 

monolinguals in their developmental trajectory, i.e., a middle stage resulting in three stages 

compared to monolinguals’ two stages, they arrive at the same end goal at the same age (11 

months) as their monolingual peers. 

Next we address monolinguals’ ability to discern the abstract phonological structure 

of familiar/known words in order to recognise them. We then review evidence on whether 

learning two languages affects bilinguals’ ability to do this for word recognition in each of 

their languages. Following that, we will then consider findings on how variation may affect 

monolinguals’ and bilinguals’ accommodation to accented pronunciations in novel word 

learning. Considering the difference between these two forms of comprehension, we reason that 

accommodating to phonetic variation in novel word learning should be more cognitively demanding 
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than accepting such variation in familiar word recognition, given that in known word recognition 

children already have a recognitory comprehension of the word form. For word learning, on the other 

hand, there is no prior existing knowledge of the word form that can act as a foundation for 

accommodating to the accented pronunciation of the word.  

3.2.4 Word recognition and phonetic variation  

Given that a crucial part of the thesis is to understand how children recognise familiar 

word forms despite phonetic variation, it is important to understand how early this ability 

begins to emerge when children are faced with indexical phonetic variation.  

3.2.4.1 Monolingual word recognition and variation  

It is important to note that while the findings from the aforementioned study by Singh, 

Morgan, and White (2004) can be interpreted as outlining difficulty with segmentation when 

children are presented with phonetic variation, their findings might also be tapping into  

familiar word recognition, which is indeed the skill these researchers said they were 

investigating. That is, the study might not have solely examined word segmentation, but 

possibly also assessed familiar word recognition. Therefore, the children’s failure to segment 

the familiarised words with unfamiliar indexical cues might indicate that they were having 

problems recognising familiar words despite phonetic variation. This study provides some 

insight into how variability impacts monolingual children’s ability to recognize familiar word 

forms, despite phonetic phonetics, but no research has been conducted on this ability in 

bilingual children.  

3.2.4.2 Bilingual word recognition and variation  

To date, how bilinguals handle variation in early word recognition has not been examined. 

3.2.5 Word learning and phonetic variation  
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Before we can begin to understand how accented pronunciation impacts word 

learning in bilinguals, it is important to understand first how monolingual children learn 

novel word forms in the face of phonetic variation such as talker differences.  

3.2.5.1 Monolingual word learning and variation  

Rost and McMurray (2009) have provided evidence that variation in talkers improves 

monolingual infants’ word learning. In this study with monolinguals, the switch task was 

used to test English-learning 14-month-olds’ ability to learn new words across multiple 

talkers versus a single talker. For the novel word stimuli, /buk/ and /puk/, the multi-talker 

tokens contained multiple sources of variability, both within and between speakers, was 

highly variable in non-contrastive aspects of the signal (such as vowel quality or pitch), but 

the range of variability within these dimensions did not differ between ⁄buk⁄and ⁄puk⁄. The 

results showed that brief exposure to multiple talker production of the newly taught words 

allowed infants to attend to the phonologically distinct exemplars for their representation of 

the input to make a contrast between buk and puk, better than infants who were only exposed 

to a single talker. The findings suggest that the acoustically variable word-learning conditions 

appear to draw infants’ attention towards relevant phonological dimensions, specifically 

phonemes. Rost and McMurray (2009) propose that variability in the speech input draws 

infants’ attention towards meaningful phonemic contrasts between words.  

The picture this finding reveals is that young language learners use different types of 

variability to form appropriate phonetic categories. In line with these data, theories such as 

PRIMIR (Werker & Curtin, 2005) and the exemplar-models of adult speech perception (e.g., 

Goldinger, 1996; 1998) have proposed that language learner’s word representation consists of 

tracked exemplars of informational sequences including indexical details such as the 

speaker’s voice and accent. This information is therefore preserved in the traces/exemplars, 
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which are then attached to concepts, to form words in the lexicon. This suggests that word 

recognition is achieved by comparing the incoming speech signal against existing exemplars 

stored in the mental lexicon.  We therefore extrapolate that developmentally, it is important 

for the learner to generalise word recognition or word learning to different realisations of a 

words or phonetic deviations. For this reason, young language learners have to experience a 

substantial amount of variation in the pronunciation of a given word, which would therefore 

give them a chance to store multiple phonetically distinct exemplars in their lexicon. Once 

infants have heard sufficient variable exemplars, they will be able to recognise variable word 

tokens as referring to the same word. On the other hand, over time, infants become able to 

ignore highly variable properties in the speech input (e.g., individual voices). 

3.2.5.2 Bilingual word learning and variation  

On the other hand, over time, highly variable properties in the speech input (e.g., 

individual voices) are ignored. By this logic, exposure to acoustic forms containing a range of 

variability (such as in a bilingual learning environment) should allow infants to hone in on 

relevant features while ignoring those that are irrelevant (Rost & McMurray, 2009). 

Using the switch task, Mattock et al. (2010) taught 17-month-old English and French 

monolinguals and English-French bilinguals were two novel objects labelled “bowce” and 

“gowce” and then tested them with a switch trial and a same trial. Novel words were 

presented in French versus English pronunciations as labels of the novel objects. The 17-

month-old bilingual infants succeeded in the switch task when the tokens matched their 

bilingual language learning environment. That is, when the novel objects were introduced by 

an English-French bilingual speaker, they looked significantly longer to the switch trial. In 

contrast, monolinguals failed to look longer to the switch trial when the novel words were 

labelled with both English and French pronunciations, showing that they failed to associate 
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the word–object pairings. Thus, the monolinguals failed when the tokens contained phonetic 

variability that did not match their language input. 

Mattock et al. (2010) argued that the developmental timing difference in word 

learning for bilingual infants relative to monolinguals observed in the earlier study by Fennell 

et al. (2007) was not related to infants’ bilingual experience per se, but rather to the infants’ 

difficulty in processing unfamiliar pronunciations at 17 months. Both the English and French 

monolingual groups succeeded only when the tokens were produced in their native 

pronunciations and failed when the tokens were bilingual. Overall, bilinguals succeeded 

when tokens were presented in pronunciations appropriate to both of their languages. 

Mattock et al.’s interpretation was that the mixed French and English tokens matched the 

phonetic variability that typically characterises the bilingual language experience. This 

resulted in the bilinguals’ success, while monolinguals’ inexperience with such non-native 

variability resulted in greater difficulty processing the novel words, thereby leading to their 

failure in the task.  

The findings above suggest that infants’ ability to attend to minimal-pair phonetic 

differences between word forms may be affected by how closely the stimuli in the task 

resemble their native language input. To further understand how the stimuli impact 

monolingual and bilinguals’ development of mature representations of words, Fennell and 

Byers-Heinlein (2014) tested 17-month-old monolingual and bilingual infants on their ability 

to learn minimal pairs when the words were produced by either a bilingual or a monolingual 

speaker. Using a version of the switch task, they included referential cues by placing novel 

tokens in carrier phrases such as “look at the X”. If 17-month-old bilinguals and 

monolinguals can attend to the minimal phonetic distinction between word forms in word 

learning, then they should successfully associate the novel word form to the appropriate 

object despite the words forming minimal pairs. Consistent with that reasoning, the results 
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showed that at 17 months, monolinguals and bilinguals only identified the switch when the 

pronunciations matched their language environment. Monolinguals succeeded when words 

were pronounced by a monolingual speaker, and bilinguals succeeded when words were 

produced by a bilingual speaker.  

These findings suggest that at 17 months both bilinguals and monolinguals have 

fragile and phonetically specific representations that interfere with accommodation to 

unfamiliar phonetic variation in word learning. Examining how bilinguals and monolinguals 

compare in their ability to accommodate to unfamiliar accent variability in speech in this 

thesis will shed more light on how much the stimuli in testing lexical acquisition skills 

interfere with infants’ performance.  

 

3.2.2 Coping with non-lexical variation: Phonological constancy 

Acceptance of variable pronunciation that does not change word identity requires 

knowledge of and reliance on phonologically specified word forms rather than phonetically 

specified word forms (Mulak et al., 2013). Mulak et al. provide a clear distinction between 

phonologically specified word form and phonetically specified word form. Phonological 

word forms are abstractions at a higher level than the specific phonetic details of the word’s 

phonemes. That is, they are word forms that are represented abstractly, regardless of 

variations in actual phonetic details or native accent phonetic patterns. Contrastingly, 

phonetically specified word forms are those that are represented with the specific phonetic 

patterns of a known talker and/or the native accent (i.e., recently encountered pronunciations 

of the fine-grained detail of the phones or phonetic word forms experienced in the infant’s 

typical environment). Therefore, phonetically specified lexical representations are detailed 

phonetic patterns (phonetically defined) and limited or specific to the native accent input 

making them rigid. According to the perceptual attunement account (Best et al., 2009), 
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children first become attuned to the phonetic information in native-accented words making 

early word forms characterised by perceptual attunement to lower-order phonetic patterns in 

native speech (Best, 1994). These phonetically specified word forms are too rigid to accept 

unfamiliar, phonetically different non-native regional accent pronunciations. For this reason, 

when a perceiver recognises a word based on its phonetic form rather than its phonological 

form, recognition relies on the strict patterns of phonetic features in their own accent of the 

native language. By doing so, they will fail to accept any pronunciation that violates the 

native accent phonetic patterns.  

In contrast to phonetically based word forms, phonologically based word forms are 

abstract and can therefore accommodate systematic phonetic variations that do not 

necessarily conform to the exact phonetic patterns of the listener’s native accent (Mulak et 

al., 2013). Children begin to recognise familiar words pronounced in an unfamiliar non-

native accent when they shift their attention from native accent-specific phonetic patterns to 

the higher-order, more abstract phonological structure of words (Best et al., 2009). Therefore, 

when younger infants’/children’s word forms are still phonetically based, they do not accept 

unfamiliar phonetic variations such as cross-accent pronunciation of words, because these 

pronunciations violate the patterns present in their native accent environment. Hence, to 

accommodate to unfamiliar accented pronunciations, infants must shift from rigid 

phonetically specified word forms that correspond to the forms they have experienced, to 

more abstract phonological word form representations that are flexible enough to accept 

unexperienced phonetic variations such as unfamiliar regional accents. To understand how 

children become able to accommodate to phonetic variation in speech, it is necessary to 

establish when more abstract, phonologically specified word forms emerge.  

Just how and when knowledge about the abstract phonological structure of words 

develops has been considered from several theoretical viewpoints. The models most relevant 
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to understanding the emergence of phonological constancy across lexically-irrelevant 

indexical variations (talkers, emotions, speech registers, and especially accents) will be 

discussed in the following sections. 

3.3 Theories of Phonological development 

To recognise and learn words despite lexically-irrelevant phonetic variations requires 

that language learners access the underlying phonological structure of lexical representations. 

To do this effectively, children must first establish knowledge of the abstract phonological 

structure of words. Phonological acquisition involves several processes, including acquiring 

the segmental inventory of the language, learning how various language-specific 

phonological processes affect the phonetic details of those segments, as well as building a 

lexicon that is characterised by stored abstract phonological representations of word forms 

(Fikkert, 2007). An understanding of whether and, if so, how children develop this 

knowledge of the abstract phonological structure of words is essential for this thesis project. 

There are varying theories on phonological development, including optimality theory, the 

perceptual attunement account, the phonological underspecification account, and PRIMIR 

which was discussed earlier in section 2.2.3.  

3.3.1 Optimality Theory 

Optimality theory (Prince & Smolensky, 1993) takes a constraint-based approach to 

phonological acquisition (Kager, Pater, & Zonneveld, 2004). It determines the well-

formedness of surface forms (output) by subjecting the features of linguistic input to a 

hierarchical set of intrinsically conflicting and violable structural requirements called 

constraints (Con). As all constraints cannot be simultaneously satisfied, violation of a 
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constraint is permissible to the extent that it avoids violation of a higher ranked one, with the 

highest ranking constraint dominating all others below it.  

Constraints are divided into two general categories: markedness and faithfulness 

(Prince & Smolensky, 1993). Markedness constraints aim to preserve the features of a given 

language form by reducing the amount of markedness (distinctiveness) in output forms 

(production of words), and are grounded in phonetic factors of language production and/or 

perception. Conversely, faithfulness constraints require that the surface form faithfully 

reflects the properties of the input (heard speech). By this account, these two types of 

constraints share an antagonist relationship since markedness constraints may ban at output 

what faithfulness constraints aim to preserve in input. As a result, the presence or absence of 

a marked structure depends on the ranking of the M(arkedness) and F(aithfulness) 

constraints. Thus, an unmarked structure surfaces when markedness dominates faithfulness 

(M » F), whereas the opposite ranking (F » M) suppresses the unmarked structure in favour 

of faithfulness (Kager et al., 2004).  

Output is generated based on the ranking of different constraints as determined by two 

key functions in the grammar of a language. First, the Gen(erate) constraint component 

generates a set of possibly infinite candidate outputs based on the input and their constraint 

violations. Second, the Eval(uate) function evaluates all the generated candidates in a 

pairwise comparison based on constraint violations and selects the one that is most harmonic 

by virtue of its superior performance on the highest-ranking constraint. The optimal candidate 

is selected as the final output form. For example, in a language where markedness dominates 

faithfulness (M » F), with the markedness constraint being syllable onset devoicing, and the 

input /ba/, the more highly ranked candidate for surface output would be /pa/ over and above 

a possible /ba/ competitor, which would be more harmonic in a F » M scenario requiring a 

faithful input-output match. 
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Optimality theory suggests inputs and constraints are the same for children and adults, 

with output differences between the two groups attributed to differences in constraint 

ranking. At the beginning stages of acquisition, markedness constraints are assumed to rank 

more highly than faithfulness constraints (Gnanadesikan, 2004), resulting in child language 

outputs being more unmarked than those of adults. However, this changes during 

phonological development due to a process of constraint re-ranking such that some 

faithfulness constraints are promoted over markedness constraints, resulting in outputs that 

are increasingly more consistent with adult target forms.  

Within this theory, there are varying assumptions about the state of the markedness 

constraints. Some researchers argue that these markedness constraints are innate and 

universal (e.g., Peperkamp & Dupoux, 2002). On the other hand, some argue that markedness 

constraints are based on either acoustic or articulation factors (Boersma, 1998; Hayes, 2004), 

while others view these constraints as generalisations across the lexicon (Beckman & 

Edwards, 2000; Pierrehumbert, 2003; Fikker & Levelt, 2004). In the latter perspective, there 

are differences of opinion about the nature of the lexical generalisations. On the one hand, 

Beckman and Edward (2000) propose that the generalisation is from the target language’s 

lexicon, while Fikkert and Levelt (2004) argue that constraints and generalisations are across 

children’s own lexicons. 

 One limitation to optimality theory with respect to phonological acquisition is that it 

offers no clear guidance on how children acquire phonological representations because it 

does not focus on input representations (Fikkert, 2007, p. 551). Furthermore, this approach 

does not address the issue of phonological abstraction.  Although optimality theory (for 

children, i.e., Fikkert, 2007) has addressed phonological development in monolinguals, it 

fails to provide insight into how phonological acquisition progresses in children acquiring 

two phonological systems simultaneously (bilinguals) relative to monolinguals. 
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3.3.2 Underspecification Account 

The underspecification account can be subdivided into the lexical density account and 

the distributional account. The lexical density account proposes that early word forms are 

global, that is, underrepresented and underspecified (Brown & Matthews, 1997; Garlock et 

al., 2001).  Underspecification refers to relatively few phonological features (phonetic details) 

being specified in the child’s representation of a word. Within this approach, building up a 

phonological system that consists of phonemic contrasts overlaps with the acquisition of 

lexical representations. Therefore, early words are underspecified because not all contrasts 

have been acquired. According to the density hypothesis, children should be most likely to 

use a phonemic contrast when the two phonemes occur in contrasting words in a dense 

lexical neighbourhood. Words that differ by only one phoneme are referred to as neighbours, 

and words that have many neighbours are said to be in dense neighbourhoods. This approach 

proposes that the density of the neighbourhood drives young language learners to expand 

their encoding of the lexical items in the neighbourhood. This results in children attending to 

subtle phonemic differences. So, for example, learning words like “pig” and “fig”, or “pail” 

and “fail” should facilitate children’s use of the /p/–/f/ contrast, because they receive 

exposure that makes the distinction highly relevant. To distinguish words in a dense 

neighborhood from each other, children are required to be more specific in their 

representation of lexical forms, that is, more phonological features (phonetic details) being 

specified in the child’s representation of a word (Storkel, 2002). This account argues that 

children’s ability to use phonemic contrasts is not linked directly to their raw vocabulary size. 

Rather, it suggests that in the more dense neighbourhoods children acquire the more 

phonological features they need to specify in their word representations in order to 

distinguish words that are minimal/near-minimal pair neighbours. Therefore, overall 

vocabulary size can predict whether children have single-feature phonemic distinctions 
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specified in their lexical representations, but only because overall vocabulary size is 

positively correlated with neighborhood density.  

 Similarly, the distributional account (Thiessen, 2007) argues that early word forms 

are underspecified, but become more specific (more phonological features designated with 

their lexical representation) as children’s lexicon expands. However, this account proposes 

that it is the distribution of phonemes in words children know that is critical, not the density 

of a child’s lexical neighborhoods. The distributional account predicts that children will use 

minimal (more fully specified) phonemic contrasts when they experience two phonemes in 

distinct contexts, rather than when they encounter them together in a dense neighborhood. 

That is, phonemic contrasts will show up when the phonemic pair is found in two words that 

are phonologically diverse rather than two minimal pair words that differ in only a single 

phoneme. This account proposes that phonological knowledge is not only influenced by 

children’s raw vocabulary size, but more importantly by the range of phonological 

distribution among the words in their lexicon. It must be noted that although the 

underspecification account provides insight into when children begin to use minimal 

phonemic contrasts, it does not address the issue of phonological abstraction, which is what is 

required for children to accommodate to phonetically varied speech as discussed earlier in 

section 3.2.2.  It must be noted that underspecification theory has not addressed phonological 

development in bilinguals. 

3.3.3 Processing Rich Information from Multidimensional Interactive Representations 

(PRIMIR) 

Werker and Curtin’s (2005) PRIMIR incorporates statistical learning as a mechanism 

for language learning. Recall that PRIMIR hypothesises a developmental emergence of 

multidimensional interactive representational planes that pick up and organise the 
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information in the input. The final phonemic plane, which emerges when a sufficient number 

of meaningful words have been established to allow phonemes to coalesce, is crucial for 

word forms to become phonologically specified. Word forms are phonetically specified until 

all three representational planes emerge, at which point the word forms become phonemically 

based. Although PRIMIR does not suggest a precise age when the final phonemic plane 

emerges, its claim that this happens when there is a ‘large enough’ vocabulary would suggest 

that it is around the time of the vocabulary spurt (~18 months for monolinguals: Benedict, 

1979). We can therefore extrapolate that PRIMIR should predict that the ability to recognise 

phonologically specified word forms, and achieve phonological constancy across accents, 

should appear when all three representational planes emerge and word forms have become 

phonemically based, by approximately the time of the vocabulary spurt.  

One limitation of PRIMIR is that the model does not provide any specific information 

about phonological abstraction, but rather simply discusses when children’s word forms 

become phonemically based. However, PRIMIR should predict that more abstract 

phonological representations of word forms emerge with a sufficient vocabulary size that 

includes a number of minimal phonemic contrasts.  That is, it is possible that, as children 

learn more words, it may lead them to restructure their earlier phonetically specified forms to 

more abstract representations. In an attempt to include the idea of phonological abstraction in 

the model, Curtin and Werker (2007) have added that children’s early lexical representations 

are detailed and encode both phonetic and indexical information.  

PRIMIR (Curtin et al., 2011) predicts later emergence of phonemes in bilinguals than 

monolinguals, consistent with several studies (Fennell, Byers-Heinlein, et al., 2007; Ramon-

Casas et al., 2009). Given that past results show a link between vocabulary size and lexical 

processing (Curtin et al., 2011; Mulak, Best, Tyler, Kitamura, & Bundgaard-Nielsen, 2010; 

Mulak et al., 2013; Mulak & Escudero, 2016), and that bilinguals have overall the same total 
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vocabulary size but a smaller vocabulary in each language than monolinguals (Bialystok, 

2009), the PRIMIR bilingual account should lead us to expect later emergence of phonemes 

and word recognition in each language of bilinguals. That is, on the basis of bilingual 

children’s lesser exposure to and smaller vocabulary size in each language, relative to 

monolinguals, PRIMIR principles suggest that they should experience greater difficulty with 

adapting perceptually to accented speech in both languages, delaying the emergence of 

phonological constancy. 

3.3.4 The Perceptual Assimilation Model (PAM) 

The perceptual assimilation model (PAM) is based on articulatory phonology, which 

assumes that phonological development is characterised by children differentiating vocal 

gestures over time and mapping them onto the vocal gestures they experience in their native 

language input (Best & McRoberts, 2003). The perceptual attunement account (Best et al., 

2009), like PRIMIR, predicts that children will develop a knowledge of the phonological 

structure of words around the time of the vocabulary spurt after they have received sufficient 

exposure to systematic variation in speech. However, according to PAM, detecting the 

contrastive features between phonological categories requires abstraction of higher-order 

articulatory invariants (Best, 1994). Detecting higher-order invariants implies that the infants 

have abstracted phonological principles that they can easily apply across the lexicon. PAM’s 

perceptual attunement account was extended to address how infants discover higher-order 

invariants corresponding to phonological abstractions through exposure to indexical variation 

of all sorts. It thus posits that infants need to switch their focus from accent-specific phonetic 

details to the higher-order invariants of the more abstract phonological structure of words in 

order to accept phonetic differences in unfamiliar regionally accented speech. In line with this 

account, accumulating exposure to between- and within-talker variation should foster the 
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emergence of abstract phonological knowledge of word structure by around 18-19 months 

(Best, 2015; Best et al., 2009). This idea of exposure to variation fostering the emergence of 

abstract phonological knowledge seems to imply a certain vulnerability and lack of 

abstraction in children’s early word representations prior to ~18 months. 

 The perceptual attunement account is the only model that explicitly posits a 

relationship between exposure to phonetic variation in speech and the emergence of 

phonological abstraction. This account proposes that children require sufficient exposure to 

systematic variation in the language to establish the underlying phonological structure of 

word forms, and that this necessary exposure is achieved around the time of the vocabulary 

spurt, at which point attention shifts from phonetically detailed word forms to the more 

abstract phonological forms of words (Best, 2015). It is this shift to phonologically specified 

word forms from phonetically specified word forms that allows for and supports accent 

adaptation as mentioned earlier (Section 3.2.2).  

One limitation of the perceptual attunement account is that, like Optimality Theory 

and underspecifiction accounts, it has not made specific predictions about bilingual language 

development. Of the models reviewed here, only PRIMIR has explicitly addressed bilingual 

development. Although PAM does not provide specific predictions for bilinguals, however, 

we can extrapolate from PAM principles here to make predictions related to bilinguals’ 

exposure to variation and the possible effect this can have on their development of 

phonological constancy. Extending PAM to bilinguals’ development of word form 

specificity, we reason that because bilinguals encounter more accent variation in their 

language environment (Byers-Heinlein & Fennell, 2014), they may use this variation more 

effectively or quickly than monolinguals to tune in to new talkers and accents. One possible 

outcome is that bilinguals’ greater experience with accents could be advantageous in 

perceptually adapting to accented words. If so, bilingual children could accumulate sufficient 
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experience with phonetic variation from their linguistic input to result in more abstract 

phonological knowledge of word forms, allowing them to accommodate to the accent-related 

phonetic variation in pronunciations earlier than monolinguals do. 

On one hand, PAM can be extended to predict that bilinguals’ experience with 

phonetic variation from their linguistic input could lead to earlier emergence of more abstract 

phonological knowledge of word forms relative to monolinguals allowing them to 

accommodate to the accent-related phonetic variation in pronunciations. On the other hand, 

PRIMIR predicts later emergence of bilinguals’ abstract phonological knowledge due to 

smaller vocabulary size in each language, it is possible that the potential advantages of 

bilingual experience (greater exposure to accent and talker variation) and the potential 

disadvantages (less exposure to, and vocabulary size in, each language) may essentially 

cancel each other, resulting in bilinguals’ developmental trajectory for emergence of 

phonological constancy aligning reasonably well with that for monolinguals. 

3.4 Coping with accent variability 

To understand whether the predictions proceeding from these developmental models 

are consistent with existing observations, findings from empirical studies on the development 

of phonologically specified word forms must first be considered.  

In this section, an overview of the research findings on phonological constancy across 

unfamiliar accents (regional or second-language [L2]), which have focused primarily on 

monolinguals, will be provided. We will also present relevant findings on bilinguals and 

discuss what we still need to know about development of phonological constancy for word 

processing and word learning, especially as it relates to bilingualism. Although we have 

much knowledge about monolinguals’ phonological development, limited research has 

focused on how bilinguals’ development of phonological word forms unfolds. Earlier in this 
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chapter we discussed how bilingual and monolingual children deal with phonetic variation in 

early language development such as word recognition (section 3.2.4) and word learning 

(section 3.2.5).  

The studies presented earlier addressed other types of indexical variation, and while 

understanding this is important in our discussion of phonological constancy, the focus of this 

thesis is to understand how children handle variation resulting from differences in accents. In 

the next section we will provide an overview of the different types of accents and then later in 

this chapter we will examine how children deal with accented variation in early language 

development.  

 

3.4.1 Types of accents 

Accented speech contains phonetic variations from native pronunciations (Cristia et 

al., 2012; Wells, 1982). There are two types of accent: regional (“within-language”) 

variations in word pronunciation, and foreign (non-native/second-language) effects on word 

pronunciations (Cristia et al., 2012). Regional accents are variations within the same native 

language and are typically produced by native speakers of the language. Foreign accents, on 

the other hand, usually involve the application of the speaker’s native phonology to a second 

language [L2]. For example, the phonotactic rules of Spanish do not allow clusters of 

/s+another consonant/ to occur word-initially. Thus, English words that start with /s/-clusters 

are pronounced with an /e/ appended before the /s/-cluster (e.g., “star” becomes “estar” in 

Spanish-accented English). That actually breaks up the cluster into 2 syllables, which is 

allowed in Spanish /es/ and the next consonant (/t/ in our “star” example) starts a new 

syllable. 

At the phonemic level, accented speakers may add, substitute, or delete phonemes in 

accordance with gaps in their native phonology. An example of a foreign accent case of 
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substitution, a French-accented speaker of English may substitute /d/ for /ð/ resulting in “dis” 

instead of “this” because /ð/ does not exist in French. This also occurs in regional accents, 

e.g., lower-class London English speakers in prior times pronounced “with” as “wif” because 

their native variety of English lacked /θ/. In contrast, subphonemic variation refers to 

pronunciation of a single phoneme that differs phonetically between accents, but those 

differences nonetheless sit within the boundary of the same phonemic category in both 

accents (e.g., /ɪ/ can be pronounced with the tongue slightly higher or slightly lower in the 

mouth without crossing outside of the /ɪ/ boundary in either accent). Finally, suprasegmental 

variation refers to variability across a segment larger than a single phoneme e.g., speech 

rhythm, intonation, and stress patterns. This can include both meaningful and non-meaningful 

suprasegmental variation. For example, placement of lexical stress can be meaningful in 

English (e.g., “PERfect” (adjective) and “to perFECT” (verb) English speakers tend to place 

lexical stress on the first syllable of a word even when speaking French as an L2, whereas 

French speakers tend to place stress on the final syllable of a sentence, even when speaking 

English as an L2. Applying either of these “rules” to the other language can result in non-

native sounding speech. Some regional accents within languages can also differ in stress 

placement for some words, e.g., Australian and American English say COMMent with initial-

syllable stress, but in Jamaican mesolect English it is coMMENT with second syllable stress 

(a “stress shift”). Also, there are stress-shift between American and Australian English, e.g., 

American stress pattern for ballet is baLLET (“baLAY”) whereas the Australian stress 

pattern is BALLet (“BALay”) (Gooden, 2014).  

Regional accents in English (and many other languages) usually differ in segmental 

features such as variation in vowels (Adank, van Hout, & de Velde, 2007), and in a few 

consonants (Wells, 1982) as well as in suprasegmental features such as intonation (Grabe, 

Post, Nolan, & Farrar, 2000). Although both regional and foreign accents incur a processing 
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cost for adults, foreign accent processing might require different accommodation procedures 

(Floccia Goslin, Girard, & Konopczynski 2006; Adank Evans, Stuart-Smith, & Scott, 2009). 

One possible reason for this is that foreign accents are characterised by many variations due 

to the speaker’s native language that are irrelevant to the target L2, which may result in 

greater processing cost to native listeners of the target language. Although regional accents 

can vary from one another in suprasegmental features, this kind of deviation is typically 

greater across foreign accents, because regional accents generally have many similar 

suprasegmental features. For instance, when presented with American English accent, French 

native speakers have the additional demands of distinguishing stress patterns, a property that 

is not lexically contrastive in French. Evidence has been provided to show that distinguishing 

non-native stress patterns adds processing difficulties in word-classification tasks (Dupoux, 

Pallier, Sebastián-Gallés, & Mehler, 1997).  

For the purposes of this thesis, only segmental variation was examined, specifically 

vowel differences. Segmental vowel differences were selected for reasons including the fact 

that while regional accents might vary from one another in suprasegmental features, this kind 

of difference is usually found in foreign accents. Also, consonant deviations in regional 

accents are limited in number (Wells, 1982). Furthermore, the regional accent selected for 

this study typically varies from Australian English much more in vowels than in consonants 

or stress patterns. The reason for focusing on only vowels is discussed in more detail later in 

the thesis in Section 5.2.2.  In the next section we address how adult listeners handle phonetic 

variability in their native language. 

To become mature listeners, infants must master flexible speech processing that 

allows spoken word recognition to occur and can accommodate to significant phonetic 

deviations from native language, and specifically, native accent speech patterns. However, to 

understand how infants become competent users of language despite phonetic variation such 
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as unfamiliar regionally accented speech, it is important to first consider how mature 

language users handle variability. 

3.4.1.1 How adults cope with accent variability 

Although adults already have a grasp of the complementary principles of 

phonological constancy and phonological distinctiveness, they still show a processing cost 

associated with accommodating to accented pronunciations. For example, adults are more 

accurate and faster to recognise target words produced by a native speaker than by a foreign-

accented speaker (Adank, et al., 2009). Although accented speech may initially affect 

comprehension and speed of processing, adults need only brief exposure to a speaker to adapt 

to an unfamiliar accent. Using a cross-modal matching task with response time measurement, 

Clarke and Garrett (2004) presented American English listeners with sentences produced by 

an American English speaker and a Spanish-English bilingual speaker or a Chinese-English 

bilingual speaker with low-proficiency in English. Participants listened to a sentence that was 

followed by a visual probe (a written word) and indicated whether the visual probe matched 

the last word of the sentence. Their reaction times were 100-150 ms slower for foreign 

accented than for native accented utterances. While adults initially showed slower processing 

for non-native than native speech, they quickly adapted to the accent within two to four 

sentence-lengths. Following the adaptation period, the processing deficit was significantly 

reduced. Overall, although adult listeners encounter additional demands imposed by phonetic 

deviations from their native accent, this does not stop them from recognising that the word is 

referring to the same lexical item (Floccia, Goslin, Girard, & Konopczynski, 2006), and 

although unfamiliar accents initially slow them down, they adapt fairly quickly.  

In order to evaluate the emergence of phonological abstraction in early language 

development, it is necessary to be able to tease apart perceptual sensitivity to phonetic details 
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from recognition of abstract phonological structure. This requires considering the ability to 

recognise that abstract phonological structure remains constant across many perceptible but 

phonologically-irrelevant phonetic differences. That is, the fact two word-level utterances can 

also display perceptible phonetic variation and yet represent the same word, with the phonetic 

variations leaving the phonological structure of the word intact. In such cases phonological 

constancy is recognised across two utterances of a single word. In the remainder of this 

chapter, we will be focusing on phonological constancy to address how monolingual and 

bilingual infants may acquire phonological word forms. 

3.4.2 Development of Phonological Constancy in word processing  

3.4.2.1 Phonological constancy for familiar word recognition in monolinguals  

Prior research has shown that infants listen longer to sequences of familiar words than 

unfamiliar words (e.g., Hallé & De Boysson-Bardies, 1994) when the words are pronounced 

in the native language and accent, which was interpreted as evidence that they recognise the 

familiar words. To index phonological constancy for word recognition in toddlers, Best et al. 

(2009) used that listening preference procedure to test monolingual English 15- and 19-

month-olds’ ability to generalise recognition of known words to an unfamiliar regional 

accent. Each child completed two listening preference tests, one in the children’s native 

American English (AmE) accent and the other in a phonetically very different, unfamiliar 

accent, Jamaican Mesolect English (JaME). If phonological constancy develops parallel to 

the complementary skill of phonological distinctiveness, the authors reasoned that the 19-

month-olds should recognise familiar words in both the native and unfamiliar accent, while 

15-month-olds should show recognition in the native accent but have difficulty recognising 

the familiar words in the unfamiliar non-native regional accent. This reasoning was supported 

by the findings. The AmE-learning 15-month-olds showed a preference for familiar words in 
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the native accent. However, they showed no preference for familiar over unfamiliar words 

spoken in JaME, suggesting that they did not recognise the familiar words in the unfamiliar 

accent. Nineteen-month-olds, on the other hand, showed a listening preference for familiar 

words in both the native and the non-native accent, which the authors interpreted as evidence 

of phonological constancy in the older but not the younger group (Best et al., 2009). 

These results correspond with the developmental timeframe proposed for the 

development of phonological distinctiveness (Swingley & Aslin, 2000, 2002) which suggests 

that children’s word forms are reliably phonologically specified by around 18 months. 

However, it is possible that the emergent grasp of phonological constancy in familiar word 

recognition may occur earlier if contextual support is provided. This issue of contextual 

support impacting children’s ability to rely on phonological principles will be discussed in 

detail later in this chapter.  

3.4.2.2 Phonological constancy for familiar word recognition in bilinguals 

To date, no prior studies have addressed how bilinguals recognise familiar word 

forms in the face of phonetic variation in accented speech.  It is important to know how and 

when phonological word forms emerge in bilinguals relative to monolinguals to understand 

the impact of learning two languages on phonological development.  

3.4.2.3 Phonological constancy for word identification in monolinguals 

Children’s ability to handle regional accent phonetic variation may be affected by the 

lexical skill that is being assessed. Although studies on infants’ word recognition abilities 

identify when they can recognise familiar word forms, it does not tell us whether infants 

recognise the words’ referential meaning, that is, whether they comprehend or identify the 

words. Word identification is the ability to recognise the association between a spoken 

familiar word form and its meaning or referent. Evidence for acquisition of phonological 
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constancy in word identification was provided by Mulak et al. (2013) in a cross-accent word 

identification study that examined monolingual toddlers’ ability to match familiar spoken 

words to their visual referents when the words were spoken in their native regional accent 

(Australian English) and a non-native regional accent (JaME). To index word identification, a 

preferential looking-while-listening procedure was used. An eye-tracker recorded 

participants’ gaze to pairs of named versus unnamed images concurrent with audio 

presentations of familiar words in both accents. In processing of the eye-tracking data, word 

identification was defined as above-chance fixation time to the target images relative to total 

fixation to both images (significantly >50%). Nineteen-month-olds identified words spoken 

in both accents in both conditions significantly above chance. However, 15-month-olds 

identified words spoken only in the native regional accent, while their fixations to the target 

images in the non-native regional accent did not exceed chance. 

3.4.2.4 Phonological constancy for word identification in bilinguals 

Although there are only a few studies that examine bilingual children’s ability to cope 

with accent differences, one unpublished study presented at a conference showed a difference 

in bilingual and monolingual children’s ability to generalise across accented speech (Mulak 

& Escudero (2016). The researchers examined AusE-learning 17- and 19-month-old bilingual 

and monolingual toddlers’ ability to match spoken words to their visual referents when the 

words were spoken in the children’s native regional accent (AusE) and a non-native regional 

accent (JaME). To index word identification, a preferential looking-while-listening procedure 

was used, in which an eye-tracker registered their gaze to named versus unnamed images of 

familiar words in their native and the non-native accent. Using the same native and 

unfamiliar regional accents (AusE and JaME) and stimulus items as in Mulak et al. (2013), 

Mulak and Escudero (2016) found that monolingual 17-month-olds identified AusE but not 
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JaME-accented words overall. Bilingual 17-month-olds did not identify familiar words in 

either accent, suggesting a difference in developmental timing between monolinguals and 

bilinguals. Nonetheless, bilinguals seemed to nearly “catch up” to their monolingual peers by 

19 months (Mulak et al., 2013), as they identified words in the native accent (AusE) and 

approached reliable word identification in the non-native accent (JaME), while monolinguals 

at this age in the earlier study did reliably identify the JaME words. The authors proposed 

that bilinguals may be later at identifying words in the native English accent, and developing 

reliable cross-accent word identification in both accents, due to their smaller English 

vocabulary size and their lesser exposure to native AusE relative to monolinguals. 

However, an alternative proposal has been offered that bilinguals may show an 

advantage in cross-accent word identification relative to their monolingual peers (Morini, 

Newman, & Singh, 2016). In an earlier study by Morini, Newman, and Singh (2012), 20-

month-old monolingual AmE-learning children identified familiar words equally well in their 

native accent and in a Singaporean English accent but they performed significantly worse 

with an AusE accent. Singaporean infants of the same age who received regular exposure to 

multiple languages and accents (including those tested in the study) identified words equally 

well across all three accents (Morini et al., 2012). To determine whether the factors 

associated with the advantage observed was a result of the bilingualism, Morini et al. (2016) 

ran a similar study with 20-month-old bilingual American infants. Although the bilinguals 

had no prior exposure to the unfamiliar accent used in the study, they performed more 

similarly to the Singaporean multilinguals than to the American monolinguals. The results of 

this study suggest that bilinguals’ ability to process accented speech might benefit in some 

ways from characteristics of their language environment, such as increased exposure to 

phonetically variable input, relative to monolinguals.  
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3.4.2.5 Phonological constancy in word learning by monolinguals 

Considering that children followed different time courses for grasping phonological 

distinctiveness for known words versus newly learned words (Werker et al., 2002), it is 

possible that the development of phonological constancy might also differ for known words 

compared to newly learned words. In tasks with known words, children have access to prior 

knowledge of the familiar word forms, which they can rely on to accommodate to the 

accented pronunciations. Although prior knowledge of familiar word forms can be used in 

word recognition and word identification tasks, in word learning this information is not yet 

available. To generalise a newly taught word to an unfamiliar accent, children must not only 

relate a novel word form to a novel object, but they must also then recognise the word’s more 

abstract phonological structure in order to recognise it regardless of cross-accent phonetic 

variations.  

Schmale et al. (2011) used the preferential looking procedure to examine whether 24-

month-old and 30-month-old monolingual children were able to generalise newly taught 

words between accents. Children were taught two new words by either a native AmE speaker 

or a Spanish-accented English speaker. Over two repeated blocks, children were taught one 

novel word-object pairing per block and then were immediately tested within the same block. 

Novel words were presented during the training phase in carrier phrases such as, “Do you see 

a _____?”, “Look, it’s a _____!” and “A _______!”, by a speaker of one of the accents, with 

one novel object presented on the screen. They were then tested over two trials with two 

objects presented on the screen, the trained object and a second novel object, and their 

looking time was measured to the trained word-object pair versus an untrained word-object 

pair produced by the speaker of the other accent. Successful accommodation of the accent 

was indicated by longer looks towards the trained object when it was labeled, or towards the 

novel object when an untrained label was presented. The 30-month-olds successfully 
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generalised newly learned words across accents regardless of the speaker accent used in 

training. However, the 24-month-olds only generalised newly taught words when they were 

taught the words in the foreign accent and tested in the native accent, but not vice versa. The 

findings imply that older monolingual children can ignore the phonetic differences in 

accented speech and generalise newly taught words to an unfamiliar accent despite the 

phonetic differences between accents, whereas the younger children cannot yet do this 

reliably.  

3.4.2.6 Phonological constancy in word learning by bilinguals 

To date, no prior studies have addressed how bilinguals generalise newly taught 

words to an unfamiliar/non-native accent.  

3.4.2.7 Summary of the emergence of phonological constancy by bilinguals  

Research on bilinguals’ development of phonological constancy is limited.  Only a 

few studies have focused on the impact of the bilingual experience, particularly whether their 

greater exposure to variability across languages and accents relative to monolinguals has any 

effect on the emergence of phonological constancy. The findings thus far have been 

inconclusive on the how greater exposure to variation in accents and languages may benefit 

the processing of unfamiliar accents. In one study, McDonald et al. (2018) found that the 

impact of language background on children’s ability to process accented speech was only 

minor. They tested three groups of 5-6-year-old children on their ability to comprehend 

Spanish-accented speech. The three groups were monolingual English-speaking children, 

simultaneous Spanish-English bilinguals (children who acquired Spanish first at or before 36 

months), and early English-Spanish bilinguals (children who acquired Spanish second, after 

36 months). To test comprehension, a semantic judgement task was used in which children 

were presented with meaningful and nonsensical sentences (half of the sentences in native-



104 

 

accented, and the other half in Spanish-accented, English). Both monolingual and early 

bilingual children were more accurate and faster when judging the meanings of the sentences 

that were produced by the native talker than those produced by the Spanish-accented talker. 

However, their reduced accuracy for the Spanish accent was only observed in the nonsensical 

context. Importantly for simultaneous bilinguals, while their performance was like the other 

groups (monolingual & early bilinguals) for meaningful context, they were not as severely 

affected by accented speech in the nonsensical context. Overall, the findings were interpreted 

as showing that monolingual versus bilingual children’s language experience has subtle and 

very specific effects on their accent processing abilities.  

A later study also found comparable results for bilingual and monolingual children in 

accent comprehension (Levy et al., 2019). In this study, 9-10 year old monolingual and 

bilingual children were tested on their comprehension of sentences in one regional accent and 

one foreign accent and a non-accented condition. The data showed that all children performed 

well in the standard condition (non-accented), but poorly in the two accent conditions 

(regional and foreign accent), with the regional accent condition showing the worst 

comprehension. Additionally, it was found that experience with regional accents was 

associated with a processing advantage in the regional accent and standard conditions but not 

the foreign accent condition. Altogether, these results suggest comparable performance by 

monolinguals and bilinguals. The authors interpreted the apparent benefit of experience with 

regional accent as suggestive evidence that variability in the input may lead to more flexible 

mapping of accented words onto stored lexical representations.       

3.4.3 Theoretical considerations revisited 

Together, the findings on phonological constancy presented above confirm 

predictions from the PRIMIR and PAM theoretical accounts discussed above. The findings 
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are consistent with the PRIMIR prediction that children will attend to phonemic 

representations after all the representational planes emerge around the time of vocabulary 

spurt (~18 months). At that point, children will have had sufficient word-object linkages to 

facilitate the emergence of the phonemic plane, resulting in access to phonemically specified 

word forms. PAM likewise predicts that young children will be able to attend to abstract 

phonological structure of word forms by 18 months, at which point they have had sufficient 

exposure to between- and within-speaker variation to shift to the more abstract phonological 

structure of words. Therefore, around 18 months, children are able to reliably shift their 

attention to more abstract phonological word forms and accommodate to both types of 

phonetic variation, both those resulting in lexical distinctions and those that leave word 

identity intact. 

3.4.5 Factors that affect phonological constancy 

While the findings discussed thus far suggest that children have robust phonological 

representations of word forms around the time of the vocabulary spurt (~18 months), thereby 

allowing the emergence of both phonological distinctiveness and phonological constancy 

around this age, research shows that their ability to accept phonetic variation arising from 

accented pronunciations can be affected by a range of other factors. These factors could 

possibly either lead to earlier development of phonological constancy, i.e., the ability to 

discern the abstract phonological structure of words, or delay it. In the remainder of this 

chapter, the factors that influence the emergence of phonological constancy will be discussed.  

One factor that affects how and when young language learners display phonological 

representations of word forms is exposure to the variation. Several studies have shown how 

different types of accent exposure can impact young language learners’ ability to 

accommodate to an unfamiliar accent (Van Heugten & Johnson, 2014; Potter & Safran, 2017; 
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Schmale et al., 2012). Though the findings from Best et al. (2009) suggest that phonological 

constancy emerges at around 18 months, a later study (Van Heugten & Johnson, 2014) 

provides evidence that it may appear earlier when supported by prior exposure to the 

unfamiliar accent, and/or when contextual support is robust and task demands are reduced. 

Van Heugten and Johnson’s (2014) study offers particularly interesting insights into how 

immediate pre-exposure can impact young listeners’ ability to accommodate to accented 

speech. Similar to other studies (e.g., Best et al., 2009; Mulak et al., 2013), they found that 

15-month-olds acquiring Canadian English failed to recognise familiar words in an 

unfamiliar accent (AusE) even when presented with two minutes of pre-exposure to the 

unfamiliar accent in the laboratory just prior to testing. However, when parents provided 

broader contextual support by familiarising their children to the pre-exposure story, reading it 

to them daily over the two weeks preceding the test session, they did benefit from the two 

minutes of exposure to the story in the unfamiliar AusE accent at the lab. This led them to 

subsequently recognise familiar words in the unfamiliar accent. The authors proposed that 

familiarity with the native-accent (parental) utterances of the story allowed infants to deduce 

the phonetic-to-phonological mapping between the story’s words in the two accents when 

they heard the non-native accented story in the lab (Van Heugten & Johnson, 2014). Thus, it 

appears that children younger than 18 months can discern the more abstract phonological 

structure of word forms to accommodate to accented pronunciations when contextual support 

is provided along with immediate pre-exposure to the unfamiliar accent using a daily-

repeated familiar passage. Crucially, the children’s success only occurred when they were 

provided with not only unfamiliar accent exposure but, contextual support (i.e., pre-study 

story familiarity). Thus, increased familiarity with both the speakers’ accent and context 

facilitated infants’ ability to contend with an unfamiliar accent. That inference is consistent 

with findings showing the emergence of phonological distinctiveness prior to 18 months, and 
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as early as 14 months, with contextual support and reduced task demands (Fennell & 

Waxman, 2010). These studies show that pre-exposure to contextual support provides 

sufficient experience with accent variation to foster the emergence of abstract phonological 

knowledge of the words. 

Using a different paradigm than Van Heugten to investigate accent generalisation, 

Schmale et al. (2012) also found evidence supporting the idea that exposure to variation, 

whether via hearing an unfamiliar passage in different accents or produced by multiple 

talkers, results in a developmental improvement in children’s ability to accommodate to non-

native accents in word learning. That is, children show better performance in generalising 

newly taught words to an unfamiliar accent following pre-exposure.  Unlike Van Heugten 

and Johnson (2014), the children in the Schmale et al. (2012) study were not exposed to a 

familiar story; rather, they were exposed to four passages drawn from a segmentation study 

(Schmale & Seidl 2009). Furthermore, the exposure phase in the study consisted of either a 

single native accented talker, or multiple native accented talkers, or a single foreign-accented 

talker or multiple foreign-accented talkers. Therefore, the 24-month-olds were exposed to a 

passage in either the native or unfamiliar accent, produced by either a single talker or 

multiple talkers (Schmale et al., 2012). This exposure was followed by a procedure in which 

the children were taught four novel words associated with four novel objects. The task was 

divided into two blocks, with each block having six trials (one salience, three training, one 

trained test, and one novel test). In the salient trials, the children were presented with the two 

objects in silence. During each of the three training trials, toddlers were presented with one of 

a set of four novel words recorded within a carrier phrase while a picture of a novel object 

was projected in the centre of the screen. Finally, during both Test trials, the trained object 

and the novel object were projected on the screen and a Spanish-accented speaker provided 

the labels in the same carrier phrases used in training. In the trained test trial, this label was 
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the same as in training while in the novel test trial a novel label was used. In this study, 

training was always done in the native accent and the test trials were in the unfamiliar accent. 

The findings showed that 24-month-olds generalised the newly learned words to the foreign 

accent following prior exposure to the passage (Schmale et al., 2012), unlike the 24-month-

olds in a prior study that lacked pre-exposure (Schmale et al., 2011).  

Thus far, the evidence from the studies discussed suggest that exposure to a single 

unfamiliar accent is advantageous in accent adaptation. However, Potter and Saran (2017) 

showed that infants could better generalise to an unfamiliar accent after being exposed to 

multiple unfamiliar accents, but not after exposure to multiple talkers of a single unfamiliar 

accent. In the study, 15- and 18-month-old American English-learning infants were exposed 

to brief passages read by multiple talkers and then tested on their ability to distinguish 

between real familiar words and nonsense words produced in either their native accent 

(American) or an unfamiliar accent (British). The exposure passages were produced in a 

familiar accent or a single unfamiliar accent or a variety of novel accents (Australian, 

Southern American, Indian). The data showed that although 15-month-olds successfully 

recognised the real words when they were spoken in a familiar accent, they failed to 

comprehend the words when they were produced in the unfamiliar accent. The18-month-olds 

also failed to recognise words spoken in the unfamiliar accent after exposure to the familiar 

or single unfamiliar accent. However, they succeeded after exposure to multiple unfamiliar 

accents. These findings were interpreted as suggesting that older children are better able to 

take advantage of variable speech. Furthermore, these findings show that children’s ability to 

generalise word recognition to an unfamiliar accent may also be dependent on how many 

accents are presented during exposure. Overall, these findings show that some sort of accent 

exposure, whether immediate or prolonged, with familiar or unfamiliar passages, whether 

multiple or single accents, can provide contextual support for children to grasp the more 
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abstract phonological structure of the target words, rather than being limited solely to their 

accent-specific phonetic details.  

The results of the studies presented above indicate that experience with unfamiliar 

accents through either immediate or long-term exposure results in generalising words across 

variable pronunciations. The bilingual infants constitute a linguistic group that likely tends to 

have greater experience with accented speech than same-aged monolinguals, as noted earlier 

(Chapter 1). As a result, bilingual infants, like children exposed to accented speech in the 

studies illustrated above, could be especially proficient in accommodating to linguistic 

variability imposed by accent.  Previous studies suggest that the bilingual language 

experience may lead to an advantage in processing unfamiliar accents due to bilingual 

children’s greater flexibility with mapping variable input unto lexical representations, as well 

as their ability to deal with the phonological system of more than one language with varying 

phonetic boundaries (Muench, 2011). Therefore, the presence of subphonemic variation, and 

distributions of phonetic and phonemic speech sounds that overlap across two languages may 

allow bilingual infants to generalise across differently accented word forms. Furthermore, 

Levy et al. (2019) argue that the lexical representation in children who have had more 

experience with variability such as accent variation might not be as fixed to specific phonetic 

details as children with less experience with variation. Van Heugten and Johnson (2017) 

propose that less fixed representations might result in higher flexibility in word recognition 

for children with accent variability in the input, which could lead to benefits when adapting to 

an unfamiliar accent. Therefore, exposure to variable word form productions may lead to 

lexical representations that are sufficiently flexible to tolerate both accents to which children 

are exposed and even to accents that are completely unfamiliar/unexposed. 

Another factor that can influence how children handle accent variability in word 

pronunciations is their perception of the relevant phonemes. Young children’s ability to 
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accommodate to accented utterances also appears to depend on the way in which accented 

phonemes are assimilated to native phonemes. Previous research has explored whether 

differences in perceptual assimilation of non-native accented phonemes to native-accent 

phonemes affects the listeners’ ability to process accented speech (Best & Kitamura, 2014; 

Best, Kitamura, Pal, & Dwyer, 2012). Specifically, Category-Goodness (CG) versus 

Category-Shifting (CS) cross-accent differences in consonants and vowels have been 

examined (Best et al., 2012), based on the contrast assimilations proposed in the Perceptual 

Assimilation Model (PAM; Best, 1994, 1995). Category Goodness (CG) differences are 

perceptible accent differences in the pronunciation of a given phoneme, but the difference is 

assimilated to the same phoneme in the listener’s native accent. For example, “moon” 

pronounced as [mʉ:n] in AusE and [mu:n] in JamE, differ in the front [ʉ] vs. back [u] 

realisation of /u/. Although there is a phonetic difference between AusE and JaME, a native 

AusE listener is expected to still hear the JaME production of /u/ as /u/. Category Shifting 

(CS) differences are cross-accent phonetic differences that are perceptually assimilated to a 

different phoneme (Best et al., 2012). For example, the stressed vowel in “baby” produced as 

[beəbɪ] in JaME, would not be expected to be perceived as the same vowel in the AusE 

pronunciation, [bæɪbɪ], sounding to an AusE listeners as more like “beerby” than “baby”. 

CG-type variations, given that they correspond to the same phoneme in the listener’s native 

accent, are expected to be perceptually more easily accommodated to than CS differences, 

which are perceived as a different phoneme than the speaker intended, at least initially when 

the accent is unfamiliar.  

Studies on toddlers’ performance with vowels reflecting these two assimilation types 

are consistent with the above predictions. Specifically, words with CG vowel differences do 

not impair AusE 15-month-olds’ word recognition in the unfamiliar JaME accent (Best & 

Kitamura, 2014), but CS vowel differences do interfere with word recognition at both 15 and 
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19 months (Best, Gates, et al., 2016). Conversely, however, Best and colleagues found that 

neither CG nor CS consonant differences between AusE (native, familiar accent) and 

Cockney English (CknE: unfamiliar accent) interfered with word recognition at 13-15 or at 

18-20 months (Best, Gates, et al., 2016; Best & Kitamura, 2014). Although CG differences 

appear to be accommodated in cross-accent word recognition for both vowels and 

consonants, CS differences may only be accommodated if they occur in consonants. CS 

differences in vowels may be too challenging when the accent is unfamiliar, even at the age 

where phonological constancy should have already emerged (19 months). Together these 

results show that the children’s ability to accommodate to accented pronunciations can be 

affected by the type of cross-accent phonetic variation.  

Other factors that can affect accent generalisation are the size of children’s vocabulary 

and/or age (Mulak et al., 2013; Van Heugten & Johnson 2014). The findings of the Mulak et 

al (2013) study suggest that as vocabulary and/or age increases, children are more able to 

accommodate phonetic variation.  

3.4.6 Summary 

This chapter has provided a discussion of how and when monolinguals and bilinguals’ 

word forms become phonologically specified, that is, when children show a grasp of 

phonological constancy in relation to the emergence of the complementary principle of 

phonological distinctiveness. It has also discussed how recognition of the phonological 

structure of word forms is affected by contextual support, including that provided by 

immediate pre-exposure to an unfamiliar accent, as well as by the type of cross-accent 

phonetic variation (CG versus CS differences in vowels or consonants between the native and 

unfamiliar accents). How a phoneme is perceived by the listener affects how they 

accommodate to the phoneme in the unfamiliar accent, that is, it depends on whether the 
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phoneme in the non-native accent is assimilated to the same category or a different category 

in the native accent.  

Even though previous studies have contributed to creating a robust theoretical and 

empirical foundation for explaining the emergence of phonological constancy, certain issues 

related to this area of research are yet to be investigated. One such issue that remains 

relatively unknown is whether, and if so, how bilingualism impacts the development of 

phonological constancy. The following chapter identifies the unresolved questions related to 

bilingualism and phonological constancy that provide the foundation for the specific research 

direction of the current project.   
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CHAPTER 4: THE PRESENT STUDY 

The motivation for this research project was to explore the development of 

phonological constancy in spoken word recognition and early word learning in children, 

particularly whether learning two languages impacts the emergence of this skill. In order for 

young language learners to accommodate efficiently to phonetic variation, their knowledge of 

word forms must be phonologically specified, and must distinguish between phonetic 

variations that change a word's phonological form (phonological distinctiveness) and those 

that do not (phonological constancy). The ability to recognise known words and learn novel 

word forms despite phonetic variation is expected to overlap with the emergence of 

phonological word forms.  

4.1 Research challenge 

Up to this point, a number conclusions that have been drawn about children’s ability 

to accommodate to phonetic variation in lexical development. However, their development of 

phonologically specified word forms has been largely based on studies conducted with 

monolinguals. Although two previously discussed studies (Morini et al., 2016; Mulak & 

Escudero, 2016) provide some insight into bilinguals’ ability to discern the more abstract 

phonological structure of words, this area of research remains under-explored.  

Investigating how bilinguals cope with unfamiliar accents could provide a window 

into their phonemic development as the bilingual experience carries with it several factors 

that could interfere with children’s ability to attend to the phonological structure of word 

forms. For example, findings from studies on phonological development suggest that 

children’s ability to attend to abstract phonological representations is supported by 

vocabulary size (Curtin et al., 2011; Mulak et al., 2010, 2013; Mulak & Escudero, 2016). 

Still, some others suggest that experience with systematic phonetic variation enhances 
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children’s ability to shift to more abstract phonological structures (Best, 2015; Best et al., 

2009; Mulak et al., 2013). Thus, understanding when and how bilinguals develop 

phonological constancy can allow us to understand how these factors impact phonological 

abstraction. As both factors can impact children’s ability to rely on phonological principles in 

lexical development (smaller vocabulary size versus exposure to variation), alternative 

predictions about bilinguals’ phonological development from theories on language 

development are considered. First, PRIMIR predicts later emergence of phonemic word 

forms in bilinguals than monolinguals due to the link between phonological development and 

vocabulary size, which is generally smaller in bilinguals than monolinguals for a given 

language (Curtin et al., 2011). On the other hand, extending PAM’s principles of perceptual 

attunement leads to the prediction that bilinguals’ greater exposure to variation could be 

advantageous in perceptually adapting to accented words (Best, 2015; Best et al., 2009). A 

third possibility is that the bilingual children will end up with broader phonological 

categories than their monolingual peers regardless of whether or not they show differential 

timing in establishing phonological constancy. Although we have a clear picture of the 

emergence of the abstract phonological structure of word forms among monolinguals, we do 

not have a full understanding of what effect the bilingual learning experience has on this 

ability. Given that the two main relevant theoretical perspectives provide different predictions 

based on the bilingual linguistic environment, it is crucial to investigate how bilinguals’ grasp 

of phonologically specified word forms is affected by either less exposure to each of their 

languages or more exposure to variation. Furthermore, studies on bilingual infants provide 

another way to learn more about the relationship between these emerging skills and are 

essential for the development of a comprehensive model of language acquisition. 

This thesis addresses these issues through three experiments that investigate the 

impact of bilingual language experience on phonological development, relative to 
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monolingual experience. The primary objective of this study is to examine whether, and if so, 

how, learning two languages affects young language learners’ ability to generalise 

recognition of familiar and of newly taught words to an unfamiliar accent. The second 

objective is to evaluate the effect of pre-exposure to a spoken story in the unfamiliar accent 

(versus the native accent) on children’s ability to shift their attention to the more abstract 

phonological representation of word forms relative to their monolingual peers. The third 

objective is to investigate how the type of cross-accent phonetic difference (CG vs CS) 

affects bilingual children’s ability to accommodate to unfamiliar regionally accented speech 

relative to their monolingual peers. The final objective is to evaluate the effect of task 

demands on the emergence of phonological constancy. To achieve these objectives, the study 

consisted of three experiments designed to examine the effects of bilingualism, vocabulary 

size, pre-exposure, type of cross-accent phonetic difference and task demands on the 

development of phonological constancy.  

4.2 Research questions and predictions 

The experiments were designed to examine four research questions as follows.  

4.2.1 Bilingual linguistic experience and cross-accent word generalisation 

How does the bilingual language experience affect the ability to generalise 

recognition of known word forms as well as newly taught words to an unfamiliar accent? 

Recall that there are different properties of bilinguals’ versus monolinguals’ language 

environments that are possible contributors to differences in their developmental trajectories 

(Byers-Heinlein & Fennell, 2014). Although their overall exposure to speech and language 

may be similar, bilinguals have less exposure to one language. Also, as opposed to 

monolinguals, who only need to represent the phonological structure of words in one 
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language, bilinguals must do so for two languages while separating and differentiating them 

(Byers-Heinlein & Fennell, 2014). Bilingual input is also more variable because most 

bilingual infants regularly encounter two languages from the same person, and likely with 

some degree of foreign accent for at least one of their languages, as bilingual adults produce 

slightly different phonetic realisations of each language’s sounds than monolingual adults do 

(Bosch & Ramon-Casas, 2011; Byers-Heinlein & Fennell, 2014). This question is addressed 

in Chapter 5, where we report on the findings from Experiments 1 and 2 examining how 

bilinguals differ from monolinguals in their ability to generalise known words to an 

unfamiliar accent using a preferential listening task. It is also addressed in Chapter 6, where 

we report findings from Experiment 3, examining whether bilinguals differ from 

monolinguals in their ability to form abstract phonological representations of newly taught 

words that allow them to accommodate to an unfamiliar accent using a looking-while-

listening task.  

Prediction 1. Given previous findings of an association between vocabulary size and 

lexical processing (Curtin et al., 2011; Mulak et al., 2010, 2013; Mulak & Escudero, 2016), in 

combination with evidence that bilinguals have overall the same total vocabulary size but a 

smaller vocabulary in each of their languages than monolinguals do in their one language 

(Poulin-Dubois et al., 2012), one prediction is that bilingual children may experience greater 

difficulty with perceptually accommodating to accented speech in a given language, delaying 

the emergence of phonological constancy. To explore this proposed link between vocabulary 

size and delay in access to the phonological structure of word forms, our participants’ English 

vocabulary size was measured. 

Prediction 2. Given that experience with systematic phonetic variation has been 

proposed to enhance children’s grasp of phonological constancy (PAM: Best, 2015; Best et 

al., 2009; Mulak et al., 2013), and the likelihood that bilinguals encounter more phonetic 
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variation in their language environment (Byers-Heinlein & Fennell, 2014), an alternative 

possibility is that bilingual infants exploit this experience to tune in more easily to new 

accents. Therefore, bilinguals’ greater exposure to variation could be advantageous in 

perceptually accommodating to accented words, thereby allowing them to generalise word 

recognition to the unfamiliar accent more easily than monolinguals. 

Prediction 3. Given that bilinguals have more experience with systematic phonetic variation, 

particularly exposed to more accent variation than monolinguals, this could have an effect on 

the size and nature of phonologically constant categories, resulting in bilinguals being able to 

recognise a wider range of phonetically varied consonants and vowels, as the same 

realisation. Therefore, another possible prediction is that bilinguals might end up with 

broader phonological categories than monolinguals, even after achieving phonological 

constancy (whether or not this is achieved on the same schedule). As interesting as this 

possibility is, it is outside of the scope of the current study. The experiments in the thesis 

were designed to test language group differences in the emergence of phonological constancy 

not to determine the quality or quantity of phonological categories. Prediction 3 would need 

to be addressed with a different experiment design in the future.  

4.2.2 Pre-exposure and accent adaptation in word generalisation 

Can pre-exposure to an unfamiliar accent immediately benefit cross-accent 

generalisation in word recognition and word learning? This question is addressed in Chapter 

5 and Chapter 6, where we examine children’s ability to take advantage of pre-exposure to 

audio stimuli in the unfamiliar accent by presenting a story passage told in either a native 

accent or an unfamiliar accent, prior to the test phase of the experiment.  

Prediction. The benefits of pre-exposure may be specific to the accent of the pre-

exposure passage. If so, children pre-exposed to the unfamiliar accent would be expected to 
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generalise word recognition to that accent, whereas those who received the pre-exposure in 

their native accent should recognise words in the native accent but fail to recognise words in 

the unfamiliar accent (see Table 1). Furthermore, in cross-accent word learning, children 

exposed to the unfamiliar accent should better generalise newly taught words to that accent 

than children exposed to the native accent, who should fail to generalise the learned words to 

the unfamiliar accent.  

4.2.3 Type of cross-accent phonetic difference and word generalisation  

Does accommodation to words spoken in another regional accent depend on how the 

other-accent phonemes are perceptually assimilated to native-accent phonemes? Recall that 

while pronunciations of words across regional accents share the same phonological structure, 

they can contain different types of phonetic variation from one another. The types of cross-

accent variation can be described according to whether the phonetic difference is within or 

beyond the variation allowed to the individual phonemes of the native accent. For example, to 

the native perceiver, unfamiliar regional accent pronunciations can contain phonetic 

variations from the native accent that are sub-phonemic (Category-Goodness variation: CG), 

and map categorically to the corresponding phonemes to the native perceiver. Alternatively, 

the cross-accent phonetic variation can have phonemic consequences, in that it maps to a 

different phoneme in the native accent (Category-Shifting variation: CS). 

How does children's ability to recognise words differ in the face of CG versus CS 

between-accent variation? Furthermore, will children’s ability to attend to the phonological 

representations of word forms depend on whether a phoneme is assimilated as the same 

category or a different category and will this impact whether they can accommodate to the 

pronunciations in the regional accent? These questions are addressed in Chapter 5, where a 

preferential listening task is employed to examine children’s ability to recognise familiar 
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words in an unfamiliar accent in two experiments, one using words that display CG vowel 

differences from the native accent, and another using words that display CS vowel 

differences from the native accent. They are further addressed in Chapter 6, where we 

evaluate children’s ability to generalise newly learned words to an unfamiliar accent by 

teaching them new words that display CG or CS vowel differences from the native accent. 

Prediction 1. Given that CS differences can be perceived as phonemic since they 

cross a phoneme boundary in the native accent, children who are starting to discern the more 

abstract phonological structure of word forms such that they can accommodate CG 

differences might not generalise to accented pronunciation when words display CS 

differences, which would suggest that the children are still relying on their phonetic word 

forms to some degree. Children’s performance might differ based on the level of abstract 

phonological representation required for phonological constancy. Therefore, if they 

successfully generalise to the unfamiliar accent when words display CG differences, but fail 

to generalise words that display CS differences, this might indicate that they have begun to 

attend to the phonologically based word representations, but their representation is not 

sufficiently abstract. Given that CS differences can be perceived as phonemic since they cross 

a phoneme boundary in the native accent, children who are starting to discern the more 

abstract phonological structure of word forms such that they can accommodate CG 

differences might respond to CS differences as a potentially new word (i.e., perceive the 

difference as meaningful). Consequently, it is predicted that bilinguals and monolinguals will 

successfully recognise known words and generalise newly taught words that display CG 

differences in the unfamiliar accent but fail to generalise recognition and word learning when 

words display CS differences (see Table 1).  

Prediction 2. If accent pre-exposure is sufficient to improve the accommodation to 

cross-accent pronunciations, it is predicted that following pre-exposure, infants will 
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successfully recognise and learn new words in the unfamiliar accent when words display both 

CG and CS differences.  

Table 1 

 

 Summary of predictions 

  CG vowel differences CS vowel differences 

  Mono >Biling Biling >Mono Mono >Biling Biling >Mono 

  Word accent Word accent 

Group Story AusE JaME AusE JaME AusE JaME AusE JaME 

Mono 
AusE ✓ ✓ ✓ ✓ ✓ X ✓ X 

JaME ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Biling 
AusE ✓ X ✓ ✓ ✓ X ✓ ✓ 

JaME ✓ ✓ ✓ ✓ ✓ X ✓ ✓ 

Note. Mono>Biling (later-recognition) and Biling>Mono (earlier-recognition). ✓ indicates 

the prediction of infants’ successful recognition of words in the accent, and X indicates 

unsuccessful or failed recognition.  

4.2.4 Language skill being tested and cross-accent word generalization 

Do the demands of the task impact on children’s ability to generalise words to an 

unfamiliar regional accent? It is important to evaluate whether the development and nature of 

phonological word forms are affected by the linguistic skill being tested. This question is 

addressed in Chapter 6, where we report on the findings from a word learning study 

examining whether children can generalise newly taught words to an unfamiliar accent using 

the looking-while-listening task. Accommodating to accent variation in word learning is 

considered more cognitively demanding than word recognition, which requires only 

recognitory comprehension. This is because children require referential comprehension as 

they simultaneously learn the connection between words and objects while attending to the 

phonological representation of the words. Although in early word recognition children can 
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rely on their knowledge of the word forms to determine whether the phonetic variation is 

meaningful or not, in word learning they have no prior knowledge of the word to rely on, 

which makes this task more challenging. 

Prediction 1. There is evidence that task demands impact young children’s ability to 

attend to the abstract phonological form of words in lexical acquisition (Fennell & Waxman, 

2010; Fennell & Werker, 2003; Swingley & Aslin, 2002). Given that word learning is more 

cognitively demanding than word recognition, it is predicted that although children show 

phonological constancy in word recognition by 18-20 months, they will fail to accommodate 

to an unfamiliar accent in novel word learning.  

Prediction 2. Alternatively, regardless of task demands, if accent pre-exposure is 

sufficient to facilitate accent accommodation, children will show generalisation to an 

unfamiliar accent, i.e., phonological constancy, in both word learning and word recognition 

following pre-exposure to that accent.  

Comparing the results from Experiments 1-3 with those from prior examinations of 

phonological distinctiveness and phonological constancy will inform when bilingual children 

develop fully specified phonological word forms, i.e., word forms capable of resolving both 

phonological distinctiveness and phonological constancy, which is crucial to allowing 

reliable lexical processing across phonetic variation. 

The following two experimental chapters have been written as stand-alone articles for 

journal submission. The presentation of Experiments 1 & 2 (Chapter 5) is in the form of a 

manuscript that has been prepared for submission. Experiment 3 (Chapter 6) is also written in 

the form of a journal article and will be submitted for publication once the thesis has been 

lodged. The introductions to the experimental chapters therefore reiterate the key points from 

the introductory chapters of the thesis as relevant to each paper as a stand-alone journal 

article. 
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CHAPTER 5: BILINGUAL AND MONOLINGUAL 17 MONTH OLDS' WORD 

RECOGNITION IN NATIVE AND NON-NATIVE REGIONAL ACCENTS  

To recognise words in accented speech, listeners must grasp two complementary 

principles which enable them to differentiate a phonetic variation between word-level 

utterances that leaves the underlying phonological form of the word the same (phonological 

constancy) from that which signals a lexical distinction (phonological distinctiveness: Best, et 

al., 2009). For example, phonological constancy signals that ‘mice’ pronounced in American 

English (AmE) as [maɪs] and in Australian English (AusE) as [mɑes], are both the same word, 

while phonological distinctiveness differentiates AusE ‘moose’ [mʉːs] from ‘mice’ [mɑes] 

and the corresponding AmE [muːs] from [maɪs]. Although adult listeners grasp these 

complementary principles, initial exposure to accented speech likely still affects their 

comprehension and speed of processing (Floccia et al., 2006). However, the deficit can be 

remedied through brief talker exposure as listeners adapt to the unfamiliar accent (Clarke & 

Garrett, 2004). 

Unlike adults, young children are word recognition novices and may take time to 

develop the ability to recognise phonologically specified word forms, that is, to achieve 

phonological constancy across talkers and eventually across accents, through experience with 

the phonetic patterns of their native language. To test the development of children’s ability to 

access the abstract phonological structure of words, studies have compared their responses to 

correct pronunciations and mispronunciations of words (Swingley & Aslin, 2000; Werker et 

al., 2002). For example, using a visual fixation task, 18- to 23-month-olds were presented 

with pictures paired with either a correct pronunciation or a minimal-pair mispronunciation of 

words familiar to toddlers (e.g., ‘baby’ versus ‘vaby’). Children fixated on the named picture 

for a greater proportion of time when they heard the correct pronunciation than an incorrect 

pronunciation, suggesting that they detected the mispronunciation. That finding has been 
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interpreted as demonstrating their grasp of phonological distinctiveness between correctly 

and incorrectly pronounced words around 18 months (Swingley & Aslin, 2000). These 

mispronunciation findings may seem to indicate that children are using abstract phonological 

principles in recognising words, but this is not certain because they could simply be rejecting 

an unfamiliar phonetic form for the word. Even if children are applying truly phonological 

principles in such tasks, those principles are specific to phonological distinctiveness because 

the stimulus difference focuses on variations that are lexically meaningful. Thus, the 

mispronunciation studies do not address phonological constancy across talkers and accents. 

Using toddlers’ propensity to preferentially listen to familiar over unfamiliar words, 

the first study on phonological constancy assessed 15- and 19-month-olds’ ability to 

generalise recognition of familiar words to an unfamiliar regional accent (Best et al., 2009). 

Each child completed two listening preference tests, one in the children’s native accent 

(AmE) and the other in a phonetically very different, unfamiliar accent (Jamaican Mesolect 

English: JaME). The AmE-learning 15-month-olds showed a preference in their native AmE 

accent for familiar words that occur with high frequency in toddler’s input (e.g., bottle) over 

unfamiliar words that occur with low frequency in adults’ input (e.g., bauxite). However, they 

showed no preference in JaME, suggesting they could not recognise the same familiar words 

in the unfamiliar accent. Nineteen-month-olds, on the other hand, showed a listening 

preference for familiar words in both accents. To explain these results, Best et al. (2009) 

proposed a perceptual attunement account in which children’s word forms are phonologically 

specified by 19 months (but not yet at 15 months), enabling them to grasp phonological 

constancy.  

Studies on mispronounced words and minimal-pair words have suggested that 

reliance on the phonological distinctiveness principle also emerges by 19 months of age 

(Swingley, 2008; Werker & Curtin, 2005). However, the ability to distinguish between 
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minimally contrasting (or mispronounced) words can be observed earlier if there is robust 

contextual support and reduced task demands (Fennell & Waxman, 2010; Fennell & Werker, 

2003). Similarly, researchers who examined word recognition in unfamiliar accents argued 

that prior exposure to the unfamiliar accent might improve young children’s ability to 

recognise words spoken in that accent. Van Heugten and Johnson (2014) initially tested this 

but found that 15-month-olds acquiring Canadian English failed to recognise familiar words 

in an unfamiliar accent (AusE) when presented with two minutes of pre-exposure to the 

unfamiliar accent at the laboratory. However, when parents first familiarised infants to the 

pre-exposure story by reading it to them daily over the two weeks preceding the test session, 

infants did benefit from the two minutes of story exposure in the unfamiliar accent at the lab, 

enabling them to subsequently recognise familiar words in the unfamiliar AusE accent. The 

authors proposed that infants’ familiarity with the native-accent (parental) telling of the story 

provided contextual support for attending to the phonetic-to-phonological mapping between 

the two accents when they heard the unfamiliar accented story in the lab (Van Heugten & 

Johnson, 2014).  

Infants’ ability to accommodate accented speech also appears to depend on the way in 

which other-accent phonemes are perceptually assimilated to native-accent phonemes. Best 

and colleagues (2012) offered an account of this in terms of the contrast assimilations 

proposed in the Perceptual Assimilation Model (PAM: Best, 1994, 1995). To evaluate their 

account they compared toddlers’ ability to accommodate Category-Goodness (CG) and 

Category-Shifting (CS) type accent differences in consonants and vowels. CG differences are 

perceptible accent differences in the pronunciation of a given phoneme, but the difference 

does not change the perceived category of the phoneme in the listener’s native accent. For 

example, “spoon” pronounced in AusE as [spʉ:n] and in JaME as [spu:n], differ in the front 

versus back realisation of /u/, respectively, but it would be expected that despite this phonetic 
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difference, the JaME production of /u/ would still be heard as /u/ (though perhaps an odd 

version) by a native AusE listener. CS differences, on the other hand, are cross-accent 

phonetic differences that cross a phoneme boundary in the listener’s native accent and thus 

are perceived as a different, contrasting phoneme. For example, the stressed vowel in “baby” 

produced in JaME [beəbɪ] would not be expected to be perceived as the same vowel in the 

AusE pronunciation [bæɪbɪ] by a native AusE listener unfamiliar with JaME, who may 

instead hear the JamE vowel as the vowel in “beard” [beəd] in the AusE accent. Within the 

PAM framework, CG differences should be relatively easy to accommodate perceptually as 

they correspond to the same phoneme in the listener’s native accent, while CS differences 

should be more challenging as they are perceived as a different phoneme and thus are likely 

to be heard as a lexical change or mispronunciation (phonological distinction), at least 

initially when the accent is unfamiliar. 

Consistent with those predictions, words with CG vowel differences do not impair 

AusE 15-month-olds’ word recognition ability in the unfamiliar JaME accent (Best & 

Kitamura, 2014), but CS vowel differences between the native and the unfamiliar accent do 

interfere with word recognition at both 15 and 19 months (Best, Gates, et al., 2016). 

However, when the words instead show consonant differences between accents, neither CS 

nor CG differences between AusE (native, familiar accent) and Cockney English (unfamiliar 

accent) interfere with word recognition at 15 or 19 months (Best, Gates, et al., 2016; Best & 

Kitamura, 2014). Hence, while CG differences appear to be accommodated in cross-accent 

word recognition for both vowels and consonants, CS differences appear to be 

accommodated only if they occur in consonants. CS differences in vowels appear to be too 

challenging when the accent is unfamiliar, even at the age when phonological constancy 

should have already emerged (19 months, according to Best et al., 2009). This is consistent 

with findings of weaker detection of abstract phonological word forms when they depend on 
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vowels than on consonants  (e.g., Mani & Plunkett, 2010). 

Therefore, vowel differences were exclusively selected for the present study because 

while regional accents display differences in vowels, consonants and prosody, a common 

consensus is that the differences across English accents mostly occur in the vowels (Wells, 

1982). Additionally, given that Best, Gates and colleagues (2016) had found that neither CG 

nor CS consonant differences impair cross-accent word recognition even in monolingual 15-

month-olds, CG versus CS vowel differences would better reveal similarities or differences 

between bilinguals and monolinguals in cross-accent word recognition. Furthermore, research 

has found that infants’ sensitivity to vowel but not consonant mispronunciations is influenced 

by vocabulary size (Mani & Plunkett, 2010). On the basis of these findings, in combination 

with findings that bilinguals and monolinguals have different English vocabulary sizes as 

reported previously (Bialystok, 2009; Mulak & Escudero, 2016), language experience 

differences in cross-accent word recognition would be more likely for words that display 

vowel differences than for words that display consonant differences. 

According to PAM, detecting the contrastive features between phonological 

categories requires abstraction of higher-order invariants (Best, 1994), e.g., that the word 

‘made’ remains constant (invariant) despite the articulatory difference between the vowels in 

[meɪd] (AmE) and [mæed] (AusE). Detecting higher-order invariants implies that the infants 

have abstracted phonological principles that they can easily apply across the lexicon. PAM’s 

perceptual attunement account predicts that infants would need to switch their focus from 

accent-specific phonetic detail to the higher-order invariant of the more abstract phonological 

structure of words in order to accept the phonetic differences of words in unfamiliar 

regionally accented speech. In line with this account, the perceptual attunement account 

posits that accumulating exposure to between- and within-talker variation fosters the 

emergence of abstract phonological knowledge of word structure around 18-19 months (Best, 
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2015; Best et al., 2009). Nineteen-month-olds’ ability to recognise words in an unfamiliar 

accent suggests that they have sufficient experience with variation to shift their attention from 

accent-specific phonetic patterns to higher order invariants and form phonological 

abstractions (Best et al., 2009). However, 15-month-olds fail to recognise familiar words 

across unfamiliar phonetic variation because they are perceptually attuned to the specific 

phonetic details of the familiar native accent. Although the perceptual attunement account 

can explain 19-month-olds’ success and 15-month-olds’ failure, it did not address 15-month-

olds’ recognition of familiar words in an unfamiliar accent after pre-test exposure. Extending 

the perceptual attunement account to Van Heugten and Johnson’s (2014) findings, we 

speculate that the pre-exposure to the parents’ telling of the story provided sufficient within-

talker variation to foster the emergence of abstract phonological knowledge of the structure 

of the words in that specific story, which the children could then generalise to the same story 

in the unfamiliar accent prior to testing.  

However, we note that the Developmental Framework for Processing Rich 

Information from Multidimensional Interactive Representations (PRIMIR: Werker & Curtin, 

2005) offers an alternative to the perceptual attunement explanation for the emergence of 

phonological constancy at 19 months. PRIMIR hypothesises a developmental emergence of 

multidimensional interactive representational planes that pick up and organise the 

information in the input; that is, the General Perceptual Plane, Word Form Plane and 

Phonemic Plane. The Phonemic Plane emerges when a sufficient number and density of 

meaningful words have been established. Therefore, word forms are phonetically specified 

initially, but later when all the planes have emerged, words become both phonetically and 

phonemically based. Although PRIMIR does not specify the age at which the final or 

phonemic plane emerges, the claim that the phonemic plane emerges when there is a 

sufficiently large vocabulary would suggest that it is around the time of the vocabulary spurt 
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(~18 months: Benedict, 1979). Therefore, according to that assumption regarding PRIMIR, 

19-month-olds would display phonological constancy because they have a sufficiently large 

vocabulary, resulting in the emergence of the phonemic plane, which leads to access to 

phonologically specified word forms. The 15-month-olds, on the other hand, do not have a 

large enough vocabulary, and therefore their word forms are phonetically based, unless 

additional supports are provided via one of the other planes. Within this framework, it might 

be argued that the 15-month-olds in Van Heugten and Johnson (2014) who recognised words 

in an unfamiliar accent following pre-exposure to the story (two weeks of parental exposure) 

and the accent (in-lab prior to testing) were able to do so because the extended exposure to 

the story read by the parents provided sufficient contextual support for attending to the form 

rather than the superficial phonetic details of the other accent during lab pre-test story 

exposure. 

Overall, the above research highlights when and how monolinguals develop the 

ability to rely on phonological principles in word recognition. However, studies on 

bilinguals’ development of phonological constancy are limited. To understand how and when 

bilingual infants become able to process unfamiliar-accented speech when recognising 

familiar words, it is necessary to consider how bilingual language development unfolds. 

Bilinguals’ language development follows a different trajectory to monolinguals in several 

domains (see Byers-Heinlein & Fennell, 2014). There are different properties of bilinguals’ 

versus monolinguals’ language environment that are possible contributors to the differences 

in their developmental trajectories (Byers-Heinlein & Fennell, 2014). Although bilinguals’ 

and monolinguals’ overall exposure to speech and language may be similar, bilinguals have 

less exposure to one particular language. Also, as opposed to monolinguals, who only need to 

represent the phonological structure of words in one language, bilinguals must do so for two 

languages while separating and differentiating them (Byers-Heinlein & Fennell, 2014). 
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Bilingual input is also more variable because most bilingual infants regularly encounter two 

languages from the same person, and likely with some degree of foreign accent for at least 

one of their languages as bilingual adults produce slightly different phonetic realizations of 

each language’s sounds than monolingual adults do (Bosch & Ramon-Casas, 2011; Byers-

Heinlein & Fennell, 2014).  

Mulak and Escudero (2016) conducted the only known prior investigation of 

phonological constancy in bilingual infants. They examined AusE-learning 17- and 19-

month-old bilingual and monolingual infants’ ability to match spoken words to their visual 

referents when the words were spoken in the infants’ native regional accent (AusE) and an 

unfamiliar non-native regional accent (JaME). To index word identification, Mulak and 

Escudero (2016) used a preferential looking-while-listening procedure, in which an eye-

tracker registered infants’ gaze to named versus unnamed referents (images) of familiar 

words in their native and the non-native accent. At 17 months, monolinguals identified AusE- 

but not JaME-accented words; however, bilinguals failed to identify familiar words in either 

accent, suggesting an overall delay in English word recognition in comparison to their 

monolingual peers. Nonetheless, bilinguals “caught up” to monolinguals at 19 months, 

identifying words in the native AusE and approaching reliable identification in the non-native 

JaME. The authors proposed that bilinguals’ delay in cross-accent word identification might 

be due to their reduced exposure to AusE and smaller English vocabulary size, relative to 

monolinguals.  

Although those findings suggest that bilinguals’ language experience affects their 

cross-accent word identification, they do not provide a complete understanding of bilinguals’ 

ability to tune in to the abstract phonological structure of words. Compared to word 

recognition, word identification is a more difficult task since it not only involves recognising 

the auditory word form, but also mapping it to a visual referent which requires accessing the 
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meaning associated with the auditory word. Therefore, to expand our understanding of 

whether bilinguals’ development of phonological constancy mirrors that of their monolingual 

peers the present study investigates whether and how bilingual language experience affects 

bilinguals’ ability to attend to phonological structure rather than phonetic details in the 

simpler task of auditory word form recognition. We tested 17-month-old AusE monolingual 

and AusE/other language bilinguals’ recognition of familiar auditory words produced in 

native AusE or an unfamiliar JaME accent. Words produced in JaME contained either CG 

(Experiment 1) or CS (Experiment 2) vowel differences relative to AusE. In addition, we 

examined the effect of pre-exposure on cross-accent word recognition by exposing infants to 

a storybook passage either in AusE or JaME.  

Based on the PAM perceptual attunement principle that experience with systematic 

phonetic variation enhances children’s grasp of phonological constancy (PAM: Best, 2015; 

Best et al., 2009; Mulak et al., 2013), we reasoned that because bilinguals encounter more 

accent variation in their language environment, they might exploit this to tune in more easily 

to new accents. Therefore, one possible outcome is that bilinguals’ greater exposure to accent 

variation could be an advantage in perceptually adapting to accented words, which may result 

in broader, that is, phonetically more inclusive/larger, phonological categories than their 

monolingual peers. If so, bilingual children could accrue sufficient experience with phonetic 

variation through a short-term story pre-exposure to the unfamiliar accent in the lab to foster 

more abstract phonological knowledge of word forms, allowing them to accept unfamiliar 

phonetic variation in word pronunciations earlier than monolinguals.   

Conversely, PRIMIR would seem to predict later emergence of phonemic word forms 

in bilinguals than monolinguals, which is also consistent with several studies (Fennell et al., 

2007; Ramon-Casas et al., 2009). Given that past results show a link between vocabulary size 

and lexical processing (Curtin et al., 2011; Mulak et al., 2010, 2013; Mulak & Escudero, 
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2016), and that bilinguals have overall the same total vocabulary size but a smaller 

vocabulary in each of their languages than monolinguals do in their one language (Poulin-

Dubois et al., 2012), the PRIMIR bilingual account (Curtin et al., 2011) should lead us to 

expect later emergence of word recognition (in English), and hence phonemes, in bilingual 

toddlers. That is, bilingual children may experience greater difficulty with perceptually 

adapting to accented speech, delaying the emergence of phonological constancy. To explore 

PRIMIR’s proposed link between vocabulary size and delay in access to phonological 

structure of word forms, our participants’ vocabulary size was measured. 

Yet another alternative outcome takes into account both PAM and PRIMIR 

predictions, which would thereby offset one another. That is, bilinguals might achieve 

phonological constancy at the same pace as monolinguals because the potential bilingual 

benefit of greater accent exposure (the basis for the PAM perceptual attunement prediction) 

versus the potential disadvantage of a smaller vocabulary in a given language (the basis for 

the PRIMIR prediction) may effectively neutralise each other.  

Past results show a difference in how infants process CG versus CS vowel differences 

(Best, Gates, et al., 2016; Best & Kitamura, 2014), whereby CG differences are relatively 

easy as they correspond to the same phoneme in the listener’s native accent, and CS 

differences are more challenging as they are perceived as a different vowel. Our PAM-based 

perceptual attunement prediction, therefore, was that both bilingual and monolingual 17-

month-olds would successfully recognise words in the unfamiliar accent that display CG 

differences regardless of story pre-exposure to the accent, but that only the bilinguals might  

generalise from story pre-exposure to the accent when recognising words displaying CS 

differences. The PRIMIR-based prediction, on the other hand, would be that at this age only 

the monolingual infants would recognise words with CG vowel differences in the unfamiliar 

accent, but neither they nor the bilinguals would recognise words with CS vowel differences 
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in the unfamiliar accent, all regardless of accent pre-exposure. The combined model-based 

prediction, would be that at this age, both groups will recognise CG words in the unfamiliar 

accent regardless of story pre-exposure accent, but both groups will recognise CS words in 

the unfamiliar accent only if they have been pre-exposed to that accent in pre-test story. 

5.1 Experiment 1: Word recognition in the face of Category Goodness (CG) cross-

accent vowel differences 

We examined bilingual and monolingual 17-month-olds’ ability to recognise words 

that display Category Goodness (CG) vowel differences between AusE and JaME following 

exposure to a storybook passage produced in AusE or JaME. The JaME accent was selected 

as the unfamiliar accent in this study because JaME is rarely encountered in the Sydney 

region where this study was conducted, and there are striking differences between the vowels 

and consonants of AusE (Cox & Palethorpe, 2007) and JaME (Patrick, 1999; Wassink, 2006). 

We tested children at 17 months, an intermediate age between 15 and 19 months since Mulak 

and Escudero (2016) found that neither monolinguals nor bilinguals were able to identify 

words in an unfamiliar accent (that contained a mixture of cross-accent CG and CS 

differences to consonants and vowels) at 17 months. Thus, testing this will allow us to 

determine whether either group of infants benefit from pre-exposure to the unfamiliar accent 

at an age when they had previously failed to display phonological constancy without pre-

exposure, specifically when the words differ between accents only on the CG vowel 

differences in pronunciation that PAM predicts will be easier to accommodate to. In addition, 

as research has shown that monolingual children’s accent generalisation was dependent on 

their vocabulary size (Mulak et al., 2010), testing this age group will allow us to compare 

bilinguals and monolinguals at a time when some children have, but others have not, 

achieved their vocabulary spurt, thus expanding our understanding of the role of vocabulary 
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development in bilinguals’ cross-accent word recognition. 

We expected the 17-month-old monolinguals to successfully generalise word 

recognition to the CG vowel differences in the unfamiliar accent, with no anticipated impact 

of pre-exposure since at 15 months they have been shown to recognise words in the 

unfamiliar accent that display CG differences (Best & Kitamura, 2014). For bilinguals, we 

considered our three alternative hypotheses. The PRIMIR-based (Curtin et al., 2011) 

prediction was that bilinguals would show weaker or no phonological constancy than 

monolinguals, regardless of the pre-exposure story accent. This is in line with the PRIMIR 

reasoning that bilinguals’ reduced exposure to English results in a smaller vocabulary size 

relative to monolinguals, leading to later emergence of phonemic word forms.  

Alternatively, according to both the PAM-based perceptual attunement hypothesis 

(Best et al., 2009) and the third combined-model hypothesis that bilinguals’ lower vocabulary 

in each language but greater exposure to accent variation would lead to comparable 

performance as monolinguals, both groups should demonstrate recognition of familiar words 

in both accents regardless of the pre-exposure story. This is in keeping with PAM’s 

prediction that CG vowel differences will easily allow both groups to accommodate to an 

unfamiliar accent. But it is also compatible with the predictions from the third combined 

hypothesis. According to both of these two hypotheses, bilinguals pre-exposed to either the 

AusE or JaME accent would be expected to recognise words that have only CG vowel cross-

accent differences in both accents.  

5.2 Method  

5.2.1 Participants 

The participants were sixteen 16- to 18.5-month-old (M = 17.01 months, SD = 0.58) 

monolingual infants from AusE-speaking households and sixteen 16- to 18.5-month-old (M = 
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17.1 months, SD = 0.71) bilingual infants. Infants were recruited from the Greater Western 

Sydney area and predominantly came from middle-class families. Parents read an information 

sheet outlining all the details of the study and signed a consent form and (see Appendix A). 

According to parental report (see Family Background Information Sheet, Appendix B), 

infants did not have any apparent health or hearing problems and had no previous exposure to 

JaME. Caregivers completed a language background questionnaire (Sabourin, Leclerc, 

Lapierre, Burkholder, & Brien, 2016) (see Appendix C) in which they indicated their child’s 

percentage of weekly exposure to each language, in addition to the child’s weekly activities 

and the language(s) in which they are conducted.  We assessed monolingual and bilingual 

children’s amount of experience with accented speech and varieties using the parental 

questionnaires. Monolingual infants’ exposure to other languages or non-AusE accents 

ranged from 0 to no more than 4 hours per week (M = 2.12 hr per week). We used a 

heterogeneous bilingual sample, grouping bilinguals who share one language in one accent 

(Australian English) but vary on their other language. Consistent with bilingual lexical 

development studies (e.g., Fennell et al., 2007), bilingual participants were required to 

receive a maximum of 70% exposure to one language and a minimum of 30% exposure to the 

other. Bilinguals’ exposure to English ranged from 30-70% (M = 43.12%, SD = 15.22) and 

from 35-70% for the other language (M = 56.87%, SD = 15.22). These exposure patterns 

were reported by the caregivers as the children’s exposure at the time of completing the 

study. Using the questionnaire, the experimenter asked the attending caregiver to estimate the 

number of hours their child was exposed to their native language(s) from each of his or her 

primary caregivers (e.g., parents, grandparents, childcare workers), and to estimate the 

percentage of time their child was exposed to his or her native language(s) in the community, 

on TV etc. We then applied a scale for measuring language experience and exposure based on 

the parental responses, tallying the amount of time each participant spends with different 



135 

 

languages, quantifying each participant’s weekly exposure to different languages as 

percentages of the total.  

The bilingual children’s languages other than English included Cantonese (2), 

Mandarin (3) Arabic (2), Spanish (2), Italian (1), Filipino (1; also known as Tagalog), 

Japanese (1), Maltese (1), Vietnamese (1), Greek (1), Hindi (1) and as a third language, 

French (1), Russian (1), Korean (1), German (1), and Tagalog (1) (lowest percent exposure). 

In addition to the 32 toddlers reported above, 12 children (5 monolinguals, 7 

bilinguals) were tested but excluded from the analyses due to extreme fussiness (n = 8) or not 

meeting the monolingual or bilingual language exposure inclusion criteria (n = 4). All 

bilinguals were simultaneous bilinguals in that they all acquired English and another 

language from birth. 

5.2.2 Stimuli and Materials 

5.2.2.1 Pre-test exposure stimuli 

 Pre-exposure consisted of an adaptation of the short children’s story “Chicken Little” 

told in English in either the children’s familiar AusE accent or in the unfamiliar JaME accent, 

which had been recorded by Best and colleagues (2012). The AusE story was read by three 

female native speakers of AusE, and the JaME story was read by three female native speakers 

of JaME. Each speaker read the story in child-directed speech, and the exposure passage was 

created by concatenating story sub-sections from each speaker such that their voices 

alternated throughout the pre-exposure phase (see Figure 3). There were 11 sub-sections 

separated by an added 1.5 s fade out/in, each accompanied by a different storyboard 

illustration and introducing a new character in the story. The entire passage lasted four 

minutes. Each passage was scaled to 65 dB. Crucially, the story did not contain any of the 

words used in the test phase. Therefore, for the toddlers to succeed at recognising the words 



136 

 

used in the test phase, which were produced by the same talkers as the story, they had to 

generalise the talkers’ pronunciations to the target words in the test rather than simply 

recognise the phonetic forms of the test words from the story.  

 

Figure 1. Three of the story board illustrations used in the pre-exposure phase 

5.2.2.2 Test Stimuli 

The test stimuli consisted of the 32 target words recorded and used by Best and 

colleagues (2012). The target words displayed CG differences between the AusE and JaME 

accents on a single vowel in each word; all other consonants and vowels in each word were 

pronounced similarly in AusE and JaME. The target words were produced by the same 

talkers who produced the stories from the pre-exposure phase (Best et al, 2012). Thus, the 

pre-exposure story provided exposure to the accent as well as the talkers. The target items 

included 16 “toddler words” that occur with high frequency in early vocabularies (M = 77% 

in 17-month-olds’ expressive vocabularies; (Dale & Fenson, 1996), and thus young children 

are very likely to know, and 16 “adult words” that occur with low frequency in adults’ input 

(<5 per million words; Kucera, & Francis, 1967), and thus are extremely unlikely for 

participants to have heard. Eight of the words in each set were monosyllabic and the other 
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eight were disyllabic (see Table 2). Multiple tokens of each word (at least five tokens) were 

recorded in citation form. We selected two tokens per speaker for each word.  

Note. high frequency = words in toddler vocabulary, low frequency = uncommon words in 

adults’ vocabulary. 

5.2.2.3 The OZI vocabulary inventory 

Participants’ expressive vocabularies were measured using the AusE adaptation (OZI: 

Kalashnikova, Schwarz, & Burnham, 2016) (See Appendices D & E) of the MacArthur-Bates 

Communicative Development Inventory, which was designed for use with 12- to 30-month-

old children (Fenson et al., 2007). The OZI was completed by the parent or caregiver who 

brought the child in for the test session. The monolingual children had reported English 

Table 2 

Target words and their frequencies in 17-month-olds’ expressive vocabulary (for 

toddler-familiar words: Fenson et al., 2007) and in the English adult corpora (for 

adult-unfamiliar words: Kucera & Francis, 1967) 

Target words: CG Vowel difference 

Toddler-familiar 

(High frequency) 
Frequency (%) 

Adult-unfamiliar 

(Low frequency) 

Frequency 

(per million words) 

Bird 83.6 Perk 1 

Book 98.6 Soot 1 

Doll 64.4 Con 7 

Fish 78.1 Frill <1 

Keys 93.2 Wheeze <1 

Shoes 97.3 Glues <1 

Spoon 86.3 Doom 3 

Star 35.6 Lard 4 

Birdy 83.6 Perky 2 

Blanket 87.7 Patter 3 

Button 53.4 Toughen <1 

Footsie 95.9 Rookie <1 

Piggy 71.2 Misty 4 

Teddy 79.5 Leggy 1 

Tiger 35.6 Piper <1 

TV 75.3 Seaweed 3 
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expressive vocabularies (M = 40.87 words, SD = 51.73) nearly twice the size of their 

bilingual peers (M = 22.81 words, SD = 22.41), t (34.7) = 5.15, p  < .001, d = 0.45, consistent 

with prior reports (e.g., Bialystok, 2009; Mulak & Escudero, 2016)). 

 5.2.4 Design 

Test accent (AusE, JamE) and word familiarity (familiar-toddler words, or unfamiliar-

adult words) were within-subject variables, while language experience (bilingual, 

monolingual) and passage exposure accent (AusE, JaME) were between subject variables. 

The 16 children in each language experience group were split evenly between the other 

between subjects variable of passage accent (8 monolinguals and 8 bilinguals received 

exposure to the AusE passage, while the other 8 children in each language group received 

exposure to the JaME passage; see Table 2). The study consisted of those four between 

subject testing conditions (language experience x passage accent.  

Given that the language or accent to which infants are first exposed has been found to 

affect results in lexical acquisition studies (Schmale et al., 2011), we counterbalanced accent 

order, as well as order of word sets (familiar words versus unfamiliar words) across 

participants in each group. Infants were randomly assigned an order to receive the two sets of 

target words (either familiar-toddler word list, or unfamiliar-adult word list first) in both 

accents (JaME or AusE first), following pre-test exposure to either the native accent or the 

unfamiliar regional accent. This produced eight total testing orders. In order 1, infants were 

exposed to the passage in AusE and were tested using AusE accented words first, with 

familiar-toddler word set first. In order 2, infants were exposed to the passage in AusE and 

were tested using AusE accented words first, with unfamiliar-adult word set first. In order 3, 

infants were exposed to the passage in AusE and were tested using JaME accented words 

first, with familiar-toddler word set first. In order 4, infants were exposed to the passage in 
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AusE and were tested using JaME accented words first, with unfamiliar-adult word set first. 

In order 5, infants were exposed to the passage in JaME and were tested using JaME accented 

words first, with familiar-toddler word set first. In order 6, infants were exposed to the 

passage in JaME and were tested using JaME accented words first, with unfamiliar-adult 

word set first. In order 7, infants were exposed to the passage in JaME and were tested using 

AusE accented words first, with familiar-toddler word set first. In order 8, infants were 

exposed to the passage in JaME and were tested using AusE accented words first, with 

unfamiliar-adult word set first.  Two participants from each language group were assigned to 

each testing order. Thus, four participants were assigned to each order.  
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Table 3 

Experimental design. The between subject factors: passage accent (AusE, JaME) and 

language experience (monolinguals, bilinguals) have been nested in the rows and the within-

subject factors: test trial type (unfamiliar vs. familiar words), and test accent (AusE vs. 

JaME) have been nested in the columns. 

 Test Accent  

(within-subjects) 

AusE JamE 

 Passage 

Accent 

(between 

subjects) 

Word Type 

(within-subjects) 

Word Type 

(within-subjects) 

L
a
n

g
u

a
g
e
 G

ro
u

p
 

(b
e
tw

e
e
n

 s
u

b
je

c
ts

) 

M
o
n

o
li

n
g
u

a
ls

 AusE Familiar  Unfamiliar Familiar  Unfamiliar 

JaME Familiar  Unfamiliar Familiar  Unfamiliar 

B
il

in
g
u

a
ls

 AusE Familiar  Unfamiliar Familiar  Unfamiliar 

JaME Familiar  Unfamiliar Familiar  Unfamiliar 

 

5.2.5 Procedure 

After obtaining informed consent from the parent/caregiver, each infant was tested in 

a variant of the headturn preference procedure (e.g., Best et al., 2009; Hallé & De Boysson-

Bardies, 1996). Caregivers were instructed not to speak, point at the screen, or make 
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headturns towards the side screens. During the procedure, the caregiver listened to music 

over headphones so they were “deaf” to the stimuli and therefore could not inadvertently 

influence the infants’ performance. Infants sat on their parent’s lap in a sound-attenuated 

booth, facing a centrally positioned video monitor. The study was divided into two phases: 

the pre-exposure phase and the listening preference tests. During the pre-exposure phase, 

infants listened to either the AusE or JaME story while viewing the storyboard on the 

monitor. Half of the children in each language background group heard the story in AusE and 

the other half heard the story in JaME. 

Each test in the listening preference phase had eight trials: four familiar-word trials 

and four unfamiliar-word trials, with the two trial types presented in alternation. In each trial, 

words from the designated set were played in random order with an inter-stimulus interval of 

750 ms. Words were presented continuously as long as the child remained fixated on a 

coloured checkerboard on the LCD monitor they faced (max trial duration = 30 s). The audio 

ceased when the child looked away, and the trial ended if the child did not look back to the 

monitor within 2 s. At the end of a trial, the checkerboard flashed until the child’s gaze was 

recaptured, and a new trial began. 

All participants completed the listening preference test in both accents. Preference for 

listening to familiar over unfamiliar words was used to index familiar word recognition, as in 

prior studies (e.g., Best et al., 2009; Hallé & De Boysson-Bardies, 1996). For the duration of 

the experiment, eye gaze direction was recorded via a hidden video camera focused on the 

child’s face from below the monitor and coded online by an experimenter in the adjoining 

room, who was blind to the experimental condition.  
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5.3 Results 

5.3.1 Data analysis 

We fit a mixed-effects model to toddlers’ looking time in R (R Core Team, 2015) 

using the lmer function of the lme4 package (Bates, Mächler, Bolker, & Walker, 2015). A Q-

Q plot to test for normality of residuals of the raw looking time data showed that the 

distribution was not normal, therefore, to normalise the looking time, we log-transformed the 

data (Mangiafico, 2016). Word type (familiar-toddler words vs. unfamiliar-adult), test accent 

(AusE vs. JaME), passage accent (AusE vs. JaME) and language experience (monolingual vs. 

bilingual) were added as fixed effects. Random intercepts were included for participant. All 

categorical variables were contrast coded. The reference level for all categorical variables are 

as follows: language experience: bilingual 1, monolinguals -1, test accent: AusE 1, JaME -1, 

passage accent: AusE 1, JaME -1, and word type: Familiar-toddler words 1 unfamiliar-adult 

words -1. The model equation is as follows: 

m1log <-

lmer(logLooking~WordType*TestAccent*LanguageExperience*PassageAccent 

+(1|Participant), data = test). 

After constructing the model, the Anova (m1log) function was then conducted on the 

model to get F and p values for the main effects and interactions. Modelling was done on 

individual trial-level data points.  This was done because modelling individual trial data 

points can be more sensitive than modelling averages.   

5.3.2 Modelling analyses 

 The results of the model are shown in Table 3. A main effect of word familiarity 

revealed a preference for familiar-toddler words (M = 9.29, SD = 1.03) over unfamiliar-adult 

words (M = 9.10, SD = 0.97), χ2 (1) = 5.52, p = 0.018. That suggests that children showed the 
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predicted familiarity preference across all other factors, indicating familiar word recognition. 

The main effect of language experience was marginal, χ2 (1) = 2.96, p = 0.085, the analysis 

yielded no main effects of test accent, χ2 (1) = 0.08, p = 0.776, or passage accent, χ2 (1) = 

0.01, p = 0.953 (see Table 3).  

Note. Significant effects are shown in bold and marginally significant effects in bold italics.  

A significant test accent × language experience interaction was found, χ2 (1) = 2.96, p = 

0.030; as well as a test accent × language experience × passage accent interaction, χ2 (1) = 

9.97, p = 0.002 (see Figure 1). 

Table 4 

Estimates for fixed effects model, with toddlers’ log-transformed looking time as the 

dependent variable and test trial type (unfamiliar vs. familiar words), passage accent 

(AusE vs. JaME), test accent (AusE vs. JaME), and language experience (monolingual vs. 

bilingual) as fixed effects 

 

Effects and Interactions Model summary F Test 
 ß SE t χ2 Df p 

(Intercept) 9.18 0.22 40.82    

WordType -0.27 0.23 -1.19 5.52 1 0.018 

TestAccent 0.43 0.22 1.90 0.08 1 0.776 

LanguageExperience 0.22 0.31 0.71 2.96 1 0.085 

PassageAccent 0.36 0.31 1.14 0.00 1 0.953 

WordType  × TestAccent 0.10 0.32 0.30 0.19 1 0.660 

WordType  ×  LanguageExperience 0.06 0.32 0.19 0.02 1 0.897 

TestAccent  ×  LanguageExperience -0.81 0.322 -2.53 4.70 1 0.030 

WordType  ×  PassageAccent 0.16 0.326 0.50 0.11 1 0.735 

TestAccent  × PassageAccent -0.55 0.322 -1.71 0.92 1 0.337 

LanguageExperience  ×  PassageAccent -0.76 0.444 -1.72 0.49 1 0.483 

WordType×TestAccent×LanguageExperien

ce 
-0.08 0.456 -0.18 0.13 1 0.716 

WordType  × TestAccent  × PassageAccent -0.22 0.456 -0.48 0.62 1 0.429 

WordType×LanguageExperience×PassageA

ccent 
0.03 0.457 0.07 0.00 1 0.993 

TestAccent× LanguageExperience× 

PassageAccent 
1.04 0.455 2.30 9.97 1 0.001 

WordType   TestAccent   

LanguageExperience   PassageAccent 
-0.06 0.644 -0.09 0.01 1 0.921 
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Figure 4. Log-transformed looking times for each word type (familiar vs. unfamiliar 

words) by test accent (AusE word test vs. JaME word test), pre-exposure story accent 

(AusE passage vs. JaME passage), and language experience (monolinguals vs bilinguals).  

Error bars reflect one standard error of the mean. 

To understand the source of the 3-way interaction, identical mixed-effects models were 

constructed separately for each passage accent with all other factors listed earlier (except 

passage accent) as fixed effects. For the JaME exposure passage model, no significant main 

effects or interactions were found (see Table 4). For the AusE exposure passage model (see 

Table 5), there was a significant test accent × language experience interaction, χ2
 (1) = 12.77, 

p = 0.0004. Pairwise t-tests revealed that bilinguals looked longer overall when they heard 

words in the JaME accent (M = 9.53, SD = 1.12) than the AusE words (M = 9.05, SD = 0.94) 

after they were familiarised to the AusE story, t(233.4) = 2.85, p = 0.024. The monolinguals, 
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on the other hand, showed no difference in their looking time when presented with words in 

the native versus non-native accent following exposure to AusE,  t(233.1) = 2.20, p = 0.125. 

The AusE passage model also showed a marginal main effect of word familiarity following 

exposure to AusE, χ2
 (1) = 3.25, p = 0.072), which suggests a potential familiarity preference 

for familiar-toddler words (M = 9.31, SD = 1.03) over unfamiliar-adult words (M = 9.10, SD 

= 1.03) across all other factors.  

 

Note. Significant effects are shown in bold and marginally significant effects in bold italics 

Table 5 

Estimates for fixed effects model with JaME passage exposure. Toddlers’ log-transformed 

looking time as the dependent variable and word type (unfamiliar vs. familiar words), test 

accent (AusE vs. JaME), and language experience (monolingual vs. bilingual) as fixed effects 

Effects and Interactions Model summary F Test 

 ß SE t χ2 Df p 

Fixed effects 
   

   

(Intercept) 9.20 0.14 66.64    

WordType 0.08 0.05 1.51 2.26 1 0.13 

TestAccent 0.05 0.05 0.95 0.89 1 0.34 

LanguageExperience 0.24 0.13 1.79 3.23 1 0.07 

WordType × TestAccent -0.05 0.05 -0.92 0.86 1 0.35 

WordType ×  LanguageExperience 0.01 0.05 0.11 0.01 1 0.91 

TestAccent ×  LanguageExperience  0.04 0.05 0.73 0.53 1 0.47 

WordlType×TestAccent× 

LanguageExperience 0.02 0.05 0.36 0.13 1 0.72 
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To examine whether English expressive vocabulary size had any relationship with 

children’s word recognition in the familiar and unfamiliar accent, we ran simple Pearson 

correlation tests between their English expressive vocabulary OZI score and their ratio of 

looking time to familiar versus unfamiliar words in each test accent, collapsing across pre-

exposure story accent conditions. We found no correlations between OZI scores and 

monolinguals’ performance on the AusE test, r = 0.15, p = 0.571, or on the JaME test, r = 

0.40, p = 0.121, or between bilinguals’ OZI score and their performance in the AusE, r = 

0.41, p = 0.115, or JaME test r = 0.12, p = 0.648. This suggests that there was potentially no 

systematic relationship between English expressive vocabulary size and children’s 

performance in this task.  

To determine whether there was a relationship between bilinguals’ amount of English 

 

 

Table 6 

Estimates for fixed effects model with AusE accent exposure. Toddlers’ log-transformed 

looking time as the dependent variable and word type (unfamiliar vs. familiar words), test 

accent (AusE vs. JaME), and language experience (monolingual vs. bilingual) 

 

Effects and Interactions Model summary F Test 
 

ß SE t χ2 Df p 

Fixed effects       

(Intercept) 9.20 0.11 84.82    

WordType 0.11 0.06 1.81 3.25 1 0.071 

TestAccent -0.03 0.06 -0.45 0.21 1 0.643 

LanguageExperience 0.09 0.11 0.79 0.65 1 0.419 

WordType ×TestAccent 0.01 0.06 0.24 0.06 1 0.809 

WordType × 

LanguageExperience 0.01 0.06 0.08 0.01 1 0.935 

TestAccent ×  

LanguageExperience -0.21 0.06 -3.57 12.77 1 0.0004 

WordType × TestAccent ×  

LanguageExperience 0.01 0.06 0.18 0.03 1 0.861 
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exposure and their performance, we ran Pearson correlations between bilinguals’ percentage 

of exposure to English and their ratio of looking time to familiar versus unfamiliar words in 

both AusE and JaME tests, again collapsing across pre-exposure story accent conditions. No 

correlations were found: AusE test r = -0.01, p = 0.965, JaME Test, r = 0.30, p = 0.257.  

5.4 Discussion 

Experiment 1 showed that 17-month-old bilinguals and monolinguals had the 

predicted familiarity preference across all the factors indicated by their longer looking overall 

when presented with familiar-toddler words over unfamiliar-adult words, providing some 

evidence that children in the study recognised the familiar words. This suggests that across all 

other factors, the children might be successful in accommodating to the unfamiliar accent 

when words reflect only CG cross-accent vowel differences. In other words, longer looking 

to the presentation of the familiar over unfamiliar words, may be indicative of phonological 

constancy. However, although significant test accent × language experience and test accent × 

language experience × passage accent interactions were found, word familiarity was not a 

factor in any significant interactions. Moreover, when the data were split into separate models 

for the two passage accents to break down the 3-way interaction, there was only a marginal 

word familiarity preference following only the AusE pre-test exposure passage. Thus, the 

main effect of word familiarity as a possible indication of phonological constancy across the 

board must be cautiously interpreted. 

Interestingly, however, the results also provide evidence that bilingual, but not 

monolingual, children may have a general listening preference for unfamiliar or new accent-

related phonetic variations; that is, they preferred listening to the words pronounced in the 

unfamiliar accent (JaME) after pre-exposure to AusE.  

Thus far the results indicate that the children show the predicted familiarity preference 
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across accents and all other factors, which might suggest some evidence of phonological 

constancy in both language experience groups by 17 months for words that display only CG 

vowel differences between accents. That finding is compatible with the PAM-based 

perceptual attunement prediction as well as the combined model prediction but cannot 

distinguish between those two hypotheses. Moreover, it is not yet certain from the CG vowel 

results whether the children’s ability to generalise word recognition to the unfamiliar accent 

was aided by the pre-exposure or whether it was achieved because the CG vowel cross-accent 

differences presented in Experiment 1 are “easier” to accommodate to, as posited in our PAM 

perceptual attunement reasoning. 

Interestingly, we also found that bilinguals looked significantly longer when words 

were produced in the unfamiliar JaME accent, but only following exposure to the native 

AusE accent. Given this preference for the looking when words were in the unfamiliar accent 

it is possible that the pre-exposure might have increased the bilinguals’ interest in the 

unfamiliar accent during the test phase. To further examine whether pre-exposure is 

beneficial for accommodating to more challenging cross-accent word pronunciation 

differences, and to be better able to separate the PAM-perceptual attunement versus 

combined-models hypotheses, we next examined familiar word recognition with category-

shifting (CS) cross-accent phonetic vowel differences.  

5.5 Experiment 2: Word recognition in the face of Category Shifting (CS) cross-accent 

vowel differences 

Bilinguals failed to accommodate an unfamiliar accent at 17 months in the Mulak and 

Escudero (2016) study, whereas our findings in Experiment 1 showed that, like their 

monolingual peers, bilinguals can generalise word recognition to an unfamiliar accent at 17 

months. It is not completely clear which of the two factors that differed between our study 
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and theirs aided bilinguals’ performance in ours: the pre-exposure story, or the fact that our 

target words contained only CG vowel differences in the unfamiliar accent. Recall that 

another earlier study, which lacked a pre-exposure phase, found that 19-month-old 

monolingual toddlers failed to generalise word recognition to the unfamiliar accent when 

words displayed CS vowel differences (Best, Gates, et al., 2016), and that Mulak and 

Escudero’s (2016) target words included both CG and CS differences between accents. For 

these reasons, Experiment 2 investigated whether bilinguals and/or monolinguals at the same 

age (17 months) would benefit from accent pre-exposure in cross-accent word recognition 

when words displayed more challenging CS vowel differences between the two accents.  

We expected the 17-month-old monolinguals may or may not successfully generalise 

word recognition to the CS vowel differences in the unfamiliar accent, depending on whether 

there is an impact of pre-exposure since even at 19 months they failed to recognise words in 

the unfamiliar accent that display CS differences (Best, Gates, et al., 2016). For bilinguals, 

we considered our three alternative hypotheses. The PRIMIR-based (Curtin et al., 2011) 

prediction was that bilinguals would show weaker or no phonological constancy relative to 

monolinguals, regardless of the pre-exposure story accent. This prediction was in line with 

the PRIMIR reasoning that bilinguals’ reduced exposure to English results in a smaller 

vocabulary size relative to monolinguals, leading to later emergence of phonemic word 

forms. The PRIMIR-based prediction, therefore, would be that neither monolinguals nor the 

bilinguals would recognise words with CS vowel differences in the unfamiliar accent, all 

regardless of accent pre-exposure. Alternatively, our PAM-based perceptual attunement 

prediction, was that only the bilinguals might generalise from story pre-exposure to the 

accent when recognising words display CS differences. According to the third combined-

model hypothesis that bilinguals’ lower vocabulary in each language but greater exposure to 

accent variation would lead to comparable performance as monolinguals, both groups will 
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recognise CS words in the unfamiliar accent only if they have been pre-exposed to that accent 

in pre-test story. 

5.6 Method 

5.6.1 Participants. 

Participants were sixteen 16- to 18-month-old (M = 16.9 months, SD = 0.76) 

monolinguals from AusE-speaking households and sixteen 16- to 18-month-old (M = 16.8 

months, SD = 0.91) bilinguals from households in which both AusE and a language other 

than English are spoken. Infants were recruited from the Greater Western Sydney area and 

predominantly came from middle-class families. According to parental report, they were 

without any known health or hearing problems and had no previous exposure to JaME.  

Caretakers completed the same language background questionnaire as in Experiment 

1. The same inclusion criteria as Experiment 1 were used. Bilinguals’ English exposure 

ranged from 30-70% (M = 54.37%, SD = 14.59) and from 30-70% for the other language (M 

= 45.62%, SD = 14.59). Their other languages included Cantonese (1), Mandarin (3), 

Spanish (3), Slovak (1), Vietnamese (1), Hindi (2) French (1), Russian (2), Korean (1), 

German (1), and as third languages Arabic (2), Japanese (1), and Tagalog (1) (lowest percent 

exposure). In addition to the 32 toddlers reported above, 10 children (4 monolinguals, 6 

bilinguals) were tested but excluded from the analyses due to extreme fussiness (n = 4), 

failing to meet the monolingual (n = 1) or bilingual (n = 4) language exposure inclusion 

criteria, or for technical issues (n = 1).  
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5.6.2 Stimuli and Materials 

5.6.2.1 Exposure stimuli 

The exposure stimuli were the same passages as in Experiment 1.  

5.6.2.2 Test Stimuli 

The test stimuli consisted of a different set of 32 target words produced by the same 

AusE and JaME talkers that had been used in Experiment 1. The target words were the same 

words used by Best et al. (2016) that display only Category Shifting (CS) vowel differences 

between the AusE and JaME accent. As in Experiment 1, target words comprised 16 toddler-

familiar words that young children are very likely to know, and 16 unfamiliar words that 

occur with low frequency in adults’ vocabularies. The target items included 16 “toddler 

words” that occur with high frequency in early vocabularies (M = 77% in 17-month-olds’ 

expressive vocabularies; Dale & Fenson, 1996), and thus young children are very likely to 

know, and 16 “adult words” that occur with low frequency in adults’ input (<5 per million 

words; Kucera & Francis, 1967), and thus are extremely unlikely for toddler participants to 

have heard. Eight of the words were monosyllabic, and the other eight were disyllabic (see 

Table 7). Multiple tokens of each word were recorded in citation form. 
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Note. high frequency = words in toddler vocabulary, low frequency = uncommon words in 

adults’ vocabulary. * indicates that the frequency was not available. 

5.6.2.3 The OZI vocabulary inventory 

Participants’ expressive vocabularies were measured as in Experiment 1. In this 

experiment the English expressive vocabularies of the monolingual children (M = 28.31, SD 

= 24.70) were not significantly larger than that of their bilingual peers (M = 26.75, SD = 

25.09), t (50.9) = -0.71, p = 0.478, d = -0.16. This is a major difference in children’s 

vocabulary size compared to vocabulary size for children in the CG experiment. In CG study, 

monolinguals’ vocabulary was almost twice the size of the bilinguals’ vocabulary. Given that 

Table 7 

Target words and their frequencies in 17-month-olds’ expressive vocabulary (for toddler-

familiar words: Fenson et al., 2007) and in the English adult corpora (for adult-unfamiliar 

words: Kucera & Francis, 1967 

Target words: CS Vowel difference 

Toddler-familiar 

(High frequency) 
Frequency (%) 

Adult-unfamiliar 

(Low frequency) 

Frequency 

(per million words) 

Ball 98.6 Shawl 3 

Bear 65.8 Mare 16 

Boat * Dose 11 

Bus 56.2 Muck 1 

Door 83.6 Gore 7 

Duck 87.7 Shun 1 

Nose 98.6 Foes <1 

Socks 21.9 Knocks <1 

Baby 93.2 Frailty <1 

Doggy 93.2 Blobby * 

Flower 76.7 Doubter <1 

Grandma 78.1 Vanguard <1 

Lolly * Spotty 4 

Mummy 100 Putty 1 

Paper 53.4 Taper <1 

Water 80.8 Fauna 3 
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vocabulary size has been argued to play a role in accent accommodation (Mulak et al., 2013), 

it is possible that the children in this study might perform differently than those in the CG 

task, not as a result of any task demands, but possibly due to vocabulary size. This will be 

discussed in the general discussion section.  

5.6.3 Procedure 

The procedure for Experiment 2 was identical to that of Experiment 1.  

 

5.7 Results 

The same mixed model analysis approach used in Experiment 1 was followed. The 

results are shown in Table 8. A main effect of word familiarity revealed an overall preference 

for familiar-toddler (M = 9.43, SD = 1.06) over unfamiliar-adult words (M = 9.25, SD = 

0.97), χ2 (1) = 5.03, p = 0.024 across the board (see Figure 2). There was no main effect of test 

accent, χ2 (1) = 0.28, p = 0.596, language experience, χ2 (1) = 0.33, p = 0.560, or passage 

accent, χ2 (1) = 0.52, p = 0.469. Three marginal interactions were found (see Table 7): word 

type × test accent, χ2 (1) = 3.16, p = 0.075; test accent × language experience, χ2 (1) = 2.87, p = 

0.089; and test accent × passage accent, χ2 (1) = 3.12, p = 0.076. These marginal interactions 

were observed, but they will not be investigated further since they did not reach statistical 

significance. 
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Note. Significant effects are shown in bold and marginally significant effects in bold italics.  

To examine whether expressive vocabulary size as indexed by the OZI scores had any 

relationship with children’s performance, we ran simple Pearson correlation tests between 

their English expressive vocabulary score and ratio of looking to familiar versus unfamiliar 

words in both AusE and JaME tests (collapsed across pre-exposure conditions). We found no 

correlation between monolinguals’ OZI scores and their performance for the AusE test, r = -

0.13, p = 0.605, but found a positive correlation for the JaME test, r = 0.74, p = 0.001 such 

Table 8 

 Estimates for fixed effects model, with toddlers’ log-transformed looking time as the 

dependent variable and word type (unfamiliar vs. familiar words), passage accent (AusE 

vs. JaME), test accent (AusE vs. JaME), and language experience (monolingual vs. 

bilingual) as fixed effects 

Effects and Interactions Model summary     F Test        
ß SE t χ2 Df p 

 (Intercept) 9.34 0.26 35.27    

WordType 0.14 0.23 0.63 5.36 1 0.021 

TestAccent 0.46 0.22 2.06 0.28 1 0.596 

LanguageExperience 0.24 0.33 0.73 0.34 1 0.561 

PassageAccent -0.13 0.33 -0.40 0.52 1 0.470 

WordType × TestAccent -0.70 0.31 -2.21 3.37 1 0.066 

WordType   ×  LanguageExperience -0.32 0.32 -1.00 0.03 1 0.863 

TestAccent  ×  LanguageExperience -0.72 0.31 -2.28 3.21 1 0.073 

WordType ×  PassageAccent -0.18 0.32 -0.58 0.21 1 0.650 

TestAccent  × PassageAccent -0.07 0.31 -0.21 3.19 1 0.074 

LanguageExperience  ×  PassageAccent -0.25 0.47 -0.54 0.01 1 0.938 

WordType × 

TestAccent×LanguageExperience 
0.60 0.44 1.35 1.56 1 0.212 

WordType × TestAccent  × PassageAccent 0.42 0.44 0.95 0.46 1 0.498 

WordType 

×LanguageExperience×PassageAccent 
0.29 0.45 0.65 0.07 1 0.799 

TestAccent× LanguageExperience× 

PassageAccent 
0.48 0.44 1.08 0.74 1 0.390 

WordType    TestAccent   

LanguageExperience   PassageAccent 
-0.42 0.63 -0.67 0.45 1 0.504 
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that monolinguals with larger English vocabularies had longer looking to the familiar-toddler 

than the unfamiliar-adult words when they were produced in the JaME accent. We found no 

correlation between bilinguals’ OZI score and their listening in the AusE test, r = 0.13, p = 

0.605, or JaME test, r = -0.01, p = 0.967. 

 

Figure 5. Log-transformed looking times for each word type (familiar vs. unfamiliar 

words) by test accent (AusE word test vs. JaME word test), pre-exposure story accent 

(AusE passage vs. JaME passage), and language experience (monolinguals vs bilinguals).  

In addition, we ran Pearson correlation tests between bilinguals’ percentage of English 

exposure and their ratio of looking to familiar-toddler versus unfamiliar-adult words in both 

AusE and JaME tests to determine whether their English exposure had any effect on their 

performance. These correlations were not significant for either the AusE test, r = 0.22, p = 

0.420, or the JaME test, r = 0.14, p = 0.602.  
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5.8 Discussion 

Experiment 2 like Experiment 1, showed the predicted familiarity preference across 

all the factors across 17-month-old bilinguals and monolinguals, as indicated by their longer 

looking overall when presented with familiar-toddler words over unfamiliar-adult words, 

providing some evidence that both groups of children showed familiar word recognition 

across all other factors. This again suggests that the children are possibly showing 

phonological constancy across words that displayed CS vowel differences across native and 

unfamiliar accents. However, there were only marginal differences in word type preference 

between the native AusE versus the unfamiliar JaME accents, and between overall looking to 

the test accents and language experience or passage accent. That is, the results suggest that 

there was no passage exposure effect on phonological constancy, given that the children did 

not generalise word recognition across accent based on exposure to native versus non-native 

accents. Nor was there an effect of language experience on phonological constancy, that is, 

whether or not children received exposure to one or more languages had no effect. Also, there 

was no accent effect for phonological constancy. Finally, there was a significant correlation 

between monolinguals’ OZI scores and their performance in the JaME test. When the words 

were produced in the JaME accent, the monolinguals with larger English vocabularies had 

longer looking to the familiar-toddler words than unfamiliar-adult words. 

5.9 General Discussion 

We investigated the effect of language experience on 17-month-old children’s ability 

to recognise familiar words in their native versus unfamiliar regional accents. In particular, 

we looked at the effect that learning two languages has on bilingual children’s ability to grasp 

phonological constancy. We also examined whether pre-exposure to the familiar or 

unfamiliar accent is beneficial to monolingual and bilingual children’s ability to adapt to an 
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unfamiliar accent relative to previous studies. Finally, we explored the possible effect that the 

type of phonetic vowel difference between the native and an unfamiliar accent has on cross-

accent word recognition. In both experiments, we found a main effect of word familiarity at 

test, suggesting that infants could recognise words containing both CG and CS vowel 

differences across all other factors examined. This suggests some evidence of phonological 

constancy, but this word recognition across the board was not qualified by children’s 

language experience, passage accent exposure or test accent. However, one possible 

explanation for the fact that word recognition in both studies is not qualified by language 

experience, test accent or passage accent might be the small sample size which affects the 

power of the studies reported here. Each study had 16 monolingual and 16 bilingual infants 

which is already at the very low end of conventional sample size for infant research of this 

nature (Oakes, 2017) and the majority of infant studies are highly underpowered at this 

sample size (Bergmann et al., 2018). We used the r package simr to calculate power for 

mixed effects models from the lme4 package. The power was fixed to the power to detect a 

slope of −0·05. The results showed that the power to reject the null hypothesis of zero trend 

in loglooking is about 0%, given the particular setup of the models as described earlier. This 

is considered insufficient; traditionally 80% power is considered adequate (Field et al. 2007). 

Therefore, the models are severely underpowered. In light of the fact that the study is 

underpowered, the low power will be substantially considered in the interpretation of the 

results, which will be cautiously interpreted.  

Regarding monolinguals, their ability to accommodate CG vowel differences in 

Experiment 1 is compatible with an earlier report that monolingual children can generalise 

word recognition to an unfamiliar accent when words display CG vowel differences as early 

as 15 months (Best & Kitamura, 2014). However, 17-month-olds’ accommodation of CS 

vowel differences in Experiment 2 is inconsistent with a previous report that monolingual 

https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/2041-210X.12504#mee312504-bib-0006
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toddlers, even at 19 months, failed to generalise word recognition to an unfamiliar accent 

when the accented words displayed CS vowel differences  from native accent pronunciations 

(Best, Gates, et al., 2016).  Although there was no interaction with word type and passage 

accent to qualify the prediction that the multi-talker pre-test exposure story used only in the 

current study improves cross-accent generalisation, the fact that the children in this study at 

17 months show some evidence of phonological constancy when words display CS 

differences in accents suggests the possibility that increased prior exposure to variability of 

any kind led to more accommodation to the CS vowel differences in the JaME accent. We 

speculate that the pre-exposure possibly provided some contextual support for attending to 

the words’ phonological forms rather than their superficial phonetic details, thereby rendering 

better performance on the subsequent word recognition tests. This would be in line with 

findings we discussed earlier regarding Schmale et al (2012) that pre-exposure to different 

types of variability in an unfamiliar passage, whether by multiple or single talkers, can 

improve accommodation to accented words. It must be noted, though, that because the 

present study had the same talkers at pre-exposure and test, it is not possible to separate the 

effects of talker adaptation from accent accommodation, so future work could further explore 

this by using different talkers of the same accent at pre-exposure versus test. Moreover, we 

must acknowledge that the improved performance by monolinguals on CS cross-accent 

vowel differences in the current study must be cautiously interpreted given the fact that the 

study is underpowered. Therefore, further study with a larger sample size would be necessary 

to strongly argue that pre-test exposure to talker and/or accent variability indeed led to better 

CS-vowel word recognition. 

The fact that we did not have a main effect of pre-exposure passage accent suggests 

that infants’ recognition of the words in the CS experiment relative to infants’ failure in Best, 

Gates et al. (2016) was not a result of the exposure to an accent and multiple talkers of it per 
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se, but rather it may just be that the addition of a multi-talker pre-exposure story phase to the 

listening preference paradigm itself had a more general effect. One possible explanation is 

that the pre-exposure story might have been beneficial in engaging the children to listen to 

words as meaningful phonological structures rather than simply as familiar phonetic patterns 

in the test phase (Fennell & Waxman, 2010). However, we cannot strongly argue for this 

benefit of exposure given the lack of interaction with exposure and phonological constancy. 

Thus, further studies will be needed to test these interpretations. In addition, however, given 

the fact that study was underpowered and the interaction involving word type was marginal 

then we cannot make any strong assumption, but merely speculate. Further investigations 

with increased sample size are needed. 

We provided alternative predictions for bilinguals. On the one hand, if the emergence 

of phonological constancy is tied to the amount of exposure to the target language, AusE, the 

PRIMIR-based hypothesis was that bilinguals might fail to attend to the phonological 

structure of word forms where monolinguals succeed, because bilinguals receive less English 

exposure compared to monolinguals. On the other hand, our PAM-based perceptual 

attunement hypothesis was that the greater amount of variation in bilinguals’ language 

exposure relative to monolinguals’ might allow them to succeed along with monolinguals in 

accommodating cross-accent differences, despite their reduced exposure to English. In that 

case, bilingual children may receive sufficient experience with phonetic variation to allow 

them to better accommodate phonetic variation in word pronunciations which would result in 

bilinguals having broader phonological categories than monolinguals, even after achieving 

phonological constancy (whether or not this is achieved on the same schedule). Our third 

hypothesis combined the PRIMIR and PAM predictions, arguing that the bilingual 

disadvantage of a smaller vocabulary in the target language may be offset by the benefit of 

greater everyday exposure to accent variation. It is perhaps this third hypothesis that our 
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findings are tentatively most consistent with - we found that both bilinguals and 

monolinguals at 17 months showed word recognition across our task conditions (including 

pre-exposure to a multi-talker story in either accent), providing some evidence of 

phonological constancy when words displayed either CG or CS vowel differences across 

accents.  

Our findings appear inconsistent with Mulak and Escudero (2016), who found that 

unlike monolinguals, 17-month-old bilinguals failed to retrieve the abstract phonological 

shape of words, presumably as a result of reduced exposure to each of their languages 

resulting in a lower English vocabulary size, i.e., the PRIMIR-based hypothesis. There are 

various possible explanations for the difference observed in the bilinguals’ performance in 

the current cross-accent word recognition study and Mulak and Escudero’s (2016) word 

identification study. First, the bilinguals’ language exposure might have affected their 

performance in the more cognitively demanding task of word identification used by Mulak 

and Escudero (2016) but does not seem to result in this language group performing worse 

than their monolingual peers in our easier task of word recognition. Considering that word 

recognition involves only recognising auditory word forms, word identification is reasoned to 

be a more difficult task because it involves recognising not only the auditory word form, but 

also the referent associated with the form. Thus, children need more advanced lexical 

knowledge to complete a word identification task than a word form recognition task. Second, 

Mulak and Escudero (2016) did not consider the possible effect of different types of cross-

accent phonetic difference on the emergence of phonological constancy; their test words 

included an uncontrolled range of CG and CS vowel and consonant differences. Thus, it is 

possible that bilinguals at 17 months might accommodate to words that display only a single 

CG vowel difference even in their word identification task. Our current findings suggest that 

by 17-months, bilinguals possibly have sufficient language exposure and a mature enough 
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vocabulary to show some evidence of phonological word form recognition of familiar words. 

Finally, Mulak and Escudero (2016) did not include a pre-exposure phase in their experiment, 

which may have been sufficient in our study to counter the bilingual delay and bring their 

performance more in line with monolinguals. Work comparing CG and CS differences in 

word identification could indicate whether the type of phonetic change contributes to 

bilinguals’ ability to achieve phonological constancy at this age, and future work presenting a 

pre-exposure story could determine whether it benefits bilinguals in word identification as 

well as recognition. 

Thus, our current findings suggest that at 17 months, monolingual and bilingual 

children’s familiar word preference is possibly assisted by presenting them with a spoken 

meaningful story embodying some sort of variation (e.g., multiple talkers) prior to testing, 

regardless of whether this passage is in the native or unfamiliar accent. Therefore, it is 

possible that increased exposure to variability of any kind led to more accommodation in our 

word recognition study. This potentially identifies an effective tool for use to better elicit 

children’s attention to the phonological representation of word forms for a wider variety of 

studies related to language development. Although we can reason that this is a possible factor 

that impacted the children’s word recognition abilities, we can only speculate since 

familiarity word preference was not qualified by the exposure passage, and because our study 

was underpowered. 

Altogether, the findings show some evidence that phonological constancy is possibly 

achieved at 17 months for cross-accent vowel differences, a month earlier than published 

findings suggesting that knowledge of phonological principles develops around 18 months 

(e.g., Best et al., 2009; Swingley, 2008). To return to the theoretical models discussed at the 

outset of this paper, the ability to rely on phonological principles in word recognition could 

derive from either the emergence of the phonemic plane with the word forms becoming both 
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phonetically and phonemically based, allowing the abstraction of phonemes from native 

accent exemplars (PRIMIR Curtin et al., 2011; Werker & Curtin, 2005), or from experience 

with systematic phonetic variation that fosters the emergence of more abstract phonological 

word forms (perceptual attunement; Best et al., 2009). These two accounts both suggest that 

this phonological knowledge is necessary for the emergence of phonological constancy at 

around 18 months, which is also the time when children experience rapid growth in their 

expressive vocabulary (Benedict, 1979). Therefore, according to the perceptual attunement 

account, the 17-month-old monolinguals and bilinguals in the current study might have 

sufficient experience with phonetic variation to recognise abstract phonological word forms. 

Furthermore, unlike the 17-month-olds in Mulak and Escudero (2016) who failed to 

accommodate an unfamiliar accent for word identification without pre-test exposure to 

variation, in this study, infants appear to be showing some evidence that they might have 

accrued sufficient experience with phonetic variation through a short-term pre-exposure to 

the unfamiliar accent in the lab to foster more abstract phonological knowledge of word 

forms, allowing them to accept unfamiliar phonetic variation when recognising familiar 

words. Although bilinguals’ failure at 17 months in Mulak and Escudero (2016) was in line 

with PRIMIR’s prediction that bilinguals might show later development of phonologically 

specified words due to reduced vocabulary size, the bilinguals did not show a delay in the 

present study. However, we must interpret the difference in findings cautiously, given that 

our studies may be underpowered to detect a difference between monolinguals and bilinguals 

or other important effects such as the potential role of vocabulary size.  

Although exposure to more than one language did not delay bilingual infants’ ability 

to recognise words in the unfamiliar accent, we did find that they performed differently with 

the unfamiliar accent relative to the monolinguals. In Experiment 1, which involved CG 

vowel differences, bilinguals showed a preference for the unfamiliar regional accent 
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(regardless of word familiarity) after pre-exposure to the native accent. Therefore, this 

suggests some evidence of a novel accent preference in bilinguals alone after exposure to the 

familiar accent. The PAM-based perceptual attunement hypothesis is that bilinguals’ 

exposure to greater accent diversity tunes them in to listening to speech with unfamiliar 

phonetic variation. Bilinguals are reasoned to be particularly sensitive to phonetic variation 

and to understand the meaningfulness of variation in a multilingual community due to their 

need to tune in to talker and accent differences in their daily lives to help distinguish their 

native languages (Evans, Madigan, & Lourido, 2019). This heightened awareness and 

understanding of phonetic variation may drive their greater preference for words with 

unfamiliar phonetic variation compared to monolinguals. In fact, early bilingualism may 

promote different strategies in language recognition compared to monolinguals. In language 

discrimination studies, monolinguals have been found to be faster at orienting to the native 

language compared to a foreign language, while bilinguals showed the opposite pattern, being 

faster at orienting to the unknown language compared to the native one (Bosch & Sebastián-

Gallés, 1997, 2001). Those authors interpreted their findings as a possible indication that the 

processing mechanisms that aid bilinguals in language recognition are different from those of 

monolinguals. They further reasoned that bilinguals’ increased attention to unfamiliar speech 

signals could reflect compensation for their reduced exposure to each language (Garcia, 

Guerrero-Mosquera, Colomer, & Sebastian-Galles, 2018). That is, bilinguals’ greater 

attention to the unfamiliar stimuli might help them figure out which language is being 

spoken. Overall, the bilinguals’ unfamiliar accent preference found in our first experiment 

could be a reflection of their experience in dealing with two languages instead of one. 

Although these findings may suggest that bilinguals’ strategies used in word recognition 

differ from those of monolinguals, further investigation would be needed to confirm this 

given that this preference was not found in the study with CS vowel differences, as well as 
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the fact that the studies were underpowered. 

Another possible explanation for the novelty accent preference could be a voice 

preference. It is possible that the bilinguals preferred the Jamaican-accented talkers’ voices. 

However, recall that we presented three talkers of each accent, and they were selected to have 

cross-accent pairs of speakers with similar voice qualities. Although we did not measure 

specific voice preferences, our selection of cross-accent talker pairs with similar voice 

qualities mitigates the need to measure specific voice preferences. In any case, a Jamaican 

talker voice preference seems unlikely given that the same three talkers of each accent 

produced the words in both the CG and the CS vowel experiments, and yet the bilinguals 

showed an unfamiliar accent preference only in the CG experiment and monolinguals did not 

show such a preference in either experiment.  

Overall, the results of the current study indicate that 17-month-old bilinguals and 

monolinguals have sufficient experience with variation and a sufficiently mature vocabulary 

that they might be able to generalise word recognition to an unfamiliar accent containing CG 

and CS vowel differences relative to the native accent following pre-exposure to a story in 

either their native or an unfamiliar regional accent. Thus, although bilinguals must share their 

language-learning time across two languages, this does not necessarily interfere with their 

ability to generalise word recognition to an unfamiliar accent relative to monolinguals. On a 

broader level, increased exposure to variability of any kind before a word recognition (or 

even a word identification) task might better reflect their abilities in the real world, in which 

they are constantly hearing talker and accent variation in speech. That greater exposure to 

variation in speech perhaps helps them to become more “tuned in” to the sources of variation 

in word pronunciation. Thus, presenting infants with any kind of variability might be a useful 

tool in the lab to better assess infants’ real-world language processing abilities. 
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CHAPTER 6: REGIONAL ACCENT ADAPTATION IN WORD LEARNING BY 

BILINGUAL AND MONOLINGUAL TODDLERS 

6.1 Introduction 

To build a lexicon, toddlers must learn novel words despite facing a range of natural 

phonetic variation in speech. These sources of variation range from within-speaker 

differences such as the emotional state of the person, to between-speaker differences, as a 

result of a variety of factors, including gender and shape of the vocal tract, through to 

between-group differences such as variations in pronunciations as a result of regional accent 

differences (Mulak et al., 2013). Although these sources of variation have diverse effects on 

speech perception and word recognition in early language development, they can make the 

task of word learning and generalisation of newly learned words even more challenging than 

it already is for young learners. To generalise newly-learned words to an unfamiliar accent, 

young children must detect the more abstract phonological structure of a word form (Best et 

al., 2009). These phonologically specified word forms are not restricted to the concrete 

phonetic detail or to native accent phonetic categories, but rather capture the more abstract 

phonological structure that allows recognition of the words across phonetic variation such as 

the different pronunciations in other regional accents (Best et al., 2009; Mulak et al., 2013).  

To access the more abstract phonological word forms, toddlers must be able to 

determine whether a phonetic difference distinguishes words (phonological distinctiveness), 

or whether it leaves the phonological structure intact (phonological constancy: Best et al., 

2009). For example, phonological distinctiveness differentiates the Australian English (AusE) 

‘nice’ [nɑes] and ‘niece’ [niːs] as different words, while phonological constancy signals that 

‘nice’ [nɑes] pronounced in AusE is the same word as [naɪs] pronounced in Jamaican 

Mesolect English (JaME). Thus, to grasp these complementary principles of lexical 
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acquisition, phonologically specified rather than phonetically detailed word forms are 

required since the latter are too rigidly tied to specific native pronunciations to accommodate 

to unexperienced phonetic differences from the native accent that are presented by unfamiliar 

non-native regional accented pronunciations.  

Despite a growing body of research investigating the impact of phonetic variation on 

different areas of language development (Best et al., 2009; Mulak et al., 2013; Mulak & 

Escudero, 2016; Van Heugten & Johnson, 2014), little research has examined the emergence 

of phonological constancy in word learning. Much of what is known about toddlers’ 

emerging ability to access the phonological representation of newly taught words has focused 

on whether toddlers can learn new word-object associations when words are phonetically 

similar (e.g., minimal pairs). While studies on minimal pairs can imply children’s use of 

phonological principles, they are specific to the principle of phonological distinctiveness 

because they focus on phonetic distinctions that are lexically meaningful (Stager & Werker, 

1997; Pater, Stager, & Werker, 1998; Pater, Stager, & Werker, 2004). For a comprehensive 

insight into the emergence of phonological principles in lexical acquisition, it is important to 

investigate young children’s ability to handle phonetic variation that leaves the underlying 

phonological form of the word the same, referred to as phonological constancy. This can be 

achieved by investigating the impact of unfamiliar-accented pronunciations on lexical 

acquisition (Best, 2015; Best et al., 2009).  

Research on phonological constancy has shown that children can readily and 

consistently recognise words in an unfamiliar regional accent at 19 months of age but not at 

15 months (Best et al., 2009; Mulak et al., 2013). The younger children’s word forms might 

still be phonetically specified, reflecting only the pronunciations they have experienced in 

their environment, resulting in failure of generalisation to unfamiliar pronunciations. 

However, toddlers’ ability to accommodate an unfamiliar accent can be observed earlier if 
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they receive pre-exposure to the non-native accent. One study found that exposure to 

accented speech can facilitate subsequent recognition of familiar words in younger children 

(Van Heugten & Johnson, 2014). Canadian English-learning 15-month-olds recognised 

words in an unfamiliar accent following brief exposure to the accent prior to testing via a 

familiar story that their parents had read to them regularly in the preceding two weeks. 

Therefore, with support through pre-exposure, younger children appear to be able to 

recognise familiar words even in previously unfamiliar regional accents to which they have 

been briefly exposed in the lab just prior to testing. 

For an extensive assessment of phonological constancy, some studies also examined 

degree of abstractness of young language learners’ phonological representations by looking at 

different types of cross-accent variations (Best, Gates, et al., 2016; Best & Kitamura, 2014). 

The Perceptual Assimilation Model (PAM: Best, 1994, 1995) was extended to provide an 

account of two types of cross-accent variations and their predicted perceptual assimilation to 

corresponding phonemes in the native accent (Best, Gates, et al., 2016; Best & Kitamura, 

2014). Category-Goodness (CG) differences are those that map categorically to the listener’s 

corresponding native-accent phonemes and thereby the difference does not change the 

perceived category of the phoneme in the listener’s native accent. Although CG differences 

map to the same category, they do not necessarily do so in a native-like way, that is, they can 

sound like non-native exemplars of the phoneme. Category-Shifting (CS) differences, on the 

other hand, are cross-accent phonetic differences that map to a different phoneme in the 

perceiver’s native accent and are therefore assimilated as a contrasting phoneme. Given that 

CG phonetic differences do not violate the phoneme boundary in the native accent and CS 

differences do, CG differences are expected to be relatively easy to accommodate 

perceptually, even without true phonological constancy, whereas CS differences should be 

more challenging to accommodate because they cross a phonemic boundary between accents, 
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especially when the accent is unfamiliar and more likely requiring phonological constancy as 

the accent becomes more familiar. These predictions are supported by findings demonstrating 

that 15- and 19-month-olds recognise words that display CG vowel and consonant differences 

in an unfamiliar accent (Best & Kitamura, 2014; Best et al., 2012). However, when words 

displayed CS vowel differences even at 19 months, the age when phonological constancy is 

reported to be robust, toddlers failed to generalise recognition of the unfamiliar accent (Best, 

2018; Best & Kitamura, 2014), although they had no difficulty with CS consonant differences 

(Best, Gates, et al., 2016; see also Mulak, Best, Tyler, & Kitamura, 2014).  

Although the findings presented thus far indicate that children can reliably handle 

unfamiliar accent variability in spoken words by 19 months in word identification (Mulak et 

al., 2013) and word recognition (Best et al., 2009), their ability to correctly process phonetic 

variation may depend on the language skill that is being tested. When the listener must also 

accommodate cross-accent phonetic differences, which requires toddlers to attend to 

phonologically specified word representations, word learning and generalisation of the 

newly-learned words to an unfamiliar accent would likely be more cognitively demanding 

relative to word recognition and identification. This is because in the latter two tasks, toddlers 

can use their pre-established knowledge of the familiar word form to inform the process of 

accommodating to an unfamiliar pronunciation. When children are learning new words, on 

the other hand, they do not have access to prior knowledge of the word’s form or meaning to 

aid their accommodation to accented productions of it. To generalise a newly taught word to 

an unfamiliar accent, toddlers must first relate a novel word form to a novel object, i.e., learn 

the referential meaning of the word form, and then recognise its phonological structure in 

order to generalise recognition of it across even unfamiliar cross-accent phonetic variations in 

its pronunciation. Although young language learners can reliably and consistently 

accommodate accented speech by 19 months for recognition and identification of familiar 
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words, cross-accent variability may still pose problems even for children at 20 months and 

older when they are attempting to learn new words and to generalise those newly-learned 

words to unfamiliar accents. 

To date, the effect of accent on word learning and subsequent generalisation to 

unfamiliar accents in young language learners has been examined in only three studies 

(Schmale et al., 2012, 2011; Schmale, Seidl, & Cristia, 2015). Using a preferential looking 

procedure, in the Schmale et al. (2011) study 30- and 24-month-olds were tested on their 

ability to generalise newly learned words across accents. Children were taught two new 

words by either a native or Spanish-accented speaker of American English (Schmale et al., 

2011). Over two repeated blocks, children were taught one novel word-object pairing per 

block and then were immediately tested within the same block. Novel words were presented 

during the training phase in carrier phrases such as, “Do you see a _____?”, “Look, it’s a 

_____!” and “A _______!”, by a speaker of one of the accents, with one novel object 

presented on the screen. The children were then tested over two trials with two objects 

presented on the screen, the trained object and a second novel object, and their looking time 

was measured to the trained word-object pair versus an untrained word-object pair produced 

by the speaker of the other accent. Successful accommodation of the accent was indicated by 

longer looks towards the trained object when it was labeled, or towards the novel object when 

an untrained label was presented. The 30-month-olds successfully generalised newly learned 

words across accents regardless of the speaker accent used in training. However, the 24-

month-olds only generalised newly taught words when they were taught the words in the 

foreign accent and tested in the native accent, but not vice versa. The findings imply that 

older monolingual children can ignore the phonetic differences in accent and generalise 

newly taught words to an unfamiliar accent despite the phonetic differences between accents, 

whereas the younger children cannot yet do this reliably. 
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Like younger children do in word recognition (Van Heugten & Johnson, 2014), 24-

month-olds can benefit from pre-test exposure to the unfamiliar accent in the more 

demanding task of word learning and generalisation to other accents (Schmale et al., 2012). A 

follow-up study tested toddlers’ ability to generalise newly taught native-accented words to a 

foreign accent, which is the condition in which 24-month-olds had previously failed to attend 

selectively to the trained object in the other-accent generalisation phase in Schmale et al. 

(2011). The toddlers were exposed to a passage in either the native or foreign accent 

produced by either a single talker or multiple talkers. In this study, training was conducted in 

the native accent and the test trials were in the foreign accent. The findings showed that under 

these conditions, the 24-month-olds generalised the newly learned words to the foreign 

accent following pre-test exposure to the foreign accented passage (Schmale et al., 2012).  

Although the studies discussed above provide evidence of how phonetic variation 

impacts word learning for monolingual children, they cannot be generalised to bilinguals. The 

impact of learning two languages on children’s abstract phonological representations, in 

particular their ability to learn words with sufficient phonological constancy to generalise to 

an unfamiliar accent, is yet to be investigated. Children growing up bilingual provide another 

perspective on the question of whether unfamiliar-accented pronunciations interfere with 

young language learners’ ability to attend to the phonological representation of novel words 

for various reasons. Bilingual children face a more challenging word learning process than 

monolinguals, as they are simultaneously exposed to words in two languages and receive 

reduced input for new words in each language compared to monolinguals (DeAnda et al., 

2016; DeAnda et al., 2018; Pearson et al., 1993). Moreover, the difficulty associated with 

detecting the abstract phonological structure of newly taught words might continue to be 

apparent until an older age or until there is comparable level of expertise in each language, 
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given that bilingual toddlers have to acquire two lexical systems simultaneously and thus 

have to match multiple labels to single objects more often than monolinguals (Kandhadai, 

Hall, & Werker, 2017). Bilinguals also receive greater exposure to variation in speech. 

Bilingual toddlers regularly encounter two languages from the same person, and likely with 

some degree of foreign accent for at least one of their languages as bilingual adults produce 

slightly different phonetic realizations of each language’s sounds than monolingual adults do 

(Bosch & Ramon-Casas, 2011; Byers-Heinlein & Fennell, 2014).  

Based on the PAM perceptual attunement principle that experience with systematic 

phonetic variation enhances children’s grasp of phonological constancy (PAM: Best, 2015; 

Best et al., 2009; Mulak et al., 2013), we reasoned that because bilinguals encounter more 

accent variation in their language environment, they might exploit this to tune in more easily 

to new accents. Therefore, one possible outcome is that bilinguals’ greater exposure to accent 

variation could be an advantage in perceptually adapting to accented words, which may result 

in broader, that is, phonetically more inclusive/larger, phonological categories than their 

monolingual peers. If so, bilingual children could accrue sufficient experience with phonetic 

variation through a short-term story pre-exposure to the unfamiliar accent in the lab to foster 

more abstract phonological knowledge of word forms, allowing them to generalise newly 

taught word to the unfamiliar phonetic variation in word pronunciations earlier than 

monolinguals.   

In Schmale et al.’s (2015) study, although the study was with monolinguals, the 

researchers assessed whether exposure to indexical and social variability promotes 

subsequent cross-accent word learning. They employed a replica of the word learning task in 

Schmale et al. (2012; outlined earlier), whereby 24-month-old English-learning toddlers were 

trained and tested on two novel words by a female native American English speaker and a 

Spanish-accented speaker. The children were randomly assigned to one of two exposure 
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conditions: indexical or social. In the indexical exposure condition, the children listened to 

the voices of four different native English actors while watching a silent video from the 

children’s cartoon series Curious George. The children in the social exposure condition 

listened to classical music while watching videos of the same four actors presenting a variety 

of gestures. Following the exposure phase, the children were tested on a word-learning task 

with two repetitions of the same training test block. At test, both groups succeeded in 

recognising a novel word when spoken in the novel accent. The findings suggest that pre-test 

exposure to phonetic variability, whether indexical (people with very different voices), or 

social (people who look very different), is sufficient to encourage accommodation to an 

unfamiliar accent in word learning. The findings suggest that exposure to multiple talkers 

with differences in indexical or physical characteristics may lower young children’s 

expectations for what type of speech they are likely to encounter subsequently. That is, 

children who hear speech from multiple talkers, who all have very distinct voices, may relax 

their categories in anticipation that the other talkers they hear will be distinct as well. Given 

that bilinguals are exposed to greater accent variability in their language environment than 

monolinguals (Bosch & Ramon-Casas, 2011; Byers-Heinlein & Fennell, 2014), they might 

relax their categories thereby accepting more speech variation.  

Additionally, bilinguals might also use strategies to solve the demanding task of word 

learning differently than monolinguals. An example of a strategy that differs between the two 

groups is one used to cope with ambiguity in word learning: mutual exclusivity (Byers-

Heinlein, 2018). This refers to the assumption that toddlers apply one-to-one mapping 

relations between word forms and their referents, thus inferring that a new word form cannot 

apply to the same object for which they already know another name (Markman, 1990). 

Monolingual and bilingual children differ in the application of mutual exclusivity during 

word learning as this assumption is stronger in monolingual than bilingual children (Byers-



173 

 

Heinlein, 2018; Kalashnikova, Mattock, & Monaghan, 2016). Exposure to two or more 

languages from infancy (Byers-Heinlein & Werker, 2009) makes bilingual children aware 

that one object can have two or more translational equivalents (i.e., at least one label per 

language), shaping their word learning heuristics and retention outcomes (Byers-Heinlein, 

2018; Kalashnikova, Oliveri, & Mattock, 2018). However, by 24 months bilinguals and 

monolinguals manifest mutual exclusivity to the same extent in a given language (Byers-

Heinlein, Chen, & Xu, 2014). In cross-accent generalisation, we might see an erroneous/false 

mutual exclusivity where young children treat the accented pronunciation of the newly taught 

word as a new word. This would be in line with our reinterpretation of Schmale et al.’s 

(2011) findings that children looked longer to the untrained image when tested on 

generalisation of the newly-learned words to an unfamiliar accent. This finding suggests that 

children are applying mutual exclusivity, but incorrectly in this context since they are 

assuming that the trained word pronounced in the non-native accent is a new word.  

A prior study demonstrated that bilinguals perform similarly to monolinguals on 

cross-accent word identification (Mulak & Escudero, 2016) but with a modest age difference. 

While monolinguals at 17 months identified words in their native Australian English (AusE) 

accent but not in an unfamiliar regional accent, Jamaican Mesolect English (JaME), 

bilinguals at this age failed to identify familiar words in either accent, suggesting a delay in 

native English word identification in bilinguals in comparison to their monolingual peers. But 

bilinguals “caught up” to monolinguals at 19 months, identifying words spoken in AusE and 

approaching word identification in JaME (Mulak & Escudero, 2016), the age at which 

monolinguals identified words in both accents (Mulak et al., 2013).  

Contrary to bilinguals’ failure to identify native or unfamiliar accented words at 17 

months (Mulak & Escudero, 2016), a recent study suggests that bilinguals can access abstract 

phonological structures in early word recognition just like their monolingual peers at 17 
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months (Whyte-Ball, Best, Mulak, & Kalashnikova, in preparation)3. Using toddlers’ 

propensity to preferentially listen to familiar over unfamiliar words, this study used the word-

listening preference task to assess bilinguals’ ability to generalise recognition of familiar 

words to an unfamiliar regional accent. Unlike the study discussed above (Mulak & 

Escudero, 2016), this study investigated whether different factors affected bilinguals’ 

development of phonological constancy in recognition of familiar words relative to their 

monolingual peers. It included pre-exposure to the native or the target non-native accent 

using a story to test whether bilinguals and monolinguals differ in benefitting from pre-

exposure for generalising recognition of known words to the unfamiliar accent. In addition, 

the study assessed the degree of abstract phonological representation by including words that 

differ in the type of between-accent phonetic variation: CG vs CS vowel differences. The 

findings showed that both monolingual and bilingual toddlers showed a preference for the 

familiar over unfamiliar words in both the native AusE and the unfamiliar non-native (JaME) 

accents following pre-exposure in either accent, thereby demonstrating recognition of 

familiar words despite accent variation. Their ability to accommodate the unfamiliar accent 

was not affected by the type of phonetic change, evidenced by toddlers’ ability to recognise 

words that displayed both CG and CS vowel differences in the unfamiliar accent. Unlike 

monolinguals, however, bilinguals showed an overall listening preference for the unfamiliar 

regional accent, regardless of word familiarity, after pre-exposure to the native accent story. 

The authors reasoned that because bilinguals experience talker and accent differences in their 

daily lives and sensitivity to such differences helps them to distinguish between their native 

languages (Evans et al., 2019). Thus, early exposure to linguistic diversity likely tunes 

bilingual infants into unfamiliar phonetic variation as a source of information to understand 

the meaningfulness of talker and language variation in their multilingual context. This 

 
3 This study is in reference to Chapter 5 which is also a journal manuscript in preparation.  
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heightened awareness and understanding of phonetic variation may drive bilinguals’ 

preference for attending more to an unfamiliar accent than monolinguals do.  

The findings reviewed above on bilinguals’ ability to discern the abstract 

phonological representation of familiar word forms leads to three alternative hypotheses 

about their development of phonological constancy for generalising newly learned word 

recognition to unfamiliar accents. On the one hand, bilinguals’ reduced exposure to each 

language may hinder accent generalisation with newly learned words. This can be 

extrapolated from the Developmental Framework for Processing Rich Information from 

Multidimensional Interactive Representations model (PRIMIR:Curtin et al., 2011), which 

hypothesises later emergence of phonemic word forms in bilinguals than monolinguals. 

Given that phonemes might develop later for bilingual toddlers because of the reduced 

frequency of input, and reduced vocabulary size, in each language, bilinguals might need 

more exposure to develop phonological constancy for the new word, thereby leading to a 

temporary delay in their ability to generalise it to the unfamiliar accent. 

On the other hand, bilinguals’ exposure to greater variation in languages and accents 

could result in them relying more on phonological constancy in learning words relative to 

monolinguals with their lower exposure to variation. This is in line with the perceptual 

attunement hypothesis that experience with systematic phonetic variation enhances children’s 

grasp of phonological constancy (PAM: Best, 2015; Best et al., 2009; Mulak et al., 2013). 

Therefore, children’s exposure to variability may augment their ability to discover more 

abstract phonological word forms, thereby allowing them to more readily learn words with 

sufficient phonological constancy to generalise to a new accent. This is further supported by 

Schmale et al.’s (2015) findings that exposure to variability promotes accommodation of an 

unfamiliar accent in word learning.  
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There is also a third alternative, however: that bilinguals might achieve phonological 

constancy at the same pace as monolinguals because the potential bilingual benefit of greater 

accent exposure may effectively neutralises the potential disadvantage of a smaller 

vocabulary in a given language. To evaluate these three conflicting hypotheses we examined 

whether learning two languages impacts toddlers’ ability to develop phonological constancy 

for newly taught words, assessed via their ability to generalise newly learned words to an 

unfamiliar accent. We compared 24- to 26-month-old monolingual and bilingual toddlers’ 

ability to form an association between a novel object and a novel word form, and to 

generalise this association to an unfamiliar regional accent. We decided to test children at 24-

26 months because this skill is still fragile at that age, whereby children fail to generalise 

from a familiar to an unfamiliar accent, unless they receive a pre-exposure passage on the 

unfamiliar passage (Schmale, et al., 2012). Thus, testing this age group should allow us to 

determine whether bilingualism enhances phonological constancy in word learning or in fact 

it hinders this ability. 

Given that young children at this age only showed reliable cross-accent word learning 

when they received a pre-exposure passage (Schmale et al., 2012), our study also included a 

pre-exposure passage in either the native or the unfamiliar accent used in the study, prior to 

the word learning task. Half of the children in each language background group heard the 

story in AusE and the other half heard the story in JaME. This manipulation was included to 

determine whether pre-exposure to the unfamiliar non-native accent had an effect on 

toddlers’ ability to accommodate to accented speech. If pre-exposure is beneficial then we 

expect that children exposed to the unfamiliar accent would better generalise the newly 

taught word to the unfamiliar accent than children who receive exposure to the native accent.    

The current study used a looking-while-listening task that consisted of a combination 

of a pre-exposure phase and a test phase. The design of the stimuli, and procedure, were 
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based on previous work by Schmale and colleagues ( 2012, 2011, 2015). Given that 

monolinguals at 24 months in their study, without an accent pre-exposure story, failed to 

generalise newly taught words to a new accent when they were trained in the native and 

tested in the non-native accent, the present study with pre-exposure and comparing 

monolinguals and bilinguals only included training in the native accent and generalisation in 

the non-native accent (Schmale et al., 2011). In the training phase of both Schmale’s and our 

study, children were taught a new word and object pairing, which was followed by a trained 

test trial in which they were presented with the trained label in the unfamiliar accent 

accompanied by the trained object and a novel object. The trained test trial was followed by a 

novel test trial in which they were presented with an untrained label accompanied by the 

trained object and novel object.  The trained test trials were designed to assess phonological 

constancy, while the novel test trial is necessary for an experiment of this nature in order to 

control for any trained object preference that may appear in the trained test trial (see 

Procedure). This novel-word trial is not designed specifically to test whether children show 

mutual exclusivity based on what they learned (e.g., Markman & Wachtel, 1988). However,  

we can infer mutual exclusivity from a preference for looking at the untrained object when 

they hear the novel word, if they have learned the newly taught word-object pairing during 

training. But if children look at the novel object in the novel trial, we can only infer mutual 

exclusivity if their proportion of looking to the novel object in that trial is more than their 

proportion of looking at the novel object in the trained test trial. Thus our task may provide 

more insight into whether learning two languages simultaneously impacts bilinguals’ ability 

to apply mutual exclusivity in word learning, in line with earlier studies that have argued the 

mutual exclusivity principle is stronger in monolingual than bilingual children (Byers-

Heinlein, 2018; Kalashnikova et al., 2018; Kalashnikova, Mattock et al., 2016). 
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To allow for an extensive assessment of phonological constancy in word learning, the 

present study also evaluated the degree of abstract phonological representation of new words 

by including words that require little abstract phonological representation, words that display 

CG differences, versus those that require children to have a more robust abstract phonological 

representation, words that display CS differences.  For bilinguals relative to monolinguals, 

we considered three alternative predictions.  

The first prediction is that bilinguals would show a temporary delay in their ability to 

generalise the newly learned words to the unfamiliar accent. This outcome is predicted due to 

PRIMIR’s prediction that abstract phonemes might develop later for bilingual toddlers 

because of the reduced exposure to each of their languages compared to monolinguals’ 

single-language exposure; thus, it could take bilinguals more time to accumulate sufficient 

exposure in their environment (Curtin et al., 2011) for the emergence of phonological 

constancy.  If bilinguals are later in learning new words with enough phonological constancy 

to generalise to a new accent, they will begin to generalise new words that display CG 

differences but fail to generalise words that display CS differences in the non-native accent. 

Therefore, on the trained test trials, this hypothesis predicts that the bilingual children will 

look significantly more to the trained than untrained image only when words display CG 

differences between the accents, like the monolingual children do, but the monolinguals will 

perform better than the bilinguals on the CS accent differences.  

The second alternative prediction is that bilinguals will outperform their monolingual 

peers, thereby demonstrating that they can access the more abstract phonological form of 

newly taught words. This is in keeping with PAM’s prediction that experience with 

systematic phonetic variation enhances children’s grasp of phonological constancy (Best, 

2015). If bilinguals’ exposure to variation fosters accent generalisation with newly learned 

words, they should generalise newly taught words to the unfamiliar accent when words 
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display both CG and CS differences in the non-native accent and will perform better than the 

monolinguals on the CS test. This will be evidenced by their greater looking to the trained 

image in the trained test trials when words display both CG and CS differences. 

The final prediction for this study is that bilinguals might achieve phonological 

constancy at the same pace as monolinguals because the potential bilingual benefit of greater 

accent exposure (the basis for the PAM perceptual attunement prediction) versus the potential 

disadvantage of a smaller vocabulary in a given language (the basis for the PRIMIR 

prediction) may effectively neutralise each other. The combined model-based prediction 

would be that at this age, both groups will begin to generalise new words that display CG 

differences regardless of story pre-exposure accent, but both groups will generalise words 

that display CS differences in the non-native accent only if they have been pre-exposed to 

that accent in pre-test story. This will be evidenced by their greater looking to the trained 

image in the trained test trials when words display CG (regardless of story pre-exposure 

accent) and CS differences in the non-native accent (only if they have been pre-exposed to 

that accent in pre-test story). 

A final consideration addresses the two groups’ performance on the novel test trials, 

and is related to how bilinguals will apply mutual exclusivity relative to monolinguals. While 

monolinguals are expected to apply mutual exclusivity when presented with the novel test 

item (see Procedure), meaning they will look to the novel object upon hearing the novel 

word, we provide two hypotheses for bilinguals. One hypothesis is that bilinguals will 

suspend mutual exclusivity, an rely on this to a lesser extent than monolinguals, which would 

mean that they would show chance looking on the novel test trials (Byers-Heinlein, 2018; 

Kalashnikova, Mattock, et al., 2016). An alternative hypothesis is that if bilinguals at 24-26 

months apply mutual exclusivity to the same degree as their monolingual peers, they should 
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look to the novel object in the novel test equally as much as monolinguals do (Byers-Heinlein 

et al., 2014). 

6.2 Method 

6.2.1 Participants  

Toddlers were recruited from the Greater Western Sydney area and predominantly 

came from middle-class families. According to parental report, the participants did not have 

any apparent health or hearing problems and did not have previous exposure to Jamaican 

Mesolect English (JaME). Participants were sixteen 24- to 26-month-old (M = 25.30 months, 

SD = 0.83) monolinguals from AusE-speaking households and sixteen 24- to 26-month-old 

(M = 24.95 months, SD = 0.82) bilinguals from AusE and a language other than English 

(LOTE) households. Exposure to each of the bilinguals’ languages was measured using a 

version of the Language Exposure Questionnaire (Sabourin et al., 2016). We assessed 

monolingual and bilingual children’s amount of experience with accented speech and 

varieties using the parental questionnaires. For monolinguals a maximum of 4 hours per week 

of exposure to a language or accent other than Australian English was set as an inclusion 

criterion (M = 3.40 hr per week). Similar to other studies (e.g., Byers‐Heinlein & Werker, 

2009), we used a heterogeneous bilingual sample, grouping bilinguals who share one 

language (Australian English) but vary on their other language. For bilingual toddlers, a 

minimum of 30% exposure (maximum of 70%) to each of their (top) two languages was the 

inclusion criterion (Fennell et al., 2007). Bilinguals heard a mean of 51% English (range: 30-

70%; SD = 21.21) and 49% of their other language (range: 30-70; SD = 21.28). Their LOTEs 

included Tagalog (1), Mongolian (1) Arabic (2), Spanish (2), Vietnamese (1), Cantonese (1), 

Farsi (1), Czech (1), Khmer (1), Lithuanian (1), Hindi (1), Turkish (1), Croatian (1), French 

(1), with Russian (1), Korean (1), Maori (1), and German (1) acquired as third languages 
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(lowest percent exposure). All bilinguals were simultaneous bilinguals in that they all 

acquired English and another language from birth. In addition to the 32 toddlers reported 

above, 12 children were tested but excluded from the analyses due to extreme fussiness 

during the experiment resulting in more than 40% of trials with missing eye tracking data (n 

= 6); technical difficulties (n = 2); or not meeting the monolingual or bilingual language 

exposure inclusion criteria (n = 4). 

6.2.2 Stimuli and Materials 

6.2.2.1 Pre-exposure stimuli 

Pre-exposure consisted of an adaptation of the short children’s story “Chicken Little” 

told in either the children’s familiar AusE accent or in the unfamiliar JaME accent, designed 

to approximate brief, naturalistic exposure to multiple talkers of native AusE- and unfamiliar 

JaME-accented English. The exposure stimuli were exactly the same passages as in 

Experiments 1 & 2 that were outlined in Chapter 5. The AusE story was read by three female 

native speakers of AusE and the JaME story was read by three female native speakers of 

JaME. Each speaker read the story in child-directed speech, and the exposure passage was 

created by combining story segments from each speaker such that their voices alternated 

throughout the pre-exposure phase (see Figure 4). There were 11 segments separated by an 

added 1000 ms fade out/in at beginning and end of the story. Each segment was accompanied 

by a different storyboard illustration introducing a new character. The entire passage lasted 

four minutes. Each passage was scaled to 65 dB. Crucially, the story did not contain any of 

the words to be learned. The colourful storyboards depicting the characters were included to 

capture the participants’ attention and to reduce attrition. 
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Figure 6. Three of the story board illustrations used in the pre-exposure phase. 

6.2.2.2 Training and Test Stimuli 

The novel words were four unfamiliar adult words that children are extremely 

unlikely to have heard (perk, soot, shun, dose), occurring in English adult corpora at 

frequencies of less than 5 per million words (Kucera & Francis, 1967). The words were 

produced by the same AusE and JaME talkers who produced the exposure passages (these 

were the same speakers and a subset of words from Best et al anthem were used in Whyte-

Ball et al in prep/Chapter 5). To examine the impact of the degree of phonetic change on 

cross-accent word learning, the novel words were divided across CG and CS differences. Of 

the four novel words, two displayed CG (perk and soot) and two CS (shun and dose) 

differences between the AusE and JaME accents on a single vowel in each word.  

The audio stimuli consisted of the four novel words embedded in four carrier phrases: 

“Where is the (target)?”, “Look at the (target)!” “Can you find the (target)?” and “Let’s find 

the (target)!”. In addition to the four carrier phrases, four reward sentences “That’s the one!”, 

“There it is!”, “Yeah that’s right!” and “You got it!” were recorded to serve, without the 

target word appended, as task reinforcement and to keep the participants engaged at the end 
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of each trial. These carrier and reward phrases are identical to those used in the cross-accent 

word identification study by Mulak et al. (2013), but they were produced by the same 

speakers who produced the target words (see chapter 5 for detail on speakers). Here, these 

phrases were recorded by the same speakers who read the pre-exposure passage and the target 

words. Two tokens per target word per speaker per accent were selected based on similarity 

across words and accents in voice and speech quality.  

The visual stimuli consisted of four novel objects that toddlers are unlikely to know or 

have previously seen, which were newly selected from images available on the internet and 

equated in image height and width (and given a blank pale gray background) for the current 

study. The objects all had different colours and shapes, and all measured 280  274 pixels 

(see Figure 4).  

 

Figure 2. The four novel objects used in the task. 

Audio and visual stimuli were combined into videos using Adobe Premier Pro CC 

(version 12.1). The placement of the visual stimuli was similar to Mulak et al. (2013), with 

the left and right images being centered vertically, and placed horizontally at 20% and 80% 

of the screen’s width from the left border for the left and right images, respectively. Each 

pairing was positioned on a 800  600 pixel 10% grey background. Silence was variably 

inserted at the beginning of each carrier phrase such that the onset of the first repetition of the 

target word was aligned to occur 1301 ms after onset of each carrier phrase, and onset of the 
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second and third target word repetitions were aligned to occur 2000 ms and 4000 ms, 

respectively, after the onset of the first target word. This created three time windows of 2000 

ms each for the three repetitions of the word per carrier phrase. One carrier sentence played, 

followed by the word and then two more repetitions of the word at the specified timing. All 

three words were produced by the same speaker as the carrier phrase. The reward phrase 

occurred 2000 ms after the onset of the third repetition of the target word and was 

accompanied by an animation of the target image, e.g., rotation in position, slow flashing, 

vertical up and down or horizontal back and forth translation. As reward sentences varied in 

length, the total durations of the test videos ranged from 9100 to 10350 ms. 

6.3 Procedure 

Toddlers sat on their caregiver’s lap in a dimly lit soundproof laboratory room, 

approximately 60 cm away from a 22-inch screen of a computer monitor. Visual stimuli were 

presented on the monitor. A Tobii-X120 eyetracker positioned below the screen and Tobii 

Studio software were used to collect eye-movement data. The audio stimuli were delivered 

through two forward-facing loudspeakers positioned below the screen on either side. At the 

beginning of the experiment, a five-point participant eyetracker calibration routine was 

completed (top left, top right, bottom left, bottom right and in the centre) to calibrate the eye 

tracker. Once the participant’s gaze was calibrated, the experiment began. Caregivers listened 

to masking sounds over noise-cancelling headphones and were instructed to look away from 

the screen to prevent their gaze from interfering with the eyetracker’s recording of the 

infant’s gaze. 

The study was divided into two phases: the pre-exposure phase and the word-learning 

phase. A schematic of the task appears in Figure 5 The experimenter observed the 
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participants from an adjoining room and controlled the trial presentation, so that each trial 

started when the toddlers fixated the GIFs at the centre of the screen. 

 

Figure 8. The block procedure used in the experiment. Each block consisted of 6 trials, 

the salience, three training, a trained test and a novel test. Since the Training-Test blocks 

were presented two times sequentially, they were referred to as first and second block. 

The flags indicate the English accent (Australian vs Jamaican) of the stimuli. 

6.3.1 Pre-exposure Phase 

During this phase, toddlers listened to the four-minute story in either the AusE or 

JaME accent while viewing the storyboard on the monitor. Half of the toddlers in each 

language group heard AusE, half in each group heard JaME (n = 8 per story accent per 

group). After the participants had listened to the story, the word-learning phase began. 

6.3.2 Word learning Phase 

The word learning phase was based on the procedure used by Schmale and colleagues 

(2012, 2015). It consisted of two Training-Test blocks that are typical in a standard design for 

rapid word learning (e.g., Hollich, Hirsh‐Pasek, & Golinkoff, 2000). Each participant 

completed the same block twice. Within each block there were a total of six trials: one 
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salience, three training, and two test trials, each described below (see Figure 5). Before each 

trial, an attention-getter stimulus was presented. to direct and capture the participants’ gaze to 

centre of the screen before the start of each new trial. The attention-getters were little GIFS of 

cartoon characters moving in the centre of the screen. The objects, side of presentation, and 

labels in the training-test block (see Figure 5) were counterbalanced across children within 

each exposure condition. 

6.3.2.1 Salience trial 

The salience trial was used to ensure that the participants received equal visual 

exposure to each object prior to training with the audio word, thereby minimising a priori 

looking biases to the two objects. More importantly, the salience trial ensures that when the 

children are presented with the novel object/untrained object and the trained object side-by-

side in novel test trial, it is not the first time they are seeing the untrained object, thereby 

reducing the chance that they would simply prefer a novel object they’ve never seen before in 

the test trials. In the salience trial, the designated pair of test objects were presented on the 

right and left sides of the video display, respectively (e.g., blue object on left, yellow object 

on right). Of these two objects, one was subsequently presented repeatedly during Training 

(the ‘Trained’ object), while the other served as the ‘Novel’ object in the Novel trial. The 

objects appeared on the screen in silence for the duration of a 6-s salience trial. The salience 

trial was followed by the three training trials.  

6.3.2.2 Training trials 

In the training trials, one object was presented in the centre of the video display. Its 

paired label (e.g., perk+orange object) was presented and repeated twice in a carrier phrase 

(e.g., ‘Look at the perk’) produced by one of the AusE-accented speaker, i.e., in the native 

accent. The training trials were followed by the test trials.  
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6.3.2.3 Test trials 

There were two test trials, one each of two types: the trained-test and the novel-test. In 

each test trial, the trained object (e.g., an orange shape) and the paired novel object (e.g., a 

green shape) were presented on the left and right sides of the screen, and a JaME-accented 

speaker presented the labels in the same carrier phrase used in the training (‘Look at the__!’), 

that is, testing was in JaME to assess generalisation of the learned word to the unfamiliar 

accent. In the Trained test trial, the label was the same as the Training (e.g., perk), while in 

the Novel test trial, a novel label was presented (e.g., soot). If children learn the word in the 

trained test trial they should look at the trained object significantly more than novel object. 

While if they show mutual exclusivity, they should look at the untrained object significantly 

more than the trained object in the novel test trial. 

6.3.3 Processing of Eye-Tracking data 

The eyetrackingR package (Dink, & Ferguson, 2015) in R (Version 3.5.2; R Core 

Team, 2018) was used to process the eyetracking data during the test trials. First, two areas of 

interest (AOI) were defined, encompassing each of the images presented during a test trial. 

Eye movement data for toddlers whose gaze was tracked for less than 40% of the time during 

the windows of interest throughout the task were excluded prior to analyses (10 participants). 

Next, we calculated the amount of track loss in each trial for the remaining toddlers, 

removing the trials with over 25% track loss (data excluded for 14 participants). These steps 

resulted in extensive data loss which was the complete removal of more than half the 

participants from the analysis. Given this extensive data loss, the results for this study must 

be cautiously reported and interpreted. One possible reason for this extreme data loss is our 

use of E-prime with the Tobii eyetracker to conduct the word learning study. Another 
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possibility is that an undetected incompatibility arose in the process of programming the 

experiment to collect data using both Tobii Studio software and E-prime.  

For the participants whose data was retained, the mean raw proportion of looks to 

target out of target+distractor during each remaining trial was used as the dependent variable 

in statistical analyses, although there is a major concern with using the raw proportion of 

looks to target given the salience of the two objects during the test phase. The design did 

include a salience trial which was used to ensure that the participants received equal visual 

exposure to each object prior to training with the audio word, thereby minimising a priori 

looking biases for a novel object in test trials. However, this does not really account for the 

additional experience that infants get with only one of the objects during training. At the end 

of training, one of the objects (the one with the known label) will be much more familiar than 

the other (the so-called ‘salience’ issue). This could induce an overall object novelty bias, 

whereby even in silence, infants would not look equally at the trained versus the untrained 

(less familiarised) objects, which makes it impossible to determine chance-level performance 

in this paradigm. Since the two objects at test have been encountered unequally, we would 

not necessarily expect infants to equal preferences for them in the test trials based on 

familiarity alone. 

 Schmale et al. (2011) found an overall preference for looking at the novel object in 

their studies. For this reason they used a difference score approach, in which looking to the 

target when hearing the novel label was subtracted from looking to the target when hearing 

the familiarised label, to account for the salience issue. However, in the current analysis, this 

difference score approach was not taken. While using difference scores is one of the solutions 

to the object bias, because of the extensive data loss outlined earlier for the present study this 

approach is not feasible to apply to our data set. To calculate the difference scores, the same 

child must have two test trials - a novel and a disambiguation trial with the same target 
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object. If only those children are kept, our sample is unfortunately reduced even further than 

described above, resulting in insufficient data for statistical analysis based on difference 

scores. The fact that the difference scores cannot be calculated due to data loss poses a 

problem for the interpretation of the results and determining whether infants are showing 

recognition of the newly learned words in the unfamiliar accent vs. showing mutual 

exclusivity. Therefore, the current findings must be cautiously presented and interpreted. 

Additional data will be collected in the future4 and the difference scores will be calculated for 

a reanalysis of the current and additional data. 

 The present study used three time windows of 2000 ms for fixation analyses, one per 

word repetition (1301-3300, 3301-5300, 5301-7300 ms). However, only the first word 

repetition window was used during the analysis, based on prior evidence that after 2 seconds, 

toddlers’ looks may no longer be responding to the auditory stimulus (Fernald, Pinto, 

Swingley, Weinberg, & McRoberts, 1998).  

6.4. Results 

6.4.1 Data Analysis 

Significantly greater looking to the trained image than the novel image on the trained 

test trials indicates recognition of the trained word when it is spoken in the unfamiliar accent, 

i.e., phonological constancy. Conversely, significantly greater looking to the novel image 

than the trained image on the novel test trials indicates treatment of the novel word as being a 

different word than the trained word, i.e., mutual exclusivity. Therefore, for analysis we 

designated the trained image as the target in trained-test trials (novel image as distractor), but 

the novel image as the target in the novel-test trials (trained image as distractor). We note the 

 
4 After this PhD thesis is submitted. 
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possibility that target-looking might be significantly below chance in either test trial type, i.e., 

significantly more looking to the distractor for either test type. In the case of trained test 

trials, below-chance target looking would indicate not only a failure of phonological 

constancy but, interestingly, would signal that mutual exclusivity is being applied incorrectly 

because the child would be responding to the accented version of the trained word as though 

it is a novel word. This erroneous form of mutual exclusivity would be evidence of false 

phonological distinctiveness since children would be treating the accented pronunciation as a 

phonemic/meaningful difference. On the other hand, significant below-chance target-looking 

in the novel test trials would indicate a failure to apply mutual exclusivity. 

To assess toddlers’ target looking, we fit two mixed-effects models of proportion of 

target looking in R (Version 3.5.2; R Core Team, 2018) using the lmer function in the lme4 

package (Bates et al., 2015). The first model focused on the trained test and addresses the 

questions regarding cross-accent generalisation of newly-learned words, while the second 

model assessed the novel test trial that addresses the secondary question regarding mutual 

exclusivity. For model 1 on target looking in the trained test trials, passage accent (AusE vs. 

JaME), language experience (monolingual vs. bilingual), and phonetic change (Category 

Goodness vs. Category Shifting) were added as fixed effects, and random intercepts were 

included for participants. Model 1 equation is as follows: 

TrainModel <- lmer(Prop ~ 

LanguageBackground*PhoneticChange*PassageAccent+(1|Subject), data = Train, REML = 

FALSE). For model 2 on target looking in the novel test trials, only passage accent (AusE vs. 

JaME), and language experience (monolingual vs. bilingual) were included as fixed effects, 

and random intercepts were included for participants. Model 2 equation is as follows: 

NovelModel <- lmer(Prop ~ LanguageBackground*PassageAccent+(1|Subject), data = 

Novel, REML = FALSE).  
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Only model 1 included the phonetic change (CG/CS) factor because children’s ability to 

generalise newly learned words to the unfamiliar accent were predicted to differ for the two 

types of accent variation in vowels. It was not included in the novel test because there was no 

reason to expect that cross-accent CG vs CS vowel differences would influence a mutual 

exclusivity response to words that are already maximally distinct from the trained word.  

6.4.2 Findings 

The model 1 trained test analysis yielded a marginal main effect of language 

background, χ2 (1) = 2.92, p = 0.087. The two-way interactions of passage accent by phonetic 

change, χ2 (1) = 9.34, p = 0.002, and language background by phonetic change were 

significant, χ2 (1) = 17.19, p < .001 (see Table 9). Follow-up pairwise t-tests for model 1’s 

two-way interaction between passage accent × phonetic change revealed there was not a 

significant difference between participants’ looking to the target image on the trained test 

when words display CG vowel differences, regardless of whether the participants received 

pre-exposure in their native accent (M = 0.27, SE = 0.09), or the unfamiliar accent (M = 0.45, 

SE = 0.10), t(23.4) = -1.39, p = 0.177. However, when words displayed CS vowel differences 

between the accents, participants showed significantly greater target-looking after exposure 

to the native accent (M = 0.58, SE = 0.09), than after exposure to the non-native accent (M = 

0.19, SE = 0.09), t(23.4) = 2.14, p = 0.042.  

Follow-up pairwise t-tests for the two-way interaction between language experience × 

phonetic change revealed that during the trained test trials, bilinguals differed significantly 

from monolinguals in target-looking preference when words displayed CG vowel differences 

across accents, t(23.4) = -3.57, p = 0.001. Monolinguals showed greater target-looking (M = 

0.60, SE = 0.10) than their bilingual peers (M = 0.21, SE = 0.09). However, monolinguals (M 

= 0.34, SE = 0.08) and bilinguals (M = 0.53, SE = 0.08) did not differ in their proportion of 
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target-looking when words displayed CS differences between the accents, t(23.4) = 1.40, p = 

0.174 (see Figure 9). 

Table 9 

Mixed effects model 1 results, with toddlers’ raw proportion of target-looking to the target 

object as the dependent variable. Boldface italics = significant; boldface non-italics = 

marginal 

Effects and Interactions Model summary F Test 

 ß SE t χ2 Df p 

(Intercept) 0.08 0.11 0.71    

PassageAccent 0.09 0.17 0.52 0.41 1 0.521 

LanguageBackground 0.38 0.16 2.46 2.92 1 0.087 

PhoneticChange 0.54 0.17 3.19 0.40 1 0.525 

PassageAccent × 

LanguageBackground 
0.20 0.23 0.88 0.03 1 0.866 

PassageAccent × PhoneticChange -0.25 0.24 -1.04 9.34 1 0.002 

LanguageBackground × 

PhoneticChange 
-0.44 0.23 -1.93 17.19 1 < .001 

PassageAccent × 

LanguageBackground 

×PhoneticChange 

-0.46 0.32 -1.41 1.99 1 0.159 

 

For model 2, the novel test model, no significant main effects or interactions were 

found (see Table 10).  One possible explanation for this might be the small sample size, 

which affected the power of the studies. The study was under-powered, given that there were 

two between-groups factors, language experience and passage accent, resulting in four 

between group cells in the design. Thus, there were only 8 participants per each of the 4 

language x passage accent groups. This is already at the very low end of conventional sample 

size for infant research of this nature (Oakes, 2017) and majority of infant studies are highly 

underpowered at this sample size (Bergmann et al., 2018). We used the r package Simr to 

calculate power for mixed effects models from the lme4 package. The power was fixed to the 

power to detect a slope of −0·05. The results showed that the power to reject the null 

hypothesis of zero trend in proportion of target looking is about 0%, given the particular 
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setup of the models as described earlier. This is insufficient; traditionally 80% power is 

considered adequate (Field et al. 2007). Therefore, our models are severely underpowered. In 

light of the fact that the study is underpowered, the results must be cautiously interpreted, and 

this will be substantially considered in the discussion of the results.5  

Table 10 

Mixed effects model 2 results, with toddlers’ raw proportion of target-looking to the target 

object as the dependent variable 

Effects and Interactions Model summary F Test 

 ß SE t χ2 Df p 

(Intercept) 0.47 0.13 3.69    

PassageAccent 0.16 0.18 0.89 1.55 1 0.213 

LanguageBackground 0.08 0.18 0.47 0.41 1 0.521 

PassageAccent × LanguageBackground 0.00 0.25 -0.02 0.00 1 0.988 

 

We had predicted that if 24-month-olds had learned the target words with sufficient 

phonological constancy they would generalise across the accents, and therefore their 

proportion of looking to the trained object in the trained test trials when the label is 

pronounced in the unfamiliar accent should be significantly above chance. We also predicted 

that if the children at this age are attending to the abstract representation of word forms, they 

should apply mutual exclusivity, as evidenced by looking to untrained object significantly 

above chance in the novel test trials. To test these predictions, we compared the children’s 

target-looking against chance using two-tailed one-sample t-tests in both test trial types. 

Target looking did differ from chance on the trained test trials overall (M = 0.40), t(29) = -

1.62, p = 0.114, 95% CI [0.28, 0.52], which means the children failed to look primarily at the 

trained object when the label was presented in the unfamiliar accent. Moreover, target-

 
5 While we acknowledge the need for additional participants to increase the power of the study for publication, 

in the context of completing the thesis within the candidature period, and then hitting the covid pandemic, it was 

not feasible to gather more participants to include in the thesis by the submission deadline. However, our intent 

is to expand data collection after resubmitting the thesis in order to publish journal articles. 
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looking was also at chance for the novel test trials (M = 0.58), t(28) = 1.10, p = 0.277, 95% 

CI [0.43, 0.71], which means that the children failed to look reliably towards the untrained 

object when presented with a new label in the unfamiliar accent.  

We predicted also that on trained test trials, bilinguals and monolinguals would 

perform in the same manner when words displayed a CG/easy cross-accent vowel phonetic 

change, but differently when words display the more difficult CS cross-accent vowel 

difference. Both groups should look to the trained object significantly more than chance when 

words displayed CG vowel differences between the accents. In contrast, we predicted that if 

bilinguals’ abstract phonemes develop later than in monolinguals because of the reduced 

exposure to each of their languages, in line with the PRIMIR model, they should fail to 

generalise words that display CS vowel differences and thereby hear them as different words 

from the trained words. This, we reasoned, should result in looking to the novel object more 

than the trained object, which would appear as significantly below-chance looking to the 

trained object. Alternatively, in line with PAM, we predicted that if bilinguals’ exposure to 

variation fosters accent generalisation with newly learned words, both bilingual and 

monolingual should generalise newly taught words to the unfamiliar accent when words 

display CG differences with only the bilinguals generalising from story pre-exposure to the 

accent when taught words display differences in the non-native accent. This would result in 

bilinguals looking to the trained object significantly more than chance when words display 

both CG and CS differences, with monolinguals showing this pattern when words display CG 

differences. Finally, if bilinguals achieve phonological constancy at the same pace as 

monolinguals because the potential bilingual benefit of greater accent exposure (the basis for 

the PAM perceptual attunement prediction) versus the potential disadvantage of a smaller 

vocabulary in a given language (the basis for the PRIMIR prediction) effectively neutralise 

each other, we predict that both groups should generalise newly taught words to the 
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unfamiliar accent when words display CG differences regardless of story pre-exposure 

accent, with both groups generalising newly taught CS words in the unfamiliar accent only if 

they have been pre-exposed to the unfamiliar accent in pre-test story. Both groups should 

look to the trained object significantly more than chance when words displayed CG vowel 

differences between the accents regardless of story pre-exposure accent, but both groups 

should show this looking to the trained object significantly more than chance when words 

displayed CS vowel differences only after pre-exposure to the unfamiliar accent.  

To test those predictions, in the trained test trails only, we again compared looking 

time to the target image to chance level for each language group and phonetic change 

condition using two-tailed one sample t-tests. Monolinguals’ target-looking was at chance for 

cross-accent CG vowel differences (M = 0.60), t(14) = 1.53, p = 0.146, 95% CI [0.45, 0.78], 

as well as for CS differences (M = 0.53), t(14) = -0.33, p = 0.746, 95% CI [0.26, 0.67]. In 

contrast, bilinguals’ performance was affected by type of phonetic change. Their target-

looking was significantly below chance when words displayed cross-accent CG vowel 

differences (M = 0.21), t(14) = 2.24, p = 0.039, 95% CI [0.10, 0.56], which means they 

primarily looked to the untrained object. However, their target-looking failed to differ from 

chance for words with cross-accent CS differences, M = 0.46, t(13) = 0.43, p = 0.673, 95% 

CI [0.36, 0.70] (see Figure 9). 
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Figure 9. Proportion of monolingual and bilingual looking to the named object when words 

display CG vs CS cross-accent vowel differences. Error bars reflect one standard error of the 

mean. * indicates that target looking differs significantly from chance (0.5). 

 

6.5 Discussion 

The present study investigated whether 24- to 26-month-olds would generalise newly 

learned native AusE-accented words to the unfamiliar JaME accent, reflecting phonological 

constancy, following a pre-exposure story to the native or the unfamiliar accent. Our second 

objective was to assess whether language experience had any effect on children’s 

development of phonological constancy in a word learning task, that is, whether and how 

bilinguals show any difference from monolingual peers in generalising the new word that 

they had learned in their native accent to the unfamiliar accent. Three alternative predictions 

were made for bilinguals’ emergence of phonological constancy in novel word learning. We 

have the PRIMIR-based prediction that due to their reduced exposure to each language, 

bilinguals might need more time to develop the ability to abstract a phonological 

representation of the newly taught word, resulting in failure to generalise that new word to 

 -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -   
* 
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the unfamiliar accent at this age (Curtin et al., 2011; Mulak & Escudero, 2016). Alternatively, 

we have the PAM-based prediction that as bilinguals have more experience with variation 

that supports children’s grasp of phonological constancy, the bilingual children might achieve 

a more abstract phonological representation of the novel words to generalise recognition to 

the unfamiliar accent than the monolingual children do (Best, 2015; Best et al., 2009). The 

final prediction is the combined model-based prediction that because the potential bilingual 

benefit of greater accent exposure versus the potential disadvantage of a smaller vocabulary 

in a given language may effectively neutralise each other, the bilingual children might 

achieve phonological constancy at the same pace as monolinguals. 

In addition, for the novel test trial, we assumed that children would show mutual 

exclusivity if they generalised the newly taught word to the unfamiliar accent, but looking 

more to the novel than the trained object when they hear the novel (untrained) word.   Recall 

that studies have provided evidence that monolinguals and bilingual children differ in the 

application of mutual exclusivity, the assumption that a referent has only one label and thus a 

new label must refer to a new object, is stronger in monolingual than bilingual children 

(Byers-Heinlein, 2018; Kalashnikova, Mattock, et al., 2016). As such, if bilinguals have 

weaker mutual exclusivity upon hearing the novel word, they will be less likely to look more 

at the novel object, and may instead show chance looking preferences.  

Unfortunately, the results of the present study instead indicate that on the trained test, 

children failed to differ significantly from chance looking to the trained/target object, 

indicating that they did not successfully generalise the newly learned word to the non-native 

regional accent.  Moreover, and not surprisingly given that they did not learn, they also failed 

to show mutual exclusivity by looking significantly to the untrained object in the novel test. 

Also unsurprisingly, the monolinguals’ inability to accommodate to the unfamiliar accent 

during the trained test trials was not impacted by the type of phonetic change, where their 
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target-looking remained at chance level for words displaying both CG and CS vowel 

differences between the accents. Bilinguals, on the other hand, showed below chance looking 

to the trained object in the trained test trial when words displayed CG vowel differences, 

which indicates that they were looking significantly more to the untrained image. 

Interestingly, this implies that they were possibly treating the unfamiliar-accented 

pronunciation as a new word rather than as a phonetic variation of the trained label. 

Pre-exposure to the unfamiliar accent resulted in bilingual children’s below-chance 

target-looking responses to the newly-learned words when they displayed CG vowel 

differences in the unfamiliar JaME accent, but resulted in at-chance generalisation to the 

unfamiliar accent when words displayed CS differences. It is not clear why the bilinguals 

showed greater looking to the untrained object when they heard the newly-learned words that 

displayed the easier CG phonetic difference in the unfamiliar accent, which differs from the 

monolingual at-chance response.  This group difference on trained test trials tentatively 

suggests at least that the bilinguals handled the phonetic differences of the unfamiliar accent 

differently than the monolinguals. This language experience difference is potentially more 

consistent with the PAM/perceptual attunement-based predictions than the PRIMIR-based or 

combined-model predictions. It must be noted, however, that given the low statistical power, 

the results are not very reliable and therefore, with more statistical power, bilingual 

performance could actually turn out to differ from the current analyses.  

It is of theoretical importance that children at 24-26 months appear to have failed to 

establish sufficient phonological constancy, i.e., a truly abstract phonological representation, 

to be able to generalise recognition of the newly learned word trained in their native accent to 

the unfamiliar accent in the trained test. Neither the monolingual nor bilingual children 

showed above chance looking to the target image during the trained test, when trained label 

was presented in unfamiliar accent. Furthermore, the main effect for target looking on the 
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novel test trials failed to exceed chance. That failure suggests that overall children did not 

reliably recognise that the novel label in the unfamiliar accent was a different word than the 

trained word, hence showing no evidence of mutual exclusivity. 

Our findings differ in several ways from those reported by previous studies on accent 

generalisation immediately following novel word learning (Schmale et al., 2012, 2015). 

Schmale and colleagues (2012, 2015) found that at 24 months, monolingual children reliably 

generalised newly taught words to an unfamiliar foreign accent following pre-exposure, 

which is consistent with phonological constancy. In contrast, overall, we found no evidence 

to suggest that either monolinguals or bilinguals at this age have developed phonological 

constancy that can be applied to novel word learning.  

There are several factors that may account for this difference in children’s 

performance in the two studies. One is that talker variability differed between the studies in 

two ways. Firstly, in Schmale at al. (2012, 2015) studies, multiple measures were used to 

determine that the voices of the speakers used in the native and foreign accent conditions 

were highly similar. These measures were based on those conducted in Schmale and Seidl, 

(2009) study. Two talkers were determined to have similar voices if there was little-to-no 

change between the mean squared distances in sinewave and in natural speech (e.g. .53 in 

natural speech, .54 in sinewave speech). The raters listened to two isolated words spoken by 

the talkers. These words were presented both in natural speech and in sinewave speech. 

Sinewave speech is advantageous because it has been shown to eliminate natural voice 

quality while preserving idiosyncratic phonetic variation. In the current study there was no 

formal voice-matching. Nevertheless, the researchers on the candidature panel informally 

judged similarity in the female voices. The lack of formal voice-matching meant that there 

was no strict control over talker/voice preference. However, the fact that the voices were not 
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formally matched for similarity should not have any effect on this finding of the current 

study.  

Secondly, in those prior studies, a single native talker presented the labels in the 

training and a single new accented talker presented the labels in the test phase, across both 

the trained and novel labels. However, in our study, multiple native talkers presented the 

labels in the training phase and multiple new, accented talkers presented the labels in the test 

phases, where the participants always heard a different JaME talker for Trained than for 

Novel test trials. Thus, in our study, there was talker variation within an accent during both 

phases of the task, which was not the case in the Schmale and colleagues’ studies (2011, 

2012, 2015). We had chosen to use multiple talkers in the training and testing phases to 

encourage the children to generalise word learning and recognition across accents rather than 

simply across individual talkers. This is because we were specifically focused on children’s 

handling of accent variability, which can only be grasped and assessed with multiple talkers 

of each accent within a task. It must be noted that neither Schmale and colleagues (2012, 

2015) study included talker variation within each accent, thus her studies did not truly assess 

the impact of accent differences per se, they only assessed talker differences (where one 

talker had an accent, but the comparison did not actually allow examination of the effects of 

accent per se because it was confounded with a single-talkers difference). Talker variability 

does affect young language learners’ ability to encode and retain information in speech 

(Houston & Jusczyk, 2000; Jusczyk, Pisoni, & Mullennix, 1992; Ryalls & Pisoni, 1997). 

Some aspects of talker variation can disrupt word learning. For example, toddlers failed to 

learn words across gender differences (Quam, Knight, & Gerken, 2017). Quam and 

colleagues (2017) found that when similar sounding words were produced by talkers of 

different genders, toddlers failed to learn the words, but were successful if the words were 

produced by different talkers of the same gender. More generally, talker variability introduces 
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added processing demands, and has been presumed to increase task complexity. Thus, given 

that word learning is already cognitively demanding for children at this age, and variability 

provides added demands, it is possible that having multiple talkers in the training and testing 

phase in the present study may have hindered the children’s ability to fully establish 

phonological constancy for the new word in the native accent and generalise it to the 

unfamiliar regional accent in the test trials. This possibility is compatible with evidence that 

increased task demand impairs word learning (Fennell & Werker, 2003; Yoshida, Fennell, 

Swingley, & Werker, 2009). Given this possibility regarding the effects of talker variation on 

novel word-learning and cross-accent generalisation, future work should systematically 

manipulate talker variability to further examine more precisely how it affects young language 

learners’ ability to establish phonological constancy for novel words, including generalisation 

to unfamiliar accents. For example, it is possible that a more extended training phase with 

multiple talkers will better establish phonological constancy for the newly learned word, and 

thereby result in cross-accent generalisation. 

The difference in the accents used in the Schmale and colleagues (2012; 2015) 

studies, which presented a foreign accent, versus the present study, which presented an 

unfamiliar regional accent of the native language, may also have affected the participants’ 

ability to establish phonological constancy in word learning. Foreign and regional accents 

differ in their degree of deviation from the native accent. Whereas foreign accents consist of 

numerous variations related to the talker’s own first language, bearing at best an indirect 

relationship to the phonology of the listener’s native language, regional accents mainly 

display the same systematic phonological, phonotactic and prosodic distinctions found across 

that language (Wells, 1982) and thus bear a closer phonological relationship to the listener’s 

native accent despite their phonetic differences from it. Relatedly, it has been argued that 

perceptual adaptation to a foreign accent differs from adaptation to a regional accent (Floccia 
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et al., 2006). Those studies found that five-year-old children failed to reliably distinguish 

their native accent from a regional accent, but were able to distinguish the native from a 

strong foreign accent (Floccia, Butler, Girard, & Goslin, 2009; Girard, Floccia, & Goslin, 

2008). In light of these findings, we suggest that the children in the studies by Schmale and 

colleagues (2012; 2015) may have shown greater sensitivity to the difference between their 

native accent and the foreign accent than the children in the present study did for an 

unfamiliar regional accent of their native language. Possibly, this difference could have 

resulted in better generalisation of newly taught words to a foreign accent (Schmale et al., 

2012, 2015) than to the regional accent (the present study). 

On the other hand, there is evidence that children’s ability to process speech in an 

unfamiliar accent incurs a cost regardless of whether the accent is regional or foreign 

(Floccia, Butler, Goslin, & Ellis, 2009). This would suggest that the difference in type of 

accent in previous studies (Schmale et al., 2012, 2015) versus the current study may not 

necessarily have been the only or the primary factor affecting cross-accent generalisation of 

the newly learned words. Although using regional accent as opposed to a foreign accent 

(Schmale et al., 2012, 2015) or manipulated artificial accents (Maye et al., 2008) limits the 

possibility of comparing the current study to other studies that used different accents, using 

regional accents allowed for tracking the progression of phonological constancy development 

in bilingual children’s lexical development. The studies designed for the thesis intended to 

assess how bilinguals compare to monolinguals in accent accommodation from less 

demanding word recognition to more demanding task of word learning. However, further 

research would need to be done in future with foreign accents to allow for more direct 

comparison with those other studies.  

Although thus far we have outlined how our findings may have been affected by 

accent types that differ from earlier studies (Schmale et al., 2012, 2015), it is also important 
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to consider how our findings may have been affected by other factors that were not even 

examined in previous studies. One such factor is the issue of type of cross-accent phonetic 

differences in vowels that were assessed in the current study but not in any prior word 

learning studies. Recall that if phonological constancy is achieved, then CG vowel 

differences should be perceived as a version of the same vowel in the native accent, whereas 

CS differences should be perceived as a different vowel in the native accent. We predicted 

that if phonological constancy was achieved, then CG differences would be easier to 

generalise to the unfamiliar accent than CS differences in the trained test trials. There was no 

evidence that children preferred looking at the target image in either the trained or novel 

trials.  This itself means that they failed to show phonological constancy or mutual 

exclusivity overall. Without any evidence for phonological constancy (trained trials), CG vs 

CS are meaningless, given that they are defined by phonological constancy, i.e., assimilation 

of the other accent to the native accent.  

 One possible explanation for the children’s overall failure to generalise newly taught 

words to the unfamiliar accent or show mutual exclusivity is simply that the task was too hard 

for children. One flaw in the design that could have possibly made the study less challenging 

would have been to include trained test and novel test trials produced in the native accent. 

The experimental design should have included AusE trained test/novel trials as well as JaME 

ones. Possibly having AusE production of the trained words in the trained and novel test trials 

would have provided some evidence that the emergence of phonological constancy has 

begun, but is unreliable. This should be considered for future experiments. Another possible 

explanation is our under-powered sample size. Given that there was an insufficient number of 

participants tested, as well as the fact that the data in our analysis was for only a small 

number of participants due to the data loss, our current analysis does not have sufficient 

power to yield reliable statistical results or truly represent whether children were learning the 
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words. Therefore, more data would need to be collected and analysed to draw any conclusion 

about bilinguals’ ability to learn a new word with sufficient phonological constancy to 

generalise it to an unfamiliar accent. 

Regarding the pre-exposure passage manipulation, we found only some tentative 

evidence that it did influence participants’ target-looking depending on the type of phonetic 

change. But we found no evidence to straightforwardly support that pre-test exposure to the 

unfamiliar accent would facilitate better accent generalisation in the trained test than pre-

exposure to the familiar accent. This lack of pre-exposure accent effect might be due to the 

children’s failure to achieve sufficient phonological constancy for the words they had just 

been trained on in their native accent in the training phase. Even following pre-exposure to 

the AusE story, participants’ target-looking on the trained test trials failed to exceed chance 

regardless of whether the words presented in the unfamiliar accent showed CG or CS 

differences from AusE. However, when bilinguals were pre-exposed to the unfamiliar JaME 

accent, in the trained test trials only, they showed chance target-looking when words 

displayed cross-accent CG vowel differences, but below chance looking when words 

displayed CS vowel differences, suggesting that exposure to the unfamiliar accent resulted in 

some degree of phonological constancy sufficient to hear a phonetic variation that crosses a 

vowel boundary as a different vowel than the one in the native accent trained word. Possibly 

with more power and less track loss, the slight indication of phonological constancy 

following JaME exposure might become significant to indicate effects of exposure. On the 

other hand this could be a false indication of some level of phonological constancy that could 

disappear with sufficient power and less track loss.   

Our second objective involved examining whether acquiring two languages affected 

how bilinguals develop phonological constancy in word learning and how they apply mutual 

exclusivity. We found no evidence of a difference in bilinguals’ and monolinguals’ 
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development of phonological constancy in cross-accent generalisation of words newly 

learned in the native accent. Neither group showed greater looking to the target image in the 

trained test trial when presented with the trained label in the unfamiliar accent. This might 

seem to indicate that there is no evidence for an effect of bilingualism on word learning and 

cross-accent generalisation in this specific task. While this overall lack of language group 

difference could be in line with the third hypothesis that the potential bilingual benefit of 

greater accent exposure versus the potential disadvantage of a smaller vocabulary in a given 

language may effectively neutralise each other, the bilingual children might achieve 

phonological constancy at the same pace as monolinguals. 

However, the lack of group difference could merely result from the study being 

underpowered and there not being sufficient tracked data. Additional data would need to be 

collected to be able to determine whether or not bilinguals and monolinguals reliably perform 

similarly in cross-accent word learning. Despite the fact that, overall, the bilinguals and 

monolinguals fail to generalise newly taught words to an unfamiliar regional accent, the 

results showed a difference between the two language groups in generalisation to the 

unfamiliar accent depending on the type of phonetic change. But this result could be a false 

difference given that the study is underpowered, so it will be cautiously discussed. 

Bilinguals and monolinguals showed a difference on trained trials specifically when 

words had a cross-accent CG vowel difference. Unlike monolinguals, who appear to be 

showing chance level target-looking when words displayed a CG difference, bilinguals’ 

target looking appear to be below chance on the trained test trials, indicating that they were 

possibly looking more to the distractor image (the untrained/novel object). This suggests that 

they might be more sensitive to within-category CG vowel differences between the accents 

and are therefore treating these differences as a different word causing them to show an 

“emerging phonological abstraction” to the cross-accent variation. Bilinguals might 
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essentially be recognising the phonetic vowel difference of the JaME word from the trained 

AusE word, and considering it to be phonologically distinctive, i.e., a new word, different 

from the trained word even though it differed specifically only in one vowel segment. 

The bilinguals’ response to the CG words suggests that they might have achieved the 

beginnings of phonological constancy that the monolinguals have not achieved in this task, in 

that bilinguals are treating the vowel difference as a potentially new and different word form 

from the trained word (looking significantly more to the novel image). This is a sign that 

bilinguals are possibly treating the difference as phonologically relevant. It is still immature 

phonological constancy, of course, because mature phonological constancy would lead them 

to accept the CG difference as an acceptable variation from the native-accented word. But it 

is nonetheless systematic and organised in a phonologically-interpretable way. Thus, 

bilinguals are possibly attending to some degree of abstract phonological representation to 

perceive the unfamiliar accented pronunciation of the trained word as a new word, causing 

them to show this possible “emerging phonological abstraction”.  As outlined earlier, 

however, this interpretation must be tentative given that the finding is not reliable due to the 

low statistical power of the study and the extensive data loss. More data would need to be 

collected and analysed to accurately detect whether this potential “emerging phonological 

abstraction” is robust. 

Our tentative finding of “emerging phonological abstraction”  by bilinguals across 

accent variation could result from their greater experience with accent variation in their 

language environment (Bosch & Ramon-Casas, 2011; Byers-Heinlein & Fennell, 2014). 

Bilinguals may be particularly sensitive to phonetic variation, as they come to understand the 

meaningfulness of natural phonetic variation in a multilingual community where they 

regularly tune in to talker and accent differences to help distinguish their native languages 

(Evans et al., 2019). They are more alert to talker differences, which can indicate to them 
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which language they are hearing. Therefore, treating the accented pronunciation of the trained 

word by a different, accented talker as a possible new word might reflect a bilingual approach 

to distinguishing between languages. Furthermore, bilinguals’ exposure to two or more 

languages from infancy (Byers-Heinlein & Werker, 2009) makes bilingual children aware 

that one object can have two or more translational equivalents (i.e., at least one label per 

language: Byers-Heinlein, 2018; Kalashnikova, Escudero, & Kidd, 2018). In this way, the 

possibility of bilinguals’ “emerging phonological abstraction” to the cross-accent variation at 

the ages we tested might be due to the bilingual learning environment in which a change in 

talker and accent sometimes indicates a change in language, introducing the possibility of the 

same object being given a different label.  

Altogether, our findings suggest that phonological constancy may not have been 

achieved in word learning at 24- 26 months for cross-accent vowel differences. To return to 

the theoretical models discussed earlier in this paper, the ability to rely on phonological 

principles in word learning could derive from either the emergence of the phonemic plane 

with the word forms becoming both phonetically and phonemically based, allowing the 

abstraction of phonemes from native accent exemplars (PRIMIR; Curtin et al., 2011; Werker 

& Curtin, 2005), or from experience with systematic phonetic variation that fosters the 

emergence of more abstract phonological word forms (perceptual attunement; Best et al., 

2009). Yet another alternative outcome takes into account both PAM and PRIMIR 

predictions, which would thereby offset one another. That is, bilinguals might achieve 

phonological constancy at the same pace as monolinguals because the potential bilingual 

benefit of greater accent exposure (the basis for the PAM perceptual attunement prediction) 

versus the potential disadvantage of a smaller vocabulary in a given language (the basis for 

the PRIMIR prediction) may effectively neutralise each other.  
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We provided three alternative predictions for bilinguals based on these two theoretical 

viewpoints. On the one hand, bilinguals might need more exposure to develop phonological 

constancy for the new word, thereby leading to a temporary delay in their ability to generalise 

it to the unfamiliar accent (Curtin et al., 2011). On the other hand, bilinguals’ exposure to 

greater variation in languages might lead them to rely more on phonological knowledge in 

learning words relative to monolinguals with their lower exposure to variation (Best, 2015; 

Best et al., 2009). Although PRIMIR predict that bilinguals might show later development of 

phonologically specified words due to reduced vocabulary size, in the present study, the 

bilinguals did not show a delay in their emergence of phonological constancy relative to the 

monolingual peers. The findings, although they might be unreliable due to data loss and being 

the study being underpowered, are consistent with the perceptual atttunement account that 

bilinguals might more readily attend to the abstract phonological representation of word 

forms. Our findings suggest that although bilinguals might be showing immature 

phonological constancy, they are still possibly showing evidence that they are discerning 

some degree of abstract phonological representation. The bilingual toddlers’ apparent 

treatment of the accented pronunciation of the trained CG words as a new word suggests that 

their abstract phonological representation of word forms might have begun emerging unlike 

their monolingual peers who did not show this “emerging phonological abstraction”.  

Phonological constancy provides another window into children’s idea of a word’s 

phonological structure, particularly as the phonetic differences present in an accented 

pronunciation are not phonemic and thus do not change the meaning, or referent, of the word. 

This raises two questions of particular interest here: first, how do children handle non-

phonemic differences in word learning and how much, or what type of, phonetic difference 

does a word need to display from a learned word for children to misperceive a phonologically 

irrelevant phonetic difference as a phonologically relevant difference and treat it as a change 
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in the word? To our knowledge, this study is the first to investigate whether bilingual 

language experience impacts the ability to learn a new word with sufficient phonological 

constancy to generalise it to an unfamiliar accent. Once additional data is collected, and the 

study has at least 80% power, the updated results could contribute to the understanding of 

language development and word learning in at least three major respects. First, we have 

shown that possibly even at 24-26 months both bilinguals and monolinguals fail overall to 

generalise newly taught words to an unfamiliar accent following pre-test exposure to a story 

told in either the native or the non-native accent, suggesting that phonological constancy has 

not yet emerged for the newly learned words. Second, however, when words display a mild 

within-category difference from the native accent, bilinguals might be treating category 

goodness (CG) vowel differences in the unfamiliar accented pronunciation of the trained 

word as a potentially different word from the trained word. Thus, bilingual children’s idea of 

word distinctions might start out better when the phonetic differences between the words are 

more striking (CS differences), and is weaker when the phonetic differences are milder 

category goodness differences (CG). The children were essentially recognising the phonetic 

vowel difference of the JaME word from the trained AusE word, and considering it to be 

phonologically distinctive, i.e., a new word, different from the trained word. The bilinguals 

(but not monolinguals) showed a similar treatment of CG differences in the trained test trials 

as new words which also suggest this when children heard smaller within-category vowel 

difference between the accents, they mapped the word to a new object instead of recognising 

it as an accented realization of the trained word.Therefore, 24- to 26-month-olds appear to 

have begun developing phonological distinctiveness in the context of this word-learning and 

generalisation task but have defined it too narrowly to display fully mature phonological 

constancy. Overall, the children at this age are displaying phonological skills, but these are 

not yet fully mature on both the distinctiveness and the constancy dimensions. We also found 
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that overall the difference in how children generalise to the unfamiliar accent depends on 

whether there is a CG or CS vowel difference, with only bilinguals mapping CG differences 

to a new object instead of recognising it as an accented realization of the trained word, 

reflecting emerging phonological abilities that appear in bilinguals but not monolinguals. 
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CHAPTER 7: GENERAL DISCUSSION 

Bilingual children have the difficult task of learning two languages simultaneously, 

which can have an impact on their language development. The bilingual linguistic experience 

differs from that of monolinguals in various ways, and the differences in linguistic experience 

between the two groups may influence how and when young children develop certain 

linguistic abilities, ranging from speech perception and early word recognition to the 

challenging task of word learning (Curtin et al., 2011). Throughout the introductory chapters 

of this thesis, several ways in which the bilingual and monolingual language environments 

differ and how these differences may impact language development were discussed. For 

example, bilinguals need to refine more phonological categories than monolinguals despite 

having an imperfectly overlapping phonetic distribution across their two languages (Byers-

Heinlein & Fennell, 2014), as discussed in Section 2.1.2 where we provided an overview of 

bilingual’s perceptual development. Moreover, bilingual children may face more challenges 

in the lexical acquisition process than monolinguals as they are concurrently exposed to 

words in two languages and receive reduced input (and thus fewer new words) in each 

language compared to monolinguals (DeAnda et al., 2016; DeAnda et al., 2018; Pearson et 

al., 1993). Consequently, monolingual and bilingual vocabulary growth is likely to differ. 

Another crucial difference which has guided the predictions in the current project is that the 

bilingual input is also more variable because most bilingual infants regularly encounter two 

languages from the same person, and likely with some degree of foreign accent for at least 

one of their languages as bilingual adults produce slightly different phonetic realisations of 

each language’s sounds than monolingual adults do (Bosch & Ramon-Casas, 2011; Byers-

Heinlein & Fennell, 2014).  

Although a growing body of research has examined whether bilinguals and 

monolinguals reach the same language development milestones at the same ages, further 
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research into bilinguals’ phonetic, phonological, and lexical development was and is still 

needed. This thesis examined bilinguals’ phonological development and their ability to rely 

on phonological principles in early lexical acquisition. Although prior studies have examined 

bilinguals’ ability to access the abstract phonological structure of words, they have focused 

predominantly on minimal pair word learning as discussed in Section 2.5 (Byers-Heinlein et 

al., 2013; Fennell et al., 2007). These studies demonstrate children’s use of phonological 

principles, but they are specific to phonological distinctiveness because they focus on 

variations that are lexically meaningful. However, a more comprehensive understanding of 

bilinguals’ ability to discern the more abstract phonological structure of word forms also 

requires the investigation of the complementary skill of phonological constancy (ability to 

recognise that word is the same despite phonetic variation), which is also necessary for full 

understanding phonological development. Thus, this thesis directly addressed phonological 

constancy in familiar word recognition and new word learning across regional accents. 

Recognising words spoken in unfamiliar regional accents requires that children identify them 

by their abstract phonological structure, rather than simply by the phonetic forms which they 

have experienced in their native accent.  

The main objective of the current series of studies was to investigate how and when 

bilinguals begin to show the emergence of phonological constancy, and which factors 

modulate their efficiency to accommodate to and comprehend words in an unfamiliar accent. 

As discussed in Section 3.4, the phonological representation of word forms is affected by 

factors such as pre-exposure to the unfamiliar accent (Van Heugten & Johnson, 2014), the 

type of phonetic difference between the native and the unfamiliar accent (Best, Gates, et al., 

2016; Best & Kitamura, 2014) and the task demands (Werker et al., 2002). Therefore, the 

experiments were designed to assess whether these factors affect young children’s ability to 

gain access to higher-order word forms. To achieve these goals, bilinguals and monolinguals 
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were examined on their ability to accommodate to an unfamiliar accent through two listening 

tasks, a familiar words preference task at 16-18 months and a looking-while listening novel 

word-learning task at 24-26 months. The two experimental paradigms were selected for their 

distinct approaches to testing early word recognition and word learning development as well 

as to allow for comparison between the findings from this project and the findings from prior 

research that focused on monolinguals. The study design included measures of the children’s 

vocabulary size because we hypothesised that children’s vocabulary size is associated with 

when and how they recognize the abstract phonological form of words.  

The first section of this chapter provides an overview of the main findings from the 

thesis. The next section discusses the main findings in relation to the extant literature. This 

includes reflection concerning the theoretical framework predictions.  The final section 

includes considerations of the limitations of the thesis and the directions for future research 

inspired by this work, as well as overall conclusions.  

7.1 Main Findings 

To begin our examination of bilinguals’ versus monolinguals’ development of 

phonological constancy, we investigated early word recognition skills through a series of 

preferential listening tasks. In a preferential listening task, toddlers’ propensity to 

preferentially listen to familiar over unfamiliar words was used to index word recognition 

(Best et al., 2009; Hallé & De Boysson-Bardies, 1996). Chapter 5, the first experimental 

chapter in this thesis, presented our studies on cross-accent word recognition and reported 

findings from two experiments (Experiments 1 and 2). Based on the knowledge that while 

pronunciations of a given word across regional accents can contain differing degrees of 

phonetic variation from one another, they nonetheless share the same abstract phonological 

structure, Experiments 1 and 2 evaluated the extent to which the degree of cross-accent 
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phonetic change affected infants’ ability to attend to the phonological structure of words to 

accommodate to phonetic variation in an unfamiliar accent. The degree of variation can be 

described according to whether it is within or beyond the variation allowed to the individual 

phonemes of the listener’s native regional accent as discussed in detail in Section 3.4.2 in the 

thesis. For example, Category-Goodness variations (CG) from the native accent are sub-

phonemic, and to the native speaker, map categorically to the corresponding phonemes in 

their own accent. Although CG differences map to the same native category, they do not 

necessarily do so in a nativelike way, that is, they can sound like non-native exemplars of the 

phoneme. Word recognition in the face of CG cross-accent differences is evidenced to be 

relatively easy (Best & Kitamura, 2014) and it is important to note that recognising words 

across CG accent differences does not necessarily reflect presence of phonological constancy. 

CG differences can be consistent with the listener using phonetically- rather than 

phonologically-specified words, given that these differences do not necessarily deviate 

outside the phonetic range of the native phoneme. 

On the other hand, Category-Shifting variation (CS) can be phonemic, in that it maps 

to a different phoneme than in the perceiver’s native accent, and it is expected to result in 

more difficulty in cross-accent word recognition even after phonological constancy has 

emerged (Best, Gates, et al., 2016). Overall, to generalise word recognition to CS phonetic 

variations, young children need to switch their focus from accent-specific phonetic details to 

the higher-order invariants of the more abstract phonological structure of words. It must be 

noted that although generalising across accents when words display CS differences can be 

consistent with phonological constancy, failure to accommodate to CS accent differences in 

unfamiliar accents does not necessarily refute phonological constancy, because until one 

becomes familiar with the accent, the category shift is perceived as a phonological 

distinction. That is, the other side of phonological abstraction ability treats the between-
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accent difference that crosses a category boundary as a potentially meaningful difference, i.e., 

a contrasting vowel that indicates a different word. In fact, this is exactly why we compared 

CG (no perceived phonological contrast) and CS (perceived phonological distinction) cross-

accent vowel differences. Thus, Experiments 1 and 2 compared children's ability to recognise 

words in the face of CG versus CS between-accent variation, respectively. Furthermore, 

examining how bilinguals compare to monolinguals helps us to understand whether 

phonological constancy emerges at the same time for both language groups as well as 

whether there is a difference in their ability to accommodate to the unfamiliar accent when 

the difference is moderate (CG) or more striking (CS).  

Experiments 1 and 2 also investigated whether pre-test exposure to the unfamiliar 

(versus the native) accent can immediately impact 17-month-olds’ ability to shift from 

specific phonetic patterns to a more abstract phonological structure to allow them to accept a 

wider range of pronunciations. In each experiment, participants first received a pre-exposure 

multi-talker passage either in their native Australian English (AusE) accent or in the non-

native regional accent Jamaican Mesolect English (JaME). In each study, each child then 

completed two tests of listening preferences between familiar toddler words and unfamiliar 

adult words, one test in the native accent (AusE) and the other in the JaME accent. In both 

experiments, we found a main effect of word familiarity at test, suggesting that at 17 months 

both monolinguals and bilinguals were showing the predicted familiarity preference across all 

other factors, as indicated by their longer looking overall when presented with familiar-

toddler words than unfamiliar-adult words. This finding provides some evidence that across 

all other factors, the children might be successful at accommodating to the unfamiliar accent 

when words reflect CG as well as CS cross-accent vowel differences, which might be 

indicative of phonological constancy. We found no group difference, neither did we find a 

difference depending on the type of phonetic change. Furthermore, we did not find an overall 
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effect of pre-exposure accent, that is, infants exposed to the unfamiliar accent did not reliably 

perform better at generalising word recognition to the unfamiliar accent than those pre-

exposed to the native accent. In Experiment 1, which involved CG vowel differences, we also 

found that bilinguals showed an overall listening preference for the unfamiliar regional 

accent, regardless of word familiarity, after pre-exposure to the native accent.  

To continue our investigation of bilingual children’s phonological development, the 

third experiment, presented in Chapter 6, investigated whether children at 24-26 months 

could learn new words with sufficient phonological constancy to generalise to an unfamiliar 

accent. This study also evaluated whether this ability was dependent on the type of phonetic 

change (CG versus CS), and whether young children received pre-exposure in their native 

versus the unfamiliar accent. Furthermore, this study was aimed at demonstrating whether the 

emergence of phonological constancy was impacted by the task demands. Given that 

bilinguals face different task demands relative to monolinguals even in the same task (Curtin 

et al., 2011), and word learning is a cognitively demanding task compared to word 

recognition, comparing bilinguals’ to monolinguals’ ability to discern the more abstract 

phonological representation of word forms to generalise across accents sheds light on 

phonological development especially in children acquiring two languages. 

In Experiment 3, bilingual and monolingual 24- to 26-month-olds’ cross-accent word 

learning abilities were evaluated using the looking-while-listening paradigm. The test phase 

following novel word training presented two test trials, a trained test trial which assessed 

children’s ability to generalise the newly trained native-accent word to a non-native regional 

accent, and a novel test trial to test whether the children show mutual exclusivity based on 

what they learned. Both monolinguals and bilinguals failed to show above chance looking to 

the target image in the trained test trial when presented with the label in the unfamiliar 

accent, suggesting that they had not established sufficiently abstract phonological constancy 
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for the newly learned word to be able to generalise recognition of it to the unfamiliar accent. 

Moreover, on the novel test trial, the children failed to look significantly longer at the target 

(untrained image designated as target) than to the trained-word image, suggesting that they 

did not reliably recognise that the novel label in the unfamiliar accent was not the same word 

as the trained word. The findings showed no overall difference in performance based on 

accent exposure (i.e., those exposed to the JaME pre-training passage did not show better 

generalisation to JaME pronunciations relative to those exposed to AusE prior to training). 

Overall, neither the monolingual nor bilingual children showed above chance looking 

to the target image during the trained test, when the trained label was presented in the 

unfamiliar accent. Therefore, neither group displayed evidence of phonological constancy. 

and we found no evidence of a difference in bilinguals’ and monolinguals’ development of 

phonological constancy in word learning. This might seem to suggest no effect of 

bilingualism on word learning and cross-accent generalisation in this specific task. However, 

bilinguals and monolinguals did show a difference on trained test trials, specifically when 

words had a cross-accent CG vowel difference. Unlike monolinguals who showed chance 

level target-looking when words displayed a CG difference, bilinguals’ target looking was 

significantly below chance on the trained test trials, indicating that they were looking more to 

the distractor image (the untrained/novel object). Bilinguals might have essentially been 

recognising the phonetic vowel difference of the JaME word from the trained AusE word, 

and considering it to be phonologically distinctive, i.e., a new word, different from the trained 

word even though it differed specifically only in one vowel segment. The bilinguals’ 

response to the CG words suggests that they might have achieved the beginnings of 

phonological constancy that the monolinguals have not achieved in this task, in that 

bilinguals appeared to be treating the vowel difference as potentially new word form of the 
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trained word (looking significantly more to the novel image). This might signify that 

bilinguals were treating the difference as phonologically relevant.  

Taken together, the outcomes of the present research project offer several insights into 

both monolinguals’ and bilinguals’ development of abstract phonological representations. 

The experiments yielded several novel findings that can inform the developmental 

progression of phonological abstraction among bilingual children, providing the first 

evidence that by 17 months, bilinguals start to attend to the phonological representation of 

familiar word forms to generalise word recognition across accents. In addition, we found no 

evidence that the bilingual language experience impacts their development of phonological 

constancy relative to monolinguals. In particular, bilinguals failed to show later emergence of 

abstract phonological knowledge about word forms, as predicted based on PRIMIR (Curtin et 

al., 2011), but they also failed to show earlier emergence of phonologically specified word 

forms as predicted based on the perceptual attunement account based on PAM (Best et al., 

2009). In the following sections, the key factors modulating the development of phonological 

constancy in the current series of studies are reconsidered and discussed in light of the 

hypotheses posed in the introductory chapters of the thesis, and the theoretical frameworks 

they were based on. 

7.2 Development of Phonological Abstraction 

The findings of the current research at least suggests that more abstract phonological 

representation of familiar word forms may have begun to emerge by 17 months for both 

bilinguals and monolinguals. This claim is consistent with the findings in Experiments 1 and 

2 that following pre-exposure, across all other factors including test accent both groups 

showed significantly longer listening to the familiar words over unfamiliar words, thereby 

suggesting that they might be generalising familiar word recognition to the unfamiliar accent. 
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It is at this age that both monolingual and bilingual children may have begun to gain access to 

higher-order forms of words they already know, which is also around the time of the 

vocabulary spurt (Benedict, 1979; Best et al., 2009; Werker & Curtin, 2005).  

The current results suggest that learning single versus multiple languages does not 

affect phonological constancy in early word recognition at 17 months, at least in our test 

conditions, when it appears to already be in place for both monolingual and bilingual 

children. This is evident by the fact that both groups of children apparently showed 

phonological constancy across all other factors, with neither group outperforming the other. 

Although the bilingual and monolingual language environments differ in numerous ways, as 

has been highlighted throughout this thesis, these differences in experience with single versus 

multiple languages do not seem to affect young language learners’ ability to attend to the 

more abstract phonological structure of familiar word forms in word recognition. The 

findings in the thesis appear to be inconsistent with previous research showing that bilinguals 

may be delayed in English word recognition overall (Mulak & Escudero, 2016). Mulak and 

Escudero (2016) found that at 17 months, monolinguals identified AusE- but not JaME-

accented words; however, bilinguals failed to identify familiar words in either accent, 

suggesting a delay in familiar word recognition in the AusE accent comparison to their 

monolingual peers. Nonetheless, bilinguals “caught up” to monolinguals at 19 months, 

identifying words in the native AusE and approaching reliable identification in the non-native 

JaME. 

The findings from Experiment 3, conversely, tentatively suggest that bilingual and 

monolingual 25-month-old children failed to develop sufficient phonological constancy in 

our word-learning task to generalise word learning to an unfamiliar accent. This at least 

suggests that in the demanding task of word learning, children did not learn the newly taught 

word sufficiently well enough to gain access to the higher-order phonological word forms 



220 

 

and generalise across accents. However, it must be noted that the findings are very tentative, 

given the large amount of eyetracking data loss, in addition to the very low power in this 

study (worsened by the data loss). 

In summary, findings from Experiments 1 and 2 might be indicative that phonological 

abstraction is achieved at 17 months for cross-accent vowel differences, a month earlier than 

prior findings that knowledge of phonological principles develops around 18 months (e.g., 

Best et al., 2009; Swingley, 2008). On the other hand, our more difficult task of word 

learning tentatively shows that even at 25 months, and even following pre-exposure to a story 

told in either the native or the non-native accent, both bilinguals and monolinguals may fail to 

generalise newly taught words to an unfamiliar accent. This failure tentatively suggests that 

phonological abstraction may not yet have begun to emerge for newly learned words, even 

though it appears to have been achieved by 17 months for merely recognising familiar/well-

known words. 

7.2.1 Effect of pre-test passage exposure 

The effect of pre-test exposure to a meaningful story on children’s ability to shift to 

more abstract phonological word structures to accommodate to an unfamiliar accent 

pronunciation was investigated in all three studies, both on word recognition (Experiments 1-

2, Chapter 5), and on word learning (Experiment 3, Chapter 6). In each of these experiments, 

the children received pre-exposure to either their native accent (AusE) or the unfamiliar 

accent (JaME) through a passage from a meaningful story presented with illustrations. Based 

on the previous literature (Schmale et al., 2012; Van Heugten & Johnson, 2014), children 

exposed to the unfamiliar accent in the present studies were expected to receive sufficient 

contextual support for attending to the phonetic-to-phonological mapping between the two 
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accents when they heard the unfamiliar accented story in the lab, and were anticipated to 

show better generalisation to the unfamiliar accent in the testing phase of the experiments.  

Overall, the results tentatively failed to support the prediction that pre-exposure to the 

unfamiliar accent should result in better generalisation to words in that accent. In the word 

recognition experiments, no main effect of passage exposure was observed. Children from 

each language group who received pre-exposure to the JaME accented story did not seem 

recognise familiar words in JaME better than the children exposed to the AusE story. 

Furthermore, in the word learning experiment, the children who received pre-exposure to the 

JaME accent pre-test story may have also failed to generalise the newly taught word to that 

accent better than those exposed to the pre-test story in their native accent. Thus, across all 

three experiments, pre-exposure to the unfamiliar accent tentatively did not to yield better 

generalisation across accents. The lack of impact of pre-exposure across the studies in this 

thesis might not be simply because of the exposure not having any effect, but it could be due 

to the low power of the studies. Further testing to give the studies more power will be done in 

the future.  

Although we did not find a main effect of the pre-exposure passage accent on test 

performance in either task, some aspects of our findings suggest that pre-test story exposure 

may have had some effect on the children’s performance. For example, in Experiment 2, the 

17-month-olds showed successful word recognition when the words displayed CS vowel 

differences between our two accents. This is inconsistent with a previous report that 

monolingual toddlers, even at 19 months, failed to generalise word recognition to an 

unfamiliar accent when words displayed CS vowel differences (Best, Gates, et al., 2016). The 

crucial difference between the studies is that the current studies used a pre-test story passage 

whereas the previous study did not. However, the fact that we did not have a main effect of 

pre-exposure passage accent suggests that infants’ recognition of the words in the CS study 
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(Experiment 2) relative to infants’ failure in Best, Gates et al. (2016) was not a result of the 

exposure to an accent and multiple talkers of it per se, but rather to the addition of a multi-

talker pre-exposure story phase to the listening preference paradigm itself had a more general 

effect. We cannot strongly argue for this benefit of exposure given the lack of interaction 

with exposure and phonological constancy as well as the low power of the studies. An 

alternative explanation is that the children’s success here is instead may have been the result 

of some other variable that differed between our study and Best, Gates et al. (2016). Thus, 

further studies will be needed to test these interpretations.  

The same point about story pre-exposure does not hold for generalisation of the newly 

learned words in Experiment 3, in that there was no overall effect of the story accent on the 

children’s ability to accommodate to the unfamiliar accent in the post-training test phase. 

Based on the previous literature (Schmale et al., 2012; Schmale, et al., 2015; Van Heugten & 

Johnson, 2014), we had expected children exposed to the pre-test story in the unfamiliar 

accent to be more likely to accommodate to the unfamiliar accent and therefore better 

generalise the newly taught word to the unfamiliar accent, than those exposed to the native 

accent story. However, the results indicated that those pre-exposed to the unfamiliar accent 

failed to show better generalisation to the unfamiliar accent in testing. Although the results 

did not show the expected benefit of pre-exposure like the aforementioned studies, it must be 

noted that Van Heugten and Johnson (2014) did not find story accent adaptation effects from 

a single in-lab presentation of it. Instead an effect of pre-exposure was only found after the 

children’s parents read the story to them at home for each day of the 2 weeks prior to the lab 

test. Therefore, given that the pre-exposure conditions in our studies were quite similar to 

Van Heugten and Johnson’s first attempt which was the in-lab-only story passage accent did 

not work, it is possible that similarly in our studies, the pre-exposure was an inadequate 

amount and timing of exposure, to an unfamiliar story. Thus, our future research using pre-
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test exposure stories should follow the Van Heugten and Johnson’s second approach, having 

the parents read to the story to the kids for 2 weeks before the lab test, to make them familiar 

with the story itself. 

7.2.2 Category Goodness (CG) versus Category Shifting (CS) accent differences 

The way in which other-accent phonemes are perceptually assimilated to native-

accent phonemes may also affect young language learners’ ability to perceptually 

accommodate to accented speech. Experiments 1 and 2 also assessed whether the type of 

phonetic change affected children’s ability to accommodate to an unfamiliar pronunciation in 

early word recognition. Past results had shown a difference in how toddlers process CG 

versus CS vowel differences in cross-accent word pronunciation (Best, Gates, et al., 2016; 

Best & Kitamura, 2014). That evidence showed that phonological constancy starts to emerge 

as early as 14 months when the phonetic difference between the accents is mapped to the 

same category in the native accent (CG differences), and therefore the child would not 

necessarily need to access abstract phonological structure for accommodating these 

differences (Best & Kitamura, 2014; Best et al., 2012). But that same line of prior research 

also found that phonological constancy begins to emerge later for CS differences, which are 

more challenging as they are perceived as a different vowel in the listener’s accent and 

require access to the higher-order word form to generalise across accents (Best, 2018; Best & 

Kitamura, 2014). Experiment 1 focused on the predicted easier phonetic type of cross-accent 

difference, CG, for which from the PRIMIR-based approach we anticipated that at 17 months 

children would successfully generalise word recognition to words with CG vowel differences 

in the unfamiliar accent. Experiment 2, on the other hand, included the more difficult type of 

phonetic change, CS. PRIMIR base-prediction would be that at this age, children might fail to 

show recognition in the unfamiliar accent, based on previous findings that even at 19 months, 
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children did not successfully accommodate to the unfamiliar accent when words displayed 

CS vowel differences (Best, Gates, et al., 2016). Our PAM-based perceptual attunement 

prediction, therefore, was that both bilingual and monolingual 17-month-olds would 

successfully recognise words in the unfamiliar accent that display CG differences regardless 

of story pre-exposure to the accent, but that only the bilinguals might generalise from story 

pre-exposure to the accent when recognising words display CS differences. The combined 

model-based prediction, would be that at this age, both groups will recognise CG words in 

the unfamiliar accent regardless of story pre-exposure accent, but both groups will recognise 

CS words in the unfamiliar accent only if they have been pre-exposed to that accent in pre-

test story. 

These two types of phonetic change were used to tease apart how bilinguals and 

monolinguals differ in their phonological development. We reasoned that if bilinguals have a 

different developmental trajectory than their monolingual peers, they might show a difference 

in how they accommodate to the unfamiliar accent, particularly when the phonetic change is 

more difficult and would add to task demands. Following the PRIMIR-based approach, if 

bilinguals are later in developing phonological constancy, they will show word recognition 

when words display CG differences but may fail to do so when the words display CS 

differences. However, PAM-based approach to perceptual attunement predicted that, if there 

is a bilingual advantage due to their input variability, only the bilinguals might generalise 

from story pre-exposure to the accent when recognising words display CS differences. We 

might not see any difference between the language groups, if the advantage is neutralised by 

the later development, which would resulting in but both groups recognising CS words in the 

unfamiliar accent only if they have been pre-exposed to that accent in pre-test story. 

As evident from our results on cross-accent phonetic differences in Experiments 1 and 

2, the type of phonetic change had no effect on 17-month-olds’ ability to accommodate to 
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accented pronunciations. The results tentatively confirm our predictions that children at this 

age generalise recognition to the unfamiliar accent when words display the easier CG 

difference. However, we predicted that like the monolingual 19-month-olds who had failed to 

recognise familiar words in the unfamiliar accent when words displayed CS differences 

between the accents in a previous study (Best, Gates, et al., 2016), the 17-month-olds would 

also fail to show recognition in the current study. The results were inconsistent with those 

previous findings, as the children in the current study may be showing some evidence of early 

word recognition in the unfamiliar accent despite words displaying the difficult CS 

difference. It must be noted that one major difference between the current study and the 

earlier study by Best, Gates and colleagues (2016) is that in this study we used a pre-test story 

passage which may have provided the context of “word in meaningful story context”. 

Although we had expected that using the different types of phonetic change would potentially 

indicate whether there is a difference in the emergence of phonological constancy for 

bilinguals relative to monolinguals, no effect of experience with single versus multiple 

languages was found which is tentatively consistent with the combined model-based 

prediction. The absence of phonetic change effects on word recognition in the present project 

does not explain why our 17-month-olds outperformed the 19-month-olds in the earlier study 

by Best, Gates et al. (2016). It is possible that other factors affected how children performed 

in Experiment 2.  

Experiment 3 evaluated the role of phonetic change in children’s ability to attend to 

phonological principles in novel word learning and generalisation of the new words to an 

unfamiliar accent. We expected children to show phonological constancy in word learning 

when words display CG differences, but not necessarily when they display CS differences. 

We predicted that if they successfully generalise newly taught words with CG differences, 

but fail to generalise those that display CS differences, this might indicate that they have 
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begun to attend to the abstract phonological form of the word, but their representation is not 

sufficiently abstract. Given that CS differences can be perceived as phonemic because they 

cross a phoneme boundary in the native accent, children who are starting to discern the more 

abstract phonological structure of word forms might respond to a CS differences as signalling 

a potentially new word (i.e., perceive difference as meaningful). Overall, we did not find any 

effect of phonetic change on children’s ability to generalise newly taught words to the 

unfamiliar accent. Regardless of whether words displayed CG or CS differences between the 

accents, 25-month-old monolinguals and bilinguals failed to show phonological constancy. 

This failure tentatively suggest that they may not have actually learned the words, and even 

more problematic, they may not have generalized in our task given the extreme data loss and 

veery low power. 

Moreover, our findings contradicted our prediction that CS differences would be more 

difficult to generalise between accents, given that we found even the CG phonetic differences 

to be quite difficult for children in this task. Our findings that children failed to generalise 

across accents when words display CS difference is consistent with earlier findings 

(Newman, Morini, Kozlovsky, & Panza, 2018).  Newman and colleagues (2018) found that 

even older infants at 32 months did not generalise across accents when the novel word 

contained a CS vowel. However, the children did show some cross-accent accommodation 

with the native like productions, which extending to the present study are probably 

somewhere between AusE productions and CG differences.  

Our findings did not confirm our prediction that children would be able to generalise 

word learning across CG cross-accent differences. In fact, both monolinguals and bilinguals 

might be showing difficulty generalising newly taught word that display CG differences to 

the unfamiliar accent.  Moreover, bilinguals may have perceived the CG difference as 

phonologically distinctive, that is, a new word, indicated by their significantly below chance 
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target looking on the trained test trials (looking more to the distractor/untrained object). Thus, 

bilinguals may be more sensitive to within-category CG vowel differences between the 

accents and are therefore treating these differences as a different word causing them to show 

“emerging phonological abstraction” to the cross-accent variation. Bilinguals may be more 

sensitive to phonetic variation than monolinguals, as their language environment has caused 

them to understand the meaningfulness of natural phonetic variation. Because in the bilingual 

environment language learners have to regularly tune in to talker and accent differences to 

help distinguish their native languages (Evans et al., 2019), they might be more alert to such 

differences relative to monolinguals who do not face such variation in their language input 

and do not need to use talker/accent variation to distinguish between languages like bilinguals 

do. Therefore, treating the accented pronunciation of the trained word by a different, accented 

talker as a possible new word might reflect an approach to distinguishing between languages. 

There was no group difference when words displayed the more difficult CS phonetic change 

difference.  

7.2.3 Role of task demands 

We separately assessed word recognition (Experiments 1 and 2) and word learning 

(Experiment 3) in this project to examine how task demands would affect phonological 

constancy in the two language groups. Children’s ability to correctly process phonetic 

variation depends on the language skill that is being tested. Word recognition is lower in 

cognitive demand relative to word learning, as it involves recognising only the auditory word 

forms as being familiar. Learning a new word and subsequently identifying it, especially in a 

new and unfamiliar accent. is a more cognitively demanding and difficult task since it not 

only involves recognising the auditory word form, but also learning to associate it with a 

visual (in this case) referent, and then accessing that meaning upon subsequently hearing a 
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token of the newly learned auditory word. When children must accommodate to cross-accent 

phonetic differences in order to recognise the newly-learned word during the test phase of a 

task, this requires attention to phonologically specified, abstract word representations. Novel 

word learning followed by cross-accent identification of the word is more cognitively 

demanding than mere recognition of an already-known word because in the latter task young 

children can use their pre-existing knowledge of the familiar word to accommodate to an 

unfamiliar pronunciation. When children are learning new words, however, they lack prior 

knowledge of the word’s phonological form or its meaning, which could aid their 

accommodation of accented productions of it. To generalise a newly taught word to an 

unfamiliar accent, infants must first learn to associate a novel word form to a novel object, 

which serves as its meaningful referent, and subsequently recognise its abstract phonological 

structure regardless of cross-accent phonetic variations in its pronunciation, in order to 

identify the correct object in the test phase. 

 Using two different tasks allowed us to also investigate possible effects of task 

demands on bilingual versus monolingual toddlers’ phonological abstraction, as it has been 

argued that bilinguals may experience task demands differently from monolinguals due to 

their differences in language experience (Curtin et al., 2011). Including studies with different 

task demands would further shed light on whether, and if so how, the bilingual experience 

affects the development of phonological abstraction, relative to that for monolinguals. The 

current results across the two tasks suggest that task demands may have indeed played a role 

in children’s performance, Both bilingual and monolingual children’s ability to attend to the 

abstract phonological structure of word forms was affected by the task demands of cross-

accent recognition of known words versus cross-accent generalisation of newly-learned word. 

Seventeen-month-olds at least showed some evidence that phonological constancy had begun 

emerging in early word recognition, that is, when they were required to attend to the 
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phonological representation of familiar words in simply recognising the auditory word forms, 

they might have successfully accommodated to the unfamiliar accent. However, when 24- to 

26-month-old children were tested on their ability to relate a novel word form to a novel 

object and then recognise its phonological structure in a subsequent looking-while-listening 

identification task, they failed to show greater looking to the target object than the distractor 

object when the trained word was pronounced in the unfamiliar accent. Overall, these results 

may show that although children can attend to the more abstract phonological representation 

of word forms, this ability is affected by the demands of the task. Moreover, the bilinguals 

generally failed to differ from monolinguals in both tasks, given that both groups succeeded 

in generalising recognition of already-familiar words to the unfamiliar accent in the word 

recognition task, with bilinguals showing a novelty accent preference following exposure to 

the native accent. Conversely, both groups failed in identifying the newly learned words in 

the unfamiliar accent in the word learning task. 

7.3 Evaluation of theoretical approaches to the development of phonological 

representation 

The findings of the current research indicate that across all factors, phonological 

constancy may be achieved in early word recognition at 17 months for cross-accent vowel 

differences. However, phonological abstraction apparently has not yet been achieved in word 

learning at 25 months for either monolingual or bilingual children in our demanding word 

learning task. This section of the chapter will discuss and interpret the findings of this project 

in light of the theoretical frameworks discussed throughout the thesis. To return to the 

theoretical models discussed in detail in Section 3.3, the ability to rely on phonological 

principles in word recognition could derive from either the emergence of the phonemic plane 

with the word forms becoming both phonetically and phonemically based, allowing the 
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abstraction of phonemes from native accent exemplars (PRIMIR; Curtin et al., 2011; Werker 

& Curtin, 2005), or from experience with systematic phonetic variation that fosters the 

emergence of more abstract phonological word forms (perceptual attunement: Best et al., 

2009). The perceptual attunement account suggests further that this phonological knowledge 

is necessary for the emergence of phonological constancy at around 18 months, which is also 

the time when children experience rapid growth in their expressive vocabulary (Benedict, 

1979). Our finding that more phonologically specified word forms develop around 17 

months, as shown in Experiments 1 and 2, is in line with these approaches which posit a 

developmental shift in word form at around the time of the vocabulary spurt (Best et al., 

2009; Werker & Curtin, 2005).  

However, the findings that children at 25 months are not able to gain access to the 

more abstract phonological structure of newly taught word forms to generalise across accents 

do not fit well with either of the aforementioned theoretical accounts, as these accounts 

propose that a shift in attention from phonetically to phonologically (or phonemically in the 

case of PRIMIR) defined word forms around the time of vocabulary spurt, i.e., ~18 months. 

Given that the children in Experiment 3 should certainly have already surpassed the 

vocabulary spurt, they should be showing the developmental shift to phonological word 

forms to accommodate cross-accent pronunciations. PRIMIR however, makes predictions 

about cognitive demands. This model posits that if children have fragile abstract phonological 

representations (Werker & Curtin, 2005), this will result in them falling back on lower-level, 

less abstract phonetic representations under high cognitive demands. In this respect, the 

findings may seem to be more in line with PRIMIR, which proposed that when children are 

faced with a more demanding task, they might not shift to the phonemically based word 

forms, but in fact might fall back to the phonetically based word forms.   
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But on the other hand, in light of its hypothesis that vocabulary size influences the 

emergence of phonemically based word forms (Werker & Curtin, 2005), PRIMIR (Curtin et 

al., 2011) predicts later emergence of phonemic word forms in bilinguals than monolinguals. 

That prediction follows from evidence that although bilinguals have the same total 

vocabulary size, they have a smaller vocabulary in each of their languages than monolinguals 

do in their one language (Poulin-Dubois et al., 2012). That is, bilingual children may 

experience greater difficulty with perceptually adapting to accented speech, delaying the 

emergence of phonological constancy in word recognition. However, our findings suggest 

that bilinguals do not seem to show a delay in phonological constancy relative to their 

monolingual peers. Moreover, we also failed to find a systematic relationship between 

English expressive vocabulary size as well as English exposure and the bilingual children’s 

performance in this task as shown by the correlation analyses. To account for these 

observations, we reasoned that possibly bilinguals were able to generalise recognition to the 

unfamiliar pronunciations because the pre-exposure passage in either accent provided 

sufficient contextual support for attending to the more abstract phonological word forms 

rather than superficial phonetic details of words. 

Although the PAM-based perceptual attunement approach (Best et al., 2009) does not 

make specific predictions about bilinguals’ phonological development, we have proposed to 

extrapolate that because bilinguals encounter more accent variation in their language 

environment, they might exploit this to tune in more easily to new accents. Therefore, we 

proposed that bilinguals’ greater exposure to variation could be advantageous in allowing 

them to perceptually accommodate to accented words. According to the perceptual 

attunement account, then, the 17-month-old monolinguals and bilinguals in the current study 

should have had sufficient experience with phonetic variation to recognise abstract 

phonological word forms. 
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Further compatible with the perceptual attunement hypothesis, our results suggest that 

bilinguals may show some evidence that their exposure to linguistic diversity tunes them in to 

speech with unfamiliar phonetic variation. In Experiment 1, bilinguals showed a preference 

for the unfamiliar regional accent regardless of word familiarity after pre-exposure to the 

native accent. This finding is compatible with the idea that early bilingualism may promote 

different strategies in language recognition compared to monolinguals (Bosch & Sebastián-

Gallés, 2001). For example, in language discrimination studies, monolinguals were faster at 

orienting to the native language compared to a foreign language, while bilinguals showed the 

opposite pattern, in which they were faster to orient to the foreign language than the native 

one (Bosch & Sebastián-Gallés, 1997, 2001). The findings were interpreted as tentatively 

indicating that possibly the processing mechanisms that aid bilinguals in language 

recognition are different from those of monolinguals. More specifically, bilinguals’ greater 

attention to the unfamiliar stimuli may help them figure out which language is being spoken 

(Bosch & Sebastián-Gallés, 1997, 2001). Bilinguals are reasoned to be particularly sensitive 

to phonetic variation and to understanding the meaningfulness of variation in a multilingual 

community due to their need to tune in to talker and accent differences in their daily lives to 

help distinguish their native languages (Evans et al., 2019). Thus, their preference for 

listening more to unfamiliar accent variation compared to the monolinguals could be a result 

of their heightened awareness and understanding of phonetic variation as an index of what 

variety of language the speaker is producing, which results from the importance of such 

variation in the bilingual environment.  

The findings in Experiments 1-3 at least suggest that bilinguals and monolinguals 

perform similarly in cross-accent word recognition and cross-accent word learning. 

Bilinguals and monolinguals performed similarly in tentatively showing some evidence that 

at 17 months in the current study they have had sufficient experience with phonetic variation 
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to recognise abstract phonological forms of familiar words. Furthermore, both bilinguals and 

monolinguals at 25 months are not able to gain access to the more abstract phonological 

structure of newly taught word forms to generalise across accents. Thus, both language 

groups achieving phonological constancy at the same pace in all three studies, could be a 

result of the potential bilingual benefit of greater accent exposure versus the potential 

disadvantage of a smaller vocabulary in a given language effectively neutralising each other. 

Given the low power in all three studies, and even more the extensive data loss in Experiment 

3, the findings must be cautiously interpreted, and further testing needs to be conducted. 

Possibly with more testing bilinguals and monolinguals will show a difference in their 

development of phonological constancy. 

7.4 Limitations and future directions  

Even though the studies in the present research project were designed to 

systematically investigate various aspects of unfamiliar accented word recognition and word 

learning, several methodological limitations need to be acknowledged. To understand the 

source of these limitations, the parameters that were controlled for in the process of the task 

creation will be discussed first. 

The sample size which resulted in the studies being underpowered was a major 

limitation to the findings and interpretations of the results. Each study had 16 monolingual 

and 16 bilingual infants which is on the very low end of conventional sample size for infant 

research of this nature and the majority of infant studies are highly underpowered at this 

sample size. Given that the studies were underpowered, the findings have to be cautiously 

interpreted. Furthermore, there were a number of marginal main effects and interactions 

which could possibly become significant or non-significant with additional data and 

appropriate levels of power. Although the studies have a small sample size, the original aim 
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was to collect additional data to increase the power, but this was not possible due to the 

pandemic (COVID-19) that disrupted data collection, and the time limitations of the thesis 

submission within candidature. We plan to collect additional data for each experiment 

following thesis resubmission, to increase the power of the study. The expanded data will 

then be reanalysed to better understand bilinguals’ versus monolinguals’ development of 

phonological constancy.  

In both the word recognition and word learning tasks of the current project, the target 

words differed between the native and the unfamiliar accent only in their vowels. Vowel 

differences were exclusively selected because while regional accents of English can certainly 

display differences not only in vowels, but also in consonants and prosody, the consensus is 

that the primary differences across English accents occur in the vowels (Wells, 1982). 

Moreover, previous research has shown that CG vowel differences allow cross-accent word 

recognition even at 15 months (Best & Kitamura, 2014), while CS vowel differences seem to 

prevent cross-accent word recognition even at 19 months (Best, Gates, et al., 2016). 

Additionally, given that Best, Gates and colleagues (2016) had found that neither CG nor CS 

consonant differences impair cross-accent word recognition even in monolingual 15-month-

olds, vowel differences would better reveal similarities or differences between bilinguals and 

monolinguals in cross-accent word recognition. However, in future studies the stimulus 

material could include both consonant and vowel differences between the target accents. The 

inclusion of consonants could further inform the development of phonological abstraction for 

bilingual children and provide a wider range of opportunities to observe similarities or 

differences in bilinguals’ ability to attend to abstract phonological structure relative to their 

monolingual peers.  

In all current experiments, the children also received pre-test exposure to a 

meaningful story with illustrations, spoken by multiple talkers of either the native or the 
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unfamiliar accent (half of the participants heard it in the native accent and the other half in 

the unfamiliar accent). This was done to ensure that all the children received pre-test 

exposure to the story and several talkers, as well as to assess whether there was a difference 

in how they would accommodate to the unfamiliar accent based on the accent exposure they 

received, i.e., whether unfamiliar accent exposure would improve unfamiliar accent 

adaptation in the test phase. Because our findings suggest that pre-exposure to a passage, 

rather than pre-exposure to a specific accent per se, appears to have been beneficial through 

qualitative comparisons with other studies. However, we cannot draw an absolutely definitive 

conclusion about this given that we did not include a no exposure condition. That is, there 

were no children without passage exposure with which to compare the test performance of 

children who did receive pre-test passage exposure in either accent. In addition, it must be 

noted that because the present study used the same talkers for the pre-exposure passage and 

the stimulus words for the test for a given accent, it is not possible to separate the effects of 

talker adaptation from effects of accent accommodation. Therefore, future work should 

further explore talker versus accent accommodation in word recognition by using different 

talkers of the same accent at pre-exposure versus test. 

 In the word learning task, the children were always trained in the native accent and 

tested in the unfamiliar accent. This decision was made based on previous findings that 24-

month-old monolinguals generalised newly taught words to a new accent if trained in the 

unfamiliar accent and tested in the native accent, but failed to do so when trained in the native 

and tested in the non-native accent (Schmale et al., 2011). However, that study had not 

included pre-training accent exposure. Subsequent studies showed that with pre-training 

accent exposure, monolingual children generalised the newly taught word to the unfamiliar 

accent when trained in the native and tested in the non-native accent (Schmale et al., 2012, 

2015). Given that the current study included pre-exposure, we decided to only include the 
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previously successful condition, i.e., training in the native accent and testing in the non-native 

accent after a pre-test exposure passage, to allow for comparison with those prior studies. 

Focusing on only one condition kept our design complexity more reasonable, but limited our 

ability to assess accent adaptation in word learning. Future research should include both 

conditions to see whether in the easier condition of training in the non-native accent and then 

testing in the native accent could elicit evidence of phonological constancy at this age. This is 

even more important given that the children failed to generalise learning to the unfamiliar 

accent, and this failure was possibly due to the task being too difficult or the low power and 

data-loss problems in this study. Therefore, using the easier condition would have possibly 

yielded some evidence of the emergence of phonological constancy.  

The present research could also be rounded out by testing bilingual and monolinguals’ 

ability to attend to the more abstract phonological structure of word forms in a word 

identification task with already-known words following story pre-exposure. This ability is 

intermediate in cognitive demands between the two tasks we included, word recognition and 

word learning. Filling in that gap would provide further understanding of how bilinguals 

develop the ability to attend to higher-order word forms. Moreover, given that our findings 

tentatively suggest that children show a difference in their development of phonological 

abstraction depending on the language skill being assessed, i.e., they may have successfully 

attended to abstract representation of word forms in the less demanding talk of word 

recognition, but fail in the more demanding task of word learning, word identification is in 

the middle in terms of task cognitive demands. Compared to word recognition, which 

involves recognising only the auditory form of familiar words, word identification is a more 

difficult task since it not only involves recognising the auditory form of familiar words, but 

also mapping them to their visual referents which requires accessing the meaning associated 

with the auditory word. On the other hand, word identification is less demanding than word 
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learning, because it allows toddlers to use their pre-established knowledge of the familiar 

word form to inform the process of accommodating to an unfamiliar pronunciation. However, 

when children are learning new words, they do not have access to prior knowledge of the 

word’s form or meaning to aid their accommodation of accented productions of it. To 

generalise a newly taught word to an unfamiliar accent, toddlers must first relate a novel 

word form to a novel object, i.e., learn it, and they must then recognise its abstract 

phonological structure in order to generalise recognition of it across even unfamiliar cross-

accent phonetic variations in its pronunciation. Future research with CG and CS differences 

in word identification could indicate whether the type of phonetic change contributes to 

bilinguals’ ability to achieve phonological constancy at this age, and future work presenting a 

pre-exposure story could determine whether it benefits bilinguals in word identification as 

well as in word recognition. 

7.5 Conclusion 

The main goal of the present research project was to examine the impact of bilingual 

language experience on phonological development relative to monolingual experience; that 

is, whether, and if so how, learning two languages affects young language learners’ ability to 

generalise word recognition and newly taught words to an unfamiliar accent. The 

experiments reported in this thesis were designed to provide an in-depth systematic 

investigation of the development of more abstract phonological structure of word forms for 

children learning two languages.  

The core finding of this investigation, though tentative given the sample size and 

power issues, is that the emergence of phonological constancy is not hindered overall by 

having to simultaneously represent two language systems, as bilingual children do, relative to 

having to represent only one system, as monolinguals do. Our findings tentatively suggest 
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that bilinguals and monolinguals show some evidence of phonological constancy in word 

recognition at the same age (17 months). Conversely, neither bilinguals nor monolinguals 

showed a clear overall ability to generalise newly taught words to an unfamiliar accent at 24-

26 months. Although there was no evidence of phonological constancy emerging in the more 

demanding task of word learning, this same pattern was found in both language groups. 

Taken together, these findings demonstrate that despite the various differences 

between the bilingual language environment and that of their monolingual peers, which have 

been described and discussed throughout the thesis and shown to affect different areas of 

language development, children’s phonological abstraction by 17 and 25 months is not 

affected by their language experience. Moreover, in this research, there was no evidence that 

children’s ability to attend to the abstract phonological representation of word forms was 

generally affected by the way in which other-accent phonemes are perceptually assimilated to 

native-accent phonemes. That is, children’s ability to accommodate to an unfamiliar accented 

pronunciation does not appear to be affected by whether the differences in the pronunciation 

of a given phoneme are perceived as the same category in the listener’s native accent 

(Category Goodness difference: CG) or the cross-accent phonetic differences cross a 

phoneme boundary and thus are perceived as a different, contrasting phoneme (Category 

Shifting difference; CS).  

Even though the present study failed to yield evidence that pre-exposure to the 

unfamiliar accent facilitated adaptation to that specific accent, the findings that 17-month-

olds accommodate to CS vowel differences in Experiment 2 is inconsistent with a previous 

report of 19 month-olds’ failure when they did not receive a pre-test exposure passage (Best, 

Gates, et al., 2016), indicating that pre-exposure regardless of accent might play a role in 

improving children’s recognition of familiar words in both the native and the unfamiliar 

accent. We speculate that the pre-exposure possibly provided some contextual support for 
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attending to the words’ phonological forms rather than their superficial phonetic details, 

thereby rendering better performance on the subsequent word recognition tests. It remains to 

be seen at what age monolingual and bilingual children are able to generalise newly taught 

words to an unfamiliar accent, or at what age they learn novel words as abstract phonological 

representations. It is anticipated that the tentative findings we report here, of the effect of 

learning two languages on phonological constancy, should prove to be crucial in further 

exploring this and other research questions.  

The findings of the present project are encouraging for researchers whose focus is 

bilingual language development, as it suggests the possibility that the bilingual experience 

does not significantly impact children’s ability to attend to phonological structure of word 

forms. Furthermore, this work has defined specific pathways for future research to continue 

examining the complex relationships between bilinguals’ language environment and their 

phonological development, particularly their ability to generalise across accents. Finally, as 

the results of the current studies pinpoint specific contexts in which bilinguals’ ability to gain 

access to higher-order word forms is difficult, they are informative for future research on 

bilinguals’ phonological development.  
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Appendix C: Language Background Questionnaire 
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Appendix D: Monolingual Vocabulary inventory (OZI) 
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Appendix E: Bilingual Vocabulary Inventory (OZI) 
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