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Perception of Early Spanish-Catalan Bilinguals  

 

Marcos Amengual Watson, Ph.D 
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Supervisors: Almeida Jacqueline Toribio and Barbara E. Bullock 

 

This dissertation examines the production, perception and processing of the 

Catalan-specific mid-vowel categories (/e/-/ɛ/ and /o/-/ɔ/) by early Spanish-Catalan 

bilinguals in Majorca (Spain). The analyses focus on the lexical as well as the segmental 

levels to analyze cognate effects in the production and lexical representations of these 

early bilinguals, and they explore how their production and perception abilities are 

related. This study provides evidence that early and highly proficient Spanish-Catalan 

bilinguals in Majorca maintain two independent phonetic categories in the Catalan mid-

vowel space. The first significant finding is that production patterns in Majorca differ 

from those previously reported in Barcelona, as the Catalan mid-vowel contrasts are not 

merging into a single Spanish-like mid-vowel for either Catalan-dominants or Spanish-

dominants. Additionally, these bilinguals are not ‘deaf’ to the Catalan-specific mid-vowel 

contrasts: both language dominance groups perceive the contrast between the Catalan 

mid-vowel categories despite the overlap with one phonetic category in Spanish. Even 

though Spanish-dominant bilinguals as a whole are indistinguishable from Catalan-

dominant bilinguals in the perception and production tasks, they are found to have a 

higher error rate in the lexical decision task. The comparison of the acoustic properties of 

the target vowels in Catalan cognate and non-cognate experimental items reveals that the 
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production of the mid-vowels is affected by cognate status, and that these cognate effects 

are also found in the word recognition of aurally presented stimuli. Finally, bilinguals 

who produced the mid-vowels with a smaller Euclidean distance are more likely than 

bilinguals who maintain a more robust contrast in their productions to have a higher error 

rate in the AXB discrimination and lexical decision tasks. The present study contributes 

to the discussion regarding the organization of early bilinguals’ dominant and non-

dominant phonetic systems, and implications are considered for cross-linguistic models 

of bilingual speech production and perception. It is proposed that the exemplar model of 

lexical representation (Bybee, 2001; Pierrehumbert, 2001) can be extended to include 

bilingual lexical connections that can account for the interactions between the phonetic 

and lexical levels of early bilingual individuals. 
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1. Introduction 

Early bilinguals generally outperform late learners in different aspects of L2 

speech perception and production. In other words, earlier acquisition is better (Flege, 

1999, 2003, 2007; Yeni-Komshian et al., 2000). However, age of acquisition has been 

shown not to guarantee native-like proficiency (Flege and MacKay, 2004). The recurring 

example of phonological deficits despite early acquisition is of Spanish-Catalan 

bilinguals. Previous research in Barcelona suggests that early Spanish-Catalan bilinguals 

fail to correctly distinguish mid-vowel contrasts unique to Catalan, and that these 

bilinguals are neutralizing the Catalan mid-vowels in their productions. Importantly, 

these bilinguals have acquired both of their languages in early childhood, have many 

years of L2 experience, and have attained a high proficiency in their L2. The question 

that remains is why these early bilinguals have difficulties in acquiring Catalan-specific 

phonemic categories. Rather than being due to a lack of mental plasticity (Sebastián-

Gallés and Soto-Faraco, 1999; Ramón-Casas et al., 2009; Pallier et al., 1997, among 

others) or the potentially linguistically ‘marked’ vowel system of Catalan (Lleó and 

Rakow, 2005; 2006; Lleó et al., 2008), these earlier findings may in fact be an artifact of 

the variety of Catalan being acquired. 

The study of early bilinguals in Majorca provides the opportunity to considerably 

reduce confounding factors that could have affected the previous results with Spanish-

Catalan bilinguals in Barcelona. Due to differences in the historical evolution of the 

vowel systems in the dialects of Catalan, Majorcan Catalan has a phonological system 

and lexical distribution distinct from the variety spoken in Barcelona. In addition, the 

Catalan mid-vowel contrasts in Majorca are more robustly maintained than in Barcelona 
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and are thus more available in bilinguals’ ambient input. Because the Catalan in 

Barcelona is in increased contact with Spanish and has more instability in the mid-vowel 

contrasts in comparison to Majorcan Catalan, bilinguals in Majorca may be exposed to 

less Spanish-accented Catalan, and less Spanish overall, in their input.  

This dissertation examines the production, perception, and lexical representation 

of the Catalan-specific mid-vowel categories (/e/-/ɛ/ and /o/-/ɔ/) by early Spanish-Catalan 

bilinguals in Majorca (Spain). This research project seeks to bridge phonetic and 

psycholinguistic research to investigate the structure of early bilinguals’ dominant and 

non-dominant vowel systems at the levels of segmental production, categorization, and 

lexical distribution. In other words, this project explores the effect of psychological and 

linguistic factors in order to determine if the vowel systems of Spanish-Catalan bilinguals 

of Majorca are maintained separately or if they are prone to phonetic transfer. In the 

examination of the bilingual as both speaker and listener, this project’s goal is to address 

the following questions: (1) how does language dominance affect the production, 

perception, and lexical representation of the Catalan-specific mid-vowel contrasts? (2) At 

the lexical level, do cognates (i.e., words with considerable phonological, semantic, and 

orthographic overlap) increase cross-language phonetic influence from the dominant to 

the non-dominant language? And, (3) what is the relationship between the production and 

perception abilities of these early bilingual individuals? 

The remainder of this chapter contextualizes the research project within the study 

of bilingualism, introducing the individual and societal phenomenon of bilingualism, and 

the factors that have been examined in the study of the phonetic production and 

perception of early bilinguals. These sections are followed by an introduction to available 
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theoretical models that address different aspects of cross-linguistic production and 

perception. The chapter concludes with an outline of the organization of the dissertation.  

1.1. BILINGUALISM: DEFINING THE INDIVIDUAL BILINGUAL SPEAKER 

Bilingualism, that is, the ability to communicate in two languages, is in many 

ways unexceptional. With 193 countries and over 6,000 different languages (Wei, 2008) 

it is clear that in most parts of the world bilingualism or multilingualism is more common 

than monolingualism. Grosjean (2012) notes that possibly half of the world’s population 

is bilingual. However, the study of monolingual speakers has by far outpaced the study of 

bilinguals because “it is precisely a monolingual perspective which modern linguistic 

theory takes as its starting point in dealing with basic analytical problems” (Romaine, 

1989:1).  

A challenge that has confronted researchers is how to define bilingualism, and 

importantly who qualifies as a bilingual. A bilingual person has been defined as one who 

‘knows’ two languages (Valdés and Figueroa, 1994). The complexity arises, however, 

from defining what it means to ‘know’ a language. The bilingual individual has been 

considered a speaker who is fluent in one language but who “can produce complete 

meaningful utterances in the other language” (Haugen, 1953:7), or more strictly, one who 

uses or has the ability to use two languages with equal fluency. Bloomfield (1933:55) 

specified bilingualism as the “native-like control of two languages”. Under this view, the 

speaker’s competence and performance in each language is regarded as equivalent to that 

displayed by a monolingual. However, as is often noted, very few bilinguals are equally 

proficient in both languages (Cutler et al., 1992; Grosjean, 1982), with most bilinguals 

having a dominant or preferred language. Many researchers have adopted a broader view 

of bilingualism including in their definition bilinguals with varying degrees of 
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proficiency (Hakuta, 1986; Macnamara, 1967; Mohanty and Perregaux, 1997; Valdés and 

Figueroa, 1994). Therefore, the definition of bilingualism is more complex than just a 

categorical binary option (bilingual or not); instead, it is important to consider varying 

degrees of bilingualism. It is clear that defining bilingualism is complex, as it is 

influenced by multiple factors such as age of acquisition, language use, and continued 

exposure to the L1 and L2.  

In this dissertation, I will adopt a broad definition of the bilingual individual as a 

speaker who uses two languages regularly (Grosjean, 1982, 2008, 2012). Specifically, I 

will follow the definition provided by Butler and Hakuta (2008:115), who define 

bilingualism as “psychological and social states of individuals or groups of people that 

result from interactions via languages in which two or more linguistic codes are used for 

communication.”  

1.1.1. The fractional view and the wholistic view of bilingualism 

In bilingual psychological research there have been two prevalent but contrasting 

views of bilingualism: the fractional view and the wholistic view of bilingualism. These 

views stem in response to one of the key questions in bilingual research, that is, whether 

bilinguals keep their linguistic systems separate or not. According to Grosjean (2008:10), 

the fractional view (or monolingual view) presumes that the bilingual speaker “has (or 

should have) two separate and isolable language competencies; these competencies are 

(or should be) similar to those of the two corresponding monolinguals; therefore, the 

bilingual is (or should be) two monolinguals in one person”. Grosjean remarks that this 

perspective on bilingualism is likely to have emerged because the language sciences 

developed through the study of monolinguals, who have been presumed to be the ideal 

speaker-hearers of a language. As a result, bilinguals have been described and evaluated 
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in terms of the fluency and balance they have in their L1 and L2, separately considered. 

That is, language skills in bilinguals have been assessed in terms of monolingual 

standards and the contact of the bilingual’s two languages has been seen as accidental and 

anomalous.  

In contrast to the fractional view, the wholistic view of bilingualism proposes that 

bilinguals are not the “sum of two monolinguals in one” (Grosejan, 1989:6). Crucially, 

the bilingual individual has a unique and specific linguistic configuration where L1 and 

L2 are integrated and cannot easily be decomposed into two separate parts (Grosjean, 

1982; 1989; 1998; 2008). Both languages of the bilingual co-exist in the individual and 

they are in constant interaction resulting in a complete language system that differs from 

that of a monolingual. According to the wholistic view, then, the bilingual is a competent 

speaker-hearer of the L1 and L2 who has developed the facilities necessary for his/her 

needs in the linguistic environment. The bilingual speaker has the ability to communicate 

in the L1 and L2, either separately or together, for different purposes, contexts and needs. 

But because the needs and uses of each of the languages are usually different, the 

bilingual is “rarely equally or completely fluent in both languages” (Grosjean, 2008:14).  

1.1.2. Types of bilinguals 

Regardless of which view of bilingualism is adopted, it is clear that there is great 

variability in bilingual linguistic proficiency. Bilinguals form a heterogeneous group due 

to multiple factors such as age of acquisition, daily language use and language 

environment, and their performance in each language likewise varies. Bilinguals differ 

across many dimensions, and researchers have classified them following different 

criteria. One of the main difficulties in comparing and replicating previous work on 

bilingual speech studies is due to the fact that different types of bilinguals are typically 
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conflated into a single participant group (Grosjean, 1998). The following section will 

focus on the dimensions used in previous linguistic research to classify (early) bilingual 

individuals, taking into account factors that have been shown to affect the cognitive 

organization of the two languages, and particularly, their speech production and 

perception.  

1.1.2.1. Age of Acquisition 

Early bilinguals are considered to be individuals who have acquired two 

languages early in childhood, and while there is debate concerning the cut-off age, 

bilinguals are typically classified as ‘early’ if they are exposed to the L2 between four 

and six years of age (Meisel, 2009). Researchers have found that brain organization in 

bilinguals who acquire their L2 before 5 years old is different from that of bilinguals who 

acquire their L2 after that age (De Houwer, 2005; Weber-Fox and Neville, 1996). On the 

other hand, the late bilingual is often described as an individual who becomes a bilingual 

as an adolescent or adult (generally after the age of 12). The main reason that the 

distinction between early and late bilinguals is drawn is that it is more likely that late, 

rather than early, bilinguals will show influence from their L1 in their L2. As is well 

known, late learners typically face more difficulty in reaching native-like attainment, 

particularly in the phonetic domain where they are often observed to produce non-native 

segmental targets and to undergo phonological transfer from their L1 (Long, 1990; 

Patkowski, 1990) 

1.1.2.2. Order of Acquisition 

An important role in the neural organization of the L1 and L2 of the bilingual is 

the order of acquisition. Bilinguals may either acquire both languages simultaneously or 



7 
 

sequentially. Simultaneous bilingualism occurs when both languages are acquired from 

birth, or very soon thereafter (De Houwer, 2005; Genesee, 2000; Meisel, 2001). The 

study of bilinguals who have been exposed to both of their languages from birth is 

referred to as Bilingual First Language Acquisition (BFLA), often written as 2L1. Some 

researchers have preferred to call the languages of a simultaneous bilingual “Language 

A” and “Language alpha” instead of “first” and “second” language (De Houwer, 2009). 

Even though simultaneous bilinguals who continue to use their two languages often seem 

to be balanced between their two languages, it is often the case that they have a preferred 

or dominant language (Cutler et al., 1992). But not all bilingual children grow up hearing 

two languages from birth. In fact, most bilinguals acquire one of their languages after the 

other, that is, sequentially. It is sequential, rather than simultaneous, bilinguals who are 

distinguished by their age of L2 acquisition: ‘early’ (childhood L2 acquisition) and ‘late’ 

(adult L2 acquisition). 

1.1.2.3. Language Dominance 

A bilingual speaker will choose to use the L1 or the L2 depending on the 

linguistic environment (interlocutor) or the communicative purpose (linguistic intent). 

The bilinguals’ usage patterns are likely to be associated with greater fluency, 

proficiency, and dominance. Even though bilinguals may have a high level of proficiency 

in both languages, the perfectly balanced bilingual probably does not exist: bilinguals 

have a dominant, or stronger language (Cutler et al., 1989; Flege et al., 2002, among 

others). In addition, language dominance in bilinguals is dynamic and the dominant 

language of a bilingual individual can change over time (Grosjean 2010; Harris et al., 

2006).  
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It is important to consider that language dominance and language proficiency, 

though conceptually overlapping in some respects, and easily conflated and often 

correlated, are different (Birdsong, 2006). Furthermore, language dominance covers 

many dimensions of language use and experience, such as proficiency, fluency, ease of 

processing, frequency of use, or cultural identification. Although a number of selection 

criteria have been used in previous studies to classify bilingual individuals, such as 

identification with speakers of a language and daily use of each language (Grosjean and 

Miller, 1994), scores on language assessment tests (Náñez and Padilla, 1995), or naming 

tests (Moreno and Kutas, 1995), language dominance remains as an important predictor 

of the L1-L2 interaction patterns. For instance, previous studies have shown that 

language dominance is an important variable that accounts for cross-linguistic transfer in 

syntactic processing (Rah, 2010) and phonetic production (Simonet, 2010). It has also 

been found to influence code-switching patterns (Basnight-Brown and Altarriba, 2007), 

govern bilingual lexical memory representation (Heredia, 1997), affect language choice 

for self-directed and silent speech (Dewaele, 2004), and determine the language of mental 

calculations (Tamamaki, 1993).   

1.2. BILINGUAL SPEECH PRODUCTION AND PERCEPTION  

Acquiring a first language (L1) or additional languages (L2/L3) involves the 

acquisition of a variety of components in a linguistic system. Bilinguals acquire many 

language-specific components, including the morphology, syntax, semantics, pragmatics, 

phonology, phonetics, and lexicon of each language. Previous research has shown that 

learning the sounds of a non-native language in a native-like manner is a challenging 

task, and when speaking the L2, there is typically a ‘foreign’ or L1 influenced accent, 
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even after many years of experience in the language (Flege et al., 1995; Piske et al., 

2001) 

Antecedent literature has addressed the independence and also the 

interconnectedness of the bilingual’s two phonological inventories, especially in 

comparison to the single system of monolinguals, to explain cross-linguistic influence in 

the production and perception of allophones on these phonemic and phonetic abilities. In 

order to be considered native-like in both languages, bilinguals must develop two 

phonological inventories (two sound systems) and produce and perceive phonetic 

categories that are unique to each of their languages depending on the context of 

utterance. The observation of cross-linguistic influences in bilingual speech has 

implications with regards to language-specific phonetic contrasts in one or both 

languages, providing an opportunity to understand how bilinguals categorize speech 

sounds, how they produce and hear L1 and L2 sounds natively, how sensitive they are to 

phonetic variation, and how these sounds are stored in the bilingual mental lexicon. 

1.2.1. Early bilinguals’ production and perception abilities 

Age of acquisition has been shown to be the best-known predictor for native-like 

attainment (Flege, 1999, 2003, 2007; Oyama, 1976; Yeni-Komshian et al., 2000). 

Research on second language acquisition has produced evidence of maturational effects, 

such that later learners face more difficulty in producing native-like targets and typically 

exhibit accent transfer from their L1 (DeKeyser, 2000; Flege, 1991; Lenneberg, 1967; 

Long, 1990; Patkowski, 1990; Scovel, 1988). In other words, “the age of exposure to the 

L2 (i.e., the early vs. late distinction) is an important determinant of the extent to which 

bilinguals can maintain a functional separation, or independence between their two 

languages” (Piske et al., 2002:50). This transfer may result in L2 phonology reflecting L1 
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categories, articulation gestures particular to L1 to the exclusion of those normally 

required in L2, and the application of L1-specific phonological processes (e.g., final 

obstruent devoicing or vowel reduction).  

In addition to effects on the production system, the interaction between the 

dominant and non-dominant languages of the bilingual may also have an effect on the 

perception system. While most people are familiar with the notion of speaking with an 

accent, what is less well known is that language users also “hear with an accent” 

(Jenkins, Strange and Polka, 1995). Attainment of native-like perception of L2 phonetic 

segments has also been shown to be a difficult task. For instance, native English-speaking 

adults experience difficulty discriminating the Hindi dental versus retroflex initial stop 

contrast (Polka, 1991; Werker and Lalonde, 1988), and Japanese speakers have 

difficulties categorizing and discriminating the English /r/-/l/ contrast (Goto, 1971; 

MacKain et al., 1981; Miyawaki et al., 1975; Sheldon and Strange, 1982). These studies 

provide evidence that speakers of different languages show language-specific perception 

reflecting their attunement to the phonology of their native language. That is, the L1 

sound system appears to filter or “warp” the perception of L2 sounds (as claimed in the 

Perceptual Magnet Model of Kuhl, 2000).  

Acquisition studies with infants indicate that the L1 sound system becomes 

‘entrenched’ at a very young age. Language discrimination is an imperative task for the 

bilingual infant, who very early in life needs to separate the input received by identifying 

the set of phonetic segments relevant to a specific language, and map them onto the 

phonological categories for that language. Over the course of the first year of life, 

monolingual and bilingual infants are considered to be “generalized listeners”, capable of 

discriminating between both native and non-native speech contrasts (Bosch and 



11 
 

Sebastián-Gallés, 2003; Kuhl et al., 2008; Maye et al., 2008; Werker and Tees, 1984). 

These infants develop into “specialized listeners” whose language discrimination is 

closely restricted to the phonemic inventory of their own native language or languages. In 

other words, there is early phonological tuning in which infants develop from a universal 

perceiver to a language-specific perceiver.  

A considerable body of research has focused on the ability of early and late 

bilinguals to distinguish contrasts particular to one language. Studies have shown that late 

L2 learners are typically less sensitive to language-specific phonetic properties and have 

more difficulties perceiving language-specific phonetic contrasts in comparison to early 

learners (Long, 1990). Even early sequential bilinguals have been argued to not attain the 

levels of L2 proficiency, with certain L2-specific contrasts remaining difficult in spite of 

early exposure and everyday use of the L2 (Bosch et al., 2000; Pallier et al., 1997; 

Sebastián-Gallés and Bosch, 2005; Sebastián-Gallés and Soto Faraco, 1999). In the case 

of early bilinguals who have either learned both languages from birth (simultaneous 

bilinguals) or during early childhood (sequential bilinguals), the question that arises is 

whether they maintain separate and independent phonetic systems due to early exposure 

and extensive experience with both languages, or whether, on the other hand, L1 and L2 

sounds are interrelated and exist in a common phonological system with the bilingual 

phonetic system being a combination of the two languages’ segmental inventories (see 

Flege 1987, 1995, among others).  

1.2.2. Cross-linguistic phonological transfer 

Following Jarvis and Pavlenko (2008:62), phonological transfer is defined as “the 

ways in which a person’s knowledge of the sound system of one language can affect that 

person’s perception and production of speech sounds in another language.” Phonological 
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transfer at the segmental and suprasegmental level has been found in both production and 

perception from the L1 to the L2 (i.e., forward transfer) and from the L2 to the L1 (i.e., 

reverse transfer), and even from an L2 to an L3 (i.e., lateral transfer).  

This transfer of phonological or phonetic characteristics plays an important role in 

provoking the percept of a foreign accent (Broselow, 1987; Cebrián, 2000; Flege, 1987, 

1991, 1992, 1993, 1995, 1997a, 1997b, Flege et al., 1999; Zampini, 1994, among others). 

For example, an important effect of phonological transfer involves the difficulty of 

perceiving language-specific contrasts that are not phonemic in the L1, and the fact that 

speakers of different native languages rely on different acoustic cues when discriminating 

sounds in the L2. For instance, L1 Spanish listeners have been found to use vowel 

duration to distinguish English /i/ and /ɪ/, whereas L1 English listeners primarily use 

spectral cues (Bohn, 1995; Escudero and Boersma, 2004; Flege et al., 1997; Morrison, 

2002). Such studies indicate that the specific cues learners rely on in perceiving sounds in 

the L2 are affected by phonological structures and processes in the L1.  

Studies examining phonological transfer in the production of L2 segments have 

shown that late language learners often produce segmental substitutions (Riney et al., 

2000), correct phonemes with wrong segmental properties, such as palatalization, 

voicing, and aspiration (Keys, 2002), and systematic phonological processes such as 

final-obstruent devoicing (Cebrián, 2000). In addition to transfer occurring in the L2 

productions of late learners, at least one study has shown that early bilinguals also tend to 

transfer the phonetic features of the sound categories of their dominant language to their 

non-dominant language even with early and extensive exposure to native input (Simonet, 

2010).  
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The interaction between both languages of an early bilingual and the effects on 

bilingual production and perception are still under debate in the field. Some studies on 

bilingual speech production have observed that simultaneous bilinguals produced L1 and 

L2 sounds free of interference (Mack, 1989; Magloire and Green, 1999), suggesting that 

early exposure helps to develop and maintain independent or separate phonetic systems. 

However, other work on early bilinguals suggests that these bilinguals do not accurately 

produce native-like targets (e.g., language-specific contrasts) in both systems (Lleó et al., 

2008); rather, the bilinguals’ combined or interrelated systems influence each other at a 

fine-grained acoustic level in speech production. The influence of the L1 on the L2 has 

been well documented (Flege, 1995, for a review); however, less well documented is the 

effect of the L2 on the L1. The interaction between the vowel systems and the effects of 

acquiring a second sound system on the native phonological system of bilinguals were 

explored in Guion (2003). Specifically, in her study of the Spanish vowel production of 

three groups of Quichua-Spanish bilinguals, she found evidence of successful acquisition 

of the Spanish five-vowel system (Ecuadorian Quichua only has three vowels /i/, /a/, and 

/u/). Additionally, there was evidence of differences between the simultaneous bilinguals 

and the early and late sequential bilinguals, in that the simultaneous bilinguals had 

developed separate vowel categories for each language. Interestingly, the acoustics of 

their Quichua vowels were affected by the development of separate Spanish vowel 

categories, showing bidirectional transfer.  

1.2.3. Relationship between L2 speech production and perception 

For the most part, speech production and perception have been investigated 

independently (Fowler and Galantucci, 2005). However, Pisoni (1995) states that 

production and perception reflect the properties of a unitary articulatory event and 



14 
 

speakers produce “precisely the same acoustic differences that are distinctive in 

perceptual analysis.” Following the same idea, Liberman and Mattingly (1985) espouse 

the view that production and perception “are different sides of the same coin.” Evidence 

for this relationship has been shown in the results of studies that have found a correlation 

between the perception and production of L2 segmental contrasts (Flege, 1993; Flege et 

al., 1997, 1999) and accent change from regional to educated norms in monolingual 

English young adults (Evans and Iverson, 2007) 

Even though there is an undeniable link between production and perception, it is 

still unclear which role each of these skills plays in relation to the dominant and non-

dominant sound systems of bilingual individuals: which skill is first mastered, and 

whether one conditions the other. Some researchers assume that perception conditions 

production (Edwards, 1974; Flege, 1995; Ingram, 1976; Menyuk, 1977; Neufeld, 1988; 

Rochet, 1995), such that L2 learners can only produce L2 sounds accurately if they 

perceive them accurately. In addition, an increase in performance in production is 

necessarily preceded by an increase in perception, as previous work has shown that 

training listeners to perceive non-native speech sounds results in improved production 

(Bradlow et al., 1997; Lengeris and Hazan, 2010). In contrast, others maintain that 

production can precede perception (Brière, 1968; Goto, 1971; Sheldon and Strange, 

1982). For instance, experimental studies with Japanese late learners of English have 

shown that their production of English /r/ and /l/ was better than their perception (Goto, 

1971; Sheldon and Strange, 1982). Therefore, as Flege et al. (1997:467) observe, “we 

cannot rule out the possibility that changes in production occur first, or that they occur in 

the absence of corresponding changes in perception.”   
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Given the disparity of results, this dissertation seeks to examine both the 

production and perception of dominant and non-dominant phonological segments to 

examine how language dominance and phonetic interference interact. Specifically, the 

experiments reported in this dissertation will provide a complete picture of the phonetic 

production and perception of language-specific vowel contrasts and test whether 

perception can explain speech production in the non-dominant language. Additionally, if 

any asymmetries exist between production and perception, this project will be able to 

explain how phonological transfer from the dominant to the non-dominant language 

works and signal the representations and processes that might be involved.  

1.2.4. Models of cross-linguistic production and perception 

The most influential models in the area of L2 phonetic acquisition in recent 

decades are Flege’s Speech Learning Model (SLM) and Best and her colleagues’ 

Perceptual Assimilation Model (PAM). Both models hypothesize that the learnability of 

L2 segments depends on the perceived phonetic similarity between these sounds in the 

L2 and the most similar segments in the L1 phonetic inventory. The following section 

introduces some of the main tenets of the SLM and the PAM, and additionally, presents a 

usage-based approach to speech production, perception, and storage of phonological 

representations: the exemplar model of lexical representation (Bybee, 2001; Goldinger, 

1997; Johnson, 1997; Pierrehumbert 2001, 2003a,b).  

1.2.4.1. The Speech Learning Model (SLM) 

The Speech Learning Model (Flege, 1987, 1991, 1995, 2003; Flege et al., 1999) is 

a theory that explains how the interaction between sounds in the L1 and L2 interact 

leading to accented production of the L2. Because the SLM postulates that phonetic 
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categories of the L1 and L2 coexist in a shared acoustic-phonetic space, this theoretical 

framework assumes that the development of a second language will affect the native 

perceptual system. Additionally, the ability to acquire speech remains intact and 

operative throughout the lifespan, though with some restrictions in the ultimate 

attainment. Early learners, as opposed to adult L2 learners, are capable of establishing 

additional phonetic categories for similar L2 sounds, as early learners’ L1 phonetic 

categories are malleable while late learners’ L1 categories are already fully developed. 

Thus, the SLM’s interaction hypothesis predicts that the sounds of the L1 and L2 are less 

likely to interact in early bilinguals than in late bilinguals (Flege, 1992; Flege et al, 2003).  

The SLM proposes that success in L2 production depends on the establishment of 

new phonetic categories for the L2 segments, and critically, this success is based on the 

perceived similarity, or dissimilarity between the L2 sound, and any existing L1 category. 

As stated in Flege (1995:367), “the more distant from the closest L1 sound an L2 is 

judged to be, the more likely it is that L2 learners—regardless of age—will establish a 

new category for the L2 sound.” According to this model, there are two possible 

perceptual scenarios based on how the L1 and L2 sounds are perceptually linked to one 

another: 

• Phonetic category assimilation: if the L2 phonetic category is sufficiently similar 

to an L1 phone, it results in equivalence classification. This category assimilation 

results in a merged L1 and L2 phonetic category, which will differ from that of a 

monolingual speaker of either language. This assimilation will result in a difficult 

discrimination and accented production of these merged sounds.  

• Phonetic category dissimilation: if the L2 phone is very different from any L1 

phonetic category, then it will not be assimilated to any L1 phonetic category and 
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will establish a new, unique phonetic category. Importantly, this phonetic category 

will be different form the categories already existing in the L1, and as a 

consequence, the phonetic categories in the L1 will reorganize in order to 

accommodate the new L2 categories. In other words, both the L1 and the new L2 

phonetic category will shift away from one another in the phonetic space to 

maximize distinguishability. 

The SLM establishes that a “new phone scenario” and a “similar phone scenario” 

depends on whether the difference perceived by the learner between an L2 sound and its 

closest L1 sounds is big enough. Although SLM is a theory that explains how the 

interaction of sounds in the L1 and L2 leads to accented production of the L2 (and the 

L1), it was designed to address the production and perception patterns of L2 learners, 

rather than fluent, early bilinguals exposed to both languages at a very early age.  

1.2.4.2. The Perceptual Assimilation Model (PAM) 

The Perceptual Assimilation Model (Best, 1995; Best and Strange, 1992; Best et 

al., 1988) postulates that non-native speech sounds assimilate to the most similar native 

speech sounds. The PAM predicts that a non-native phone may be perceptually 

assimilated to the native system in one of three ways: (1) as a good or poor exemplar of a 

native phonological segment (Categorized), as unlike any single native phoneme as the 

non-native sound will fall somewhere in between native phonemes (Uncategorized), or as 

a non-linguistic speech sound (Non-assimilated) that does not resemble any native 

phoneme. The assimilation pattern displayed by the listeners will depend on the degree of 

similarity and discrepancy perceived between the native and non-native sounds. If non-

native contrasts are perceptually assimilated they are classified in different ways with 

expectations about discrimination performance: 
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• Two Category (TC) assimilation: two non-native phones are perceived as 

acceptable exemplars of two different native phonemes. The prediction is that 

perception will be very good to excellent. 

• Single Category (SC) assimilation: two non-native phones are judged as equally 

good or poor tokens of the same native phoneme. Poor discrimination is predicted.  

• Category Goodness (CG) difference: both of the contrastive non-native phones are 

judged as tokens of a single native phoneme, but they differ in goodness of fit to 

that phoneme. In this case, discrimination is predicted to be intermediate. 

Likewise, if one non-native sound in a contrast pair is assimilated to the native 

perceptual system as an uncategorized speech sound, a different set of predictions and 

assimilation types are proposed: 

• Uncategorized-Categorized (UC) assimilation: one non-native phone is perceived 

as a native phoneme while the other is heard as an uncategorized speech sound. 

Very good discrimination is expected because it reflects a phonological distinction 

between an exemplar of a known phoneme and a non-categorized one. 

• Uncategorized-Uncategorized (UU) assimilation: both members of the pair are 

perceived as Uncategorized, and will be discriminated poorly to moderately.  

• Non-assimilable: when the non-native contrast is so deviant from the native 

categories that they are not perceived as speech sounds. The prediction is that 

discrimination will range from poor to excellent.  

The PAM proposes that both the native phonology and the goodness of fit of the 

non-native sounds play a crucial role in the way non-native phonetic contrasts are 

perceived. In other words, the ease with which non-native contrasts are perceived varies 

depending on how they are perceptually assimilated by the native perceptual system. 
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Although PAM is a theory that aims to account for how the L2 sounds are related to and 

assimilated to the L1 system and predicts levels of difficulty in learning non-native 

contrasts, this theoretical model has focused on explaining non-native speech perception 

by naïve listeners.  

1.2.4.3. Exemplar Theory 

The exemplar model of lexical representation is not, initially, a model of bilingual 

speech production and perception. Exemplar models have been investigated in 

monolingual speech production and perception where the representations of lexical items 

are conceptualized as underlying, abstract forms (Johnson, 1997). More specifically, 

exemplar theory is a model for language learning and use, which has received a lot of 

attention in the last decade, as it has been used in morphology (Bybee, 2001; Skousen, 

1989), syntax (Bod, 1998; Tomasello, 2003), semantics (Batali, 2002), language change 

(Bybee, 2002), sociolinguistics (Mendoza-Denton, Hay, and Jannedy, 2003; Khattab, 

2002), and importantly, for the purposes of this dissertation, in phonetics and phonology 

(Johnson, 1997; Pierrehumbert, 2001, 2002, 2003a,b).  

At the core of phonological exemplar theories for spoken languages is the 

proposition that “there is a multidimensional mental acoustic map of the phonetic space, 

that individual utterances (exemplars) are assigned to appropriate locations on that map, 

and that grammar begins to emerge when there is a large statistical group of exemplars on 

the map that can be identified as a category by being linked to one or more groups of 

exemplars at other levels of representation (e.g., to a common lexical or morphological 

concept)” (Hall and Boomershine, 2006:3). In this model, phonetic categories are learned 

by remembering labeled exemplars, as Pierrehumbert (2006:518) explains: 
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According to exemplar models, variation is explicitly represented in the cognitive 
system by distributions of remembered examples. These distributions are built up 
gradually as example after example is experienced and remembered, and each 
example can be multiply indexed by context or function. Phonological categories, 
as represented in the mind, are viewed as clusters of similar experiences.  

This theory models a non-modular lexicon in which each category (lexical item) 

is stored with redundant phonetic, semantic, and contextual information represented in 

memory by a “cloud” of remembered exemplars which directly reflect a speaker’s 

experience with the specific word in both production and perception. Even though this 

theoretical framework does not initially postulate predictions for the acquisition of L2-

specific sounds, the model can be expanded to include bilingual data in order to examine 

the interactions between the lexical representations of both languages in a bilingual 

lexicon. 

1.3. THIS DISSERTATION 

This dissertation project compares the patterns of speech performance of highly 

proficient early Spanish-Catalan bilinguals at the levels of segmental production, 

categorization and lexical representation. More specifically, the experiments in this 

dissertation aim to evaluate the role of language dominance, which encompasses 

variables such as language use, language history, language proficiency, and language 

attitudes in the production, perception, and processing of the Catalan mid-vowels (/ɛ/-/e/ 

and /ɔ/-/o/). The study of early Spanish-Catalan bilinguals in a bilingual speech 

community such as the one in Majorca provides the ideal terrain for examining the vowel 

systems of highly proficient bilinguals: Catalan and Spanish are two Romance languages 

that differ at the segmental level, both in their vowel and consonant inventories. In terms 

of the vowel inventories, Spanish has five vowels (/a/, /e/, /i/, /o/, /u/) whereas Catalan 

has eight (/a/, /e/, /ɛ/, /i/, /o/, /ɔ/, /u/, and /ə/). Crucially, the Catalan vowels (/ɛ/-/e/ and 
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/ɔ/-/o/) occupy the same acoustic-perceptual space as Spanish /e/ and /o/, and these 

Catalan mid-vowels have been reported to be particularly difficult for Spanish-dominant 

bilinguals to perceive and produce.  

Spanish and Catalan in Majorca provide the opportunity to test early bilinguals in 

a similar phones scenario (Flege, 1991, 1997), since Catalan distinguishes /e/ and /ɛ/, and 

/o/ and /ɔ/, while Spanish only has /e/ and /o/ as mid-vowel phonemic categories. Using 

the terminology of the model, the SLM hypothesizes that if an L2 sound is phonetically 

similar to an L1 sound; this will result in an “equivalent classification”. Therefore, a 

merged L1/L2 phonetic category will emerge displaying some features of the two 

assimilated sounds, which will differ from that of a monolingual speaker of either 

language. Eventually, some L2 learners (most likely early bilinguals) may develop a new, 

separate phonetic category for some L2 sounds; however, according to the SLM, this 

does not mean that native-like L2 production will ever be achieved. Following the PAM’s 

predictions, the distribution of the Spanish and Catalan mid-vowels can be considered as 

an instance of “single category assimilation” (Best, 1995). Both models predict that the 

acquisition of these Catalan sounds should lead to perception and production difficulties.  

This project explores the differences between the Catalan and Spanish vowel 

systems of Catalan-dominant and Spanish-dominant bilingual speakers in Majorca to 

examine the patterns of interaction between these bilinguals’ dominant and non-dominant 

languages. It addresses, in particular, the relationship between the production and 

perception of the Catalan vowels by Catalan-dominant and Spanish-dominant bilinguals 

to examine whether Spanish-dominant speakers are able to detect and produce Catalan 

contrasts that are absent in Spanish. Additionally, because Spanish and Catalan are 

closely related languages and their lexicons share many words (cognates), the production 
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of vowels in cognates by Spanish-Catalan bilinguals may be more susceptible to phonetic 

influence from the dominant language. This study probes whether the acoustic properties 

of cognates facilitate phonetic interference in bilingual speech production and lexical 

representation. These issues are developed in the following chapters.  

Chapter 2 describes the linguistic situation in Majorca, introducing the bilingual 

community, presenting an historical overview of the extended contact between Catalan 

and Spanish in Majorca, the language and educational policies in the Majorcan (and 

Balearic) educational system, and finally, an examination of the most recent demographic 

data about language knowledge and use in Majorca collected by the Statistics Institute of 

the Balearic Islands (Institut d’Estadística de les Illes Balears). Chapter 3 introduces a 

phonological description of the Spanish and Catalan vowel systems, focusing on the 

acoustic differences between them. This chapter also discusses previous literature on the 

production and perception of the Catalan mid-front and mid-back vowel contrasts. The 

early Spanish-Catalan bilinguals examined in this dissertation have been exposed to their 

L2 (or non-dominant language) from a very early age and may be able to maintain 

independent or separate phonetic systems which would allow them to maintain two 

separate vowel systems. The remainder of the chapter introduces the research questions 

and hypotheses, and the experimental design. 

The ensuing chapters are devoted to the experiments. Chapter 4 provides the 

background, hypotheses and the methodology of the perception experiments on the 

Catalan front and back-mid vowel contrasts. The experiments consist of identification 

and AX discrimination tasks, with synthesized stimuli for each mid-vowel contrast, and 

an AXB discrimination task consisting of naturally produced stimuli with three different 

speakers. The methodology, procedure and results for each of the perception tasks are 



23 
 

presented together with the summary of results and discussion. Chapter 5 introduces the 

motivations, methodology, and results of the production experiments examining both 

Spanish and Catalan mid-vowels. Chapter 6 presents the lexical decision task exploring 

the lexical distribution and lexical representation of these mid-vowels by Spanish-Catalan 

bilinguals. Finally, Chapter 7 discusses the results in light of the research questions from 

the production, perception, and lexical decision experiments included in this project. 

Furthermore, the limitations of this dissertation are presented together with directions for 

future research. 
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2. The Community: Spanish-Catalan bilingualism in Majorca 

The Spanish island of Majorca presents a unique case study for individual and 

societal bilingualism, with the widespread presence of both Catalan and Spanish. 

Sociopolitical and demographic factors have played an important role in shaping the 

sociolinguistic reality in Majorca; speakers vary not only by their own language 

dominance, but also by their language(s) of education and Catalan and Spanish use in 

their everyday life. 

This chapter portrays the current situation of Catalan and Spanish in Majorca, 

describing the extensive contact between both languages, with an emphasis on the 

language policies of the last 35 years, which have resulted in substantial changes in the 

presence of Catalan in all levels of society including the educational system. The social 

context and historical background are assessed, together with the legislative changes 

(linguistic policies) put forward by the government of the Balearic Islands. Section 1 

introduces the social aspects of the Spanish-Catalan bilingual community in Majorca. 

Section 2 presents a historical overview of the extended contact between Catalan and 

Spanish in Majorca, introducing relevant background information on Majorca and its 

history. Section 3 traces the changes in the Majorcan (and Balearic) educational system. 

Section 4 presents the most recent sociolinguistic data collected by the Balearic Islands 

government together with a description of the linguistic situation in Majorca today. 

Finally, Section 5 presents a summary of the sociolinguistic context in Majorca. 

2.1. SPANISH AND CATALAN IN MAJORCA: THE BILINGUAL COMMUNITY 

The island of Majorca, which is the largest of the Balearic Islands, is located 

approximately 200 km from the eastern coast of the Iberian Peninsula in the 
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Mediterranean Sea. Majorca, together with Minorca, Eivissa (Ibiza) and Formentera, 

comprise one of the 17 autonomous regions of Spain. Figure 2.1 depicts the Catalan 

linguistic area and the island of Majorca. 

 

 

Figure 2.1. Majorca and the Catalan linguistic area1 

Catalan and Spanish are both Romance languages with official status in Majorca 

(and the Balearic Islands). According to Lewis (2009), Catalan has a total of 11,530,160 

speakers in the world. The territories where Catalan is natively spoken cover almost 

60,000 km2, of which 96.2% lies within Spain (Wheeler, 2005). However, Catalan is a 

linguistic reality with a presence in four European states (Vernet and Pons, 2011). In 

Spain, Catalan is spoken in Catalonia (under the autonomous government of Catalonia, 

except for the Gascon-speaking Val d’Aran), the eastern fringe of Aragon (“La Franja”) 

in the areas of Ribagorça, Llitera, Baix Cinca and Matarranya, the Valencian 
                                                
1 http://commons.wikimedia.org/wiki/File:Localitzaci%C3%B3_mallorca_pa%C3%AFsos_catalans.svg 
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Community (Comunitat Valenciana or País Valencià, where the language is called 

Valencià), El Carxe (a small region of the province of Murcia), and the Balearic Islands 

(Majorca, Minorca, Ibiza and Formentera). In France, it is spoken in almost all of the 

département of Pyrénées-Orientales. In Italy, Catalan is spoken in the port of Alghero 

(Catalan L’Alguer) on the island of Sardinia. Finally, it is the only national and official 

language in the Principality of Andorra. The linguistic area, as shown in Figure 2.1, is 

commonly referred to as Catalan Countries (Països Catalans).  

The Catalan-speaking regions differ considerably in terms of established 

linguistic policies because of socio-historical and political factors. As a result, language 

skills also vary greatly in these territories. Table 2.1 provides information on the Catalan 

linguistic skills reported in each Catalan-speaking region. The data shows a generalized 

drop from those who understand to those who speak Catalan. 

Table 2.1. Understanding and speaking skills (data from 2010): territories, population and 
percentages (adapted from Pradilla, 2011: 19) 

Territory Total 
population 

Can speak 
Catalan (%) 

Understand 
Catalan (%) 

Andorra 78,549 78.9 96.0 
Catalonia 7,134,697 84.7 97.4 
Balearic Islands 1,001,062 74.6 93.1 
Valencia 4,806,908 53.0 75.9 
Eastern strip (Aragon) 45,357 88.8 98.5 
Northern Catalonia (France) 422,297 37.1 65.3 
L’ Alguer 40,257 61.3 90.1 

As in the case of other Catalan-speaking areas, the historical events that occurred 

in the 20th century have had a profound effect in the use and competence of Catalan in 

Majorca. Spanish and Catalan co-existed even when Catalan was banned during Franco’s 

dictatorship (1939-1975). In addition to political repression, there was an important 
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demographic change throughout the 1960s, with migratory waves of Spanish 

monolinguals from other Spanish-speaking regions in Spain. During this time in Majorca 

there was a transformation from an agricultural model to an economic model almost 

exclusively based on tourism, and the significant wave of monolingual Spanish-speaking 

workers from the mainland assured the extension of use of Spanish: the percentage of 

Spanish-speaking immigrants in the capital city of Palma was around 34% of the total 

population in 1975 (Pieras, 1999). These immigration patterns resulted in a reduction of 

the percentage of Catalan-speakers, in part because of the lack of linguistic integration of 

the newly arrived, and in part because of the increase of local families that adopted 

Spanish as the language of prestige.  

After several centuries of substitution of Spanish over Catalan in Majorca, and 

especially after the repressive period under the dictatorship of General Franco, 

knowledge, use and literacy in Catalan reached its historically lowest point, with 

discriminatory dispositions and orders against the use of Catalan in the public sphere, in 

school, and across the linguistic landscape.2 The beginning of Spanish democracy and the 

institutional efforts to normalize the autochthonous language provided the context for the 

reinsertion of the language as a co-official language in the community in a similar fashion 

to that of other regions with a language other than Spanish (e.g., Basque and Galician). 

As will be shown in Section 2.3, many of the outcomes of the language revitalization 

attempts, especially in the education system in Majorca (and the Balearic Islands), have 

been determined by political factors. The autonomous government’s linguistic policies 

                                                
2 Miralles i Monserrat (1989) provides some examples: signs that read: “Se prohibe hablar en catalan” 
(Prohibited to speak in Catalan) or “No se vende a los catalanes” (No sales to Catalans). In addition an 
order of the civil governor in Majorca, Mateu Torres Bestard, reads “Todas las clases se darán en 
castellano” (All classes will be taught in Spanish). 
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and the school language model have often been unstable and variable, depending on the 

political party in power. Regardless of this, the sociolinguistic context in Majorca has 

changed significantly in recent years. The use of Catalan has increased and spread into 

realms where its use was previously limited or forbidden. For instance, the presence of 

Catalan in cultural production and the communication media corroborates the regaining 

of prestige of the local language.  

Catalan has become widespread at the expense of Spanish in some spheres of 

public administration, and other language policies have followed favoring Catalan, such 

as the requirement of certain levels of competence in the language to gain access to the 

Civil Service, and to teach in the public education system.3 Furthermore, Catalan has 

increased its presence in the education system not only with the introduction of a 

compulsory Catalan language class but also by its promotion as the language of 

instruction in primary, secondary and tertiary education. This relatively recent 

reintroduction of Catalan as the language of education means that younger speakers are 

literate in Catalan, in contrast to older members of the community. 

2.2. HISTORICAL OVERVIEW: TWO LANGUAGES IN CONTACT  

Catalan and Spanish have been in contact in the Balearic Islands since the 

fifteenth century, though, with more intensity during the last three hundred years 

(Strubell, 1984; 1999). Catalan has been present in Majorca since the arrival of King 

Jaime I of Aragon, in the thirteenth century. People from other Catalan-speaking eastern 

regions of Roselló, Girona, and Barcelona repopulated the island, and this explains why 

the Balearic inhabitants then started speaking Catalan in its eastern variety, and continued 

                                                
3 However, as of 2012 the local government has modified this law to change Catalan to become a merit 
instead of a requisite for the Civil Service. 
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doing so for many centuries (Blas-Arroyo, 2007). During the three centuries that 

followed the reconquest of the island from the Arabs in 1229, Catalan was the main 

language of the territory, with certain scarce traces of language contact with Latin, the 

main language of high culture, as well as with the language spoken by some minorities 

such as Arabic, Hebrew, Langue d’ Oc, or Aragonese (Miralles i Monserrat, 1989).  

 A series of political and cultural factors can explain the progressive weakening of 

Catalan as the language of prestige, and a reduction in the domains in which it was used. 

Specifically, the union of the crown and the centralization of political power in Castile, 

together with a period of literary splendor in Spanish, favored the beginning of 

substitution of Spanish over Catalan. During this period, Spanish began to penetrate into 

traditionally Catalan-speaking territories, first by means of writing and later through 

members of the aristocracy and the high clergy, many of whom came from non-Catalan-

speaking regions of Spain. Blas-Arroyo (2007), however, notes that during this same 

period Catalan would continue to be the only vehicle of oral communication among the 

natives in Majorca, as well as the main language (sometimes the only language) of the 

religious sphere.  

The beginning of the 18th century clearly marks the decline of Catalan, with the 

increasing presence of Spanish in Majorca. At this point, the increasing political 

centralization in Madrid and the abolishment of most institutions in the territories that 

had fought against Philip V in the War of Succession contributed to the supremacy of 

Spanish in the country. The Decretos de Nueva Planta (Nueva Planta Decrees), 

established by the Bourbon monarchy after the war of Spanish succession, constituted the 

first realization of Spain as a centralized state. These centralist decrees were opposed to 

the maintenance of native languages and cultures in Spanish territories, and as a result the 



30 
 

official policy was to eliminate the use of Catalan (Pradilla, 2011). Spanish would 

become the sole language of government, which had traditionally been reserved for 

Catalan (administration, justice, entertainment). An example of the dominance of Spanish 

in Majorca is that the first newspapers of the islands, published between the eighteenth 

and nineteenth centuries, would already be written in Spanish (Blas-Arroyo, 2007).  

This substitution process would be prolonged over the next two centuries. Despite 

the fact that Catalan was the only oral language used and the social use of Spanish was 

practically non-existent, the absence of Catalan in official domains was sufficient to 

identify Spanish with power and culture, while Catalan would be associated with lack of 

culture and poverty. According to Melià (1997), this vision was consolidated at the ends 

of the eighteenth century and maintained until the twentieth century. At this point and 

throughout most of the twentieth century, Spanish was the language used in formal 

contexts and Catalan was restricted to informal exchange and reserved for the private and 

colloquial domains in a typical case of diglossia, in which each language fulfilled 

complementary functions in the community.  

Political and socio-demographic factors in the twentieth century explain how 

Spanish gained strength in the islands. Firstly, during Franco’s regime (1939-1975), the 

most repressive policies against Catalan were witnessed: Catalan was prohibited in public 

domains and it was therefore used only at home. Secondly, Majorca (and the Balearic 

Islands) received a large wave of immigration from non-Catalan speaking areas of Spain, 

coinciding with the economic prosperity in the region that ensued from the tourism 

industry. Following Franco’s death in 1975, a transitional period began in Spain, with the 

Spanish constitution of 1978 and the installation of a new democratic parliamentary 

system. In 1983, with the Statute of Autonomy, Catalan became an official language in 
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the Balearic Islands. Today, the languages are co-official in Majorca: Catalan is official 

because it is the region’s own language and Spanish serves as the national language of 

the state. 

2.3. LANGUAGE AND EDUCATION POLICIES IN MAJORCA 

The legal recognition of Spain’s linguistic diversity originates from the 1978 

Constitution. In its 3rd article, it states that “the other Spanish languages will also be 

official in their respective regions and that these languages are a cultural heritage which 

must be respected and protected”. Therefore, the Spanish constitution and the basic 

institutional law of the autonomous communities (Statute of Autonomy) have enabled 

regions considered to have a different historical, cultural, and linguistic identity, such as 

Catalonia, Valencia, Galicia and the Basque country, to pass laws that promote the use, 

expansion and protection of their language. 

The Statute of Autonomy of the Balearic Islands recognizes that Catalan has a co-

official status with Spanish. In other words, everyone has the right to know Catalan and 

use it without discrimination. In this context of bilingualism in Majorca it is important to 

highlight the promulgation of the Language Normalization Law of 1986 (Llei de 

normalització lingüística a les Illes Balears-Llei 3/1986) that has led to a strong linguistic 

impact in the Balearic Islands and strengthened the spread of Catalan to domains that 

were once exclusively reserved for Spanish. This language policy followed previous 

efforts from other Catalan-speaking areas, such as the 1979 educational policy in 

Catalonia, which aimed to promote the use of Catalan in areas that were exclusive to 

Spanish as a prestigious language, reduce illiteracy in Catalan, and activate the passive 

knowledge of Catalan among Spanish-speakers. Most importantly, the precursor of the 

Normalization Law in the Balearic Islands was the Language Normalization Law in 
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Catalonia (Llei de normalització lingüística a Catalunya-Llei 7/1983), which established 

parity between Spanish and Catalan in Catalonia. These measures resulted in a tendency 

toward recovery of Catalan in the public domain, and also introduced and enforced 

Catalan as a compulsory subject of study in primary and secondary education.  

To explain the school language models in the Balearic Islands it is necessary to 

refer back to the Language Normalization Law, which expanded the use of Catalan to 

that of language of instruction. After many changes in the education system, the total 

amount of exposure to Catalan and Spanish in the classroom was regulated in 1997 to 

ensure that the vehicular language of instruction amounted to 50% in each language 

(Decree 92/1997, article 10: Decret de mínims). This law was passed to ensure that all 

students could use both languages by the end of mandatory education. In fact, students 

entering the University of the Balearic Islands must demonstrate proficiency in both 

languages, and teachers in the islands are required to know both, with language courses 

offered to new teachers who do not have sufficient command of Catalan. In addition, 

Cajkler (1993) highlights the rapid transformation that took place in the island’s schools 

and colleges in the years immediately following the enactment of the Law of linguistic 

normalization, as between 1985 and 1990, the number of schools in which Catalan was 

the medium of instruction rose from 38 to 105. According to the Ministerio de Educación 

y Ciencia (MEC), during the 2003-2004 academic year, 49.3% of primary and secondary 

education students had bilingual instruction, and 50.7% of those students had Catalan as 

language of instruction with Spanish as a subject of study. In considering this data, it is 

important to note that private institutions broadly favor bilingual education (70.1%), 

whereas public institutions tend to favor Catalan as the vehicular language of instruction 
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(64.2%). Majorcan schools now reflect the process of ‘normalization’ that is gaining pace 

and prestige as it restores Catalan to the role of official language in Majorca.  

Even though there has been an official commitment to bilingualism in the 

Balearic Islands, one of the most controversial developments on language policy occurred 

in 2008. After less than two years of existence, the Government of the Balearic Islands 

abolished the Decree of Trilingualism (Decret de trilingüisme, 52/2006), which had been 

passed to include content courses in English, as well as those already in Spanish and 

Catalan, with the intent of enforcing it at public institutions in the 2006-2007 academic 

year. The turmoil that the decree created and its opposition from trade unions and 

teachers was such that it was decided that the application of the law would be optional 

and the interested institutions would have to present a ‘Linguistic Project’ and have 

qualified teachers that could instruct 33% of the subjects of study in English. The most 

controversial aspect of the Decree was that this law severely threatened Decree 92/1997 

which ensured that Catalan was to be used as the language of instruction in at least 50% 

of the subjects. 

Political support has undoubtedly been crucial in achieving consensus for 

language policies in the Balearic Islands. Pradilla (2011: 42-43) observes: “the case of the 

Balearic Islands provides a paradigmatic example of the dynamic nature of planning 

processes and of the importance of government action in the progress or reversal of 

language normalization”. It was not until after more than fifteen years of government by 

the People’s Party (PP; Partido Popular, previously Alianza Popular) that control of the 

autochthonous government and councils passed to a leftist coalition allowing the 

nationalist parties (Partit Socialista de Mallorca and Unió Mallorquina) to step forward 

in terms of language regulation. This period of government was ended by re-election of 
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the PP from 2003 to 2007, and then followed by a leftist coalition in 2007 to finally 

return to a PP government in 2011. Once again, the linguistic policies tend to be affected 

and reconsidered due to the political leanings of the political party in power, and the 

linguistic situation in Majorca and the Balearic Islands is once more up for debate.4 

2.4. MAJORCA’S PRESENT DAY LINGUISTIC SITUATION: SOCIOLINGUISTIC DATA  

This section evaluates the present situation of Catalan in the Balearic Islands, 

providing data about the knowledge and use of Catalan at a time in which there are 

expected changes due to important shifts in demographics in recent years. 

The most recent data about the knowledge of Catalan in the Balearic Islands 

appear in the Enquesta modular d’hàbits socials (2010) commissioned by the 

Government of the Balearic Islands and Institut d’Estadística de les Illes Balears 

(IBESTAT). The data represent self-reported receptive and productive abilities and show 

that overall in Majorca 85.4% of the population understands Catalan, 63.3% can speak 

Catalan, 71.4% can read Catalan, and 47.7% can write in Catalan. Not surprisingly, the 

highest percentages of knowledge of Catalan in Majorca are registered in the rural areas 

and towns in contrast to the lower percentages in the capital city of Palma. In comparison 

to the rest of the island, those who reside in the city of Palma use Catalan considerably 

less and report lower speaking, reading, listening and writing abilities: 83% of those 

residing in Palma understand the language (as compared to 90.1% in the rest of the 

island), 55.4% speak it (77.2% of those elsewhere), 68.7% read it (as opposed to 76.8% 

elsewhere), and 42.7% write it (in contrast to 58.3% in the rest of Majorca). Participants 

are further classified according to their place of birth, age, and level of education.  
                                                
4 In March 16th 2012, the local PP government approved the modification of the Law of Public Function, 
and as a consequence reformed some of the articles of the Language Normalization Law so that Catalan no 
longer is a requisite to gain access to Civil Service, and becomes a merit instead. 
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With reference to place of birth, participants in the government survey were 

divided according to whether they were born in the linguistic area, i.e., in a Catalan-

speaking territory (Balearic Islands, Valencia or Catalonia), or if they were born in 

another area of Spain, or a foreign country. This factor clearly correlates with knowledge 

of Catalan: Almost all of the participants in Majorca that responded to the questionnaire 

that were born in a Catalan-speaking region, 98.3 %, understand Catalan, 93.5% can 

speak it, 91% can read it and finally, 72.8% can write in Catalan. Those born outside of 

the Catalan-speaking regions display only a passive knowledge of Catalan, as shown in 

Figure 2.2. 

 

 

Figure 2.2. Knowledge of Catalan in Majorca by place of birth (%) IBESTAT (2010) 

The age variable has been shown to be an important predictor of Catalan 

competence and use. In Majorca, the highest percentages of competence in Catalan, 

specifically in terms of understanding and speaking, were found in the age groups of 51-

65 years old; however, it was the group that was older than 65 that reported a higher 

competence in speaking. The historical process behind these changes explains why a 
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growing number of young Majorcans are able to speak, read and write Catalan. Because 

of the political and legal dominance of Spanish before 1975, oral and written knowledge 

of Spanish was universal, but illiteracy in Catalan was widespread as Catalan was 

restricted to very specific oral settings. As a result, since 1986, there has been a 

significant improvement in literacy in Catalan, which can be attributed to the presence of 

Catalan in the school system. Most adults, however, cannot write Catalan, because they 

did not learn it as school (Boix-Fuster and Sanz, 2008). Thus, not surprisingly, the older 

groups reported a lower percentage in abilities to write in Catalan.  

Table 2.2 presents the percentage of people who claim knowledge of Catalan as a 

function of four different skills and age. The overall pattern of knowledge and use of 

Catalan as a function of age of the respondents suggests that there is an overall increase 

of Spanish over Catalan. In other words, even though there has been a significant 

improvement in literacy in Catalan, the overall use of Catalan has decreased while the use 

of Spanish has increased.  

Table 2.2. Knowledge of Catalan in Majorca divided by age groups (IBESTAT, 2010) 

Age group Comprehension  Speaking  Reading  Writing 
16 to 35 82.5 59.9 72.6 53.1 
36 to 50 84.3 58.3 68.7 43.5 
51 to 65 91.7 67.8 76.8 43.9 
65+ 85.8 74.2 66.4 41.6 
Total 85.4 63.3 71.4 47.7 

Regarding level of education, the highest percentages of competence in Catalan 

were reported for those who had completed tertiary education. The differences with 

speakers who completed primary or secondary education are especially noticeable in the 

reading and writing skills. For instance, 68.8% of the participants who have completed 
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tertiary education report that they can write in Catalan, in comparison to 48.2% and 

31.8% for those who have completed secondary and primary education, respectively.  

Table 2.3. Knowledge of Catalan in Majorca by level of education (IBESTAT, 2010) 

Level of education 
completed 

Understand 
Catalan (%) 

Can speak 
Catalan (%) 

Can read 
Catalan (%) 

Can write 
Catalan (%) 

Primary 81.3 60.3 58.6 31.8 
Secondary 86.8 61.8 73.5 48.2 
Tertiary 86.6 73.0 82.7 68.8 
Total 85.4 63.3 71.4 47.7 

In addition to inquiring about the knowledge of Catalan, the sociolinguistic survey 

explored Spanish and Catalan use: 46.4% of the Majorcan population claims to habitually 

use Catalan, while the remaining 53.6% responded that they do not use Catalan habitually 

because they either prefer Spanish, feel uncomfortable using Catalan, do not like it or do 

not know how to speak it. As expected, there are significant differences depending on the 

place of birth of the speakers. While 79% of Majorcans born in a Catalan-speaking region 

use Catalan habitually, the decline of use in the groups of speakers born in a non-Catalan-

speaking community (17.2%) and in a foreign country (9.3%) is noteworthy. However, 

despite widespread proficiency and high usage rates of Catalan, Spanish persists as a 

default language in unfamiliar social situations, with 70.2% of participants claiming to 

use Spanish to speak to unknown interlocutors, in comparison to 28.9% in Catalan. 

2.5. SUMMARY 

The sociolinguistic context in Majorca is undoubtedly a result of many socio-

historical and political factors that have altered the extension of knowledge, use, and 

prestige of Catalan in the island. Events such as Franco’s regime, migratory waves 

(especially since the 1960’s), and the introduction of language and educational policies 
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by the Government of the Balearic Islands, have shaped the situation of language contact 

in Majorca from a situation of diglossia to a bilingual context where both languages are 

readily available at all levels of society. Changes in linguistic policy together with a 

stronger presence of Catalan in the public sphere as well as in the private domain has 

contributed to noticeable changes in attitude in the population towards both languages 

(Romera, 2003). Catalan has increasingly grown towards the re-establishment of the 

island’s own language as the normal vehicle for official expression in the so-called 

“high” functions of language, such as those of government, education and culture (Pieras, 

1999). 

The most recent sociolinguistic data in Majorca shows that there are considerable 

differences in Catalan language competence and use depending on extra-linguistic 

factors, such as the area of the island in which these bilingual speakers reside, their place 

of birth, age, and level of education. The highest rates of Catalan use and knowledge are 

found in the oldest participants, which predate the migratory wave from monolingual 

Spanish-speakers from the mainland in the 1960s. While older Majorcans know and use 

Catalan more than Spanish, they did not have access to written Catalan, and their 

education was entirely in Spanish. In contrast, the youngest generations of Majorcans 

have attended classes where the language of instruction was predominantly in Catalan, 

and as a result of this institutional promotion there has been a shift from the previous 

generations, where there was a separation between the private and public language. In 

addition to age differences, the most recent sociolinguistic data also shows a marked 

difference between language knowledge and use with respect to the place of residence. 

Blas-Arroyo (2007) reports that immigration rates correlate with knowledge of Catalan, 

i.e. places with more immigrants have lower number of Catalan speakers. This explains 
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the low percentages of Catalan knowledge reported in the city of Palma, where there are 

the highest rates of immigration, and the lowest rates of Catalan knowledge and use.  

As discussed in this chapter, Majorca is an extensively bilingual society, which 

provides a unique opportunity to examine individual and societal bilingualism with the 

widespread presence of both Catalan and Spanish. This chapter has summarized the 

socio-historical and political events that have shaped the situation of language contact in 

Majorca, and presented data showing that these speakers vary not only by their own 

language dominance, but also by their language(s) of education, and Catalan and Spanish 

use in their everyday life. In view of the long-standing bilingualism and its geographical 

isolation from mainland linguistic pressures, the vowel system of Majorcan bilinguals 

may be inherently different from those bilinguals in Barcelona. 
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3. Production and perception of the Catalan mid-vowel contrasts 

The main goals of this chapter are to discuss the previous literature on the 

production and perception of the Catalan mid-vowels and to describe the experimental 

design of the present investigation, including the methodological components, the 

participants, the research questions, and the hypotheses. Section 3.1 describes the 

articulatory and acoustic properties of the Spanish and Catalan vowel systems. Section 

3.2 examines the Catalan mid-vowel contrast, with specific emphasis on the previous 

studies on the production (section 3.2.1) and perception (section 3.2.2) of the Catalan 

mid-vowel contrast. The contributions of impressionistic, acoustic and perception studies 

of the Catalan mid-vowels will be presented, followed by a separate section devoted to 

previous interpretations of the variable production and perception of these Catalan 

phonemes by early highly proficient Spanish-Catalan bilinguals (section 3.2.3). Section 

3.3 focuses on lexical effects in bilingual speech production, reviewing the literature on 

facilitation effects and processing advantages of cognate lexical items, followed by an 

overview of studies providing evidence of cognate effects on the acoustic realization of 

phonetic segments. The final goal of this chapter is to introduce the present study and 

describe the experimental design: delineate the research questions and hypotheses, and 

describe the participants’ linguistic background and language dominance.  

3.1. SPANISH AND CATALAN VOWEL SYSTEMS 

This section introduces the basic articulatory and acoustic properties of the 

Spanish and Catalan vowel systems and provides a comparison between both vowel 

inventories. In Spanish and Catalan, vowels are generally classified are high, mid, or low 

in terms of their height, and front, central, and back in terms of their location along the 
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front-back continuum. When using these articulatory parameters, vowel height and 

frontness correspond to the position of the tongue body in the mouth when it produces 

each vowel. For instance, high vowels are produced with the tongue raised so as to be 

close to the roof of the oral cavity, front vowels are produced with a fronted tongue 

position, and back vowels are produced with a retracted tongue position. 

Spanish has a simple five-vowel system, which is the most common number of 

vowel phonemes cross-linguistically (Hualde, 2005). As shown in Figure 3.1, Spanish 

vowels contrast along two dimensions: along the height dimension, there are two high 

vowels (/i/ and /u/), two mid-vowels (/e/ and /o/), and one low vowel (/a/); and along the 

frontness/backness dimension, there are two front vowels (/i/ and /e/), one central vowel 

(/a/), and two back vowels (/u/ and /o/). In contrast, Catalan has a seven-vowel system, 

with an additional contrast in height, distinguishing higher-mid vowels /e/ and /o/ from 

lower-mid vowels /ɛ/ and /ɔ/ in stressed syllables.   

             Spanish vowel system              Catalan vowel system 

 

Figure 3.1. Spanish and Catalan vowel inventories  

In addition to the articulatory parameters, vowels are more accurately classified 

taking into account their acoustic properties (Ladefoged, 1980, 2001, 2003, 2005). 

Vowels are produced when vocal fold vibration excites the resonances of the vocal tract. 
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The shape of the mouth and the location of the constriction in the mouth (i.e., size of the 

front and back cavities created by the positioning of the tongue) result in each vowel 

being characterized by its own set of resonant frequencies (Hualde, 2005; Rosner and 

Pickering, 1994). These resonant frequencies are peaks in the output spectrum known as 

formants, and these formants are crucial in distinguishing vowels from one another. 

Generally speaking, the patterning of the two lowest frequency formants essentially 

determines vowel quality and this patterning can be related to the articulatory features of 

vowels (e.g., height and frontness). The first formant (hereafter F1), the lowest resonant 

frequency, is directly related to the height of the vowel. There is an inverse relationship 

between vowel height and F1 frequency, such that high vowels have a low F1 and low 

vowels have a high F1. The second formant (F2) is correlated roughly with the position 

of the vowel along the front-back continuum; thus, the frequency of F2 is high for front 

vowels and low for back vowels.  

The variety of Catalan spoken in Majorca has eight rather than seven vowel 

phonemes, with an additional vowel phoneme /ə/, which appears in both stressed and 

unstressed positions (Prieto, 2004; Recasens, 1991).5 Thus, Majorcan Catalan has 

minimal triplets with the mid-front vowels and /ə/ (e.g. /deu/ ‘God’, /dɛu/ ‘ten’, and /dəu/ 

‘he/she owes’), unlike other Catalan varieties.  

Table 3.1 below provides the average formant values of the Spanish vowels, 

based on data from sixteen male speakers (Quilis and Esgueva, 1983), together with the 

                                                
5 Majorcan stressed /ə/ originates from /e/ in Vulgar Latin (<E and I in Classical Latin). This phoneme 
remained in the vowel system of Medieval Catalan and was introduced to Majorca (and the Balearic 
Islands) during the XIII and XIV centuries. This phoneme, which has been maintained in Majorcan 
Catalan, became /ɛ/ in Central Catalan (Rasico, 1980). 
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acoustic properties of Majorcan Catalan vowels, based on the formant values of five 

speakers (Recasens and Espinosa, 2006).  

Table 3.1. Spanish (Quilis and Esgueva, 1983) and Majorcan Catalan (Recasens and 
Espinosa, 2006) vowels. Average F1 and F2 values in Hz. 

Spanish vowels Majorcan Catalan vowels 
Vowel  F1 F2 Vowel F1 F2 
/i/  264 2317 /i/ 328 2151 
/e/  435 1995 /e/ 489 1905 
    /ɛ/ 659 1739 
/a/  657 1215 /a/ 739 1464 
    /ɔ/ 708 1178 
/o/  474 888 /o/ 547 1000 
/u/  293 669 /u/ 394 899 
    /ə/ 563 1393 

 

In addition to having a phonological system with more segments than that of 

Spanish, Catalan also has a process of phonological reduction of unstressed syllables, 

resulting in neutralization (i.e., vowel reduction) in this position. Whereas /i/, /u/, /o/, and 

/ə/ are maintained in unstressed position, all other vowels change when unstressed. As 

shown in Figure 3.2, there is also reported variation with respect to the pronunciation of 

/e/ and /ɛ/ in unstressed position, which is neutralized to /e/ for some Majorcans and to /ə/ 

for others (Mascaró, 2002). In marked contrast to Catalan, Spanish does not present 

similar processes of vowel reduction. 
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Figure 3.2. Vowel reduction in Majorcan Catalan (from Herrick, 2003:21) 

3.2. THE CATALAN MID-VOWEL CONTRAST 

Spanish-Catalan bilinguals must acquire two vowel systems with differing sets of 

segments: Catalan stressed vowels have four degrees of height, with salient 

differentiation in the mid-vowel area while the Spanish vowel system comprises the five 

cardinal vowels. Much recent literature has focused on both the production and 

perception of the Catalan vowel system, with a specific emphasis on the Catalan mid-

vowel contrast. Because Catalan has four vowels (/e/, /ɛ/, /o/, and /ɔ/) and Spanish has 

two (/e/ and /o/) in the same phonetic space, the Catalan mid-vowels are vulnerable to the 

influence of Spanish in both production and perception. Catalan speakers are reported to 

simplify the Catalan system by making it more Spanish-like (Lleó et al., 2008:193). The 

following sections will outline the important contributions on the production and 

perception of the Catalan-specific mid-vowel contrast by Spanish-Catalan bilinguals. 
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3.2.1. Production of the Catalan mid-vowel contrasts 

Several production studies suggest that the Catalan vowel system in Barcelona is 

changing. Acoustic data in Recasens (1991), Pla (1995), and Herrick (2006) indicate that 

urban varieties of Catalan in Catalonia are merging the four mid-vowels (/e/, /ɛ/, /o/, and 

/ɔ/) into two (/e/ and /o/), and are replacing the unstressed /ə/ with /a/. The loss of the 

contrastive height dimension in Catalan has been attributed to the extensive contact 

between Catalan and Spanish (Cortés et al., 2009; Lleó et al., 2008). These more Spanish-

like Catalan vowels have been observed especially among younger generations in 

Barcelona, where there is a tendency to pronounce /ɛ/ words with /e/ (Recasens, 

1993:86). For instance seda ‘silk’ would be produced as /sedə/ instead of /sɛdə/. Spanish-

dominant bilinguals in Barcelona who often fail to produce an effective contrast between 

the mid-vowel pairs /e/-/ɛ/ and /o/-/ɔ/ (as shown in Figure 3.3) are reportedly leading this 

change and are providing accented input to younger generations, as noted by Mora and 

Nadeu (2012: 496). 

 

  

Figure 3.3. Data for Barcelona speakers illustrating the neutralization of mid-vowels (P4) 
and lowering of schwa (P3). Squares represent the stressed Catalan vowels, 
and the triangle represents the unstressed schwa. (From Herrick, 2006:117) 
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The ongoing change in the Catalan of Barcelona and the influence of Spanish on 

the Catalan mid-vowel contrasts have been further analyzed in a series of production 

studies by Conxita Lleó and colleagues (Cortés et al., 2009; Lleó et al., 2007, 2008, 

2009). In these studies, the authors examined internal and external factors that influence 

the variety of Catalan spoken in Barcelona by analyzing the mid-vowel productions of 

three age groups (children between 3 and 5 years of age, young speakers between 19 and 

23 years of age, and speakers between 32 and 40 years of age). In addition to 

investigating age effects, the main goal of these studies was to examine the effects of 

linguistic environment. For this purpose, three different districts were selected based on 

the degree of presence of Catalan, from relatively high (Gràcia) to rather low (Nou 

Barris). The results suggest that the Catalan mid-vowel merger is present to different 

degrees, depending on the place of residence, and it is precisely in highly Spanish-

influenced districts where contact between both languages is causing convergence in the 

Catalan vowel system. In other words, “only if a certain threshold of presence of Catalan 

is reached, as in Gràcia or Eixample, are language features maintained. In contrast, Nou 

Barris does not reach the necessary threshold values to maintain the vowel contrasts” 

(Cortés et al., 2009:201). 

These results of the Barcelona Catalan studies suggest that a combination of 

internal as well as external factors is at play: the production of the Catalan mid-vowels is 

subject to more variable production due to the greater complexity of the Catalan vowel 

space, and the presence and increased use of Spanish drives this variation towards a 

partial merger with the Spanish vowel system. These studies in different linguistic 

environments in Barcelona suggest that parental input may not be as important as the 

language of the district in general. Furthermore, children may receive the main influence 
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in their production patterns from the environment (i.e., school and social networks) in 

which they socialize.  

Most of the work on the Catalan vowel system has been carried out in the urban 

area of Barcelona, but previous dialectal comparisons of Catalan have noted that there are 

dialectal differences between the vowel systems in Barcelona and other Catalan-speaking 

regions. Early auditory analyses (Moll, 1934; Sanchís Guarner, 1950; Moll, 1980) have 

matched the results of subsequent acoustic analyses (Recasens, 1986; Carrera-Sabaté and 

Fernández-Planas, 2005; Recasens and Espinosa, 2006), which suggest that mid-vowels 

are lower in Majorcan Catalan than in the standard Barcelona dialect. These findings 

have concluded that (1) Majorcan Catalan /e/ is produced lower (with a higher F1) than in 

Central Catalan (i.e., including the dialect spoken in Barcelona), (2) Catalan /ɛ/ is also 

significantly lower in Majorca than in Central Catalan, specifically, this vowel has a 

higher F1 and a lower F2 than the same vowel in Central Catalan, (3) /o/ is lower in 

Majorca than in the other Catalan dialects, and (4) Majorcan /ɔ/ is also more ‘open,’ that 

is, has a higher F1 and F2 than Central Catalan. These results suggest that the mid-vowels 

in Majorcan Catalan are considerably lower than these same vowels in Barcelona, and the 

magnitude of the acoustic difference between these mid-vowels is much larger for 

Majorcan Catalan than for other dialects of Catalan. In fact, evidence from Carrera-

Sabaté and Fernández-Planas (2005) indicates that the differences between the Barcelona 

and Majorcan vowel spaces are so great that the Barcelona /ɛ/ and /ɔ/ are produced in the 

same acoustic space as the Majorcan /e/ and /o/.  

In addition to notable acoustic differences in the Catalan mid-vowels between 

dialects of Catalan, studies outside of Barcelona have further examined the production of 

these mid-vowels, with conflicting results. In the study of the production of the Catalan 
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mid-vowels in Catalonia, Minorca, and Majorca, Herrick (2003, 2006, 2007, 2008) 

indicates that the height contrast between /e/-/ɛ/ and /o/-/ɔ/ is maintained in production. 

Amengual (2011a) shows that even Spanish-Catalan bilinguals in Majorca who are 

dominant in Spanish are not merging the phonemes /ɛ/ and /ɔ/ with /e/ and /o/ in their 

Catalan productions. That is, all of the bilingual participants were found to resist the 

simplification of the vowel system reported in Barcelona. While the results in Amengual 

(2011a) support the maintenance of the contrast, Simonet (2011) has found conflicting 

results with the back vowels: he reported that Catalan /o/ and Spanish /o/ were almost 

indistinguishable, and that Catalan /ɔ/ was produced lower and more fronted than Catalan 

/o/, and a significant difference was also found between Catalan /ɔ/ and Spanish /o/. 

Importantly, different production patterns were reported between the Catalan- and 

Spanish-dominant bilinguals, as the former maintained a robust difference between the 

Catalan mid-vowels, but the latter did not produce the Catalan-specific /o/-/ɔ/ contrast, 

and produced a single, merged Catalan mid-back vowel instead. As a result, the Spanish-

dominant bilinguals were reported to possess a two-category mid-back vowel system, i.e., 

one for the Spanish /o/ and one for the merged Catalan /o/+/ɔ/. It is likely that the 

conflicting results in Amengual (2011a) and Simonet (2011) are in part due to different 

methodologies, but may also be due to differences in the degree of dominance of the 

groups sampled in each of the studies. Therefore, a larger sample with a wider range of 

language dominance will provide the opportunity to test the bilingual production and 

perception of these early and highly proficient bilinguals.  

In brief, previous studies in Barcelona and Majorca report variation in the target-

like production of the Catalan-specific mid-vowels with a tendency in Barcelona towards 

a merger of the Catalan mid-vowels into a single Spanish-like mid-vowel. Evidence from 
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acoustic studies on Majorcan Catalan vowels indicates that speakers of this variety of 

Catalan produce lower mid-vowels than their counterparts in Barcelona and that the 

acoustic distance between the mid-vowel categories is larger for Majorcans than for 

speakers of other Catalan varieties. Further questions remain to be answered such as 

whether these mid-vowel contrasts are consistently maintained in Majorca, and the extent 

of the role of language dominance in the maintenance of these phonemic categories. In 

examining the production abilities of Spanish-dominant bilinguals, the question that 

arises is: Do these bilinguals transfer sounds from their dominant to their non-dominant 

language? In addition to assessing the production abilities of these bilinguals, it is also 

important to test their perceptual abilities in order to determine whether both Catalan-

dominant and Spanish-dominant bilinguals perceive the mid-vowel contrast particular to 

Catalan. 

3.2.2. Perception of the Catalan mid-vowel contrasts 

In addition to the loss of the mid-vowel contrasts in production, early Spanish-

Catalan bilinguals have shown difficulty reliably distinguishing mid-vowel contrasts. 

Perception studies in Barcelona have indicated that early and extensive exposure to 

Catalan may not be sufficient to attain native-like phonetic abilities in the language. 

Specifically, Catalan-dominant bilinguals have been shown to be significantly more 

accurate than Spanish-dominant bilinguals in discriminating between the /e/-/ɛ/ contrast, 

demonstrating that the perception of this mid-front contrast remains difficult in spite of 

early and extensive exposure and everyday use of Catalan (Bosch et al., 2000; Mora et 

al., 2011; Pallier et al., 1997; Sebastián-Gallés and Baus, 2005; Sebastián-Gallés and 

Bosch, 2005; Sebastián-Gallés et al., 2005; Sebastián-Gallés and Soto Faraco, 1999).  
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In a series of perception experiments, Pallier et al. (1997) examine the perceptual 

abilities of Spanish-Catalan bilinguals in the identification and discrimination of Catalan 

/e/ and /ɛ/ using a seven-step synthesized continuum. Spanish-Catalan bilinguals residing 

in Barcelona completed three different experiments: an identification task in which 

participants decided after each stimulus whether it sounded more like the higher-mid or 

the lower-mid front vowel, an AX discrimination task in which subjects indicated 

whether a pair of words (synthesized data pairs) sounded physically identical or different, 

and a typicality judgment task in which subjects were asked to rate the ‘category 

goodness’ of each of the seven stimuli relative to Spanish /e/ and Catalan /e/ and /ɛ/. The 

results showed robust differences between Catalan- and Spanish-dominant bilinguals in 

Barcelona in the perception of this front mid-vowel contrast, with Spanish-dominant 

bilinguals, classified as bilinguals with Spanish-speaking parents, failing to discriminate 

between the Catalan [e] and [ɛ]. That is, Spanish-dominant bilinguals performed at 

chance, revealing functional ‘deafness’ to the mid-vowel contrast, while Catalan-

dominant bilinguals perceived the continuum categorically, as shown in Figure 3.4. 

 

Figure 3.4. Identification of the /e/-/ɛ/ continuum (from Pallier et al., 1997) 
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Using a similar methodology to test the mid-front vowels, Bosch et al. (2000) 

investigated the ability of early Spanish-Catalan bilinguals to categorize and discriminate 

the front mid-vowels in both languages in both Spanish and Catalan (Catalan /e/ and /ɛ/; 

Spanish /e/). Since it was expected that order of acquisition would affect performance, 

participants in the study were considered dominant in the language spoken by their 

parents at home. The findings seem to confirm a deficit in the acquisition of these 

Catalan-specific contrasts by Spanish-dominant bilinguals, and the results are interpreted 

as an indication that second language phonemic categories are not perceived in the same 

way as first language ones. In other words, early exposure to a second language does not 

suffice to build phonemic categories as robust as in the first language.  

The influence of language exposure at the earliest stages of acquisition and the 

role it plays on bilingual perception abilities has been further analysed in a number of 

recent studies in Barcelona. In Sebastián-Gallés and Soto-Faraco (1999), the perception 

of the mid-front vowel contrast was investigated together with the mid-back vowels (/o/-

/ɔ/) and two consonantal contrasts (/s/-/z/ and /ʃ/-/ʒ/). In gating tasks, Spanish-dominant 

bilinguals systematically performed worse (i.e., needed longer portions of the signal to 

correctly identify the stimuli) than Catalan-dominant bilinguals, suggesting differences in 

processing that kept the Spanish-dominant bilinguals from achieving native-like 

performance in these online tasks. These results add to the previous studies that suggest 

that sounds in the non-dominant language are accommodated to phonemic categories in 

the dominant language.  

One of the criticisms leveled against these types of perception studies is that they 

have typically consisted of explicit discrimination tasks in which participants are required 

to make explicit judgments regarding whether a certain sound belongs to a phonemic 
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category, but these types of measures may not reflect potential unconscious sensitivity to 

these Catalan mid-vowel contrasts (Sebastián-Gallés, 2005). For this reason, a follow-up 

study by Navarra et al. (2005) tested sensitivity to the Catalan /e/-/ɛ/ contrast in non-

words by means of an implicit measure of phoneme discrimination. These investigators 

used an adaptation of the speeded syllable classification task in which participants were 

asked to classify the first syllable of disyllabic stimuli in words that could exhibit 

variation between /e/-/ɛ/ in the second syllable (e.g., /pukɛ/-/puke/ or /tikɛ/-/tike/). Even if 

the second syllable was not directly tested, it was expected that those participants who are 

sensitive to the /e/-/ɛ/ contrast would take longer in responding because of an increased 

attention to the differences in the final syllable. The results indicated that Catalan-

dominant bilinguals responded more slowly in lists where the second syllable varied 

between /e/-/ɛ/, while Spanish-dominants did not suffer this same interference. In fact, no 

differences were found between the responses of the Spanish-dominant bilinguals and the 

Spanish monolingual group with no previous exposure to Catalan, further suggesting that 

these Spanish-dominant bilinguals were not able to process the Catalan-specific /e/-/ɛ/ 

contrast in a native-like manner.  

 While the perceptual studies examined above show differences in the 

discrimination and processing of Catalan-specific vowel contrasts, it is important to note 

that everyday linguistic abilities do not involve focusing exclusively on isolated 

phonemic segments. In fact, communication takes place in contexts in which phonetic 

segments are embedded in words, so beyond the perceptual ability to discriminate 

speakers must be able to identify which words have which sound. Following this notion, 

Pallier et al. (2001) and Sebastián-Gallés et al. (2005) extended phonemic perception 

studies to the lexical level. Pallier et al. (2001) showed that non-native perception 
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difficulties have consequences for lexical access. In this study, participants were asked to 

perform an auditory lexical decision task on lists that contained minimal pairs of Catalan 

words. Target words were minimal pairs that differed in only the mid-vowel contrast 

(e.g., /netə/ ‘granddaughter’-/nɛtə/ ‘clean’). Each member of a pair appeared twice since 

participants typically respond more rapidly when a word is encountered for a second time 

than for the first time. If minimal pairs are processed distinctly, there should be no 

facilitation for the second word of a pair. Conversely, if these minimal pairs that differ in 

the Catalan-specific sounds are processed by participants as being phonologically the 

same, participants would respond as if the words were homophones and should have the 

same facilitation as expected for a repetition. The results indicated that both Catalan-

dominant and Spanish-dominant bilinguals exhibited a repetition effect when a word was 

repeated (i.e., /netə/ followed by /netə/). However, when tested in the experimental 

condition (i.e., /netə/ followed by /nɛtə/) Spanish-dominant bilinguals showed a repetition 

facilitation effect similar to that observed for repetition of two identical segments, while 

Catalan-dominants did not show this effect. Even though both Spanish-dominant and 

Catalan-dominant bilinguals show no differences in reaction time and error rates, these 

results reveal processing differences between Spanish-dominant and Catalan-dominant 

bilinguals, suggesting differences in their lexical representations. Therefore, the lack of 

sensitivity to the Catalan mid-vowel contrast by Spanish-Catalan bilinguals in Barcelona 

extends into how the words in Catalan are represented in the mental lexicon. 

Sebastián-Gallés et al. (2005) examined the speech perception abilities of 

Spanish-Catalan bilinguals from a similar population as those previously studied in 

Pallier et al., (2001). In this study, Spanish-Catalan bilinguals in Barcelona participated in 

a lexical decision task on Catalan words and non-words, in which non-words were based 
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on real words, but with the stressed vowel changed (i.e., Catalan phoneme /e/ was 

substituted for /ɛ/, or vice versa). The results indicated that bilinguals in Barcelona had 

great difficulty distinguishing between words and non-words that differed in a Catalan-

specific vowel contrast, and these bilinguals showed a performance asymmetry across 

experimental conditions, making more mistakes for /ɛ/!/e/ changes, than for /e/!/ɛ/. This 

result was interpreted as evidence of continued exposure to Spanish-accented input, 

where /ɛ/-words may be produced with /e/. Significant differences were also found based 

on a speaker’s dominant language: Spanish-dominant bilinguals exhibited higher error 

rates than Catalan-dominant bilinguals in recognizing stimuli that include the /e/ and /ɛ/ 

vowels, supporting the notion that early exposure has a lasting effect on the way first and 

second language sounds are perceived.  

This study was replicated in Sebastián-Gallés et al. (2006) using event-related 

potentials (ERP) measures to investigate the differential processing of these Catalan 

words and non-words. The results showed that Spanish-dominants had great difficulty in 

rejecting experimental non-words showing a high error rate without an error-related 

negativity (ERN) effect,6 and both Catalan-dominant and Spanish-dominant bilinguals 

showed a similar correct related negativity (CRN) when making correct decisions. These 

results are consistent with the previous work showing that it is particularly difficult for 

Spanish-dominant bilinguals to perceive mispronunciations involving the Catalan mid-

vowel contrast. Additionally, the results in the study show a lack of differences in the 

N400 component between experimental words and non-words supporting the explanation 

that the L1 lexicon may incorporate phonological variants, for instance Catalan /ɛ/ words 

may be stored together with their Spanish-accented mispronounced /e/ word in their 

                                                
6 ERN is viewed as an index of uncertainty in lexical decisions (Sebastián-Gallés et al., 2006). 
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lexicon, accounting for the asymmetrical results found in the behavioral data (Larsson et 

al., 2008; Sebastián-Gallés et al., 2008).  

Finally, Sebastián-Gallés and Baus (2005) compared the perceptual accuracy of 

Spanish-Catalan bilinguals raised in monolingual Spanish families across three different 

perception tasks involving the /e/-/ɛ/ contrast: a categorization task, a gating task, and a 

lexical decision task. The results indicated that the accuracy of these bilinguals decreased 

across tasks, with over half of these bilinguals performing in the range of the Catalan-

dominant control group in the categorization task. A lower accuracy rate was found for 

these same participants in the gating task. In addition, only a few participants showed a 

native-like level of performance in the lexical decision task. These results suggest that the 

choice of a particular task affects the study of bilingual perception, and the authors argue 

that these bilingual participants “use their linguistic knowledge in a graded (or partial) 

way when they perceive their non-native language, demonstrating graded processing” 

(Sebastián-Gallés and Díaz, 2012:139).  

The perception studies reviewed above demonstrate that among early Spanish-

Catalan bilinguals residing in Barcelona, Spanish-dominant bilinguals differ from 

Catalan-dominant bilinguals in their ability to discriminate and process Catalan-specific 

phonemic contrasts. These studies suggest that only those speakers who have been 

exclusively exposed to (unaccented) Catalan since birth possess two phonemic 

categories. That is, highly proficient bilinguals who were exposed to Catalan early in life, 

but were brought up in Spanish-speaking households, perceive the Catalan mid-vowels as 

a single Spanish-like vowel category, resulting in functional ‘deafness’ to the contrast. 

Even though these studies seem to demonstrate a perceptual deficit, or “a striking lack of 



56 
 

behavioral plasticity” (Pallier et al., 1997), other variables must be considered to account 

for these differences. 

Perhaps one of the main shortcomings of previous studies is the categorization of 

language dominance as “Spanish-born” and “Catalan-born.” Participants were considered 

Catalan- or Spanish-dominant according to their first language with respect to 

chronology: “The basic difference between the groups was that the Spanish-dominant 

bilinguals had been raised in a monolingual Spanish environment before attending 

kindergarten whereas the Catalan-dominant bilinguals had been raised in monolingual 

Catalan environments” (Pallier et al., 2001:446). However, in Pallier et al. (1997), the 

authors acknowledge that “it is not the case that two categories of subjects could be 

neatly distinguished a posteriori in the data” (p.4). Because the only information provided 

about the participants was that they were all students at the University of Barcelona, and 

that their parents either spoke one language or the other, it seems that this division of 

participants may have been insufficient to capture the heterogeneity of the bilingual 

speech community in Barcelona. For instance, Spanish-dominant bilinguals who speak 

Spanish at home with their parents but who use Catalan frequently in their everyday life 

may learn to produce and perceive sounds in their non-dominant language in a native-like 

manner. Therefore, it is necessary to collect more information about the linguistic 

background of the bilingual sample beyond the language of the parents: individual 

language use, district of residence, and social networks have all been shown to be 

predictors of language performance in Barcelona (Lleó et al. 2008; Cortés et al., 2009; 

Mora et al., 2011; Mora and Nadeu, 2012).  
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3.2.3. Why are the mid-vowel contrasts difficult to perceive and produce? 

As described in the previous sections, the acquisition of Catalan-specific mid-

vowel contrasts, or lack thereof, by Spanish-Catalan bilinguals has received a lot of 

attention in the fields of psycholinguistics and laboratory phonology. To summarize the 

previous findings: (1) there is a reported merger of the Catalan mid-vowels in the 

production of Spanish-Catalan bilinguals in Barcelona, and (2) previous perception 

studies have described an inability of Spanish-dominant bilinguals to discriminate these 

mid-vowel sounds. This is a remarkable finding if we take into consideration that the 

Spanish-Catalan bilinguals under investigation have had many years of experience in the 

L2, reporting at least 20 years of experience in the language. In addition, they have been 

exposed to their L2 during the very first years of their lives, some since birth, but all of 

them are exposed to Catalan before the age of 5. Finally, these bilinguals have attained a 

high proficiency in the language, they have been educated in Catalan, and they use and 

move between Spanish and Catalan on a daily basis.  

As noted, the difficulty in accurately perceiving these mid-vowel targets has been 

attributed to a lack of plasticity in early development of speech perception for L2 sounds, 

as stated by Sebastián-Gallés and Soto-Faraco (1999:120): 
First language exposure modifies the speech perception system in such a way that 
even relatively early, intensive exposure to a new language is not sufficient to 
overcome the influence of L1 phonemic categories in the formation of new, non-
native categories. 

These findings with adult Spanish-Catalan bilinguals have been replicated in the L1 

acquisition research in the same bilingual community, shedding light on the issue of input 

in the early stages of development. In particular, it has been argued that children’s 

exposure to mispronunciations of certain sounds, presumably from accented input, 

contributes to ‘inferior learning’ (Sebastián-Gallés et al., 2005), and with respect to the 
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mid-vowels under study, “early exposure to Spanish appears to permanently degrade 

sensitivity to the Catalan /e/-/ɛ/ contrast in words” (Ramón-Casas et al., 2009). The 

assumption is that the amount of exposure during the first months of life has permanent 

effects that can be measured in adulthood, and effects of early exposure to Spanish would 

suggest that the development of this Catalan contrast!is affected even for bilinguals who 

acquire both languages simultaneously at home.  

An alternative possibility that could contribute to this generalized difficulty with 

respect to mid-vowels has been recently explored in a series of production and perception 

experiments in Barcelona (Mora et al., 2011; Mora and Nadeu, 2012). In this case, the 

focus has been on language internal factors, such as the robustness of the Catalan vowel 

system rather than the loss of plasticity. Previous researchers note that the Catalan mid-

vowel contrasts are less robust than contrasts between other pairs of Catalan vowels 

(Badia Margarit, 1969, 1970; Recasens, 1993). In addition, Mora et al. (2011) and Mora 

and Nadeu (2012) argue that there are a number of factors that contribute to the Catalan 

mid-vowel contrast being unstable. The mid-vowels vary across and even within dialects 

of Catalan (Carrera-Sabaté and Fernández-Planas, 2005; Recasens and Espinosa, 2006); 

for instance the word ‘to drink’ in Eastern Catalan is pronounced /bɛwrə/ while the same 

word is /bewrə/ in Western Catalan. The implementation of mid-vowels may also vary 

across lexical items in a single dialect (Mora and Nadeu, 2012), for instance in the 

pronunciation of the word res ‘nothing’ as /res/ or /rɛs/. As was noted above, variation is 

also observed within Barcelona where there is a reported tendency in Barcelona for 

young people to neutralize the mid-vowel contrasts, for instance producing an /e/-like 

vowel instead of /ɛ/ due to the influence of Spanish (Recasens, 1993:86). But in addition 

to variation in Barcelona, there is also variation in other varieties of Eastern Catalan (e.g., 
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Gironí, Sitgetà, Rossellonès) where the mid-vowels have been described as near-mergers 

(Recasens and Espinosa, 2009). Furthermore, these mid-vowels have been reported to 

have a low functional load, as there are relatively few minimal pairs involving the front 

mid-vowel contrast. Finally, there is a lot of variability in the mapping of the target mid-

vowel in a specific lexical item as there may be inconsistencies in the articulation of the 

root vowel (e.g. peix /'peʃ/ ‘fish’ vs. peixater /pəʃə'te/ ‘fisherman’) due to vowel reduction 

processes in unstressed syllables, which neutralize the /e/-/ɛ/ vowels into /ə/. This vowel 

reduction process has been shown to be particularly difficult for Spanish learners of 

Catalan: Spanish learners of Catalan have been reported to use /e/ instead of /ə/ as the 

reduced vowel.  

In addition to all of these factors contributing to a phonetically “weak” contrast 

between the mid-vowels (Mora et al., 2011), other research on the simultaneous 

acquisition of two phonologies has shown that complex and marked phenomena in one 

language may tend to be permeated by the other language if this is simpler and less 

marked (Lleó and Rakow, 2005; 2006; Lleó et al., 2008). In Lleó et al. (2008), the 

authors identify the Catalan mid-vowels as being vulnerable to Spanish influence due to 

two related phenomena: markedness and complexity. The notion of markedness is 

considered to be intimately related to frequency with unmarked entities being more 

frequent than marked entities. In other words, marked is typologically less preferred. In 

the case of vowel systems, having two degrees of height within the mid-vowels is less 

frequent than having just one degree (Maddieson, 1984), and following this idea, Lleó 

and colleagues interpret phonological typology data to conclude that the Catalan system 

is more marked than the Spanish system.  
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While this deficit in the perception of the Catalan mid-vowels and the 

maintenance of the height distinction in production has been attributed to internal factors, 

it is also necessary to consider external factors, since “sociolinguistic criteria like 

prestige, gender, or age may be decisive external factors in the interaction of two systems 

of adult bilinguals” (Lleó et al., 2008:188). In terms of prestige, the mid-vowel merger 

has been spreading to other areas of Catalonia (e.g. Gironí, Sitgetà), and this has been 

related to the influence of the prestigious Eastern Catalan dialect spoken in Barcelona 

(Recasens and Espinosa, 2009), which is considered the standard variety. Other regions, 

however, such as in many areas of Majorca, may show a different pattern that may be 

attributed to expressions of regional identity, indicating that Majorcans may resist 

standard features from Barcelona in their own productions (Amengual, 2011b).  

The consideration of sociolinguistic variables implies that in the study of contact-

induced phonological change one of the main factors that must be considered is the 

linguistic setting. Language acquisition is determined by the patterns of the ambient 

language, and previous research indicates that the maintenance of the mid-vowel contrast 

in Catalan in Barcelona is closely related to region, district, and social network. Available 

evidence indicates that Spanish-Catalan bilinguals residing in districts where there is a 

strong presence of Spanish neutralize the Catalan mid-vowels much more than speakers 

in areas where there is a stronger presence of Catalan (Cortés et al., 2009; Lleó et al., 

2007, 2008, 2009). The importance of the environment language and frequency of use 

and exposure of each language is further evaluated in Mora and Nadeu (2012). These 

authors found that L2 use and amount of exposure to the language plays a crucial role in 

these bilinguals’ phonetic representations. In their study, Spanish-Catalan bilinguals who 

used Spanish frequently each day discriminated Catalan /e/ and /ɛ/ less accurately and 
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significantly more slowly than bilinguals who used more Catalan, and the former group 

also displayed more Spanish-like productions (i.e., /e/) when producing Catalan /ɛ/. 

In sum, this section has presented a variety of internal and external factors that 

have been described in the literature to explain the production and perception patterns 

observed in these early Spanish-Catalan bilinguals in Barcelona. The fact that Spanish-

Catalan bilinguals have difficulties producing and perceiving Catalan-specific phonemic 

categories provides evidence that the two language systems of bilinguals do not operate 

completely independently of one another, which supports work describing the two 

systems of a bilingual as activated or connected, at least to some degree (Grosjean, 1982, 

1985, 1989; Grosjean and Li, 2013; Grosjean and Soares, 1986). Furthermore, the 

intersection of a bilingual’s languages may be in the overlap of the lexicons, and this is 

likewise where the phonological system may be more permeable. Assuming that a 

bilingual has “interconnected lexicons” (Costa et al., 2005), the interference between the 

dominant and non-dominant languages may be increased at the lexical level, such that 

lexical items with considerable phonological, semantic, and orthographic overlap 

(cognates) will be more susceptible to phonetic transfer than non-cognates (Costa et al., 

2005:96). 

3.3. BILINGUAL SPEECH AND LANGUAGE REPRESENTATION: COGNATE STATUS EFFECTS 

Facilitation effects with cognates have been widely studied, particularly in the 

field of psycholinguistics. Production and recognition experiments have demonstrated 

faster reaction times to cognates than non-cognates: L2 cognate words are translated 

more rapidly and accurately than non-cognates (de Groot, 1992a,b), there is faster (and 

more accurate) lexical access for cognate words compared to non-cognates in lexical 

decision tasks (Caramazza and Brones, 1979; de Groot et al., 2002; Dijkstra et al., 1998, 
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1999), cognates show greater repetition priming effects (Cristoffanini et al., 1986; de Bot 

et al., 1995; Sánchez-Casas et al., 1992), cognates are easier to learn (de Groot et al., 

2002), and there are facilitatory effects of cognates in production (Costa et al., 2005), 

with cognates being named faster in word naming tasks (de Groot et al., 2002) and 

picture naming tasks (Costa et al., 2000; Hoshino and Kroll, 2008; Kroll et al., 2000). 

Because cognates “represent the lexical overlap between languages” (Lemhöfer et al., 

2004:587), it is possible that in addition to facilitation effects and processing advantages, 

there might be a cognate effect on phonetic production and perception, specifically, the 

ability to maintain native-like contrasts in both languages. 

Previous studies have examined the effect of cognate status on the acoustic 

realization of phonetic segments, and the results support a cognate effect in bilingual 

speech production (Amengual, 2012; Brown and Harper, 2009; Cochrane, 1980; Flege 

and Munro, 1994; Hammerly, 1982; Mora and Nadeu, 2012). For instance, Amengual 

(2012) investigated voice onset times (VOTs) to determine if cognates enhance the cross-

language phonetic influences in the speech production of a range of Spanish-English 

bilinguals. The results indicate that there is a significant effect of cognate status in the 

Spanish production of VOT by Spanish-English bilinguals: these bilinguals produced /t/ 

with longer VOT values (more English-like) in the Spanish production of cognates 

compared to non-cognate words. Similar cognate effects were found in phonological /s/ 

reduction (aspiration, deletion) by Spanish-English bilinguals (Brown and Harper, 2009). 

Both studies provide evidence of cross-language interference in the interface between the 

phonological and the lexical levels.  

The amount of overlap in the lexicon depends on the language pair of the 

bilingual. For instance, with languages as closely related as Spanish and Catalan, the 
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lexicons share many words: between 60% and 85% of the words in the Catalan and 

Spanish vocabulary are cognates (Lewis, 2009; Ramón-Casas et al., 2009). The 

production of vowels in cognates by Spanish-Catalan bilinguals may be more susceptible 

to phonetic influence from the dominant language. If cognates are considered to be the 

crossroads of a bilingual’s languages, they may also be where the bilingual phonologies 

are more likely to influence each other and, therefore, to affect bilinguals’ ability to 

produce native-like targets. 

Lexical effects in the production of the Catalan front mid-vowel contrast were 

investigated in Mora and Nadeu (2012). This study investigated the effect of Spanish use 

in the phonological status of the front mid-vowel contrast in the production and 

perception of Spanish-Catalan bilinguals in Barcelona. The authors report a cognate 

effect such that the group that used Spanish to a greater extent produced Catalan /ɛ/ 

significantly fronter (and thus with F2 values closer to /e/) in cognates than in non-

cognates, but there were no significant differences between cognates and non-cognates in 

terms of vowel height (F1). Another possibility considered here is that the interaction 

between the vowel systems of bilinguals may show a bidirectional effect, and the 

interaction of cognate effects in both the Spanish and Catalan productions in the 

productions of Spanish-dominant and Catalan-dominant bilinguals has not yet been 

investigated. Additionally, lexical effects on vowel production must further be explored 

in contexts where a robust distinction between the mid-vowel phonemes have been 

reported in order to determine how the cognate status of a word interacts with the 

acoustic properties of vowels in both languages of the bilingual individual. 

To answer the question of whether cognates enhance cross-language phonetic 

influences in the speech of Spanish-Catalan bilinguals, productions of cognates and non-
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cognates will be examined to detect cross-language influence. In addition to non-cognates 

(e.g., Spanish queso and Catalan formatge ‘cheese’ or Catalan finestra and Spanish 

ventana ‘window’), cognates can be subdivided into two types, congruent and 

incongruent. Congruent cognates contain a stressed mid-vowel in Spanish and a higher-

mid vowel in Catalan (i.e., /e/-/e/ or /o/-/o/, as in Spanish /dekreto/ and Catalan /dəkret/ 

‘decree’). Incongruent cognates contain a stressed mid-vowel in Spanish and a lower-mid 

vowel in Catalan (i.e., /e/-/ɛ/ or /o/-/ɔ/, as in Spanish /beka/ and Catalan /bɛkə/ 

‘scholarship’). Examples of cognate and non-cognate items are shown in Table 3.2.  

Table 3.2 Sample of cognate and non-cognate lexical items used as stimuli in the Catalan 
and Spanish production task.  

Spanish production 
Lexical Status Spanish lexical item Catalan item English translation 
Cognate /e/-/ɛ/ beca /e/ beca /ɛ/ ‘scholarship’ 
Cognate /e/-/e/ bandera /e/ bandera /e/ ‘flag’ 
Non-cognate queso /e/ formatge ‘cheese’ 

Catalan production 
Lexical Status Catalan lexical item Spanish item English translation 
Cognate /ɛ/-/e/ beca /ɛ/ beca /e/ ‘grant’ 
Cognate /e/-/e/ bandera /e/ bandera /e/ ‘flag’ 
Non-cognate espelma /ɛ/ vela  ‘candle’ 
Non-cognate finestra /e/ ventana ‘window’ 

 

In addition to examining a cognate effect in production, further investigation must 

test cognate effects in speech perception, and specifically, if interference in the 

perception of cognates has consequences in the lexical representations of these early 

bilingual individuals. That is, the lexical status of the word may affect not only the 

production of these mid-vowel contrasts, but also the actual ‘selection’ of the appropriate 

vowel for each lexical item. In other words, Spanish-Catalan bilinguals must acquire two 
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vowel systems with a different set of segments, and importantly, they must learn to map 

the correct vowel depending on the lexical item to be pronounced (i.e., lexical 

distribution). The next step should be to test if Spanish-Catalan bilinguals are able to map 

the appropriate mid-vowel in lexical items in general, and in cognates, in particular.  

3.4. PRESENT STUDY 

The present study examines the production and perception of highly proficient 

early Spanish-Catalan bilinguals in Majorca (Spain). This study focuses on bilinguals on 

the island of Majorca, where the Catalan mid-vowel contrasts is reported to be more 

robustly maintained than on the mainland (i.e., in Barcelona, where the majority of 

previous work has been focused) and as a result may be more available in the ambient 

input all bilinguals receive. While much is known about the perceptual patterns of 

Spanish-Catalan bilinguals in Barcelona, the nature of these patterns remains to be 

investigated in bilinguals from a different bilingual community where speakers tend to 

maintain a more robust difference between higher-mid and lower-mid vowels. 

Additionally, several production studies including Majorcan participants have focused on 

the comparison of different Catalan dialects, but few speakers representing broad 

dialectal areas (cities or towns) have been included and no further details about their 

linguistic backgrounds have been provided (Herrick, 2003; 2005; 2006; 2007; Carrera-

Sabaté and Fernández-Planas, 2005; Recasens and Espinosa, 2006). Importantly, among 

the factors that have been overlooked are language dominance and language use. Due to 

limitations of the previous work, it is necessary to undertake a more extensive study 

considering production and perception in the same group of bilingual individuals, 

determining the relationship between them, and incorporating the diverse factors that may 

contribute to the varying phonetic realizations in a heterogeneous bilingual community.  
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3.4.1. Research Questions 

The experiments in this dissertation are designed to test specific predictions in the 

production, perception, and lexical representation of Catalan-specific contrasts in 

Spanish-Catalan bilinguals in Majorca. The research questions, along with initial 

hypotheses, are detailed below. 

 

RQ1: Are there effects of language dominance in the production of the Catalan and 

Spanish mid-vowels?  

 Given that previous studies in Barcelona (Lleó et al., 2008; 2009) and recent work 

in Majorca (Simonet, 2011) has indicated that Spanish-dominant bilinguals do not 

produce a distinction between the Catalan mid-vowels, language dominance is expected 

to be a strong predictor of native-like abilities in maintaining a contrast in production. 

Catalan-dominant bilinguals are expected to maintain a robust distinction between 

Catalan-specific contrasts in production (Herrick, 2006; Simonet, 2011; Amengual, 

2011a), while Spanish-dominant bilinguals may be more variable in the production of 

these mid-vowel targets, and as a result may produce a single merged-vowel for each of 

the mid-vowel contrasts, as reported in previous work analyzing the back mid-vowel 

categories (Simonet, 2011). However, because previous studies have reported that the 

distance between the mid-vowel categories in Majorca is the largest in comparison to 

other Catalan varieties, Spanish-dominant bilinguals are expected to maintain a 

significant distance between the mid-vowel targets in their productions, like their 

Catalan-dominant counterparts.  
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RQ2: Are there effects of language dominance on the perception of the Catalan mid-

vowel contrast?  

 The perception studies reviewed above show that for early Spanish-Catalan 

bilinguals residing in Barcelona, Spanish-dominant bilinguals have difficulty perceiving 

the front mid-vowel contrast. Their reduced accuracy provides evidence that the 

perception of this contrast remains difficult in spite of early and extensive exposure to 

and everyday use of Catalan (Bosch et al., 2000; Mora et al., 2011; Pallier et al., 1997; 

Sebastián-Gallés and Baus, 2005; Sebastián-Gallés and Bosch, 2005; Sebastián-Gallés et 

al., 2005; Sebastián-Gallés and Soto Faraco, 1999). This perceptual deficit has not been 

found in the Catalan-dominant group, suggesting that language dominance, as in 

production, is a strong predictor of native-like perceptual abilities. Given that recent 

acoustic studies have indicated that the magnitude of the acoustic difference between /e/-

/ɛ/ and /o/-/ɔ/ is larger for Majorcan Catalan than for other dialects of Catalan (Recasens 

and Espinosa, 2006), it is assumed that the input to which Majorcan Spanish-Catalan 

bilinguals are exposed to contains more robust Catalan mid-vowel contrasts than the 

input available to bilinguals in Barcelona. As a result, it is predicted that Spanish-

dominant bilinguals in Majorca will not show the perceptual ‘deafness’ that has been 

reported in Barcelona.  

 

RQ3: Does a speaker’s production and perception abilities have consequences at the 

lexical level? In other words, are Spanish-Catalan bilinguals reliable in identifying the 

correct lexical distribution of these Catalan-specific sounds? 
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Previous lexical decision tasks indicate that Spanish-Catalan bilinguals in 

Barcelona have difficulty distinguishing between words and non-words that differ in the 

Catalan-specific vowel contrast (Pallier et al., 2001; Sebastián-Gallés and Baus, 2005; 

Sebastián-Gallés et al., 2005), and since Spanish-dominant bilinguals tend to differ from 

Catalan-dominant bilinguals in their processing of the Catalan mid-vowels, there are two 

possible predictions for bilinguals in Majorca. First, because of more Spanish use and 

perhaps exposure to Spanish-accented Catalan, Spanish-dominant bilinguals in Majorca 

might behave like Spanish-dominants in Barcelona and so have more difficulties than 

Catalan-dominants in identifying the correct vowel in certain lexical items. However, if 

these bilinguals receive consistent exposure to robust mid-vowel targets in their Catalan 

input, there is also the possibility that Spanish-dominant bilinguals’ lexical decision 

abilities will be comparable to those of the Catalan-dominant group. In this case, their 

processing abilities may be comparable to the Catalan-dominant bilingual group, and 

different from the Spanish-dominant bilinguals in Barcelona.  

 

RQ4: Is phonetic interference increased in the production and processing of cognates vs. 

non-cognates? 

Given that other work has provided evidence of a cognate effect in production 

(Amengual, 2012; Brown and Harper, 2009; Mora and Nadeu, 2012, among others), 

cognate lexical items are expected to affect the production target of Catalan and Spanish 

mid-vowels and the lexical representation of the mid-vowel contrast, in comparison to 

non-cognates. Available evidence leads to the hypothesis that cognates in Catalan will 

interfere with the Spanish vowel system resulting in a more /e/-like and /o/-like (i.e., 

more Spanish-like) pronunciation of the lower-mid vowels /ɛ/ and /ɔ/ in Catalan. In 
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Spanish productions, cognate effects are expected to specially affect the mid-vowels of 

Catalan-dominant bilinguals, in the form of Spanish mid-vowels being produced lower 

and closer to the Catalan /ɛ/ and /ɔ/. As such, productions in the less dominant language 

are predicted to reflect an influence from the dominant language, and this influence will 

be increased in the production of cognates. Regarding the lexical distribution knowledge 

of these bilinguals, effects of language dominance may be mitigated by cognate status: 

congruent cognates will increase the lexical decision accuracy while incongruent 

cognates are expected to increase the error rate. 

 

RQ5: How are the production and perception abilities of an individual speaker related? 

 The loss of the mid-vowel contrast (neutralization) and the inability to perceive 

these mid-vowels has been reported in the production and perception of some bilinguals 

in Barcelona. Since near-mergers occur when two vowels undergoing neutralization are 

distinguished in production but cannot be discriminated perceptually (Recasens and 

Espinosa, 2009), Spanish-Catalan bilinguals may maintain the distinction in their 

production, but may perform similarly to the bilinguals in Barcelona when perceiving 

these contrasts. In other words, some bilinguals might successfully produce the vowel 

contrast despite being unable to accurately perceive it (Flege, 1988, 1992a,b). On the 

other hand, assuming that perceptual sensitivity precedes production (Flege, 2005), 

Spanish-Catalan bilinguals are expected to systematically identify and discriminate the 

mid-vowel contrast; however, these bilinguals, and especially the Spanish-dominant 

bilinguals, may not be as accurate in producing the mid-vowels in particular lexical 

contexts.  
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3.4.2. Experimental design 

To address the above research questions, Spanish-Catalan bilinguals in Majorca 

participated in four experiments (see Table 3.3) and completed the Bilingual Language 

Profile (BLP) questionnaire.  

Table 3.3. Production and perception tasks included in the experimental session 

Experiment Task Target vowels Language 
Production Picture-naming  /e/-/ɛ/ and /o/-/ɔ/ Catalan 
Production Picture-naming  /e/ and /o/ Spanish 
Perception Identification  /e/-/ɛ/  Catalan 
Perception Identification  /o/-/ɔ/ Catalan 
Perception AX Discrimination  /e/-/ɛ/ Catalan 
Perception AX Discrimination  /o/-/ɔ/ Catalan 
Perception AXB Discrimination /e/-/ɛ/ and /o/-/ɔ/ Catalan 
Processing Lexical decision  /e/-/ɛ/ and /o/-/ɔ/ Catalan 

 

The first experiment consisted of production tasks in both Catalan and Spanish 

targeting the Catalan mid-vowels (/e/, /ɛ/, /o/, /ɔ/) and the Spanish mid-vowels (/e/, /o/). 

Specifically, experiments 1a and 1b elicited productions of the mid-front and mid-back 

vowels in both languages in picture identification tasks; this task avoided the confound of 

orthographic effects that would be present in a reading task by using pictorial 

representations of each word instead of its written form. The language order of the 

production experiments (1a or 1b first) was counterbalanced across participants. 

Experiment 2 used synthesized mid-vowel stimuli in identification and AX 

discrimination tasks. Experiment 3 was an AXB discrimination task including non-

synthesized natural stimuli from three native speakers representing six vowel contrasts 

(/e/-/ɛ/, /o/-/ɔ/, /e/-/i/, /o/-/u/, /ɛ/-a/, and /ɔ/-/a/). Finally, experiment 4 was a lexical 

decision task in Catalan, in which participants were presented with either ‘correct’ or 
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‘incorrect’ words. Both correct and incorrect words contained front or back mid-vowels, 

and incorrect words were based on real words, but with a change to the stressed vowel 

affecting the mid-vowel contrasts (e.g., from /e/ to /ɛ/ or vice versa).  

All instructions and interactions between the participants and the researcher were 

in Spanish, independently of participants’ language dominance.7 This decision was made 

to minimize the potential impact of language mode on bilingual speech behavior, since 

language mode has been shown to affect speech production and perception (Grosjean, 

1985, 1997, 1998, 2001, 2008; Soares and Grosjean, 1984).8  

3.4.3. Participants 

A total of 60 Spanish-Catalan bilinguals (33 females and 27 males) participated in 

the production, perception, and lexical decision experiments. Participants were recruited 

in Majorca, on the campus of the Universitat de les Illes Balears and in the towns of Sa 

Coma and Sant Llorenç des Cardassar. All subjects reported normal speech and hearing 

and normal or corrected to normal vision, and they all received a stipend for their 

participation in the study. Ages ranged between 18 and 36 (M=21.5, SD=3.79), so all 

participants had been educated mostly in Catalan.  

All participants were born, raised, and educated in Majorca. They reported having 

extensive exposure to both languages on a daily basis, used Catalan and/or Spanish in the 

household, and were not native in any other language. A full table of demographic 
                                                
7 Spanish, instead of Catalan, was selected as the language to use when giving instructions and interacting 
with participants, because Catalan-dominant bilinguals are generally more comfortable interacting in 
Spanish than Spanish-dominants are in Catalan. 
8 The concept of language mode refers to the level of activation of each language of the bilingual, and may 
depend on a variety of factors including interlocutors, form and content of the message, and linguistic 
environment. Grosjean (2008) notes that even in monolingual mode, it is impossible to have complete 
deactivation of the competing language. However, previous research provides evidence of the impact of 
language mode and bilingual production patterns (Olson, 2012), therefore controlling for this variable is 
important to examine cross-language influence in bilingual production and perception. 



72 
 

information is presented in Appendix B. The participants in this study were not residents 

of towns that are known to differ from the rest of Majorcan Catalan speakers in their 

production of Catalan mid-vowels (e.g., Lloseta, Binissalem, Alaró, Sineu, Felanitx, 

Maria de la Salut, and Sant Joan). In these towns, /ə/ in stressed position has shifted to /ɛ/, 

as in Barcelona (Moll, 1968). For example, the word pera ‘pear’ is pronounced with the 

central vowel /'pərə/ in the rest of the island, but /'pɛrə/ in these towns.  

3.4.3.1. Operationalizing language dominance: the Bilingual Language Profile (BLP) 

Many different procedures have been used to assess bilingual dominance, 

including global ratings of fluency (Tamamaki, 1993), the subjective judgment of a 

bilingual experimenter (Talamas et al., 1999), scores obtained on vocabulary tests in the 

L1 and L2 (Cromdal, 1999), language history (Hazan and Boulakia, 1993), and language 

used at home (Sebastián-Gallés et al., 2005). While it must be acknowledged that there is 

currently no uniform, widely accepted method for assessing bilingual dominance (see 

Dunn and Fox-Tree, 2009; Marian et al., 2007), there is ample evidence that bilinguals 

are able to assess their language experience and language abilities in a way that 

corresponds with behavioral measures of linguistic performance (Flege et al., 2002; 

Golato, 2002; Gollan et al., 2012; Langdwon et al., 2005; Lim et al., 2008; Marian et al., 

2007). As opposed to objective tests of language ability, self-assessments of language 

abilities and experience succeed in accounting for non-linguistic factors, such as language 

attitudes, which are an important aspect of dominance (Pavlenko, 2004). 

In order to obtain information on the language dominance of the Spanish-Catalan 

bilingual participants, all participants completed the Bilingual Language Profile (BLP) 

questionnaire (Birdsong et al., 2012). The BLP is an instrument for assessing language 

dominance through self-reports and it produces a continuous dominance score and a 
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general bilingual profile taking into account multiple dimensions: age of acquisition of 

the L1 and L2, frequency and contexts of use, competence in different skills, and 

attitudes towards each language.  

All of these factors are organized in four modules, which received equal 

weighting in the global language score (language history, language use, language 

proficiency, and language attitudes). The BLP was administered prior to beginning the 

production and perception experiments, and was provided in Spanish or Catalan, 

depending on participant preference. The Spanish and Catalan versions of the BLP 

implemented in this study are provided in Appendix A. The distributions of the responses 

to all items in the BLP divided by module are displayed in Figure 3.5. The figure shows 

that the main predictor of language dominance is their language use.  
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Figure 3.5. Density plots on the scores in each of the four modules of the BLP 

The classification of participants as Spanish-dominant or Catalan-dominant was 

determined by the responses to the questionnaire which generated a global score for each 

of the languages (Spanish and Catalan), a language particular score for each module, and 

a global score of dominance. The point system was converted to a scale score with the 

Catalan score subtracted from the Spanish score. Dominance scores ranged from -117 

(strongly Spanish-dominant) to 133 (strongly Catalan-dominant). Participants with 

negative points were classified as Spanish-dominant while participants with positive 
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points were classified as Catalan-dominant. The dominance scores as a result of the BLP 

scoring are provided in Appendix C. Figure 3.6 provides the distribution of the Spanish- 

and Catalan-dominant groups.  

 

Figure 3.6. Language dominance as a function of group according to the BLP  

3.4.4. Summary 

This chapter has provided a description of the Spanish and Catalan vowel 

systems, presented a review of the literature on the production and perception of the 

Catalan mid-vowel contrasts, introduced research questions and hypotheses, and 

described the experimental design and participants. The experiments outlined above 

examine the production, perception, and lexical representation of the Catalan mid-vowels 

(/e/-/ɛ/ and /o/-/ɔ/). In the examination of the bilingual, both as an individual 

speaker/hearer and as a member of a bilingual speech community, the project’s goals are 
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to (1) to investigate the sensitivity to language-specific phonological contrasts (e.g. 

Catalan mid-vowel contrasts), (2) to examine phonetic transfer and variation to sounds 

only available in one of the languages of the bilingual by considering the role of language 

dominance in both production and perception, (3) to provide a clearer picture of 

production and perception patterns by focusing on the lexical as well as the segmental 

level, and (4) to explore how the production and perception abilities of highly proficient 

early Spanish-Catalan bilinguals are related.  
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4. Perception of Catalan mid-vowel contrasts 

4.1. INTRODUCTION 

The present chapter analyzes the perception of Catalan vowel contrasts by 

Spanish-Catalan bilingual participants, and further examines the perception of the 

Catalan-specific mid-vowel contrasts /e/-/ɛ/ and /o/-/ɔ/. The main goal of these perception 

tasks is to assess the perceptual abilities of Spanish-dominant and Catalan-dominant 

bilinguals in relation to the Catalan mid-vowels (/e/-/ɛ/ and /o/-/ɔ/). Because Catalan has 

four vowels (/e/, /ɛ/, /o/, and /ɔ/) where Spanish has two (/e/ and /o/) in a similar phonetic 

space, these Catalan-specific vowels may be harder to perceive, particularly for Spanish-

dominant bilinguals. 

Previous perception studies in Barcelona have indicated that early and extensive 

exposure, and everyday use of Catalan is not sufficient to attain native-like phonetic 

abilities in Catalan. In particular, Spanish-dominant bilinguals have been shown to have 

difficulties mastering the Catalan /e/-/ɛ/ contrast (Bosch et al., 2000; Mora et al., 2011; 

Pallier et al., 1997; Sebastián-Gallés and Bosch, 2005; Sebastián-Gallés et al., 2005; 

Sebastián-Gallés and Soto Faraco, 1999). This perceptual deficit has been attributed to a 

lack of plasticity in the early development of Spanish-Catalan bilinguals suggesting that 

the exposure to the Spanish vowel categories early in life has permanent effects that 

impede the complete acquisition of these Catalan vowel phonemes. In line with studies 

claiming that age of acquisition does not necessarily guarantee native-like proficiency 

(Flege and MacKay, 2004), previous researchers have interpreted these results as 

evidence that the dominant language (Spanish) inevitably influences performance in the 

language learned later in life (Catalan), even if this language is learned early in childhood 

(Sebastián-Gallés et al., 2005; Ramón-Casas et al., 2009).  
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The following experiments investigate the perceptual patterns of Spanish-Catalan 

bilinguals with respect to the Catalan vowel system, focusing not only on their ability to 

perceive the front mid-vowel contrast, but also on their perception of the back mid-vowel 

contrast. Sixty Spanish-Catalan bilinguals (see Section 3.4.3) participated in three 

experiments designed to test their perceptual abilities: (1) an AXB discrimination task, 

(2) two identification tasks, and (3) two AX discrimination tasks. The perceptual abilities 

of bilinguals, dominant in Spanish or Catalan, will be compared to the production 

patterns of these same bilingual individuals in chapter 5. The research questions 

addressed in this chapter are the following: 

(1) Do bilinguals in Majorca perform as bilinguals in Barcelona? In other words, will 

speakers from a different community distinguish Catalan-specific contrasts or does 

the perceptual deficit attributed to Spanish-dominant bilinguals in Barcelona 

remain in Majorca? 

 (2)  What are the effects of language dominance on the perception of Spanish-Catalan 

bilinguals? Do Spanish-dominant bilinguals fail to perceive phonemic contrasts in 

their non-dominant language? 

4.2. EXPERIMENT 1: AXB DISCRIMINATION 

Previous studies in Barcelona indicate that the mid-vowel contrasts are less robust 

than contrasts between other pairs of Catalan vowels (Badia Margarit, 1969, 1970; 

Recasens, 1993; Mora et al., 2011; Mora and Nadeu, 2012). To test these predictions, this 

first perception experiment is designed to compare the robustness of the mid-vowel 

contrast in relation to other vowel contrasts in Majorcan Catalan using a categorical AXB 

discrimination test. In this procedure, A and B are naturally produced (i.e., non-

synthesized) tokens of contrasting minimal pairs. Listeners are asked to select, for each 
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trial, whether the middle item (X, or target) is the same as the first (A) or third (B) item. 

Because each of the three items presented in sequence is produced by a different speaker, 

the X is physically a different token than that of the matched A or B item. Therefore, in 

this task listeners cannot make a simple acoustic identity judgment (Best et al., 1988; 

Polka, 1991; 1992).  

4.2.1. Methodology 

4.2.1.1. Materials 

The potential difficulties in discriminating vowel contrasts in Catalan were 

examined with stimuli consisting of 12 lexical items that formed 6 minimal pairs (See 

Figure 4.1). Importantly these minimal pairs included vowel contrasts across the front 

and back vowel region (i.e., /i/-/e/, /e/-/ɛ/, /ɛ/-/a/, /u/-/o/, /o/-/ɔ/, and /ɔ/-/a/). The 

experimental stimuli were obtained from the production of three male native Majorcan 

Catalan speakers. The sound files were recorded in a sound-proof booth using a Shure 

SM10A dynamic head-mounted microphone and a solid-state digital recorder (Marantz 

PMD660), and digitized at 44KHz and16 bits.  

 

 

Figure 4.1. Vowel contrasts and minimal pairs. Note: the final /r/ in ‘fer’ and ‘por’ are 
silent 
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For each vowel contrast a sequence of three words was created. In all of the 

triplets there were two words that were the same and one different, and the different word 

always appeared either first or last in the sequence. In other words, the stimulus that 

appeared in the middle of the sequence was always the same lexical item as the first or 

last item in the triplet. For example, for the /u/-/o/ contrast, in some triplets the first word 

was different (e.g., /rus/ - /ros/ - /ros/), while in others the last word differed from the 

previous two (e.g., /rus/ - /rus/ - /ros/). As a result there were a total of 4 possible 

combinations (four trials: AAB, BBA, BAA, and ABB), and because a different speaker 

produced each of the words in a given triplet, there were a total of 6 possible 

speaker/voice combinations, for a total of 24 stimuli for each vowel contrast. The inter-

stimulus interval was 1 second, and the inter-trial interval was 1.5 seconds.  

4.2.1.2. Procedure 

The Spanish-Catalan bilinguals completed the AXB discrimination task in a quiet 

room using the stimulus presentation software SuperLab Pro 4.5 (Cedrus Corporation, 

USA) on a Mac computer. Participants listened to the three stimuli in sequence on a set 

of headphones under comfortable hearing conditions in front of a computer display, and 

had to decide whether the second stimulus (X) was more similar to the first (A) or to the 

last (B). There were both verbal and written instructions. The researcher gave the 

instructions and participants were asked to press the left or the right button on a USB 

Response Pad (RB-730) depending on the middle word that they heard in the triplet was 

like the first one (left), or the last one (right).  
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Figure 4.2. Visual stimuli for the AXB discrimination task 

Participants responded to 148 trials: 4 practice trials + 144 randomized test trials. 

Specifically, the experimental data consisted of 6 voice combinations x 4 trials x 6 vowel 

contrasts = 144 responses per participant. As there were 60 participants, the total number 

of responses analyzed was 8,640. The analyses below examine differences between the 

language dominance groups for each vowel contrast. The data were analyzed using the R 

statistical program (R Development Core Team, 2012).   

4.2.2. Results 

The data from the AXB discrimination experiment were analyzed under a mixed-

model ANOVA with language dominance (Spanish-dominant, Catalan-dominant) as 

between-subjects factor, contrast (/i/-/e/, /e/-/ɛ/, /ɛ/-/a/, /u/-/o/, /o/-/ɔ/, /ɔ/-/a/) as within-

subjects factor, and subject as the random term. The dependent variable in the statistical 

analysis was the error rate (%). The analysis yielded a main effect of language 

dominance (F(1,58) = 13.31, p < 0.001) and vowel contrast (F(5,290) = 16.55, p < 0.001), 

and a significant interaction between vowel contrast and language dominance (F(5,290) = 

4.12, p < 0.01).  

In order to explore the interaction, the potential effects of language dominance for 

each vowel contrast were analyzed separately. This was done through a series of 
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Bonferroni-corrected pairwise comparisons. Significant differences in the error rates 

between Catalan-dominant and Spanish-dominant bilinguals were found for the /o/-/ɔ/ 

contrast (diff. = -8.34, t(29) = -2.47, p < 0.001), the /e/-/ɛ/ contrast (diff. = -5.97, t(29) = -

2.21, p < 0.05), and the /ɛ/-/a/ contrast (diff. = -5, t(29) = -3.42, p < 0.05), but there was 

no significant difference in language dominance for the /e/-/i/ contrast (diff. = -0.28, t(29) 

= -0.26, p > 0.1), the /ɔ/-/a/ contrast (diff. = -1.4, t(29) = -1.22, p > 0.1), and the /u/-/o/ 

contrast (diff. = -0.13, t(29) = -0.21, p > 0.1). Figure 4.3 shows the error rate (%) for each 

mid-vowel contrast as a function of language dominance. 

 

Figure 4.3. Error rate (%) for each vowel contrast by language dominance 

The results indicate that there is a relatively low error rate for both Spanish-

dominant and Catalan-dominant bilinguals, and that some contrasts, in particular, the 

mid-vowel contrasts /e/-/ɛ/ (Catalan-dominant 5%, Spanish-dominant 11%) and /o/-/ɔ/ 
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(Catalan-dominant 4%, Spanish-dominant 12.3%), together with /ɛ/-/a/ (Catalan-

dominant 6.2%, Spanish-dominant 11.2%) displayed a significantly higher error rate in 

comparison to the other vowel contrasts under examination. Additionally, these vowel 

contrasts with higher error rates overall were also the contrasts where significant 

differences were found between the Catalan-dominant and Spanish-dominant listeners, 

with Spanish-dominant bilinguals displaying a higher error rate.  

4.2.3. Discussion 

The purpose of this perception experiment was to examine the potential 

difficulties that Spanish-dominant and Catalan-dominant bilinguals face in discriminating 

vowel contrasts across the front and back vowel space in Catalan. The results of the AXB 

discrimination task indicate that Spanish-Catalan bilinguals have a high accuracy rate 

when discriminating between vowel contrasts in Catalan. The highest proportion of 

errors, however, were concentrated in the front and back mid-vowel contrasts, and the /ɛ/-

/a/ contrast. As noted in previous work (Moll, 1934; Sanchís Guarner, 1950; Moll, 1980; 

Recasens, 1986; Carrera-Sabaté and Fernández-Planas, 2005; Recasens and Espinosa, 

2006), Majorcan Catalan /ɛ/ and /ɔ/ are produced lower than in other dialects of Catalan 

(i.e. Central Catalan), and because of a lower mid-vowel realization there may be shorter 

distances between /ɛ/ and /a/ than in other Catalan varieties (Recasens and Espinosa, 

2006), which could contribute to the apparent difficulties in distinguishing the /ɛ/ and /a/. 

The results of this experiment also support previous research indicating that the 

mid-vowels are more susceptible to discrimination difficulties than other vowel contrasts 

in Catalan.9 Because the Catalan mid-vowels are in the same phonetic space of the 

Spanish /e/ and /o/, there may be potential difficulties for Spanish-dominant bilinguals in 
                                                
9 However, these results also indicate that there is a relatively low error rate. 
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accurately perceiving the Catalan mid-vowel phonemes (Bosch, Costa and Sebastián-

Gallés, 2000; Pallier, Bosch and Sebastián-Gallés, 1997; Sebastián-Gallés and Bosch, 

2005). In order to test this prediction, the following perception experiments investigate 

the perceptual abilities of both Spanish-dominant and Catalan-dominant bilinguals in 

relation to the Catalan mid-vowel contrasts.  

4.3. EXPERIMENT 2: IDENTIFICATION 

The results from the previous AXB task indicate that even though there was a 

relatively low error rate in the discrimination of Catalan vowel contrasts overall, there 

was a significantly higher error rate in the mid-vowel contrasts, and therefore, these mid-

vowel phonemes, which do not exist in Spanish, were harder to discriminate than the 

other vowel contrasts examined across the height dimension. In addition, Spanish-

dominant bilinguals displayed a higher error rate than Catalan-dominant bilinguals when 

perceiving the Catalan mid-vowels.  

To further examine the perceptual abilities of early and highly proficient Spanish-

Catalan bilinguals, the Spanish-dominant and Catalan-dominant bilinguals that 

participated in the AXB discrimination task completed an identification task for each 

mid-vowel contrast. A variety of perception tasks have been used in the literature to test 

the categorical perception (Eimas, 1963) of different groups of listeners, where a change 

in some variable along a continuum is perceived not as gradual but as instances of 

discrete categories (Liberman, et al, 1957; Macmillan, 1987; Repp, 1984, Van Hessen 

and Schouten, 1999, among others). This experimental design typically entails the 

presentation of synthesized vowel stimuli along a continuum, ranging between two 

phonemic categories in equidistant increments from one stimulus to another.  
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The goal of these identification experiments is to explore perceptual differences 

between Catalan-dominant and Spanish-dominant bilinguals in Majorca. In addition to 

testing the perceptual accuracy of these bilingual groups, the analysis of response times 

(RT) allows for the exploration of possible processing differences between these 

dominance groups. Available evidence leads to the hypothesis that stimulus will be a 

significant factor for the Catalan-dominant group. This means that stimuli presented 

along a continuum from one Catalan phonemic category to the other will be perceived as 

different, especially with regards to the extremes of the continuum. Because previous 

work in Barcelona has reported that Spanish-dominant bilinguals do not master the vowel 

contrast specific to their non-dominant language, and that these bilinguals are ‘deaf’ to 

the Catalan-specific vowel contrast (Pallier et al., 1997), Majorcan Spanish-dominant 

bilinguals may differ from their Catalan-dominant counterparts in their perceptual 

accuracy and response time. However, given that recent acoustic studies have indicated 

that the magnitude of the acoustic difference between /e/-/ɛ/ and /o/-/ɔ/ is much larger for 

Majorcan Catalan than for other dialects of Catalan (Recasens and Espinosa, 2006), and 

that this height contrast is maintained in these bilinguals’ production patterns (Amengual, 

2011a; Herrick, 2003, 2006, 2007, 2008), it is possible that the input to which Majorcan 

Spanish-Catalan bilinguals are exposed contains more robust Catalan mid-vowel 

contrasts than the input available to bilinguals in Barcelona. As a result, Spanish-

dominant bilinguals in Majorca may not show the perceptual ‘deafness’ to the Catalan-

specific mid-vowel contrasts that has been reported in Barcelona. 
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4.3.1. Methodology 

4.3.1.1. Materials 

The perception of the Catalan mid-vowel phonemes were investigated with the 

selection of two minimal pairs, one for each mid-vowel contrast: /te/ ‘letter T’ vs. /tɛ/ 

‘tea’, and /donə/ ‘he/she gives’ vs. /dɔnə/ ‘woman’. The Catalan stimuli were obtained 

from the production of a male native Majorcan Catalan speaker. The sound files were 

recorded in a sound-proof booth in the Phonetics Lab using a Shure SM10A dynamic 

head-mounted microphone and a solid-state digital recorder (Marantz PMD660), and 

digitized at 44KHz and 16 bits.  

The formant frequency values (F1, F2, F3) of the original recordings were 

synthesized into a 7-step speech continuum using Akustyk 1.9.2 (Plichta, 2012). The 

method to create the synthesized series of seven vowel stimuli along a continuum from 

/e/ to /ɛ/ and /o/ to /ɔ/ was based on PSOLA and LPC analysis/re-synthesis methods. The 

formant trajectory was dynamically estimated and automatically synthesized in seven 

steps in terms of spectral change over time. The formant values were manipulated with an 

analysis window of 0.05ms applied to a time step of 0.01ms. The vowel tokens were 

corrected so that all tokens had exactly the same intensity and vowel duration. As noted 

above, the two endpoints for both the target mid-front and mid- back vowels formed mid-

vowel minimal pairs, specifically, “te” ‘letter T’ vs. “te” ‘tea’ for the /e/-/ɛ/ contrast, and 

“dóna” ‘give’ vs. “dona” ‘woman’ for the /o/-/ɔ/ contrast. The formant values along the 

continuum for each mid-vowel contrast were in the range previously reported for male 

Majorcan speakers (Recasens and Espinosa, 2006). The formant values of the 

experimental stimuli are provided in Table 4.1. 
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Table 4.1. Formant values (Hz) for each synthesized stimulus along the /e/-/ɛ/ and /o/-/ɔ/ 
continuum 

Stimulus Duration (ms) F1 F2 F3 
s1_te 150 490.9 2087.9 2824.1 
s2_te 150 518.1 2029.7 2790.8 
s3_te 150 547.8 1979.2 2755.5 
s4_te 150 573.3 1933.3 2661.1 
s5_te 150 601.8 1883.3 2593 
s6_te 150 630.7 1841.9 2513.4 
s7_te 150 659.1 1784.4 2393.8 
s1_dona 175 505 950.7 2492.2 
s2_dona 175 536.5 967.8 2498.4 
s3_dona 175 562.7 988.1 2504.3 
s4_dona 175 598.6 1001.4 2516.1 
s5_dona 175 632.5 1021.2 2523.7 
s6_dona 175 663.8 1045.8 2527.8 
s7_dona 175 698.6 1063.5 2534.2 

 

4.3.1.2. Procedure 

Participants completed a forced-choice minimal-pair word identification task for 

each mid-vowel contrast using the stimulus presentation software SuperLab 4.5 on a Mac 

computer. The experiments took place in a quiet room, and participants listened to the 

stimuli on a set of headphones at a self-adjusted volume in front of a computer display. 

There were both verbal and written instructions. The researcher gave the instructions and 

participants were asked to press the button box on a USB Response Pad (RB-730) as fast 

and accurately as possible after listening to each stimulus. Specifically, participants were 

instructed to press either of the two buttons available, which represented each member of 

the minimal pair, depending on the vowel they heard: for the front mid-vowels a picture 

of a letter T (/e/) and a picture of a cup of tea (/ɛ/); while for the back mid-vowel contrast, 
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a picture containing a child giving a present (/o/), and another picture of a woman (/ɔ/). 

Pictures were used rather than written words, in order to avoid orthographic effects.  
 
 

 

Figure 4.4. Visual stimuli for the identification tasks (te /te/ ‘letter T’ or the Catalan word 
te /tɛ/ ‘tea’ on the left, and dóna /donə/ ‘give’ or the Catalan word dona 
/dɔnə/ ‘woman’ on the right) 

Each identification task (front vowel contrasts and back vowel contrasts) was 

completed separately. For each identification task, participants responded to 77 stimuli: 7 

practice stimuli (one full block of stimuli) + 70 randomized test stimuli (7 stimuli x 10 

repetitions). In other words, the experimental data consisted of 10 blocks of 7 randomized 

stimuli. After 5 blocks the participants were allowed to take a short break.  

To review, there were 7 stimuli x 10 repetitions x 60 participants for each 

identification task, which resulted in a total of 4,200 possible responses for each 

identification task. A non-response was recorded if the subject did not press a key in the 

2-second interval allowed. There were a total of 9 non-responses for the front mid-vowel 

identification task, and 23 non-responses for the back mid-vowel identification task. 

4.3.2. Results 

The statistical analyses for the identification tasks consisted of two separate 

repeated measures ANOVA for each mid-vowel contrast. The dependent variable 

analyzed was the proportion of /e/ responses for the mid-front contrast, and proportion of 
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/o/ responses for the mid-back contrast.10 The data were analyzed using the R statistical 

program (R Development Core Team, 2012). The following section presents the results 

for each mid-vowel contrast separately. 

4.3.2.1. Front mid-vowel contrast /e/-/ɛ/ 

The analysis of the /e/-/ɛ/ mid-vowel contrast consisted of a mixed-model 

ANOVA with language dominance (Spanish-dominant, Catalan-dominant) as between-

subjects factor, stimulus (s1-s7) as within-subjects factor, and subject as the random term. 

The dependent variable was the proportion of /e/ responses by selecting the word te /te/ 

‘letter T’. The analysis yielded a main effect of stimulus (F(6,348) = 740.81, p < 0.001) 

and an interaction between stimulus and language dominance (F(6,348) = 3.61, p <0.01). 

The analysis also revealed that there was not a significant effect of language dominance 

(F(1,58) = 1.80, ns). In order to explore the interaction between stimulus and language 

dominance, a series of seven two-sample, Bonferroni-corrected, paired t-tests compared 

the responses of Spanish-dominant and Catalan-dominant participants for each stimulus. 

The analyses did not yield a significant difference between Spanish-dominant and 

Catalan-dominant bilinguals in any of the steps along the continuum.  

To summarize the results, both groups similarly identified the stimuli along the 

/e/-/ɛ/ continuum, with a clear categorization of two separate mid-vowel categories. 

Figure 4.5 shows the proportion of /e/ identification as a function of language dominance. 

In this graph, both curves follow a similar trajectory from s1 to s7, demonstrating that 

these bilinguals perceive two distinct phonemes.  

                                                
10 As there is not a correct or incorrect response to this task, the selection of the higher-mid vowel for each 
contrast instead of the lower-mid vowel is completely arbitrary. 
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Figure 4.5. Identification of stimuli along the /e/-/ɛ/ continuum  

In order to compare the processing differences between Spanish-dominant and 

Catalan-dominant bilinguals, the response time data was examined to test the on-line 

processing of the front mid-vowel categories. Response time has been considered an 

informative measure in previous behavioral experiments, as the time to initiate a response 

may in fact be a more sensitive indicator of the underlying processes in a particular 

linguistic task than which response is chosen during the experimental procedure (Pisoni 

and Tash, 1974). For this purpose, a dataset was created including the median response 

times over subjects as a condition of stimulus (seven values per subject).11 The response 

time dataset was submitted to a “by-subjects” repeated measures ANOVA with language 

dominance as between-subjects factor, stimulus (s1-s7) as within-subjects factor, and 
                                                
11 The median response time was used instead of the mean, because the mean is not reflective of the typical 
response if the distribution is skewed. The median response time has been used by previous researchers as a 
central tendency parameter because it is insensitive to the skew of the distribution (Baayen and Milin, 
2010; Whelan, 2008). 
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subject as the random term. The model revealed significant effects of stimulus (F(6,348) 

= 61.315, p < 0.001). However, no effects of language dominance were found (F(1,58) = 

.264, n.s), and there was not an interaction between stimulus and language dominance 

(F(6,348) = .784, n.s).  

As expected, these results show that bilingual participants responded faster to the 

stimuli that were either in the /e/ or the /ɛ/ acoustic region, and both bilingual groups took 

longer to respond to the stimuli that were ambiguously between the /e/ and /ɛ/ regions. 

Additionally, there were no significant differences in the response time of the Spanish-

dominant and Catalan-dominant bilinguals. In addition to identifying the stimuli along 

the continuum from /e/-/ɛ/ similarly to Catalan-dominant bilinguals, Spanish-dominant 

bilinguals did not take longer to respond. Figure 4.6 shows the response times as a 

function of stimulus for each language dominance group. 

 

 

Figure 4.6. Response time (ms) along the /e/-/ɛ/ continuum 
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4.3.2.2. Back mid-vowel contrast /o/-/ɔ/  

The analysis of the /o/-/ɔ/ mid-vowel contrast consisted of a mixed-model 

ANOVA with language dominance (Spanish-dominant, Catalan-dominant) as between-

subjects factor, stimulus (s1-s7) as within-subjects factor, and subject as the random term. 

The dependent variable was the proportion of /o/ responses by selecting the word dóna 

/donə/ ‘give’. The analysis yielded a main effect of language dominance (F(1,58) = 7.52, 

p < 0.001) and stimulus (F(6,348) = 274.98, p < 0.001), but there was not an interaction 

between stimulus and language dominance (F(6,348) = 1.52, n.s). To further explore the 

differences between Spanish-dominants and Catalan-dominants in their responses to each 

stimulus, a Bonferroni-corrected pair-wise comparison was run on the responses for each 

step. These comparisons yielded significant differences in the responses between both 

groups for step 5 (-13.66, t(29) = -3.10, p<0.01), step 6 (-9.33, t(29) = -2.90, p<0.01), and 

step 7 (-9.26, t(29) = -2.79, p<0.01).  

To summarize these findings, both language dominance groups identified the 

stimuli along the continuum from /o/-/ɔ/. However, further analyses indicate that there are 

differences between Spanish-dominant and Catalan-dominant bilinguals, particularly with 

respect to the categorization of the stimuli in the /ɔ/ acoustic region. These results suggest 

that the back-mid vowel contrast may be more robust for the Catalan-dominants in 

comparison to the Spanish-dominants. Figure 4.7 shows the proportion of /o/ responses as 

a function of language dominance.  
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Figure 4.7. Identification of stimuli along the /o/-/ɔ/ continuum 

Differences in the processing of the back mid-vowel contrast by Spanish-

dominant and Catalan-dominant bilinguals were further analyzed in the response time 

data. A dataset was created including the median response times over subjects as a 

condition of stimulus (seven values per subject). The response time dataset was submitted 

to a “by-subjects” repeated measures ANOVA with language dominance as between-

subjects factor, stimulus (s1-s7) as within-subjects factor, and subject as the random term. 

The model revealed significant effects of stimulus (F(6,348) = 14.57, p < 0.001) and 

language dominance (F(1,58) = 3.75, p < 0.05). However, there was not an interaction 

between stimulus and language dominance (F(6,348) =.46, n.s). These results indicate 

that participants overall responded faster to the stimuli that were either in the prototypical 
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front mid-vowel contrast, there were statistically significant differences in the response 

time between the Spanish-dominant and Catalan-dominant bilinguals when responding to 

stimuli along the back mid-vowel space. These results, taken together with the differing 

identification patterns between both dominance groups, suggest that the Spanish-

dominant bilinguals were less accurate and took longer to respond when identifying 

stimuli along the back mid-vowel contrast. Figure 4.8 shows the response times as a 

function of stimulus for each language dominance group. 

 

 

Figure 4.8. Response time (ms) along the /o/-/ɔ/ continuum 

4.3.3. Discussion 

The aim of these identification tasks was to focus on the potential difficulties that 
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bilinguals in Majorca. The results from the identification tasks show that both language 

dominance groups identify synthesized stimuli along a continuum, and as a result 

perceive two distinctive phonemes in the mid-vowel phonetic space. For the mid-front 

vowel contrast, both dominance groups similarly identified the stimuli along the 

continuum with a similar perceptual pattern across the /e/ and /ɛ/ categorical boundaries, 

and responded faster to the stimuli in the ‘prototypical’ /e/ or /ɛ/ region than in the steps 

in between. For the back mid-vowel contrasts, even though the results indicate that both 

language dominance groups categorically identified the synthesized stimuli along the /o/-

/ɔ/ continuum, Spanish-dominant and Catalan-dominant bilinguals differed in their 

performance. Specifically, there were significant differences between both groups in their 

responses to stimuli that were closer to the Catalan-specific /ɔ/ acoustic region. This 

indicates that the back mid-vowel contrast may have been more difficult to perceive for 

Spanish-dominant bilinguals. Additionally, Spanish-dominant bilinguals had longer 

response times to identify stimuli along the back mid-vowel contrast.  

4.4. EXPERIMENT 3: AX DISCRIMINATION 

To further test the perception of the mid-vowel contrasts by these early bilinguals, 

the same Spanish-Catalan bilingual participants completed two AX discrimination tasks. 

This task differs from the previous identification experiment in that the participant is 

introduced to two stimuli, and has to determine whether the two stimuli in a trial are the 

same or different. The main goal of this experiment is to further explore the boundary 

where Catalan-dominant and Spanish-dominant bilinguals separate both Catalan-specific 

mid-vowel categories.  
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4.4.1. Methodology 

4.4.1.1. Materials 

In the AX discrimination tasks for each mid-vowel contrast, the stimuli were 

drawn from the same seven-step continua used in the previous identification tasks (see 

section 4.3.1.1 for a detailed description of the stimuli). For each of the seven steps, there 

was a ‘same’ pair created in which both sounds are identical (e.g. s1-s1, s2-s2, etc.) 

resulting in a total of seven ‘same’ pairs for each mid-vowel contrast. Additionally, five 

‘different’ pairs were created. These ‘different’ pairs consisted of a combination of two 

different sounds in two-step increments (e.g., s1-s3, s2-s4, etc.). 

4.4.1.2. Procedure 

Participants completed the AX discrimination tasks for the front and back mid-

vowel contrasts in separate experiments that were run using SuperLab 4.5 on a Mac 

computer. The experiments were conducted in a quiet room and participants listened to 

the stimuli on a set of headphones at a self-adjusted volume in front of the computer. 

Participants were asked to press the button box on a USB Response Pad (RB-730) as fast 

and as accurately as possible after listening to each stimulus. Participants listened to the 

‘same’ and ‘different’ pairs, and were instructed to press either of two buttons depending 

if they considered that they had heard two physically identical sounds, or if the sounds in 

the pair were different. The ‘same’ and ‘different’ trials appeared in randomized order. 

Figure 4.9 shows the visual stimuli that appeared on the screen while participants 

completed the experiment.  
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Figure 4.9. Visual stimuli for the AX discrimination tasks 

For each task (front and back mid-vowels), participants responded to 108 trials: 

12 practice trials (one full block of ‘same’ and ‘different’ stimuli) + 96 randomized test 

trials (12 stimuli x 10 repetitions). In other words, the experimental data consisted of 8 

blocks of 12 randomized trials (7 ‘same’ and 5 ‘different’). After 4 blocks the participants 

were allowed to take a short break.  

To summarize, there were 12 trials x 8 repetitions x 60 participants for each AX 

discrimination task, which resulted in a total of 5,760 possible responses for each 

discrimination task. A non-response was recorded if the subject did not press a key in the 

3-second interval allowed. There were a total of 50 non-responses for the mid-front 

discrimination task, and 61 non-responses for the mid-back discrimination task.  

4.4.2. Results 

The statistical analyses for the AX discrimination tasks consisted of two separate 

ANOVAs for each mid-vowel contrast. Only the ‘different’ stimuli were included in the 

statistical analyses. The dependent variable was the proportion of correct responses (i.e., 

proportion of ‘different’ responses when the stimulus is ‘different’). The data were 

analyzed using the R statistical program (R Development Core Team, 2012). The 

following sections present the results for each mid-vowel contrast separately. 



98 
 

4.4.2.1. Front mid-vowel contrast /e/-/ɛ/ 

The /e/-/ɛ/ data from the AX discrimination task were analyzed in a mixed-model 

ANOVA with language dominance (Spanish-dominant, Catalan-dominant) as between-

subjects factor, stimulus (1-3, 2-4, 3-5, 4-6, 5-7) as within-subjects factor, and subject as 

the random term. The dependent variable was the proportion of correct responses. The 

analysis yielded a main effect of stimulus (F(4,232) = 55.98, p < 0.001), however, no 

effects of language dominance were found (F(1,58) =.01, n.s), and there was not a 

significant interaction between stimulus and language dominance (F(4,232) =.88, n.s).  

 

Figure 4.10. Discrimination of the /e/-/ɛ/ ‘different’ pairs  

These results indicate that only stimulus was an important factor in the model, and 

as shown in Figure 4.10, both Spanish-dominant and Catalan-dominant participants show 

the same peak in their discrimination performance, for the 4-6 stimulus pair. 
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Additionally, a drop in accuracy is especially noted on the first pairs (e.g., 1-2, 2-4), in 

the neighborhood of the Catalan /e/ phoneme prototype.  

In order to analyze the response time data, a dataset was created including the 

median response times over subjects as a condition of stimulus, for the ‘different’ pairs 

(five values per subject). This dataset excluded the incorrect responses and also the 

responses over a 3-second interval. The response time dataset was submitted to a mixed-

model ANOVA with language dominance as between-subjects factor, stimulus (1-3, 2-4, 

3-5, 4-6, 5-7) as within-subjects factor, and subject as the random term. The model 

revealed a significant effect of stimulus (F(4,210) = 8.10, p < 0.001), but not an effect of 

language dominance (F(1,52) = 2.64, n.s). There was also no interaction between 

stimulus and language dominance (F(2,210) =.53, n.s). These results indicate that both 

groups responded faster to certain stimuli. Specifically, the responses were significantly 

faster for 3-5 and 4-6, precisely where there is a peak in perceptual accuracy, suggesting 

not only that both bilingual groups partition the continuum into two phonemic categories 

separated by the same boundary (4-6), but that these participants processed the stimuli 

that separated both categories faster. Conversely, in addition to a higher error rate in 

responding to the stimuli in the neighborhood of the /e/ prototype, participants also took 

longer to respond to these stimuli. Finally, there were no significant differences in the 

response times of Spanish-dominant and Catalan-dominant bilinguals. Figure 4.11 shows 

the response times as a function of stimulus for each language dominance group. 
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Figure 4.11. Response time (ms) in the AX discrimination task along the /e/-/ɛ/ 
continuum 

4.4.2.2. Back mid-vowel contrast /o/-/ɔ/ 

As in the analysis of the front mid-vowels, the /o/-/ɔ/ data were analyzed in a 

mixed-model ANOVA with language dominance (Spanish-dominant, Catalan-dominant) 

as between-subjects factor, stimulus (1-3, 2-4, 3-5, 4-6, 5-7) as within-subjects factor, 

and subject as the random term. The dependent variable was the proportion of correct 

responses. The analysis yielded a main effect of stimulus (F(4,232) = 42.76, p < 0.001), 

and there was a significant interaction between stimulus and language dominance 

(F(4,232) = 3.01, p < 0.05). However, there were no effects of language dominance 

(F(1,58) =.13, n.s). In order to explore the interaction between stimulus and language 

dominance, the potential differences between the responses of Spanish-dominant and 

Catalan-dominant bilinguals for each stimulus were analyzed in five Bonferroni-

corrected paired t-tests. The analyses revealed that there were no significant differences 
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between both groups in any of the analyses. Again, these results show that responses 

from both the Spanish-dominant and Catalan-dominant groups pattern very similarly. 

Specifically, both groups show a peak in discrimination accuracy on the 3-5 pair. This 

heightened sensitivity suggests that the boundary where both dominance groups partition 

the continuum into two distinctive categories is located between s3 and s5. Conversely, 

an accuracy drop is noted in both /o/ and /ɔ/ acoustic regions, as shown in Figure 4.12.  

 

Figure 4.12. Discrimination of the /o/-/ɔ/ ‘different’ pairs 

Response time data were analyzed in a separate dataset, which included the 

median response times over subjects as a condition of stimulus (five values per subject). 

The response time dataset was submitted to a mixed-model ANOVA with language 
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effects, and no interactions. These results reveal that the stimuli did not affect the 

response times, and that Spanish-dominants did not differ from Catalan-dominants in 

their processing speed when responding to the back mid-vowel pairs. Figure 4.13 shows 

the response times as a function of stimulus for each language dominance group. 

 

Figure 4.13. Response time (ms) in the AX discrimination task along the /o/-/ɔ/ 
continuum 

4.4.3. Discussion 

The main goal of the AX discrimination tasks was to further examine the 

perceptual abilities of these early Spanish-Catalan bilinguals regarding the Catalan-

specific mid-vowel contrasts. The results from the AX discrimination tasks reveal that 

both dominance groups distinguished different stimuli more accurately in the boundary 

that separates both mid-vowel phonemic categories. This peak in their discrimination 

performance suggests that both these Majorcan Spanish-dominant and Catalan-dominant 

bilinguals share the same acoustic limit separating the mid-vowel categories. The analysis 
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of the front mid-vowel contrast indicated that both dominance groups show higher 

accuracy and respond faster to the 4-6 pair, suggesting that this region is the point of 

partition into two separate front mid-vowel categories. As for the back mid-vowel 

contrast, there were also no significant differences in the perceptual patterns and response 

times between Spanish-dominant and Catalan-dominant bilinguals. Furthermore, both 

dominance groups showed a peak in discrimination accuracy in the same stimulus, 

suggesting again a heightened sensitivity due to the phonemic discrimination between 

both back mid-vowel categories.  

To summarize, the results of the AX discrimination tasks add to the previous 

findings from the identification tasks in demonstrating that these Spanish-Catalan 

bilinguals in Majorca, independently of their language dominance, perceive the 

distinctive mid-vowel phonemes in Catalan.  

4.5. SUMMARY OF RESULTS 

The experiments presented in this chapter have explored the perception abilities 

of early Spanish- and Catalan-dominant bilinguals in Majorca who have been raised in a 

bilingual community and who have been exposed to both languages from a very early 

age. The overarching questions of this study were whether early Spanish-Catalan 

bilinguals in Majorca are able to perceive the differences between Catalan /e/-/ɛ/ and /o/-

/ɔ/. Do these bilinguals have two mid-vowel phonemes in their phonetic inventory where 

Spanish has one? Do they perceive two different sounds in different acoustic regions? 

Additionally, these experiments were designed to test if Spanish-dominant bilinguals are 

able to perceive these Catalan-specific contrasts. Contrary to the results reported 

previously for bilinguals in Barcelona, the results show that Spanish-Catalan bilinguals in 

Majorca who have learned Catalan from a very early age are able to perceive the contrast 
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between the Catalan /e/-/ɛ/ and /o/-/ɔ/ categories. Furthermore, these Spanish-Catalan 

bilinguals in Majorca possess two independent phonetic categories in the mid-vowel 

space, and as a result perceive both Catalan-specific categories despite the overlap with 

one phonetic category in their dominant language (i.e., Spanish). The results of this study 

depart from previous studies of Spanish-Catalan bilinguals in Barcelona, as Spanish-

dominant bilinguals in Majorca are clearly not ‘deaf’ to the Catalan-specific vowel 

contrasts. Actually, they do well at identifying the stimuli as either a higher or lower-mid 

vowel in both the front and back mid-vowel space.  
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5. Production of Spanish and Catalan mid-vowels 

5.1. INTRODUCTION 

This chapter presents an acoustic analysis of the realization of the Catalan-

specific /e/-/ɛ/ and /o/-/ɔ/ contrasts by early Spanish-Catalan bilinguals in Majorca. The 

production of the Catalan mid-vowels is compared to the Spanish mid-vowels in order to 

investigate the relative acoustic distance between the Catalan and Spanish categories as 

produced by dominant and non-dominant speakers of each language. In addition, this 

chapter examines cognate effects on the acoustic realization of phonetic segments to test 

if cognate lexical items are more susceptible to phonetic transfer than non-cognates.  

As mentioned above, Catalan has four phonemic mid-vowels (/e/, /ɛ/, /o/, /ɔ/), 

whereas Spanish has two (/e/, /o/). Previous acoustic studies have indicated that urban 

varieties of Catalan in Catalonia are losing the mid-vowel height contrast. These changes 

in the Catalan vowel system, which have been attributed to Catalan contact with Spanish, 

are thought to be contributing to a merger of the mid-vowels resulting a tendency to 

pronounce /ɛ/ as /e/, and /ɔ/ as /o/ (Cortés et al., 2009; Herrick, 2006; Lleó et al., 2007, 

2008, 2009; Pla, 1995; Recasens, 1991, 1993).  

While much is known about the perception and production patterns of Spanish-

Catalan bilinguals in Barcelona, the production of Catalan and Spanish mid-vowels in 

bilingual communities outside of this urban center largely remains to be investigated. 

Recasens and Espinosa (2006, 2009) and Carrera-Sabaté and Fernández-Planas (2005) 

have conducted recent acoustic investigations on the vowel systems of a variety of 

Catalan dialects, and specifically for Majorcan Catalan, their results showed that the mid-

vowel contrasts are robustly maintained in production, and that the magnitude of the 

acoustic difference between /e/-/ɛ/ and /o/-/ɔ/ is larger for Majorcan Catalan than for 
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other dialects of Catalan. Given that previous studies have indicated that increased use of 

Spanish drives variation in the production of the Catalan mid-vowels towards a partial 

merger with the Spanish vowel system, Spanish-dominant bilinguals may not achieve 

native-like attainment in their production of Catalan-specific vowel contrasts (Simonet, 

2011). In other words, the acoustic distance between both mid-vowel categories may be 

considerably smaller in comparison to those of Catalan-dominants. Another possibility 

that is tested in these production experiments is that the mid-vowel acoustic targets may 

vary as a function of the lexical item being produced. Thus, a central goal of this chapter 

is to explore lexical effects (i.e., cognate status) in the production patterns of these 

bilinguals to determine if the acoustic properties of cognates facilitate phonetic 

interference between these mid-vowels in Catalan and Spanish. 

The same sixty Spanish-Catalan bilinguals who participated in the perception 

experiments in Chapter 4 (see Section 3.4.3 for more details) completed the picture-

naming tasks in Spanish and Catalan. The study of the production patterns of early 

Spanish-Catalan bilinguals and the acoustic realizations of language-specific targets in 

cognate and non-cognate lexical items is designed to capture the possible interaction 

between the sounds of the dominant and non-dominant languages. The research questions 

are the following: 

(1) What are the effects of language dominance in the production of the Catalan and 

Spanish mid-vowels? Are the productions of Spanish-dominant bilinguals in 

Majorca indistinguishable from those of Catalan-dominant bilinguals? Or do these 

dominance groups produce the Catalan and Spanish mid-vowels differently?   

(2) Is phonetic interference increased in the production of cognates? Does cognate 

status affect the native-like acoustic realization of these mid-vowels? 
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In order to investigate the research questions stated above, two production 

experiments (in Spanish and Catalan) were conducted, which are detailed below.  

5.2. METHODOLOGY 

5.2.1. Materials 

The production of the target Catalan and Spanish mid-vowels was elicited in a 

picture-naming task. Pictorial representations of lexical item were selected instead of the 

written form to avoid orthographic effects in a reading-aloud task. The stimuli for this 

experiment consisted of illustrations representing non-ambiguous objects.12 The Spanish 

and Catalan picture-naming tasks were carried out separately. The Catalan production 

task elicited lexical items containing the target mid-vowels /e/, /ɛ/, /o/ and /ɔ/ in stressed 

position for cognate and non-cognate lexical items, while the Spanish task elicited 

cognate and non-cognate lexical items with /e/ and /o/ in stressed position. Although the 

phonological match between cognates in two languages is seldom ever perfect, 

correspondences noted between lexical items in two languages have been shown to more 

likely involve similarities at the phonological level rather than meaning or etymological 

history (Carroll, 1992). For this purpose, cognate items in this study consist of words that 

are phonologically, orthographically and semantically similar. Examples of cognate 

lexical items are Spanish bandera /bandera/ and Catalan bandera /bənderə/ ‘flag’, or 

Spanish boca /boka/ and Catalan boca /bokə/ ‘mouth’. Contrary to the cognate items, the 

Catalan non-cognate items used in this study are words that do not have an 

orthographically or phonologically similar translation equivalent in the other language 

(i.e., Catalan ulleres and Spanish gafas ‘glasses’, or Catalan porc and Spanish cerdo 

                                                
12 Illustrations were taken from Snodgrass and Vanderwart (1980) and the Internet.  
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‘pig’). To ensure that the Spanish-Catalan bilingual participants in fact perceived the 

cognate experimental items as being similar in form and meaning, the list of cross-

language pairs were rated by a panel of 10 Spanish-dominant and 10 Catalan-dominant 

bilinguals (See Appendix D for similarity ratings). The bilingual judges rated Spanish-

Catalan word pairs on a similarity scale (10= “extremely similar”, 0= “extremely 

different”), and the ratings for the cross-language pairs were submitted to a one-way 

ANOVA to ensure that cognate and non-cognate items were rated differently. The 

analysis confirmed that the ratings for cognate pairs (M=9.21, SD=0.48) and non-cognate 

pairs (M=2, SD=1.14) were significantly different (F(1, 47) = 704.3, p < 0.001).  

Cognate items were subdivided into words containing a stressed mid-vowel in 

Spanish and a higher-mid vowel in Catalan (‘congruent’: Spanish /e/-Catalan /e/; Spanish 

/o/-Catalan /o/), and lexical items with a stressed mid-vowel in Spanish and a lower-mid 

vowel in Catalan (‘incongruent’: Spanish /e/-Catalan /ɛ/; Spanish /o/-Catalan /ɔ/). See 

Appendix E for the full list of stimuli. In order to ensure that the lexical conditions 

examined were matched for word frequency, the frequency counts of congruent cognates, 

incongruent cognates, and non-cognates in Catalan and Spanish were compared 

separately. The Catalan word frequency was based on written word frequency in non-

literary texts (Rafel i Fontanals, 1998). For the front mid-vowel cognate and non-cognate 

items, written word frequency (average tokens per million) for congruent cognate 

(M=1571.6, SD=1614.1), incongruent cognate (M=1905, SD=1054.8), non-cognate with 

/e/ (M=1271.4, SD=1647.8) and non-cognate with /ε/ (M=1042.8, SD=1347.6) did not 

differ significantly (F(3,19)=.786, n.s). As for the back mid-vowel cognate and non-

cognate items, congruent cognate (M=1648.8, SD=1779.2), incongruent cognate 

(M=2864, SD=2053.8), non-cognate with /o/ (M=1406, SD=1165.1) and non-cognate 
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with /ɔ/ (M=1223, SD=1506.4) were not significantly different (F(3,19)=1.997, n.s). The 

Spanish word frequency was based on the SUBTLEX-ESP corpus (Cuetos et al., 2011). 

For the front mid-vowel cognate and non-cognate items, word frequency (average tokens 

per million) for congruent cognate (M=1840, SD=632.8), incongruent cognate 

(M=2091.2, SD=2151.6), and non-cognate (M=2742, SD=2951.6) did not differ 

significantly (F(2,12)= 1.33, n.s). As for the back mid-vowel cognate and non-cognate 

items, congruent cognate (M=2246.8, SD=2249.1), incongruent cognate (M=1926.4, 

SD=1126.7), and non-cognate (M=1497, SD=1072.8) were not significantly different 

(F(2,12)=1.738, n.s). A sample of cognates and non-cognates used in the picture-naming 

tasks is shown in Table 5.1. 

Table 5.1. Sample stimuli  

Spanish  Catalan  Cognate 
status  

English Spanish 
vowel 

Catalan 
vowel  

Picture 

Bota 
 

Bota cognate ‘boot’ /o/ /o/ 
 

Flor 
 

Flor cognate ‘flower’ /o/ /ɔ/ 
 

Cerdo 
 

Porc Non-
cognate 

‘pig’ n.a /ɔ/ 
 

Hoja 
 

Fulla Non-
cognate 

‘leaf’ /o/ n.a 
 

Manzana 
 

Poma Non-
cognate 

‘apple’ n.a /o/ 

 

5.2.2. Procedure 

The picture-naming task was conducted individually in a quiet room with 

participants comfortably seated in front of a computer display. Participants were told that 

the study involved naming pictures on a computer screen and that their speech would be 
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recorded for subsequent acoustic analysis. Following the instructions, participants were 

presented with the entire set of pictures in randomized order and each picture appeared 

together with the first letter of the target word. The order of presentation of both 

languages was counterbalanced across all participants, with half of the participants 

completing the Catalan naming task after the Spanish one, and the other half following 

the opposite order. Each picture appeared on a computer screen for five seconds and 

participants were asked to name the experimental word by embedding the target item in a 

carrier phrase, e.g. “Dicen TARGETWORD cada día” (Spanish) and “Diuen 

TARGETWORD cada dia” (Catalan) ‘(They) say TARGETWORD every day’, and to 

pronounce “as clearly as possible and with a natural pace, speaking neither too quickly 

nor too slowly.”  

 

 

Figure 5.1. Visual stimuli for the Catalan (left) and Spanish (right) picture-naming tasks 

Each language task contained 4 randomized blocks. The Catalan block contained 

40 experimental items, while the Spanish block contained 30, for a total of 70 

experimental items eliciting the mid-vowels in Catalan and Spanish. Because each picture 
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appeared four times (once in each block), each participant produced 280 tokens (160 in 

Catalan, 120 in Spanish). A total of 16,800 tokens, 9,600 in Catalan and 7,200 in Spanish, 

were recorded from the productions of 60 Spanish-Catalan bilinguals. Because 15 tokens 

in Catalan and 3 tokens in Spanish were excluded due to recording errors, or 

mispronunciations, the dataset comprised a total of 16,782 measurements.  

The speech samples for all participants were recorded using a head-mounted 

microphone (Shure SM10A) and a solid-state digital recorder (Marantz PMD660), 

digitized (44kHz, 16 bit quantization), and computer-edited for subsequent acoustic 

analysis. 

5.2.3. Acoustic analysis 

Vowels were segmented with Praat (Boersma and Weenink, 2012) using 

synchronized waveform and spectrographic displays. Praat scripts were run to parse each 

participant’s recording into individual files for each target item, and text grids were 

created by manually marking the vowel boundaries in each token. The boundaries of each 

vowel were determined by examining the waveform, spectrogram, and the intensity 

curve. Formant trajectories, especially the trajectory of the second formant (F2), as well 

as intensity displays were taken as indicators of vowel onsets and offsets. The onset of 

the vowel was marked as the beginning of the first voiced cycle where F2 was visible 

and/or the intensity was similar to that of the vowel’s midpoint (for voiceless obstruents), 

after the release (for voiced stops), the beginning of the first cycle in which F2 was 

visible and darkened (for fricatives), and at the beginning of the increase in intensity (for 

nasals and laterals). The end of the vowel was marked by the disappearance of F2, on the 

last pitch period (before stops and voiceless fricatives), the beginning of the decline in 

intensity and the lowering of F2 (before nasals and laterals), and the onset of frication and 
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decrease in intensity (before voiced fricatives). When the neighboring segment was an 

approximant, the onset and offset of the vowel was identified at the beginning of the 

transitional period between approximant and vowel. Finally for diphthongs, the formant 

values were calculated at the center-point of the steady-states (i.e., regions of stability 

with formant differences between timepoints close to zero) in the target vowel of the two 

adjacent vowels to avoid transitions.  

Vowel measurements (F1 and F2) were automatically extracted at the center of 

the steady-state period of the vowel, together with the duration of the vowel (ms) using a 

Praat script. Formant tracks were calculated with the Burg algorithm (Anderson, 1974) 

as built into the Praat program. The effective window length for the calculation was set 

at 25ms, and was maintained across tokens and speakers. The maximum number of 

formants to be located by the formant tracker was always 5, and the ceiling was set at 5.0 

kHz for males and 5.5 kHz for females. These gender-specific formant ceilings reflect the 

different average vocal tract lengths of men versus women and were deemed appropriate 

after visual inspection of the sound files. Formant values were extracted in Hertz and 

were further converted to Bark, using the Hz-to-Bark function available in Praat. The 

bark scale is a logarithmic psychoacoustic scale that ranges from 1-24, and is a measure 

of frequency based on the critical bandwidths of hearing believed to reflect human 

perception (Johnson, 2003; Traunmüller, 1990; Zwicker, 1961).  

It has been acknowledged that the raw formant frequencies of different speakers 

are not directly comparable because of inter-speaker variation due to inherent 

physiological or anatomical differences (Clopper 2009; Disner 1980; Hindle 1978; 

Thomas 2002; Thomas and Kendall 2007; Watt et al., 2010). Specifically, vocal tract 

length varies by gender and age, such that men, who typically have longer vocal tracts, 
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tend to produce vowels at lower frequency ranges than women and children (Hillenbrand 

et al., 1995; Peterson and Barney, 1952). In order to permit accurate cross-speaker 

comparisons of formant data, different vowel formant normalization procedures have 

been proposed (Thomas and Kendall, 2007). However, there are still doubts about the 

effectiveness of these normalization methods and there is a lack of consensus over which 

available normalization algorithm is best to use (Flynn, 2011). Normalization techniques 

have been acknowledged to have drawbacks (Adank et al., 2004) and Thomas (2002:174) 

argues that “choosing which normalization technique to use is ultimately a matter of 

deciding which drawbacks are tolerable for the study at hand.” Because of this, the 

preferred option to analyze the Spanish-Catalan bilingual production data was perhaps a 

more conservative one: investigating the formant values in Bark of males and females 

separately.  

5.3. RESULTS 

The statistical analyses of the production data consisted of a series of ANOVAs 

on the F1 (height) and F2 (fronting) for the front and back mid-vowels on both Catalan 

and Spanish vowel data. First, the productions in both languages are compared to 

investigate the relationship (i.e., relative acoustic distance) between the Catalan and 

Spanish mid-vowels. Second, the Catalan mid-vowels produced by Spanish-dominant 

and Catalan-dominant bilinguals are examined to determine whether Spanish-Catalan 

bilinguals maintain two different acoustic distributions for each mid-vowel contrast in 

Catalan. The Catalan F1 and F2 values are submitted to mixed-design ANOVAs and the 

results of correlations between the Bilingual Language Profile (BLP) score and the 

Euclidean distance between the mid-vowel targets are also reported. The condition of 

cognate status is included in the statistical models to explore the possibility that these 
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bilinguals may transfer the phonetic categories of their dominant language to their non-

dominant language, and specifically to test if interference between the categories in both 

languages is increased in the production of cognates. Finally, the variables of cognate 

effects and language dominance are also examined on the production of the Spanish mid-

vowels.  

To summarize, the analyses are presented in the following order: a comparison 

between the Catalan and Spanish mid-vowels, the acoustic distributions of the Catalan 

mid-vowel contrasts, and the production of the Spanish mid-vowels by the Catalan-

dominant and Spanish-dominant participants analyzed separately by gender.  

5.3.1. Comparison between Catalan and Spanish mid-vowels 

In this section the Catalan mid-vowel productions of Catalan-dominant and 

Spanish-dominant bilinguals are examined alongside their Spanish productions. In 

particular, the Catalan and Spanish front mid-vowels are compared first, followed by the 

back mid-vowels in both languages. Datasets of by-subjects aggregates were created 

including the median F1 and F2 values over subjects as a condition of vowel (six values 

per participant).13 The F1 and F2 mid-vowel data were submitted to a series of mixed-

model ANOVAs with language dominance (Spanish-dominant, Catalan-dominant) as 

between-subjects factor, vowel (Spanish /e/, Catalan /e/, Catalan /ɛ/ for the front vowels; 

Spanish /o/, Catalan /o/, Catalan /ɔ/ for the back vowels) as within-subjects factor, and 

subject as the random term. The following sections present the results for the Catalan and 

Spanish front and back mid-vowels separated by gender.  

 

                                                
13 Taking the median rather than the mean has been claimed to reduce the effect of formant measurement 
errors (Escudero and Boersma, 2009). 
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5.3.1.1. Female Spanish-Catalan bilinguals 

5.3.1.1.1. Catalan and Spanish front mid-vowels (Spanish /e/, Catalan /e/ and /ɛ/) 

F1 (Height). The mixed-design ANOVA yielded a significant main effect of 

vowel (F(2,64) = 267.57, p < 0.001), but no effect of language dominance (F(1,32) = 

0.65, n.s). The model also yielded a significant interaction between vowel and language 

dominance (F(2,64) = 5.53, p < 0.01). The interaction was explored by analyzing the 

effects of vowel for each language dominance group separately. For Catalan-dominants, 

Bonferroni-corrected pairwise comparisons yielded significant differences between 

Spanish /e/ and Catalan /ɛ/ (diff.=-1.43, t(12) = -17.92, p<0.001), but not between 

Spanish /e/ and Catalan /e/ (diff.=-0.05, t(12) = 0.74, n.s). For Spanish-dominants, 

Bonferroni-corrected pairwise comparisons yielded significant differences between 

Spanish /e/ and Catalan /ɛ/ (diff.=-1.10, t(20) = -12.81, p<0.001), but not between 

Spanish /e/ and Catalan /e/ (diff.=-0.02, t(20) = -0.38, n.s). These results indicate that 

Spanish /e/ is different from Catalan /ɛ/ in height but is identical to Catalan /e/ for both 

female language dominance groups. 

F2 (Fronting). The analysis of F2 revealed a significant main effect of vowel 

(F(2,64) = 47.60, p < 0.001), but no effect of language dominance (F(1,32) = 0.002, n.s). 

There was also no significant interaction between vowel and language dominance 

(F(2,64) = 0.39, n.s). Vowel differences were further explored in two Bonferroni-

corrected pairwise comparisons, yielding significant F2 differences between Spanish /e/ 

and Catalan /ɛ/ (diff.=0.66, t(33) = 7.62, p<0.001), but not between Spanish /e/ and 

Catalan /e/ (diff.=-0.15, t(33) = -1.73, n.s). These results indicate that there were no 

differences in the mid-vowel productions of female Catalan- and Spanish-dominant 
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bilinguals, and that Spanish /e/ is different from Catalan /ɛ/ in fronting, but appears to be 

identical to Catalan /e/.  

5.3.1.1.2. Catalan and Spanish back mid-vowels (Spanish /o/, Catalan /o/ and /ɔ/) 

F1 (Height). The mixed-design ANOVA yielded a significant main effect of 

vowel (F(2,64) = 195.65, p < 0.001), but no effect of language dominance (F(1,32) = 

0.92, n.s). The model also yielded a significant interaction between vowel and language 

dominance (F(2,64) = 6.79, p < 0.01). The interaction was explored by analyzing the 

effects of vowel for each language dominance group separately. For Catalan-dominants, 

Bonferroni-corrected pairwise comparisons yielded significant differences between 

Spanish /o/ and Catalan /ɔ/ (diff.=-1.47, t(12) = -18.87, p<0.001), and between Spanish 

/o/ and Catalan /o/ (diff.=-0.11, t(12) = -2.87, p<0.01). For Spanish-dominants, 

Bonferroni-corrected pairwise comparisons yielded significant differences between 

Spanish /o/ and Catalan /ɔ/ (diff.=-1.23, t(20) = -13.37, p<0.001), and also between 

Spanish /o/ and Catalan /o/ (diff.=-0.41, t(20) = -5.06, p<0.001). These results indicate 

that Spanish /o/ is robustly different in acoustic height from both Catalan /o/ and /ɔ/ for 

both female Spanish-dominant and Catalan-dominant participants. 

F2 (Fronting). The analysis of F2 revealed a significant main effect of vowel 

(F(2,64) = 113.61, p < 0.001), but no effect of language dominance (F(1,32) = 0.02, n.s). 

There was also no significant interaction between vowel and language dominance 

(F(2,64) = 1.24, n.s). The data were further explored by dividing the dataset into two 

subsets as a function of language dominance. For Catalan-dominants, there were 

significant differences between Spanish /o/ and Catalan /ɔ/ (diff.=-1.05, t(12) = -9.34, 

p<0.001) but not between Spanish /o/ and Catalan /o/ (diff.=-0.19, t(12) = -1.87, n.s). For 
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Spanish-dominants, there were significant differences between Spanish /o/ and Catalan 

/ɔ/ (diff.=-1.01, t(20) = -9.64, p<0.001), but not between Spanish /o/ and Catalan /o/ 

(diff.=-0.36, t(20) = -1.35, n.s). These results indicate the Spanish /o/ was different in 

fronting to Catalan /ɔ/ for both female language dominance groups, but Spanish /o/ and 

Catalan /o/ were found not to be different along the F2 dimension.  

Figure 5.2 displays two F1 x F2 vowel charts plotting the Catalan and Spanish 

front and back mid-vowels produced by female Catalan-dominant and Spanish-dominant 

bilinguals. Inspection of these vowel plots suggests that Spanish /e/ is different from 

Catalan /ɛ/ in height and fronting, however Spanish /e/ is identical to Catalan /e/. An 

investigation of the back mid-vowels indicates that there is a more robust difference 

between the back mid-vowel categories, with Spanish /o/ being produced differently in 

height than Catalan /o/ and /ɔ/, however with no differences between Spanish /o/ and 

Catalan /o/ in the F2 dimension.  

 

Figure 5.2. Bark converted F1 and F2 of Catalan and Spanish mid-vowels produced by 
female Spanish-Catalan bilinguals as a function of vowel and language 
dominance. Spanish vowels (diamond) and Catalan vowels (bullet) 
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5.3.1.2. Male Spanish-Catalan bilinguals 

5.3.1.2.1. Catalan and Spanish front mid-vowels (Spanish /e/, Catalan /e/ and /ɛ/) 

F1 (Height). The mixed-design ANOVA yielded a significant main effect of 

vowel (F(2,48) = 284.16, p < 0.001), but no effect of language dominance (F(1,24) = 

0.18, n.s). The model also yielded a significant interaction between vowel and language 

dominance (F(2,48) = 2.97, p < 0.05). This interaction was explored by analyzing the 

effects of vowel for each language dominance group separately. For Catalan-dominants, 

Bonferroni-corrected pairwise comparisons yielded significant differences between 

Spanish /e/ and Catalan /ɛ/ (diff.=-1.17, t(16) = -17.46, p<0.001), but not between 

Spanish /e/ and Catalan /e/ (diff.=0.03, t(16) = 0.95, n.s). For Spanish-dominants, 

Bonferroni-corrected pairwise comparisons also yielded significant differences between 

Spanish /e/ and Catalan /ɛ/ (diff.=-0.98, t(8) = -9.12, p<0.001), but not between Spanish 

/e/ and Catalan /e/ (diff.=-0.04, t(8) = -0.56, n.s). These results indicate that Spanish /e/ is 

different from Catalan /ɛ/ in height but is identical to Catalan /e/, and both male language 

dominance groups similarly produced the mid-vowel categories in both languages.  

F2 (Fronting). The analysis of F2 revealed a significant main effect of vowel 

(F(2,48) = 131.71, p < 0.001), but no effect of language dominance (F(1,24) = 0.02, n.s). 

There was also no significant interaction between vowel and language dominance 

(F(2,48) = 2.08, n.s). Vowel differences were further explored in two Bonferroni-

corrected pairwise comparisons, yielding significant F2 differences between Spanish /e/ 

and Catalan /ɛ/ (diff.=0.61, t(25) = 10, p<0.001), but not between Spanish /e/ and Catalan 

/e/ (diff.=0.34, t(25) = 2.05, n.s). These results indicate that there were no differences in 

the mid-vowel productions of male Catalan- and Spanish-dominant bilinguals, and that 

Spanish /e/ is different from Catalan /ɛ/ in fronting, but is identical to Catalan /e/.  
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5.3.1.2.2. Catalan and Spanish back mid-vowels (Spanish /o/, Catalan /o/ and /ɔ/) 

F1 (Height). The mixed-design ANOVA yielded a significant main effect of 

vowel (F(2,48) = 200.75, p < 0.001), but no effect of language dominance (F(1,24) = 

0.14, n.s). There was also no significant interaction between vowel and language 

dominance (F(2,48) = 0.42, n.s). The data were further explored by dividing the dataset 

into two subsets as a function of language dominance. It was found that for Catalan-

dominants, there were significant differences between Spanish /o/ and Catalan /o/ (diff.=-

0.09, t(16) = -3.57, p<0.01) and between Spanish /o/ and Catalan /ɔ/ (diff.=-0.96, t(16) = -

17.19, p<0.001). For Spanish-dominants, there were also significant differences between 

between Spanish /o/ and Catalan /o/ (diff.=-0.97, t(8) = -9.89 p<0.001), and Spanish /o/ 

and Catalan /ɔ/ (diff.=-0.95, t(8) = -9.52, p<0.001). These results indicate that the Spanish 

/o/ is robustly different in acoustic height from both Catalan /o/ and /ɔ/, for both male 

Spanish-dominant and Catalan-dominant participants. 

F2 (Fronting). The analysis of F2 revealed a significant main effect of vowel 

(F(2,48) = 68.76, p < 0.001) but no effect of language dominance (F(1,24) = 0.16, n.s). 

There was also no significant interaction between vowel and language dominance 

(F(2,48) = 1.26, n.s). The data were further explored by dividing the dataset into two 

subsets as a function of language dominance. For Catalan-dominants, there were 

significant differences between Spanish /o/ and Catalan /ɔ/ (diff.=-0.78, t(16) = -7.31, 

p<0.001) but not between Spanish /o/ and Catalan /o/ (diff.=-0.02, t(16) = -0.21, n.s). For 

Spanish-dominants, there were significant differences between Spanish /o/ and Catalan 

/ɔ/ (diff.=-0.93, t(8) = -6.33, p<0.001) but not between Spanish /o/ and Catalan /o/ (diff.=-

0.27, t(8) = -1.84, n.s). These analyses revealed that there are no differences in the mid-
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vowel productions of male Catalan- and Spanish-dominant bilinguals, and that Spanish 

/o/ is different in fronting to Catalan /ɔ/, but not to Catalan /o/.  

Figure 5.3 displays two F1 x F2 vowel charts plotting the Catalan and Spanish 

front and back mid-vowels produced by male Catalan-dominant and Spanish-dominant 

bilinguals. Inspection of these vowel plots suggests that both Catalan-dominant and 

Spanish-dominant bilinguals implement a Catalan-specific /e/-/ɛ/ contrast, and that 

Spanish /e/ is similar in height and fronting to Catalan /e/. The same Catalan-specific 

contrast is maintained for /o/-/ɔ/, but in this case Spanish /o/ is produced higher than 

Catalan /o/.  

 

Figure 5.3. Bark converted F1 and F2 of Catalan and Spanish mid-vowels produced by 
male Spanish-Catalan bilinguals as a function of vowel and language 
dominance. Spanish vowels (diamond) and Catalan vowels (bullet) 
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the Catalan-specific mid-vowels differ as a function of language dominance? Do 

Spanish-dominant bilinguals produce the /e/-/ɛ/ and /o/-/ɔ/ contrast in Catalan? And does 

cognate status affect the production of the Catalan mid-vowels? Datasets of by-subjects 

aggregates were created including the median F1 and F2 values over subjects as a 

condition of vowel and cognate status (eight values per subject, two per vowel per 

cognate condition). The dataset was submitted to a mixed-model ANOVA with language 

dominance (Spanish-dominant, Catalan-dominant) as between-subjects factor, vowel (/e/, 

/ɛ/ for the front vowels; /o/, /ɔ/ for the back vowels) and cognate status (cognate, non-

cognate) as within-subjects factors, and subject as the random term. The following 

sections present the results for the Catalan front and back mid-vowels separated by 

gender. 

5.3.2.1. Front mid-vowel contrast /e/-/ɛ/ 

5.3.2.1.1. Female Spanish-Catalan bilinguals 

F1 (Height). The mixed-design ANOVA yielded significant main effects of vowel 

(F(1,32) = 270.17, p < 0.001) and cognate status (F(1,32) = 41.22, p < 0.001), but not for 

language dominance (F(1,32) = 0.04, n.s). In addition, there was a significant interaction 

between vowel and language dominance (F(1,32) = 6.56, p < 0.01), and between vowel 

and cognate status (F(1,32) = 126.96, p < 0.001). The interaction was explored by 

analyzing the effects of cognate status and language dominance for each vowel 

separately. For /e/, the model revealed a significant effect of cognate status (F(1,32) = 

100.69, p < 0.001) but no effects of language dominance (F(1,32) = 2.68, n.s) and no 

cognate status x language dominance interaction (F(1,32) = 1.52, n.s). For /ɛ/, there were 

no effects of language dominance (F(1,32) = 3.01, n.s) or cognate status (F(1,32) = 1.63, 
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n.s), and no interaction between cognate status and language dominance (F(1,32) = 0.96, 

n.s). These results indicate that both Catalan-dominant and Spanish-dominant females 

maintained robust height differences between /e/ and /ɛ/. In other words, F1 varied as a 

function of the mid-vowel that was produced. Also, cognate status was a significant 

factor for the pronunciation of /e/, but not /ɛ/.  

F2 (Fronting). The analysis of F2 revealed a significant main effect of vowel 

(F(1,32) = 86.6, p < 0.001) and an interaction between vowel and cognate status (F(1,32) 

= 86.6, p < 0.001), but no effect of cognate status (F(1,32) = 1.14, n.s) or language 

dominance (F(1,32) = 0.02, n.s), and no other interactions. As in the previous analyses of 

F1, each mid-vowel was further explored by dividing the dataset into two subsets as a 

function of vowel. For both /e/ and /ɛ/, the analyses did not reveal any differences 

between cognates or language dominance groups. These results indicate that even though 

/e/ and /ɛ/ were produced with different F2, there were no differences between Spanish-

dominant and Catalan-dominant female bilinguals in F2, and cognate status did not affect 

the acoustic characteristics of the values either.  

Figure 5.4 displays two F1 x F2 charts plotting the Catalan front mid-vowels 

produced by female dominant speakers of each language as a function of cognate status. 

The y-axis corresponds to F1 (height) and the x-axis corresponds to F2 (fronting). These 

vowel charts indicate that there is a notable acoustic difference in the production of the 

front Catalan-specific contrasts for both Catalan-dominants and Spanish-dominants. 
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Figure 5.4. Bark converted F1 and F2 of Catalan front mid-vowels produced by female 
Spanish-Catalan bilinguals as a function of cognate status (cg=cognate, 
nc=non-cognate) and language dominance 

5.3.2.1.2. Male Spanish-Catalan bilinguals 

F1 (Height). With respect to the F1 data, the ANOVA yielded significant main 

effects of vowel (F(1,24) = 295.59, p < 0.001) and cognate status (F(1,24) = 18.93, p < 

0.001), but not for language dominance (F(1,24) = 0.35, n.s). In addition, there was a 

significant interaction between vowel and language dominance (F(1,24) = 3.86, p < 0.05). 

The interaction was explored by analyzing the effects of cognate status and language 

dominance for each vowel separately. For /e/, the model revealed a significant effect of 

cognate status (F(1,24) = 73.14, p < 0.001) but no effects of language dominance 

(F(1,24) = 0.29, n.s) and no cognate status x language dominance interaction (F(1,24) = 

0.12, n.s). For /ɛ/, there were no effects of language dominance, cognate status, and no 

interaction between cognate status and dominance. Similarly to the production patterns of 

the female participants, male Catalan-dominants and Spanish-dominants maintained 

/e/-nc
/e/-cg

/ɛ/-nc/ɛ/-cg

F
1 

(B
ar

k)

F2 (Bark)

Catalan lang. : Catalan-dominant : Females

8.5

7.6

6.7

5.8

4.9

4

15 14.4 13.8 13.2 12.6 12

/e/-nc

/e/-cg

/ɛ/-nc/ɛ/-cg

F
1 

(B
ar

k)
F2 (Bark)

Catalan lang. : Spanish-dominant : Females

8.5

7.6

6.7

5.8

4.9

4

15 14.4 13.8 13.2 12.6 12



124 
 

robust height differences between /e/ and /ɛ/. In other words, F1 varied as a function of 

the mid-vowel that was produced. Cognate status was also a significant factor for the 

pronunciation of /e/, but not /ɛ/.  

F2 (Fronting). The analysis of F2 revealed a significant main effect of vowel 

(F(1,24) = 184.25, p < 0.001), but no effect of cognate status (F(1,24) = 1.06, n.s) or 

language dominance (F(1,24) = 0.05, n.s), and no other interactions. Further analyses of 

/e/ and /ɛ/ separately did not reveal any differences between cognates or language 

dominance groups. These results indicate that /e/ and /ɛ/ were produced with different F2, 

and there were no differences between the productions of male Spanish-dominant and 

Catalan-dominant bilinguals. Finally, cognate status was found not to affect the F2 of the 

vowels either.  

Figure 5.5 displays two F1 x F2 charts plotting the Catalan front mid-vowels 

produced by male dominant speakers of each language as a function of cognate status.  

 

Figure 5.5. Bark converted F1 and F2 of Catalan front mid-vowels produced by male 
Spanish-Catalan bilinguals as a function of cognate status (cg=cognate, 
nc=non-cognate) and language dominance 
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5.3.2.1.3. Euclidean Distance between Catalan /e/ and /ɛ/  

This section explores the magnitude of the Catalan /e/-/ɛ/ contrast as produced by 

Spanish-dominant and Catalan-dominant bilinguals. The acoustic distance (in Bark) 

between the Catalan /e/ and /ɛ/ vowels of all Spanish-Catalan bilingual participants was 

calculated using Euclidean distance. Euclidean distances are used to represent the two-

dimensional distance between the F1 and F2 values for the two front mid-vowels, as 

calculated in Equation 1. 

 

! !, ! = ! (!1 − !1)! + (!2 − !2)! 

Equation 1. Euclidean distance formula utilized to measure the distance between the two 
mid-vowels 

The Euclidean distance provides a quantitative measure to examine how robustly 

the contrast is maintained in the productions of each participant (See Appendix F for the 

formant values and Euclidean distances in Bark for each individual). Speakers that are 

merging the vowels and therefore losing the contrast between these Catalan mid-vowels 

will have a smaller value than those who maintain a more robust contrast based on the 

distance between both mid-vowel targets in their productions. The Euclidean distance 

value was correlated with the participants’ language dominance score as reported in the 

BLP. Figure 5.6 plots the Euclidean distance (Bark) between same speaker /e/ and /ɛ/ as a 

function of speaker’s BLP score.  
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Figure 5.6. Euclidean distance between same speaker tokens of the vowels /e/ and /ɛ/ 
plotted as a function of a speaker’s BLP score. Spanish-dominants to the left 
(red solid line), Catalan-dominants to the right (blue dotted line) 

As Figure 5.6 shows, the Euclidean distances are in general smaller for Spanish-

dominant bilinguals (negative BLP score) than for Catalan-dominant bilinguals (positive 

BLP score), although there is a certain amount of overlapping between the Spanish-

dominants that are approximating the 0 score in the BLP and the rest of the Catalan-

dominant bilinguals. The correlations between BLP score and Euclidean distance exhibit 

interesting patterns. Importantly, there is no significant correlation between BLP and the 

Euclidean distance for the Catalan-dominant bilinguals (n=30, df=28, r=.32, R2=.10, n.s). 

but there is a highly significant positive correlation for the Spanish-dominant group 

(n=30, df=28, r=.55, R2=.30, p < 0.01). 
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5.3.2.2. Back mid-vowel contrast /o/-/ɔ/ 

5.3.2.2.1. Female Spanish-Catalan bilinguals 

F1 (Height). The mixed-design ANOVA yielded significant main effects of vowel 

(F(1,32) = 134.21, p < 0.001) and cognate status (F(1,32) = 107.01, p < 0.001), but not of 

language dominance (F(1,32) = 1.06, n.s). In addition, there was a significant interaction 

between vowel and language dominance (F(1,32) = 8.54, p < 0.01), and between vowel 

and cognate status (F(1,32) = 9.42, p < 0.01). The interaction was explored by analyzing 

the effects of cognate status and language dominance for each vowel separately. For /o/, 

the model revealed a significant effect of cognate status (F(1,32) = 81.80, p < 0.001) and 

language dominance (F(1,32) = 6.68, p < 0.05) but no cognate status x language 

dominance interaction (F(1,32) = 0.57, n.s). For /ɔ/, there was a significant effect of 

cognate status (F(1,32) = 27.75, p < 0.001) but no effect of language dominance (F(1,32) 

= 1.36, n.s), and no interaction between cognate status and language dominance (F(1,32) 

= 2.62, n.s). These results indicate that both Catalan-dominant and Spanish-dominant 

female bilingual groups maintained robust height differences between /o/ and /ɔ/, in such 

a way that F1 varied as a function of the mid-vowel that was produced. Also, cognate 

status was a significant factor for the pronunciation of both /o/ and /ɔ/.  

F2 (Fronting). The analysis of F2 revealed a significant main effect of vowel 

(F(1,32) = 198.93, p < 0.001) and cognate status (F(1,32) = 404.19, p < 0.001), and an 

interaction between vowel and cognate status (F(1,32) = 143.49, p < 0.001), but no effect 

of language dominance (F(1,32) = 0.10, n.s), and no other interactions. Again, each mid-

vowel was further explored by dividing the data set into two subsets as a function of 

vowel. For /o/, the model revealed a significant effect of cognate status (F(1,32) = 

321.26, p < 0.001), but no effect of language dominance (F(1,32) = 1.05, n.s), and no 
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cognate status x language dominance interaction (F(1,32) = 1.97, n.s). For /ɔ/, the 

analysis did not reveal any significant differences of cognate status or language 

dominance. These results indicate that /o/ and /ɔ/ were produced differently in the F2 

dimension, and there were no differences between the female language dominance 

groups. Additionally, cognate status affected the F2 values of /o/ but not /ɔ/.  

Figure 5.7 displays two F1 x F2 charts plotting the Catalan front mid-vowels 

produced by female dominant speakers of each language as a function of cognate status.  

 

Figure 5.7. Bark converted F1 and F2 of Catalan back mid-vowels produced by female 
Spanish-Catalan bilinguals as a function of cognate status (cg=cognate, 
nc=non-cognate) and language dominance 

5.3.2.2.2. Male Spanish-Catalan bilinguals 

F1 (Height). The mixed-design ANOVA yielded significant main effects of vowel 

(F(1,24) = 163.33, p < 0.001) and cognate status (F(1,24) = 43.66, p < 0.001), but not of 

language dominance (F(1,24) = 0.04, n.s). In addition, there were no other significant 

interactions. These results indicate that both male Catalan-dominants and Spanish-
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dominants maintained robust height differences between /o/ and /ɔ/, in such a way that F1 

varied as a function of the mid-vowel that was produced. Also, cognate status was a 

significant factor for the pronunciation of both /o/ and /ɔ/.  

F2 (Fronting). The analysis of F2 revealed a significant main effect of vowel 

(F(1,24) = 161.14, p < 0.001) and cognate status (F(1,24) = 161.29, p < 0.001), and an 

interaction between vowel and cognate status (F(1,24) = 189.86, p < 0.001), but no effect 

of language dominance (F(1,24) = 0.76, n.s), and no other interactions. Again, each mid-

vowel was further explored by dividing the data set into two subsets as a function of 

vowel. For /o/, the model revealed a significant effect of cognate status (F(1,24) = 

232.54, p < 0.001), but no effect of language dominance (F(1,24) = 1.03, n.s), or 

interaction (F(1,24) = 0.28, n.s). For /ɔ/, the analysis did not reveal any significant main 

effects or interactions. These results indicate that /o/ and /ɔ/ were produced differently in 

F2, and both language dominance groups performed similarly. In addition, cognate status 

was found to affect the F2 values of /o/ but not /ɔ/.  

Figure 5.8 displays two F1 x F2 charts plotting the Catalan front mid-vowels 

produced by male dominant speakers of each language as a function of cognate status.  
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Figure 5.8. Bark converted F1 and F2 of Catalan back mid-vowels produced by male 
Spanish-Catalan bilinguals as a function of cognate status (cg=cognate, 
nc=non-cognate) and language dominance 

5.3.2.2.3. Euclidean Distance between Catalan /o/ and /ɔ/ 

This section explores the magnitude of the Catalan /o/-/ɔ/ contrast as produced by 

Spanish-dominant and Catalan-dominant bilinguals. The acoustic distance between the 

/o/ and /ɔ/ vowels in the productions of the Spanish-Catalan bilingual participants was 

calculated based on the median F1 and F2 (Bark) for each individual speaker. Figure 5.9 

shows that the Euclidean distances are particularly small for the bilingual individuals that 

are more strongly Spanish-dominant. Correlations between BLP score and Euclidean 

distance indicate that there is no significant correlation between BLP and the Euclidean 

distance for the Catalan-dominant bilinguals (n=30, df=28, r=.21, R2=.04, n.s). However, 

the same analysis with the Spanish-dominant subset yields a highly significant positive 

correlation (n=30, df=28, r=.68, R2=.47, p < 0.001).  
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Figure 5.9. Euclidean distance between same speaker tokens of the vowels /o/ and /ɔ/ 
plotted as a function of a speaker’s BLP score. Spanish-dominants to the left 
(red solid line), Catalan-dominants to the right (blue dotted line) 

5.3.3. Spanish mid-vowels (/e/ and /o/) 

The Spanish productions of both Catalan-dominant and Spanish-dominant 

bilinguals are analyzed in this section. The Spanish data were elicited to address the 

following questions: Are the Spanish mid-vowels /e/ and /o/ acoustically different in the 

productions of Spanish-dominant and Catalan-dominant bilinguals? And does cognate 

status affect the production of these mid-vowel targets? Datasets of by-subjects 

aggregates were created including the median F1 and F2 values over subjects as a 

condition of vowel and cognate status (six values per subject, three per vowel per cognate 

condition). The front and back mid-vowel was analyzed separately, and the F1 and F2 
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values were submitted to mixed-design ANOVAs with language dominance (Spanish-

dominant, Catalan-dominant) as between-subjects factor, cognate status (congruent 

cognate, incongruent cognate, non-cognate) as within-subjects factor, and subject as the 

random term. The following sections introduce the results for the Spanish front and back 

mid-vowels analyzed separately by gender. 

5.3.3.1. Front mid-vowel /e/ 

5.3.3.1.1. Female Spanish-Catalan bilinguals 

F1 (Height). The mixed-design ANOVA yielded a significant main effect of 

cognate status (F(2,64) = 50.91, p < 0.001) and an interaction between cognate status and 

language dominance (F(2,64) = 4.02, p < 0.05), but no main effect of language 

dominance (F(1,32) = 0.29, n.s). The interaction was explored by analyzing the effects of 

the cognate condition for each language dominance group separately in two-sample, 

Bonferroni-corrected, paired t-tests. For the Catalan-dominant group, these comparisons 

yielded significant F1 differences between incongruent and congruent cognates 

(diff.=0.30, t(12) = 10.28, p<0.001), non-cognates and congruent cognates (diff.=0.11, 

t(12) = 2.76, p<0.01), and between non-cognates and incongruent cognates (diff.=-0.18, 

t(12) = -3.76, p<0.001). For the Spanish-dominant group, these comparisons yielded 

significant F1 differences between incongruent and congruent cognates (diff.=0.38, t(20) 

= 6.16, p<0.001), non-cognates and congruent cognates (diff.=0.31, t(20) = 7.30, 

p<0.001), but no significant difference between non-cognates and incongruent cognates 

(diff.=-0.06, t(20) = -1.29, n.s). These results indicate that female Catalan-dominants and 

Spanish-dominants share the same acoustic-perceptual space occupied by the Spanish /e/. 

In addition, cognate status was found to significantly affect the production of this front 
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mid-vowel sound: congruent cognates were produced higher (with a lower F1) than non-

cognates and incongruent cognates.  

F2 (Fronting). The analysis of F2 revealed a significant main effect of cognate 

status (F(2,64) = 38.64, p < 0.001), but no effect of language dominance (F(1,32) = 0.14, 

n.s), and no interaction between cognate status and language dominance (F(2,64) = 0.21, 

n.s). Cognate status was further explored in three Bonferroni-corrected pairwise 

comparisons, yielding significant F2 differences between congruent cognates and non-

cognates (diff.=0.14, t(33) = 5.55, p<0.001), incongruent cognates and non-cognates 

(diff.=-0.20, t(33) = -4.68, p<0.001), and between incongruent cognates and congruent 

cognates (diff.=-0.34, t(33) = -7.63, p<0.001).  

Figure 5.10 displays two F1 x F2 charts plotting the Spanish /e/ produced by 

female Catalan- and Spanish-dominant bilinguals as a function of cognate status.  

 

Figure 5.10. Bark converted F1 and F2 of Spanish /e/ produced by female Spanish-
Catalan bilinguals as a function of cognate status (cc=congruent cognate, 
ic=incongruent cognate, and nc=non-cognate) and language dominance 
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These results indicate that there were no differences in the F2 of Spanish /e/ 

between the female language dominance groups. However, cognate status was found to 

affect the production of Spanish /e/ in the way that congruent cognates appeared to be 

more fronted than incongruent cognates and non-cognates.   

5.3.3.1.2. Male Spanish-Catalan bilinguals 

F1 (Height). The mixed-design ANOVA yielded a significant main effect of 

cognate status (F(2,48) = 30.50, p < 0.001), but no effect of language dominance 

(F(1,24) = 0.02, n.s), and no interaction between cognate status and language dominance 

(F(2,48) = 0.57, n.s). Cognate status was further explored in three Bonferroni-corrected 

pairwise comparisons, yielding significant differences between congruent and 

incongruent cognates (diff.=-0.17, t(25) = -7.46, p<0.001), congruent cognates and non-

cognates (diff.=-0.11, t(25) = -5.51, p<0.001), and incongruent cognates and non-

cognates (diff.=-0.06, t(25) = 2.75, p<0.01). These results indicate that both Catalan-

dominants and Spanish-dominants share the same acoustic-perceptual space occupied by 

Spanish /e/. Similarly to the productions of the female participants, cognate status was 

found to significantly affect the production of this front mid-vowel phoneme by the male 

participants: congruent cognates were produced higher (with a lower F1) than 

incongruent cognates and non-cognates.  

F2 (Fronting). The analysis of F2 revealed a significant main effect of cognate 

status (F(2,48) = 64.47, p < 0.001), but no effect of language dominance (F(1,24) = 0.35, 

n.s), and no interaction between cognate status and language dominance (F(2,48) = 0.25, 

n.s). Cognate status was further explored in three Bonferroni-corrected pairwise 

comparisons, yielding significant differences between incongruent cognates and non-
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cognates (diff.=-0.25, t(25) = -8.42, p<0.001) and between incongruent and congruent 

cognates (diff.=-0.31, t(25) = -10.36, p<0.001), but there was not a significant difference 

between congruent cognates and non-cognates (diff.=-0.05, t(25) = 2.26, n.s). These 

results indicate that there were no differences in the F2 of Spanish /e/ between the 

language dominance groups, and cognate status was shown again to affect the production 

of /e/.   

Figure 5.11 displays two F1 x F2 charts plotting the Spanish /e/ produced by male 

Catalan- and Spanish-dominant speakers as a function of cognate status.  

 

Figure 5.11. Bark converted F1 and F2 of Spanish /e/ produced by male Spanish-Catalan 
bilinguals as a function of cognate status (cc=congruent cognate, 
ic=incongruent cognate, and nc=non-cognate) and language dominance 

5.3.3.2. Back mid-vowel /o/ 

5.3.3.2.1. Female Spanish-Catalan bilinguals 

F1 (Height). The mixed-design ANOVA yielded a significant main effect of 

cognate status (F(2,64) = 27.74, p < 0.001), but no effect of language dominance 
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(F(1,32) = 0.20, n.s), and no interaction between cognate status and language dominance 

(F(2,64) = 1.12, n.s). Cognate status was further explored in three Bonferroni-corrected 

pairwise comparisons, yielding significant differences between congruent and 

incongruent cognates (diff.=-0.21, t(33) = -8.82, p<0.001) and between congruent 

cognates and non-cognates (diff.=-0.20, t(33) = -6.12, p<0.001), but not between 

incongruent cognates and non-cognates (diff.=-0.007, t(33) = 0.19, n.s). These results 

indicate that female Catalan-dominants and Spanish-dominants share the same acoustic-

perceptual space occupied by the Spanish /o/, and cognate status significantly affects the 

production of the Spanish back mid-vowel category: congruent cognates were produced 

higher (with a lower F1) than incongruent cognates and non-cognates. 

F2 (Fronting). The analysis of F2 revealed a significant main effect of cognate 

status (F(2,64) = 227.61, p < 0.001), but no effect of language dominance (F(1,32) = 

0.31, n.s), and no interaction between cognate status and language dominance (F(2,64) = 

0.78, n.s). Cognate status was further explored in three Bonferroni-corrected pairwise 

comparisons, yielding significant F2 differences between congruent cognates and non-

cognates (diff.=-0.23, t(33) = -4.72, p<0.001), incongruent cognates and non-cognates 

(diff.=-0.98, t(33) = 13.7, p<0.001), and between incongruent and congruent cognates 

(diff.=1.22, t(33) = 21.7, p<0.001).  

Figure 5.12 displays two F1 x F2 charts plotting the Spanish /o/ produced by 

female Catalan- and Spanish-dominant speakers as a function of cognate status.  
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Figure 5.12. Bark converted F1 and F2 of Spanish /o/ produced by female Spanish-
Catalan bilinguals as a function of cognate status (cc=congruent cognate, 
ic=incongruent cognate, and nc=non-cognate) and language dominance 

These results indicate that there were no differences in the F2 of Spanish /e/ 

between the female language dominance groups, but cognate status affected the 

production of /o/ in the way that incongruent cognates were produced in a more fronted 

position than non-cognates and congruent cognates. 

5.3.3.2.2. Male Spanish-Catalan bilinguals 

F1 (Height). The mixed-design ANOVA yielded a significant main effect of 
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non-cognates (diff.=-0.19, t(25) = -3.96, p<0.001) and between congruent cognates and 

non-cognates (diff.=-0.25, t(25) = -5.19, p<0.001), but not between congruent and 
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incongruent cognates (diff.=-0.05, t(25) = n.s). These results indicate that male Catalan-

dominants and Spanish-dominants share the same acoustic-perceptual space occupied by 

the Spanish /o/, and cognate status significantly affects the production of the Spanish 

back mid-vowel category. 

F2 (Fronting). The analysis of F2 revealed a significant main effect of cognate 

status (F(2,48) = 89.67, p < 0.001), but not for language dominance (F(1,24) = 0.11, n.s). 

In addition, there was a significant interaction between cognate status and language 

dominance (F(2,48) = 5.19, p < 0.01). The interaction was explored by analyzing the 

effects of the cognate condition for each language dominance group separately in a series 

of two-sample, Bonferroni-corrected, paired t-tests. For the Catalan-dominant group, 

these comparisons yielded significant differences between incongruent and congruent 

cognates (diff.=0.83, t(16) = 12.26, p<0.001), non-cognates and incongruent cognates 

(diff.=-0.46, t(16) = -4.23, p<0.001), and between non-cognates and congruent cognates 

(diff.=-0.36, t(16) = 4.43, p<0.001). For the Spanish-dominant group, these comparisons 

yielded significant differences between incongruent and congruent cognates (diff.=1.13, 

t(8) = 12.1, p<0.001) and between non-cognates and incongruent cognates (diff.=-0.94, 

t(8) = -10.05, p<0.001), but no significant difference between non-cognates and 

congruent cognates (diff.=0.18, t(8) =1.18, n.s). These results indicate that cognate status 

also affects the production of this back mid-vowel category: incongruent cognates were 

produced in a more central position (with a higher F2) than non-cognates and congruent 

cognates.  

Figure 5.13 displays two F1 x F2 charts plotting the Spanish /o/ produced by male 

Catalan- and Spanish-dominant speakers as a function of cognate status.  
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Figure 5.13. Bark converted F1 and F2 of Spanish /o/ produced by male Spanish-Catalan 
bilinguals as a function of cognate status (cc=congruent cognate, 
ic=incongruent cognate, and nc=non-cognate) and language dominance 
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in the AX discrimination tasks was calculated by averaging the correct responses for 

stimulus 1-3 and 5-7 in order to obtain the baseline. The peak height score was computed 

by subtracting the baseline value from the peak average (stimulus 3-5 for the /e/-/ɛ/ 

contrast, and stimulus 4-6 for the /o/-/ɔ/ contrast) for each participant. Finally, the last 

perception measure consisted of the percentage of correct responses to the mid-vowel 

stimuli in the AXB discrimination task. The following sections provide the results of the 

correlations between the Euclidean distance and the perceptual scores for the three 

perception tasks separately for the front and back mid-vowel contrasts.  

5.4.1. Relationship between the production and perception of the /e/-/ɛ/ contrast 

The Euclidean distance provides a numerical value that corresponds to the 

robustness of the mid-vowel contrast in the productions of each participant. The main 

goal was to investigate how the production patterns of these bilinguals are related to their 

accuracy in the perception experiments. The analyses indicated that the categorization 

score and the peak height score did not yield a significant correlation with the Euclidean 

distances: categorization score (n=60, df=58, r=.13, R2=.01, n.s) and peak height (n=60, 

df=58, r=.20, R2=.04, n.s). The lack of evidence for the relationship between production 

and perception as shown in the results of these correlations may possibly be due to 

ceiling effects because Spanish-dominant and Catalan-dominant participants had a high 

accuracy rate in both identification and discrimination tasks with synthesized vowel 

stimuli, and there was not much variation in their responses. The comparisons were more 

informative when examining the accuracy rates in the AXB discrimination task: the 

comparison of the Euclidean distance and the accuracy rates in the AXB discrimination 

task provided a significant correlation (n=60, df=58, r=.52, R2=.27, p< 0.001). Even 

though the analysis revealed a moderate positive correlation, this result shows that 
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participants who had a higher accuracy rate in the AXB discrimination task were also 

producing front mid-vowel categories with a larger Euclidean distance. Figure 5.14 plots 

the accuracy rate in the AXB discrimination task as a function of the Euclidean distance 

between the same speaker’s /e/ and /ɛ/ productions.  

 

Figure 5.14. Accuracy rate in the AXB discrimination task plotted as a function of the 
Euclidean distance between the same speaker’s /e/ and /ɛ/ vowels (n=60, 
df=58, r=.52, R2=.27, p< 0.001) 

5.4.2. Relationship between the production and perception of the /o/-/ɔ/ contrast 

Similarly to the results from the correlations between production and perception 

of the front mid-vowel contrasts, the perceptual measure that was most informative when 

examining the production and perception of the back mid-vowel contrasts was also the 

accuracy rate in the AXB discrimination task. The perceptual measures based on the 

categorization score and peak height in the AX discrimination task did not provide 
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significant results when correlated with the Euclidean distance of each bilingual speaker: 

categorization score (n=60, df=58, r=.16, R2=.04, n.s) and peak height (n=60, df=58, 

r=.07, R2=.005, n.s). However, the comparison of the Euclidean distance and the 

accuracy rates in the AXB discrimination task provided a moderate positive correlation 

(n=60, df=58, r=.44, R2=.19, p < 0.001). Figure 5.15 plots the accuracy rate in the AXB 

discrimination task as a function of the Euclidean distance between the same speaker’s 

/o/ and /ɔ/ productions. 

 

Figure 5.15. Accuracy rate in the AXB discrimination task plotted as a function of the 
Euclidean distance between the same speaker’s /o/ and /ɔ/ vowels (n=60, 
df=58, r=.44, R2=.19, p < 0.001) 

5.5. SUMMARY OF RESULTS 

The goal of this chapter was to investigate the acoustics of the Catalan and 

Spanish mid-vowels, and compare the productions of Catalan-dominant and Spanish-
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dominant bilinguals. Even though male and female bilinguals were analyzed separately, 

the statistical models revealed a similar pattern with regards to the production of the mid-

vowels in their dominant and non-dominant language. The research questions posed at 

the beginning of this chapter and the results of the analyses are summarized below.  

The first question addressed was the following: Do Spanish-dominant and 

Catalan-dominant bilinguals produce the Catalan and Spanish mid-vowels differently? 

More specifically, do Spanish-dominant bilinguals in Majorca produce the Catalan-

specific mid-vowel contrast? The analyses reported in the previous sections of this 

chapter do not provide evidence that the productions of the Catalan and Spanish mid-

vowels differ as a function of language dominance. In fact, the results indicate that both 

Catalan-dominant and Spanish-dominant bilinguals produce robustly different Catalan 

mid-vowel contrasts, /e/-/ɛ/ and /o/-/ɔ/, in both acoustic height (F1) and fronting (F2). 

Even though the data presented in this chapter has shown that dominant and non-

dominant bilinguals maintained the Catalan mid-vowel contrasts, the degree of 

dominance in Spanish did affect the acoustic distance between both phonemes. Further 

analyses indicated that the Euclidean distance between both mid-vowel categories 

significantly correlates with the bilinguals’ degree of Spanish language dominance. For 

Catalan-dominants there was no correlation between the acoustic distance of the mid-

vowel targets and degree of Catalan-dominance, but there was more variation in the 

Spanish-dominant group: there was less distance between the mid-vowel categories as a 

function of being more Spanish-dominant. The analysis of the Spanish mid-vowels 

revealed that both language dominance groups share the same acoustic-perceptual space 

when producing the Spanish /e/ and /o/. In other words, there were no differences found 

between the Spanish productions of Catalan-dominant and Spanish-dominant bilinguals.  
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The comparison of the Catalan and Spanish mid-vowel categories indicates that 

there are differences in the production of the front and back mid-vowels. For the front 

mid-vowels in both languages, the analyses revealed that Catalan /ɛ/ was found to be 

lower and further back than Catalan /e/ and Spanish /e/, whereas Catalan /e/ and Spanish 

/e/ were found to be indistinguishable in the F1 and F2 dimension. A closer analysis of 

the back mid-vowels in both languages indicated that Spanish /o/ was not only different 

in acoustic height and fronting to Catalan /ɔ/, but both Spanish- and Catalan-dominant 

bilinguals produced different Spanish /o/ and Catalan /o/. These findings provide 

evidence that the relationship between the Spanish and Catalan categories is different for 

the front and back mid-vowels. Both Spanish-dominant and Catalan-dominant bilinguals 

were found to have a system of two front mid-vowels categories, one for Catalan /ɛ/ and 

another one for Catalan /e/ and Spanish /e/, while the back mid-vowels consisted of three 

different acoustic distributions: Catalan /o/, Catalan /ɔ/ and Spanish /o/. 

 The exploration of lexical effects consisted of testing the hypothesis that the 

acoustic properties of cognates would facilitate phonetic interference between the mid-

vowels in the dominant and non-dominant language. The examination of cognate status 

in the Catalan and Spanish productions of Spanish-Catalan bilinguals addressed the 

following question: Does cognate status affect the production of the Catalan and Spanish 

mid-vowel categories? First, Catalan productions showed that cognate status affected the 

front and back mid-vowel categories differently. For the front mid-vowels, an interesting 

finding was that the results showed a cognate effect for Catalan /e/, but not for Catalan-

specific /ɛ/. Specifically, /e/ was produced higher in cognates than in non-cognates, but 

there were no effects in the F2 dimension. This finding suggests that congruent cognates 

(with Catalan /e/ and Spanish /e/) contributed to maximally distinguish the Catalan front 
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mid-vowel contrast, as Catalan /e/ was acoustically higher and at a larger distance from 

Catalan /ɛ/ when produced in a cognate lexical item. As a result cross-linguistic 

interference occurs between the vowel categories that are acoustically closer to each 

other, Spanish /e/ and Catalan /e/, whereas the Catalan-specific /ɛ/ remains unaffected. 

The distribution, however, is different for the back mid-vowel contrast, as the back mid-

vowels /o/ and /ɔ/ were both found to be affected by the cognate status of the word. When 

explored further, the analyses revealed that, in terms of height and fronting, /o/ cognates 

(with Catalan /o/ and Spanish /o/) were also produced higher (with lower F1) than non-

cognates. And the distribution of /ɔ/ indicates that the interference between the mid-

vowel categories was enhanced by cognate status and affected the magnitude of the 

distance between /o/ and /ɔ/: the production of /ɔ/ in incongruent cognates (with Catalan 

/ɔ/ and Spanish /o/) was produced higher on the F1 dimension, therefore, closer to the /o/ 

category.  

An additional investigation of the Spanish mid-vowels indicated that cognate 

status affected both Spanish mid-vowels /e/ and /o/. In particular for /e/, incongruent 

cognates were produced lower and closer to the Catalan /ɛ/ acoustic space, providing 

evidence of interference with the Catalan /ɛ/. As hypothesized, the opposite effect was 

found for the congruent cognate items, which in terms of height and fronting were 

produced higher and more fronted than the incongruent cognates and non-cognates, 

moving further away from the Catalan /ɛ/ acoustic regions. For Spanish /o/, cognate 

status was found to affect vowel height and fronting: congruent cognates were produced 

higher whereas incongruent cognates, despite not being affected in height, appeared more 

fronted than both congruent cognates and non-cognates. 
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Finally, the link between the production and the perception abilities of Spanish-

dominant and Catalan-dominant bilinguals was investigated. There were some limitations 

in the comparisons between the production and perception abilities of the Spanish-

Catalan bilinguals due to ceiling effects in the identification and AX discrimination tasks. 

However, the correlations of the production data with the results from the AXB 

discrimination task indicated that bilinguals who had a higher accuracy rate in the AXB 

discrimination task were also producing the Catalan mid-vowel categories with a larger 

Euclidean distance.  

5.6. DISCUSSION 

The Spanish and Catalan production experiments outlined in this chapter have 

investigated the front and back mid-vowels in the dominant and non-dominant languages 

of early highly proficient Spanish-Catalan bilinguals in Majorca. The overarching 

questions of this study were if early Spanish-Catalan bilinguals maintain the Catalan-

specific contrast in their productions, and if Catalan-dominants and Spanish-dominants 

produce the mid-vowels in each language differently? Contrary to the results reported 

previously in Barcelona (Recasens, 1991; Pla, 1995; Herrick, 2006), these results indicate 

that Spanish-Catalan bilinguals in Majorca, who have been exposed to both languages 

from a very early age, produce robust mid-vowel contrasts in Catalan. The results from 

the perception and production experiments reported in this dissertation show that 

Spanish-Catalan bilinguals maintain two independent phonetic categories in the Catalan 

mid-vowel space, and as a result produce both Catalan-specific categories despite the 

overlap with one phonetic category in Spanish. In other words, these results indicate that 

/e/-/ɛ/ and /o/-/ɔ/ categories are not undergoing a process of merger in the direction of a 

more /e/-like and /o/-like merged category. In fact, the Catalan-specific /ɛ/ and /ɔ/ 
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categories appear to be robustly maintained in the production of Spanish-Catalan 

bilinguals in Majorca. Furthermore, the Spanish-dominant bilingual participants in this 

study produced robust Catalan mid-vowel contrasts, and their production patterns overall 

did not differ from those produced by the Catalan-dominant participants.  

The production patterns of these Spanish-Catalan bilinguals revealed a merged 

phonetic category for the Catalan /e/ and Spanish /e/, and a separate Catalan /ɛ/ category, 

while these bilinguals had three different acoustic distributions in their productions of the 

back mid-vowels in both languages: Spanish /o/, Catalan /o/ and Catalan /ɔ/. In addition, 

cognate effects were found in the productions of both language dominance groups in 

Catalan and Spanish, supporting the hypothesis that lexical effects influence the height 

and fronting of the mid-vowel categories in Catalan and Spanish. Finally, the comparison 

between the Catalan production and perception abilities of these Spanish-Catalan 

bilinguals supports the link between both skills, showing that accuracy in perception 

correlates with native-like production of these Catalan-specific phonemic contrasts 

(Flege, 1993; Flege et al., 1997, 1999). 
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6. Lexical representation of Catalan mid-vowels 

6.1. INTRODUCTION 

The results from the production and perception experiments presented in the 

previous chapters indicate that Spanish-dominant and Catalan-dominant bilinguals in 

Majorca are able to perceive the contrast between the Catalan /e/-/ɛ/ and /o/-/ɔ/ 

categories, and that they also maintain the mid-vowel contrasts in their Catalan 

productions. Beyond having the ability to perceive and produce sounds that are specific 

to Catalan, native-like attainment of Catalan must also include the ability to discriminate 

between words and non-words in the language, even if the only difference between them 

involves Catalan-specific phonetic categories.  

Previous studies in Barcelona have investigated the perceptual sensitivity of 

Spanish-Catalan bilinguals using a lexical decision task to analyze how words are 

represented in their lexicon (Pallier et al., 2001; Sebastián-Gallés et al., 2005; Sebastián-

Gallés et al., 2006). This procedure investigates lexical access and it has been used in the 

Spanish-Catalan bilingual population in Barcelona specifically to study their processing 

of Catalan-specific vowel categories. In this task participants are presented with visual 

and auditory stimuli and are asked to classify the stimuli as being words or non-words. 

Pallier et al., (2001) examined the repetition priming effects in Catalan-dominant and 

Spanish-dominant bilinguals in Barcelona when they were presented with words that 

differ in the Catalan front mid-vowel contrast. Lexical decision times have been shown to 

be faster on a repeated word trial than on the first presentation; if minimal pairs are 

processed distinctly, there should be no facilitation for the second word of a minimal pair. 

The results of the experiment revealed clear-cut processing differences between the 

language dominance groups: Spanish-dominant bilinguals treated the minimal pairs that 
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involved a change in the Catalan-specific mid-vowels as homophones, while Catalan-

dominant bilinguals did not. These findings suggest that the lack of sensitivity to the 

Catalan mid-vowel contrast by Spanish-dominant bilinguals in Barcelona extends into 

how the words in Catalan are represented in the mental lexicon. In other words, 

perception difficulties in Catalan were shown to have consequences for lexical access. 

These findings are confirmed in Sebastián-Gallés et al. (2005) and Sebastián-Gallés and 

Baus (2005). In their studies, Spanish-Catalan bilinguals in Barcelona participated in a 

lexical decision task involving Catalan words and non-words, in which non-words were 

based on real words but with the stressed vowel changed (i.e., the Catalan phoneme /e/ 

was substituted for /ɛ/, or vice versa). The results indicated that bilinguals in Barcelona 

had great difficulty distinguishing between words and non-words that differed by the 

Catalan front mid-vowel contrast (/e/-/ɛ/), and Spanish-dominants overall exhibited a 

higher error rate than Catalan-dominants.  

The following experiment expands on Sebastián-Gallés et al. (2005) and 

Sebastián-Gallés and Baus (2005) and investigates possible processing differences 

between Spanish-dominants and Catalan-dominants in a similar lexical decision task. 

This study examines a Spanish-Catalan bilingual population in Majorca that, in contrast 

to the previous work in Barcelona, does not show a lack of sensitivity to the Catalan mid-

vowel contrasts. For a sense of completeness, both front and back mid-vowel contrasts 

are examined. If Spanish-dominant bilinguals store Catalan words containing /e/-/ɛ/ and 

/o/-/ɔ/ as a single, merged phonetic front or back category, the results should indicate that 

they have great difficulty distinguishing between words and non-words that differ in 

these Catalan-specific mid-vowels. As explored previously in the production experiments 

in this dissertation, lexical factors such as cognate status are also included in the analyses 
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of these bilinguals’ lexical access in order to investigate if cognate lexical items affect the 

lexical representations of Catalan-dominant and Spanish-dominant bilinguals. The main 

goal of this experiment is to examine the lexical distribution of the Catalan mid-vowels 

/e/-/ɛ/ and /o/-/ɔ/, and in particular, to address the following questions:  

(1) Do Catalan-dominant and Spanish-dominant bilinguals differ in the processing 

of Catalan-specific mid-vowels within lexical items? Do they have different 

lexical representations?  

(2) Does cognate status increase phonetic interference and affect the lexical 

representations of these Spanish-Catalan bilinguals?  

6.2. METHODOLOGY 

6.2.1. Materials 

The experimental stimuli for the lexical decision task consisted of the same list of 

forty Catalan words used in the production experiment. The Catalan experimental items, 

which either contained the target mid-vowel /e/, /ɛ/, /o/ or /ɔ/ in stressed position, were 

matched in word frequency and were further divided into cognate and non-cognate words 

according to similarity ratings (see Section 5.2.1.). The corresponding incorrectly 

pronounced words (i.e., non-words) were created by replacing the stressed mid-vowel 

with the other member of the contrast for each lexical item. For instance, the Catalan 

non-word */’bosk/ was created from the real word /’bɔsk/ ‘forest’. Conversely, the 

correct pronunciation of /’bokə/ ‘mouth’ appeared alongside */’bɔkə/ in the stimuli list. 

The complete list of experimental stimuli is presented in Table 6.1.
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Table 6.1. Experimental items used in the lexical decision task 

/e/-/ɛ/ /o/-/ɔ/  
/e/ word type /ɛ/ word type /o/ word type /ɔ/ word type 

Word Non-word Word Non-word Word Non-word Word Non-word 
/e/! /e/ /e/ ! */ɛ/ /ɛ/ !/ɛ/ /ɛ/ ! */e/ /o/!/o/ /o/ ! */ɔ/ /ɔ/ !/ɔ/ /ɔ/ ! */o/ Cognate Status 

/reglə/ */rɛglə/ /kəfɛ/ */kəfe/ /botə/ */bɔtə/ /flɔ/ */flo/ Cognate 
/boteʎə/ */botɛʎə/ /təlɛfon/ */təlefon/ /bokə/ */bɔkə/ /əskriptɔri/ */əskriptori/ Cognate 
/bənderə/ */bəndɛrə/ /əskɛrə/ */əskerə/ /os/ */ɔs/ /bɔsk/ */bosk/ Cognate 
/peʃ/ */pɛʃ/ /pɛrləs/ */perləs/ /kopə/ */kɔpə/ /sɔl/ */sol/ Cognate 
/nəverə/ */nəvɛrə/ /sɛrə/ */serə/ /dokto/ */doktɔ/ /pilɔtə/ */pilotə/ Cognate 
/finestrə/ */finɛstrə/ /ərɛl/ */ərel/ /pomə/ */pɔmə/ /pɔrk/ */pork/ Non-cognate 
/uʎerəs/ */uʎɛrəs/ /əspɛlmə/ */əspelmə/ /təso/ */təsɔ/ /grɔk/ */grok/ Non-cognate 
/useʎ/ */usɛʎ/ /ginɛʊ/ */gineʊ/ /tizorəs/ */tizɔrəs/ /tərɔnd ͡ʒə/ */tərond ͡ʒə/ Non-cognate 
/femz/ */fɛmz/ /mɛ/ */me/ /pəpəʎonə/ */pəpəʎɔnə/ /fɔk/ */fok/ Non-cognate 
/somerə/ */somɛrə/ /sɛd ͡zə/ */sed ͡zə/ /d ͡ʒənoʎ/ */d ͡ʒənɔʎ/ /ɔli/ */oli/ Non-cognate 
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The auditory stimuli presented in the lexical decision task were obtained from the 

productions of three male native Majorcan Catalan speakers. The native speakers were 

asked to clearly enunciate the 80 experimental words (40 words and 40 non-words): 10 

repetitions of each lexical item (5 words and 5 non-words). The recordings of the words 

and non-words were made using a Shure SM10A dynamic head-mounted microphone 

and a solid-state digital recorder (Marantz PMD660), and digitized at 44KHz and16 bits. 

In order to select the best ‘exemplars’ for each word and non-word, three separate 

datasets (one for each speaker) were created including the median F1 and F2 values for 

each lexical item as a condition of vowel and vowel status (correct/incorrect).  

Each dataset was subdivided into two subsets: front mid-vowels and back mid-

vowels. In order ensure that there were only significant differences between the higher 

and lower-mid productions of the mid-vowels independently of vowel status, each subset 

was submitted to a repeated measures ANOVA with F1 (Hz) as the dependent variable, 

vowel (two levels: low-mid and high-mid) and vowel status (two levels: correct and 

incorrect). After confirming that the tokens selected based on the F1 median differed with 

respect to the vowel, but not because of vowel status (e.g., a mispronounced /ɛ/ vowel 

was not significantly different from a correctly pronounced /ɛ/ word), the same dataset 

was submitted to a repeated measures ANOVA with F2 (Hz) as the dependent variable, 

and with vowel and vowel status as the independent variables. The statistical analyses 

again supported the initial selection of the median F1 as a measure to select the best 

‘exemplar’ of a word and non-word for each speaker.  

To summarize, the stimuli selected contained lexical items in which a properly 

pronounced /e/ was not different in height (F1) or fronting (F2) to a mispronounced target 

item produced with /e/ for any of the three speakers. The stimuli were normalized for 
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peak intensity (so that they did not differ in loudness). If there was a DC offset, it was 

removed and the maximum amplitude was normalized to -0.5 dB at a project rate of 44 

KHz. The F1 and F2 values (Hz) for each stimulus selected together with the results of 

the statistical analyses conducted to select the auditory stimuli are detailed in Appendix 

G. The picture stimuli that were presented together with the auditory stimuli consisted of 

the same pictorial representations employed in the picture-naming task. 

6.2.2. Procedure 

Participants completed the lexical decision task seated comfortably in front of a 

computer screen, and the stimulus presentation software SuperLab 4.5 controlled the 

presentation of visual and auditory stimuli. Participants were told that the stimuli would 

consist of words and non-words, and that non-words were based on real words but with 

the stressed vowel changed (e.g. /e/ to /ɛ/ or /o/ to /ɔ/, and vice versa). Participants were 

asked to classify each stimulus as being either a word or a non-word by pressing the right 

button on the USB Response Pad (RB-730) immediately after hearing a word stimulus, 

and the left button on hearing a non-word. The identity of the buttons was 

counterbalanced between subjects and the order of presentation was randomized for each 

participant.  

Participants responded to a total of 244 trials: 4 practice trials + 240 randomized 

test trials. Specifically, the experimental data consisted of 40 tokens x 2 type 

(correct/incorrect) x 3 voices = 240 responses per participant. As there were 60 

participants, the total number of responses analyzed was 14,400.  
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Figure 6.1. Visual stimuli for the lexical decision task 

6.3. RESULTS 

The following section introduces the results from a series of ANOVAs exploring 

the proportion of errors (%) on the front and back mid-vowel contrast. Firstly, the results 

from two mixed-model ANOVAs (front and back mid-vowel subsets), including all of 

the experimental stimuli (words and non-words) are presented. For instance, the 

examination of /e/ type words included the responses to properly pronounced /e/ words 

(e.g. /peʃ/ ‘fish’), as well as to the mispronunciations of /e/ words (e.g. */pɛʃ/). Secondly 

the results from ANOVAs analyzing the error rates (%) and response times (ms) for 

words and non-words are presented separately in order to analyze how Spanish-dominant 

and Catalan-dominant bilinguals differ in their categorization of mispronounced and 

properly pronounced words that vary in the Catalan front and back mid-vowel contrasts. 

The data were analyzed using the R statistical program (R Development Core Team, 

2012).  
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6.3.1. Words and non-words 

The lexical decision data including the words and non-words together were 

analyzed in a series of mixed-design ANOVAs for each mid-vowel contrast, with 

language dominance (Spanish-dominant, Catalan-dominant) as between-subjects factor, 

vowel (/e/ and /ɛ/ type words for the front mid-vowel analysis; /o/ and /ɔ/ type words for 

the back mid-vowels) and cognate status (cognate, non-cognate) as within-subjects factor, 

and subject as the random term. The dependent variable examined was the proportion of 

errors (%). Following the order of presentation in the previous chapters, the results are 

divided by vowel contrast. 

6.3.1.1. Front mid-vowel contrast /e/-/ɛ/ 

The mixed-model ANOVA yielded significant main effects of language 

dominance (F(1,58) = 11.16, p < 0.001), vowel (F(1,58) = 54.01, p < 0.001) and cognate 

status (F(1,58) = 6.95, p < 0.01). In addition, there was a significant interaction between 

vowel and cognate status (F(1,58) = 7.86, p < 0.001). The interaction was further 

explored by analyzing the effects of cognate status for each vowel separately. Bonferroni-

corrected paired t-tests confirmed that there were significant differences in the error rate 

between cognates and non-cognates for /e/ type words (diff. = -4.44, t(59) = -3.79, p < 

0.001), but not for /ɛ/ type words (diff. = -0.21, t(59) = -0.19, n.s). These results show 

that there are differences in the error rates between Spanish-dominant and Catalan-

dominant bilinguals, with Spanish-dominants consistently having a higher error rate 

overall. The effect of vowel also demonstrates that there were higher error rates when 

responding to the /ɛ/ type stimuli. In other words, both groups miscategorized more 

correctly pronounced /ɛ/ words (e.g. /mɛ/ ‘lamb’) and /ɛ/ words mispronounced as /e/ 

(*/serə/ ‘hand saw’) than properly pronounced and mispronounced /e/ type stimuli. 



156 
 

Additionally, a cognate effect was found for the /e/ type stimuli but not for the /ɛ/ type 

stimuli: the classification of words that contained an /e/ in Catalan and /e/ in Spanish (e.g. 

Catalan /bənderə/ and Spanish /bandera/ ‘flag’) had a lower error rate in comparison to 

non-cognates (e.g. Catalan /finestrə/ and Spanish /bentana/ ‘window’). Figure 6.2 shows 

the error rate (%) for each front mid-vowel as a function of cognate status by language 

dominance. 

 

Figure 6.2. Error rate (%) for all cognate and non-cognate words and non-words as a 
function of vowel (/e/, /ɛ/) by language dominance 

6.3.1.2. Back mid-vowel contrast /o/-/ɔ/ 

The mixed-model ANOVA yielded significant main effects of language 

dominance (F(1,58) = 24.89, p < 0.001) and vowel (F(1,58) = 10.62, p < 0.001), but the 

model did not reveal a significant effect of cognate status (F(1,58) = 1.86, n.s). However, 

there was a significant interaction between vowel and cognate status (F(1,58) = 10.34, p 
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< 0.001). This interaction was further explored by analyzing the effects of cognate status 

for each back mid-vowel separately. Bonferroni-corrected paired t-tests confirmed that 

there were significant differences in the error rate between cognates and non-cognates for 

/ɔ/ type words (diff. = 4.01, t(59) = 3.74, p < 0.001), but not for /o/ type words (diff. = -

1.28, t(59) = -0.87, n.s). As found in the responses to the words and non-words in the 

front mid-vowel region, these findings demonstrate that there are different distributions 

for each language dominance group: Spanish-dominant bilinguals were found to have a 

significantly higher error rate than Catalan-dominants. In addition to /ɔ/ type stimuli 

having a higher error rate, the analysis indicated that there was a cognate effect in the 

recognition of /ɔ/ type words, whereas there were no differences in the error rate when 

categorizing cognates and non-cognates in /o/ type stimuli. The cognate effect found for 

the /ɔ/ type stimuli indicates that both language dominance groups produced more errors 

when deciding on the word status of incongruent cognates (e.g. Catalan /bɔsk/ and 

Spanish /boske/ ‘forest’) than in non-cognates (e.g. Catalan /pɔrk/ and Spanish /θerðo/ 

‘pig’). These cognate effects suggest that there is an increased interference between 

cognates when speakers identify words and non-words that vary in the pronunciation of 

the back mid-vowel. Figure 6.3 shows the error rate (%) for each back mid-vowel as a 

function of cognate status by language dominance. 
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Figure 6.3. Error rate (%) for all cognate and non-cognate words and non-words as a 
function of vowel (/o/, /ɔ/) by language dominance 
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closely investigate the sensitivity to words and non-words that vary in the mid-vowel 
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examine the error rate and response time of Spanish-Catalan bilinguals when responding 

separately to words and non-words are presented for each mid-vowel contrast. 

6.3.2.1. Front mid-vowel contrast /e/-/ɛ/ 

Properly pronounced words (/e/!/e/ and /ɛ/ !/ɛ/). The analysis of the correctly 

pronounced words revealed main effects of language dominance (F(1,58) = 11.09, p < 

0.001) and vowel (F(1,58) = 14.41, p < 0.001). However, there was no main effect of 

cognate status (F(1,58) = 0.19, n.s) and no significant interactions. These results show 

that Spanish-dominant bilinguals had a higher error rate than Catalan-dominants when 

recognizing properly pronounced /e/ and /ɛ/ words. In addition, both language dominance 

groups were found to produce more errors when categorizing correctly pronounced /ɛ/ 

words than /e/ words.  

Non-words (/e/ ! */ɛ/ and /ɛ/ ! */e/). The analysis of mispronounced words 

yielded significant main effects of language dominance (F(1,58) = 15.78, p < 0.001), 

vowel (F(1,58) = 54.54, p < 0.001) and cognate status (F(1,58) = 5.71, p < 0.05). In 

addition, there was a significant interaction between vowel and cognate status (F(1,58) = 

4.31, p < 0.05). The interaction was further explored by analyzing the effects of cognate 

status for /e/ type and /ɛ/ type stimuli separately. Bonferroni-corrected paired t-tests 

confirmed that there were significant differences in the error rate between cognates and 

non-cognates in /e/ ! */ɛ/ (diff. = -6.99, t(59) = -3.60, p < 0.001), but not in /ɛ/ ! */e/ 

(diff. = -0.45, t(59) = -0.18, n.s). These results indicate that Spanish-dominant bilinguals 

consistently miscategorized non-words more frequently than Catalan-dominants. The 

effect of vowel also showed that there was a tendency for higher error rates on the non-

words that were incorrectly pronounced with /e/. In other words, both Spanish-dominant 

and Catalan-dominant bilinguals were more likely to accept an /ɛ/ type word produced 
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with /e/ (e.g., /ərɛl/ ‘root’ as */ərel/) than vice versa. This asymmetry was robust, as in 

some cases /ɛ/-words mispronounced with /e/ were accepted by Spanish-dominant 

bilinguals close to 60% of the time. Finally, a cognate effect was found for /e/ ! */ɛ/. 

Specifically, /e/-words pronounced as /ɛ/ were miscategorized more often in non-

cognates than in cognates. For instance, Catalan words such as /reglə/ (Spanish /regla/ 

‘ruler’) were less likely to be accepted as */rɛglə/ than Catalan non-cognates such as 

*/finɛstrə/ (Spanish ventana ‘window’). Even though the overall error rate is still 

relatively high, this pattern suggests that cognate status contributed to reducing the error 

rates for congruent cognates. Figure 6.4 shows the error rate (%) in the categorization of 

words and non-words for each front mid-vowel as a function of cognate status, vowel 

status and language dominance. 

Response time. A dataset that included the median response times (ms) over 

subjects as a condition of vowel (/e/, /ɛ/) and vowel status (correct, incorrect) was created 

(4 values per subject). This dataset was submitted to a mixed-model ANOVA with 

language dominance (Catalan-dominant, Spanish-dominant) as between-subjects factor, 

vowel (/e/, /ɛ/), vowel status (correct, incorrect) and cognate status (cognate, non-

cognate) as within-subjects factors, and subject as the random term. The model yielded 

significant main effects of vowel (F(1,58) = 6.02, p < 0.01), cognate status (F(1,58) = 

9.43, p < 0.001) and vowel status (F(1,58) = 47.06, p < 0.001), but no effects of language 

dominance (F(1,58) = 1.64, n.s). In addition, there was a significant interaction between 

vowel and cognate status (F(1,58) = 19.32, p < 0.001). The significant interaction was 

explored by analyzing the effects of cognate status for each vowel separately. For the /e/ 

type stimuli, the model revealed a significant effect of cognate status (F(1,58) = 35.30, p 

< 0.001) and vowel status (F(1,116) = 11.50, p < 0.001), but no effects of language 
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dominance (F(1,58) = 2.43, n.s). For the /ɛ/ type stimuli, there was a significant effect of 

vowel status (F(1,116) = 62.62, p < 0.001), but no significant effects of language 

dominance, cognate status, and no interactions. These results indicate that there were no 

significant differences in the response times of Spanish-dominant and Catalan-dominant 

bilinguals. In other words, Spanish-dominant bilinguals did not take significantly longer 

than Catalan-dominants to respond to mispronounced and properly pronounced words 

that differed in the front mid-vowel contrast. These results, however, do indicate that for 

both /e/ and /ɛ/ type words, both bilingual groups responded slower to mispronunciations 

than to properly pronounced words. Finally, the results showed that there were 

differences in the reaction times of cognates and non-cognates when classifying the /e/ 

type words: participants responded faster to cognates. For the /ɛ/ type words, however, 

there were no cognate effects in the response times. Figure 6.5 shows the response times 

(ms) as a function of vowel, cognate status, and vowel status for each language 

dominance group. 
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          /e/-type stimuli              /ɛ/-type stimuli 

 

 

Figure 6.4. Error rate (%) for cognate and non-cognate items as a function of vowel type (/e/, /ɛ/) and vowel status (word, non-
word) by language dominance 
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Figure 6.5. Response time (ms) for all cognate and non-cognate items as a function of vowel (/e/, /ɛ/) and vowel status (word, 
non-word) by language dominance 
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6.3.2.2. Back mid-vowel contrast /o/-/ɔ/ 

Properly pronounced words (/o/!/o/ and /ɔ/ !/ɔ/). The analysis of the correctly 

produced /o/ and /ɔ/ stimuli yielded significant main effects of language dominance 

(F(1,58) = 4.73, p < 0.001) and cognate status (F(1,58) = 4.58, p < 0.05), as well as a 

significant interaction between language dominance and cognate status (F(1,58) = 5.89, 

p < 0.01). The results, however, did not reveal a significant effect of vowel (F(1,58) = 

0.54, n.s). The interaction between language dominance and cognate status was explored 

by analyzing the effects of cognate separately for each language dominance group. 

Bonferroni-corrected paired t-tests confirmed that there were significant differences in 

the categorization accuracy of Spanish-dominants between cognates and non-cognates 

(diff. = 3.55, t(59) = 2.63, p < 0.01), but these differences were not found for Catalan-

dominants (diff. = -0.22, t(59) = -0.24, n.s). These results confirm that Spanish-dominant 

bilinguals made more mistakes than Catalan-dominants when recognizing properly 

pronounced words. In addition, cross-linguistic interference in the lexical decision task 

was only found in the responses of the Spanish-dominant group who showed a higher 

error rate for cognates than non-cognates in both /o/ and /ɔ/ type words.  

Non-words (/o/ ! */ɔ/ and /ɔ/ ! */o/). The analysis of the non-words revealed 

significant main effects of language dominance (F(1,58) = 22.62, p < 0.001) and vowel 

(F(1,58) = 17.18, p < 0.001), but the model did not yield a significant effect of cognate 

status (F(1,58) = 1.71, n.s). However, there was a significant interaction between vowel 

and cognate status (F(1,58) = 7.11, p < 0.01). This interaction was explored by analyzing 

the effects of cognate separately for /o/ ! */ɔ/ and /ɔ/ ! */o/. Bonferroni-corrected 

paired t-tests confirmed that there were significant differences in the error rate between 

cognates and non-cognates in /ɔ/ ! */o/ (diff. = 5.66, t(59) = 2.79, p < 0.01), but not in 
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/o/ ! */ɔ/ (diff. = -1.55, t(59) = -0.72, n.s). These results indicate that Spanish-dominant 

and Catalan-dominant bilinguals differed in their categorization of non-words. In fact, 

Spanish-dominant bilinguals had great difficulties in categorizing mispronounced words 

that differed in the back mid-vowel contrast. Furthermore, cognate status was found to 

affect the categorization of /ɔ/ words incorrectly pronounced as /o/, but not /o/ words 

mispronounced as /ɔ/. Figure 6.6 shows the error rate (%) in the categorization of words 

and non-words for each back mid-vowel as a function of cognate status, vowel status and 

language dominance. 

Response time. The processing differences between Spanish-dominant and 

Catalan-dominant bilinguals were also examined in the response time data. As in the 

analysis of the front mid-vowel response time data, a similar dataset was created on the 

back mid-vowel data consisting of the median response times (ms) over subjects as a 

condition of vowel (/o/, /ɔ/) and vowel status (correct, incorrect) for a total of 4 values per 

participant. The response time data was submitted to a mixed-model ANOVA with 

language dominance (Catalan-dominant, Spanish-dominant) as between-subjects factor, 

vowel (/o/, /ɔ/), vowel status (correct, incorrect), and cognate status (cognate, non-

cognate) as within-subjects factors, and subject as the random term. The model yielded 

significant main effects of language dominance (F(1,58) = 4.75, p < 0.01), cognate status 

(F(1,58) = 15.95, p < 0.001), and vowel status (F(1,58) = 28.75, p < 0.001). In addition, 

there was a significant interaction between vowel and cognate status (F(1,58) = 8.56, p < 

0.001). The interaction was explored by analyzing the effects of cognate status for each 

vowel separately. For the /o/ type words, the model revealed a significant effect of 

language dominance (F(1,58) = 4.57, p < 0.05) and vowel status (F(1,116) = 21.58, p < 

0.001), but no effects of cognate status (F(1,58) = 0.46, n.s). For the /ɔ/ type words, there 
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was a significant effect of language dominance (F(1,58) = 4.53, p < 0.05), cognate status 

(F(1,58) = 37.22, p < 0.001) and vowel status (F(1,116) = 35.81, p < 0.001). Contrary to 

the results for the front mid-vowel contrast, here Spanish-dominants took longer to 

respond to words that differed in the back mid-vowel contrast. In addition, both groups 

had longer response times when responding to mispronounced words than to real words. 

Finally, cognate effects were found in the response times of /ɔ/ type words, but these 

effects were not noticeable in the response times of /o/ type words for both groups. Figure 

6.7 provides the response times (ms) as a function of vowel and cognate status for each 

language dominance group. 
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/o/-type stimuli              /ɔ/-type stimuli 

 

Figure 6.6. Error rate (%) for cognate and non-cognate items as a function of vowel type (/o/, /ɔ/) and vowel status (word, non-
word) by language dominance 
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Figure 6.7. Response time (ms) for all cognate and non-cognate items as a function of vowel (/o/, /ɔ/) and vowel status (word, 
non-word) by language dominance 
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6.4. RELATIONSHIP BETWEEN THE PRODUCTION AND LEXICAL REPRESENTATION OF 
THE CATALAN MID-VOWEL CONTRASTS 

The following section examines the relationship between the production abilities 

of the Spanish-dominant and Catalan-dominant participants and their accuracy rate in the 

lexical decision task. The Euclidean distance between the mid-vowel categories in the 

productions of each individual speaker was compared to the percentage of correct 

responses in the lexical decision task for each mid-vowel contrast. The analysis of the /e/-

/ɛ/ contrast revealed that there was a significant correlation between the Euclidean 

distances and the accuracy in the lexical decision task (n=60, df=58, r=.54, R2=.29, p < 

.001). Figure 6.8 plots the accuracy rate in the lexical decision task as a function of the 

Euclidean distance (Bark) between same speaker’s /e/ and /ɛ/ productions. 

 

Figure 6.8. Accuracy rate in the lexical decision task plotted as a function of the 
Euclidean distance between same speaker’s tokens of the vowels /e/ and /ɛ/ 
(n=60, df=58, r=.54, R2=.29, p < .001) 
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The analysis of the /o/-/ɔ/ contrast also yielded a significant correlation between 

the Euclidean distances and the accuracy in the lexical decision task (n=60, df=58, r=.55, 

R2=.30, p< .001). Figure 6.9 plots the accuracy rate in the lexical decision task as a 

function of the Euclidean distance (Bark) between same speaker’s /o/ and /ɔ/ productions.  

 

Figure 6.9. Accuracy rate in the lexical decision task plotted as a function of the 
Euclidean distance between same speaker’s tokens of the vowels /o/ and /ɔ/ 
(n=60, df=58, r=.55, R2=.30, p< .001) 
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6.5. DISCUSSION 

The results from the previous production and perception experiments presented in 

this dissertation indicate that Spanish-Catalan bilinguals in Majorca are extremely 

accurate in explicit discrimination tasks regarding the Catalan mid-vowel phonemic 

categories, and that they also maintain a robust acoustic distance between the Catalan 

mid-vowels in their production. However, these Spanish-Catalan bilinguals do not 

produce and perceive sounds in their dominant and non-dominant languages in isolation; 

phonetic segments are embedded in words. Therefore, in addition to examining these 

bilinguals’ explicit perceptual judgments, this chapter investigated how words are 

represented in their mental lexicon. 

The main purpose of the lexical decision task was to investigate the lexical 

representations of early highly proficient Spanish-Catalan bilinguals in Majorca. The first 

question addressed was the following: Do Spanish-dominant and Catalan-dominant 

bilinguals differ in their lexical representations of the Catalan mid-vowel categories? 

Similarly to what has been previously reported in studies on Spanish-Catalan bilinguals 

in Barcelona (Pallier et al., 2001; Sebastián-Gallés et al., 2005; Sebastián-Gallés and 

Baus, 2005), the results indicate that bilinguals in Majorca had great difficulty 

distinguishing between words and non-words that differed in a Catalan-specific vowel 

contrast. These findings are surprising considering their performance in the previous 

experimental tasks. Even though these Spanish-Catalan bilingual participants were found 

to accurately perceive the contrast between the Catalan /e/-/ɛ/ and /o/-/ɔ/ categories in 

identification, AX discrimination and AXB discriminations tasks, and they also produced 

an acoustic contrast between the mid-vowels in the picture-naming task, these same 

bilingual individuals were found to have a high error rate in their categorization of 

properly pronounced and mispronounced words.  
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In the previous experiments there were no differences detected in the performance 

of Catalan-dominant and Spanish-dominant bilinguals with respect to the production and 

perception of the Catalan mid-vowel contrasts. However, in addition to having a high 

error rate (in some cases bilingual participants responded at chance), significant 

differences were also found based on a speaker’s dominant language: Spanish-dominant 

bilinguals exhibited higher error rates than Catalan-dominant bilinguals in recognizing 

words and non-words that include the front and back mid-vowel contrasts. Based on the 

evidence reviewed here, it can be concluded that Spanish-dominant bilinguals’ lexical 

representations do not include as much detailed information as the representations of 

Catalan-dominant bilinguals. An alternative possibility, to be discussed below, is that 

Spanish-dominant bilinguals have multiple overlapping exemplar clouds for these lexical 

items.  

A closer analysis of how individual vowels were categorized by the participants 

indicates that there was a higher error rate when responding to the /ɛ/ type and /ɔ/ type 

stimuli than to the /e/ type and /o/ type stimuli, suggesting that Spanish-dominant and 

Catalan-dominant bilinguals are not as accurate in categorizing words that contain the 

Catalan-specific mid-vowels /ɛ/ and /ɔ/. The comparison between the recognition of real 

words and non-words also shows that these Spanish-Catalan bilinguals have a higher 

error rate and take longer to respond to mispronounced words than to properly 

pronounced words. Both bilingual groups were more likely to accept an /ɛ/ word or an /ɔ/ 

word incorrectly produced with /e/ or /o/ than vice versa. This asymmetry in error rate 

has been interpreted in previous studies in Barcelona as evidence that Catalan-specific 

phonemes are more variable and might be incorrectly accepted to a higher degree because 

of Spanish-accented input, where /ɛ/ and /ɔ/ words are frequently pronounced with /e/ and 

/o/. These studies in Barcelona have assumed that Spanish-Catalan bilinguals, when 
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pronouncing Catalan words, mostly use the phonetic categories of Spanish and as a result 

the Catalan contrast has neutralized to the Spanish phoneme /e/ (Sebastián-Gallés et al., 

2005). Even though the production results in this dissertation indicate that the production 

patterns in Majorca differ from those of Barcelona (i.e., the mid-vowel contrasts are not 

merging into a single Spanish-like mid-vowel), the present results also indicated that 

there was a significant correlation between the production and lexical representations of 

the mid-vowel phonemes: bilingual individuals that produced mid-vowels closer together 

(i.e., smaller Euclidean distance) were more likely to have a higher error rate in the 

lexical decision task. Based on the evidence reviewed here, it can be hypothesized that 

the lexical representations of words containing the Catalan-specific /ɛ/ and /ɔ/ may be 

stored in these bilinguals’ mental lexicon with less acoustic detail, or with potentially 

competing acoustic details.  

The exploration of lexical effects was included in this study to test if the acoustic 

properties of cognates provoke phonetic interference in the lexical representations of 

Spanish-dominant and Catalan-dominant bilinguals. The examination of cognate status in 

the word recognition patterns of Spanish-Catalan bilinguals addressed the following 

question: Does cognate status increase phonetic interference and therefore affect the 

lexical representations of these Spanish-Catalan bilinguals? The results indicate that /e/ 

words pronounced as */ɛ/ were miscategorized (i.e. accepted as correct) more often in 

non-cognates than in cognates. In other words, congruent cognates increased the cross-

linguistic influence in the front mid-vowels as fewer /e/ cognates produced as */ɛ/ were 

accepted in cognate lexical items, whereas non-cognates, involving the same vowel 

mispronunciation, were more frequently miscategorized. Conversely, a cognate effect 

was found in the categorization of /ɔ/ words pronounced as */o/, but not for /o/ words 

pronounced as */ɔ/. In this case, interference at the lexical level meant that Catalan 
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cognate /ɔ/ words (with /o/ in Spanish) pronounced as */o/ were more likely to be 

miscategorized than non-cognates: incongruent cognates increased the error rate. The 

cognate effects in the lexical decision task described above indicate that congruent 

cognates increased word recognition accuracy while incongruent cognates increased the 

error rate. 
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7. Conclusions 

7.1. SUMMARY OF AIMS AND EXPERIMENTS  

The overarching goal of this project was to contribute to the existing findings on 

the phonetics and phonology of early bilingual speakers in a situation of language 

contact. The specific goal was to examine how early Spanish-Catalan bilinguals in 

Majorca categorize, structure, and organize the Catalan-specific mid-vowel categories in 

order to explore possible phonetic transfer from Spanish in the Catalan vowel system. 

That is, this study investigated the possibility of transfer effects in bilinguals’ perception 

and production of contrasts in Catalan (/e/-/ɛ/ and /o/-/ɔ/) that are phonemically absent in 

Spanish. To this end, there were three specific aims to the project. The first goal was to 

examine the production, perception, and lexical representation of the Catalan-mid vowel 

contrasts comparing the performance of Spanish-dominant and Catalan-dominant 

bilinguals. The second goal was to evaluate the relation between the production and 

perception abilities of these early bilinguals together with the lexical representation of 

words that contain the Catalan-specific mid-vowel contrast. The third and final goal was 

to investigate if lexical status (i.e. cognate vs. non-cognate status) conditioned these 

bilinguals’ sensitivity to the Catalan-specific phonological categories. 

These aims were addressed using three different experiments designed to 

investigate the production, perception, and lexical representation of 60 early Spanish-

Catalan bilinguals (30 Catalan-dominant and 30 Spanish-dominant) in Majorca. The first 

experiment, based on a picture-naming paradigm examined the production of the Catalan 

and Spanish mid-vowel target phonemes. Cognate and non-cognate lexical items were 

analyzed acoustically, providing a thorough evaluation of cognate effects in production. 

The second set of experiments used natural and synthesized stimuli in identification, AX 

discrimination, and AXB discrimination tasks for the Catalan front and back mid-vowel 
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contrasts. Finally, the third experiment tested the processing of the Catalan-mid vowel 

contrasts and the lexical representations of these bilingual participants. In this test, the 

same bilingual participants that completed the previous production and perception 

experiments were aurally presented with Catalan target words with a matching picture 

and were asked to determine whether the token presented was a properly pronounced or a 

mispronounced word; the only difference between correct and mispronounced words 

resided in the manipulation of the realized Catalan-specific mid-vowel.   

7.2. SUMMARY OF RESULTS 

This section addresses the main findings of the experiments by presenting the 

results from the perception, production, and lexical decision tasks separately. 

7.2.1. Perception tasks 

The results from the perception experiments indicate that early and highly 

proficient Spanish-Catalan bilinguals in Majorca are able to perceive the contrast 

between the Catalan-specific /e/-/ɛ/ and /o/-/ɔ/ phonemes in a categorical manner. In other 

words, both Catalan-dominant and Spanish-dominant bilinguals perceive two distinctive 

phonemes in the mid-front and mid-back vowel space with similar identification and 

discrimination curves. This perception pattern is typically found in categorical perception 

studies (Eimas, 1963; Mattingly et al., 1971; Miyawaki et al., 1975; Liberman et al., 

1957). The results of these perception experiments are different from those reported in 

previous studies in Barcelona. In essence, the present research demonstrates that Spanish-

dominant bilinguals in Majorca are not ‘deaf’ to the Catalan-specific vowel contrasts. In 

fact, they were not found to perform differently from Catalan-dominant participants when 

identifying and discriminating synthesized mid-vowel stimuli as either the high-mid or 

low-mid vowel in the front or back vowel space.  
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7.2.2. Production tasks 

The results from the picture-naming tasks indicate that the Catalan mid-vowel 

contrasts /e/-/ɛ/ and /o/-/ɔ/ are not undergoing a merger in the direction of more /e/- and 

/o/-like categories. These findings show that the Catalan-specific /ɛ/ and /ɔ/ categories are 

maintained in the Catalan productions of Spanish-Catalan bilinguals in Majorca. Contrary 

to the results reported in previous studies with early bilinguals in Barcelona (Herrick, 

2006; Lleó et al., 2008; Pla, 1995; Recasens, 1991) and in Majorca (Simonet, 2011), the 

results from the picture-naming task indicate that the Spanish-dominant participants in 

this study produced robust Catalan mid-vowel contrasts. Although there was more 

variability in the spectral characteristics of the mid-vowels produced by the Spanish-

dominant group (i.e., with a subset maintaining a small Euclidean distance between the 

mid-vowel categories), their production patterns overall did not differ from those 

produced by Catalan-dominants. The comparison of the acoustic characteristics of 

Catalan cognate and non-cognate experimental items revealed that the acoustic 

distributions for the front and back mid-vowels were affected by cognate status across all 

speakers. In addition, the comparison between the Spanish and Catalan mid-vowels 

indicated that all bilingual participants produced a merged phonetic category for the 

Catalan /e/ and Spanish /e/, and a separate Catalan /ɛ/ category, whereas there were three 

different vowel clusters in their productions of the back mid-vowels in both languages: 

Spanish /o/, Catalan /o/ and Catalan /ɔ/.  

7.2.3. Lexical decision task 

The results from the lexical decision task indicate that Spanish-Catalan bilinguals 

in Majorca had great difficulty distinguishing between words and non-words that differed 

in the Catalan-specific mid-vowel contrasts. Even though these bilinguals were able to 

accurately perceive the contrast between the Catalan-specific /e/-/ɛ/ and /o/-/ɔ/ categories 
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in perceptual identification and discrimination tasks, they were found to have a high error 

rate in their categorization of properly pronounced and mispronounced words. Significant 

differences were found based on a speaker’s dominant language: Spanish-dominant 

bilinguals exhibited higher error rates than Catalan-dominants in recognizing words and 

non-words that include the front and back mid-vowel contrasts. The differences between 

the language dominance groups have been interpreted as a consequence of ‘impoverished 

representations’ stored in their phonological lexicon. In other words, Spanish-dominant 

bilinguals’ lexical representations may not include as much detailed information as the 

representations of Catalan-dominant bilinguals (Sebastián-Gallés et al., 2005).  

Results from the lexical decision task match those previously reported in 

Barcelona (Pallier et al., 2001; Sebastián-Gallés et al., 2005; Sebastián-Gallés and Baus, 

2005), which indicate that making explicit judgments regarding whether a certain sound 

belongs to a phonemic category (i.e., as accomplished via identification and 

discrimination tasks) does not entail that listeners have an appropriate representation at 

the lexical level. The lexical decision task contributes to the examination of the Catalan 

mid-vowel contrasts and differs from the identification and discrimination tasks in that 

participants need to access their long-term memory store (the mental lexicon) to correctly 

perform the lexical decision task. Based on the results presented in this dissertation, these 

bilinguals perform at ceiling in the perceptual tasks that involve pre-lexical processes 

(e.g., identification and discrimination of isolated phonemes), but their performance 

decreases when the tasks tap into lexical processes (e.g., accessing lexical representations 

and selecting the appropriate words). As stated in Sebastián-Gallés and Díaz (2012:136-

137), “to accomplish the categorization task, participants merely needed to notice the 

difference between isolated vowels and to know (even if only in a metalinguistic way) the 

properties of the categories. However, to successfully complete the lexical decision task, 
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participants needed to build up an adequate representation of the stimulus presented 

during the experiment and compare it with the information stored in their phonological 

lexicon”. As a result, these authors consider lexical processing to be harder than 

perceptual identification and discrimination for bilinguals in their non-dominant 

language. These results are consistent with the view that word recognition requires a 

hierarchy of processing units, and the development of phonetic categories precedes 

accurate phonological representations in the lexicon (Díaz et al., 2012; Sebastián-Gallés 

and Baus, 2005). However, other researchers have also found cases where L2 learners 

seem to have knowledge of L2-specific contrasts at the lexical level even though they 

have unreliable performance on discrimination tasks (see Cutler et al., 2006; Darcy et al., 

2012; Escudero et al., 2008; Hayes-Harb and Masuda, 2008; Weber and Cutler, 2004). 

The results also indicate that in the recognition of cognate lexical items there is 

subtle but significant cross-language interference in the form of altered lexical 

representations. The lexical representations of the Spanish-Catalan bilingual participants 

in Majorca seems to indicate that these bilinguals might have developed partly 

overlapping phonetic representations for the Catalan mid-vowels (Mora and Nadeu, 

2012). A theoretical model must account for this interference in the bilingual mental 

lexicon.  

7.3. DISCUSSION 

7.3.1. Bilinguals in Barcelona and Majorca: a matter of differences in input? 

Previous studies in Barcelona report variation in the target-like production of the 

Catalan-specific mid-vowels with a tendency towards a merger of the Catalan mid-

vowels into a single Spanish-like mid-vowel category. Evidence from acoustic studies on 

Majorcan Catalan vowels indicates that speakers of this variety of Catalan produce lower 
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mid-vowels than their counterparts in Barcelona and that the acoustic distance between 

the mid-vowel categories is larger for Majorcans than for speakers of other Catalan 

varieties (Recasens, 1986; Carrera-Sabaté and Fernández-Planas, 2005; Recasens and 

Espinosa, 2006). In addition to the loss of the mid-vowel contrasts in production, early 

Spanish-Catalan bilinguals in Barcelona have been shown to have difficulties in 

distinguishing the Catalan mid-vowel contrasts. These studies have indicated that early 

and extensive exposure to Catalan may not be sufficient to attain native-like perceptual 

abilities in the language, a conclusion that this dissertation partially contests. 

One of the main contributions of the present dissertation was to examine the 

production, perception, and lexical representation of Spanish-Catalan bilinguals in a 

dialect that has a phonological system and lexical distribution distinct from the variety 

spoken in Barcelona. The main aim was to investigate if early bilinguals in a different 

bilingual community suffer from a lack of mental plasticity, and if the acquisition deficit 

that has been described in Barcelona is due to early exposure to Spanish. The results from 

the production and perception experiments in this dissertation do not support previous 

accounts of severe limitations in the acquisition of Catalan-specific categories under 

conditions of early and extensive exposure (Sebastián-Gallés and Soto-Faraco, 1999). In 

contrast, the results show that despite their acoustic similarity with the Spanish mid-

vowel categories, Majorcan Spanish-Catalan bilinguals demonstrate a native-like 

production and perception of the Catalan mid-vowels, showing that early bilinguals are 

capable of maintaining language-specific contrasts, even for very similar phones 

(MacLeod and Stoel-Gammon, 2010). The Catalan mid-vowel contrasts in Majorca are 

more robustly maintained than in Barcelona and are thus more available in bilinguals’ 

ambient input. Because the Catalan in Barcelona is in increased contact with Spanish and 

has more instability in the mid-vowel contrasts in comparison to Majorcan Catalan, 
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bilinguals in Majorca may be exposed to less Spanish-accented Catalan, and less Spanish 

overall, in their input. 

Flege (2007) argues that the quantity and quality of L2 input received by an L2 

learner are important determinants of ultimate degree of attainment in an L2. A plausible 

explanation for the different production and perception patterns found in Barcelona and 

Majorca is that bilinguals in each community may vary as a function of the (accented) 

input that they receive. Because previous contrastive studies have indicated that the 

Catalan mid-vowel contrasts are more robustly maintained in Majorca than in Barcelona 

(Carrera-Sabaté and Fernández-Planas, 2005; Recasens and Espinosa, 2006), a tentative 

explanation is that more instances of acoustically distinctive mid-vowels are available in 

the ambient input all bilinguals receive in Majorca. For instance, in Majorca there is 

presumably less exposure to input containing merged mid-vowels, where Catalan /ɛ/ 

words and /ɔ/ words are produced closer to /e/ or /o/.  

This hypothesis is also supported by previous findings that demonstrate that the 

quality of the input is a strong predictor of native-like production patterns in the 

acquisition of children and adults in Barcelona (Cortés et al., 2009; Lleó et al., 2007, 

2008, 2009). These studies show that the Catalan mid-vowel merger in Barcelona is 

present to different degrees, depending on the place of residence: it is precisely in highly 

Spanish-influenced districts where there is more variable (i.e., Spanish and Spanish-

accented Catalan) input that bilinguals are merging the Catalan mid-vowel categories in 

their productions. Similar predictions have been stated about the effects of Spanish-

accented input on the acquisition of the Catalan mid-vowel contrasts by infants in 

Barcelona: early exposure to Spanish (mis)pronunciations of Catalan /e/ and /ɛ/ 

contributes to inferior learning of them in the bilinguals (Sebastián-Gallés et al., 2005).  
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The result is that, in a large city like Barcelona, Spanish speakers may receive 

highly variable and inconsistent Catalan input, which in terms of the Catalan mid-vowels 

leads to difficulties in their acquisition of the contrast. That is, this is not just an example 

of a contrast that exists in one language, Catalan, and not in the other, Spanish; but, 

rather, a contrast that even in Catalan is less robust and more variable than other contrasts 

between phonemes (See Coveney, 2001; Dufour et al., 2007; Fagyal et al., 2002, 2006 for 

similar findings on the /e/-/ɛ/ contrast in varieties of French). In Majorca, the Catalan 

input that speakers from Spanish-dominant families receive may be more consistent (i.e., 

more prototypical and with robust differences between the mid-vowel categories), 

ultimately facilitating acquisition. These explanations point to the need for more studies 

assessing the differences in the acoustic input that early bilinguals receive not only as 

children, but also in their everyday lives as adults, and how it affects their production and 

perception patterns.  

7.3.2. Relationship between bilingual perception and production 

According to the SLM (Flege, 1995), the accuracy with which L2 sounds are 

produced is limited by how accurately they are perceived, and an increase in performance 

in production is necessarily preceded by an increase in perception. Therefore, it is 

assumed that acquisition of a new L2 category involves the capacity to perceive and 

produce that sound. The results from the current study support the link between 

production and perception (Liberman and Mattingly, 1985; Pisoni, 1995), showing that 

accuracy in production correlates with the native-like perception patterns of these 

bilingual individuals.  

 Some limitations in the comparisons between the production and perception 

abilities of the Spanish-Catalan bilinguals in this dissertation must be acknowledged and 

were based on ceiling effects when performing the identification and discrimination tasks 
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with synthesized vowel stimuli (identification and AX discrimination). Consequently, the 

comparisons between production and perception primarily involved the accuracy rates in 

the AXB discrimination task. Even though the bilingual participants also had few errors 

in this task, the comparison of the production data with the results from the AXB 

discrimination task for each individual participant provided some relevant findings. 

Participants who had a higher accuracy rate in the AXB discrimination task also 

produced mid-vowel categories with a larger Euclidean distance. In addition, a significant 

correlation was also found for the lexical decision accuracy and production patterns: 

bilingual individuals that produced mid-vowels closer together (i.e., smaller Euclidean 

distance) were more likely to have a higher error rate in the lexical decision task.  

Even though these results support the notion that accuracy in production is limited 

by how accurately the sounds are perceived, the results must be interpreted with caution, 

as the Spanish-Catalan bilinguals in this dissertation achieved a high accuracy rate in the 

production and perception tasks. Most of the variability in production and perception was 

located in the data from a reduced subset of the most extremely Spanish-dominant 

bilinguals in the language dominance scale. Further analyses exploring the performance 

of bilinguals who only partially succeed in the perception and production tasks will 

provide richer data to confirm the correlation between perception and production 

observed in other studies (Flege et al., 1999). 

7.3.3. Cognate effects: phonetic interference in the bilingual mental lexicon 

Cognate effects were found in the production and lexical decision tasks. This 

cross-linguistic influence was established for both language dominance groups when 

selecting the appropriate phonetic representations of lexical items in order to produce the 

experimental stimuli as well as to identify aurally presented stimuli either as a word or a 

non-word.  
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The cognate effects in the production of the Catalan mid-vowels support previous 

findings on the production patterns of Spanish-Catalan bilinguals in Barcelona. Contrary 

to the cognate effects found in Mora and Nadeu (2012), the acoustic characteristics of the 

Catalan-specific /ɛ/ category were not affected, but interference was found between the 

vowel categories that are acoustically closer to each other, such as Catalan /e/ and 

Spanish /e/. In addition, cognate status was found to influence vowel height and fronting 

for the Catalan back mid-vowels /o/ and /ɔ/ and Spanish /o/ in the productions of both 

Spanish-dominant and Catalan-dominant bilinguals. Further evidence of phonetic 

interference at the lexical level was observed in the lexical decision task. These results 

show that when responding to mispronounced words, congruent cognates increased the 

lexical decision accuracy, facilitating lexical access, whereas incongruent cognates 

increased cross-linguistic interference between the mid-vowel categories, causing a 

higher error rate in the lexical recognition process.  

These findings provide additional evidence that cross-language phonetic 

interference occurs when these early Spanish-Catalan bilinguals access their mental 

lexicon. In other words, the acoustic properties of cognate lexical items result in phonetic 

alterations in the lexical representations of these bilingual individuals. Such an effect 

must be operationalized in a model of the bilingual lexicon that accounts for the variable 

production and lexical decision patterns linked to the bilinguals’ lexical representations. 

7.4. THEORETICAL IMPLICATIONS 

7.4.1. Models of cross-linguistic perception and production: the PAM and SLM 

The Perceptual Assimilation Model (PAM; Best, 1995) and the Speech Learning 

Model (SLM; Flege, 1995) are two models of cross-linguistic speech perception and 

production that assume that the learnability of new sounds in the L2 is perceptual in 
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nature and depends on the perceived phonetic distance between the sounds in the L2 and 

the most similar segments in the L1 phonetic inventory. Despite these common 

assumptions, these two models address different aspects of L2 phonological acquisition: 

the SLM focuses on individual phonetic categories whereas the PAM focuses on pairwise 

phonological contrasts, and the SLM was primarily designed to address L2 production, 

whereas the PAM’s main focus is on non-native speech perception. 

 The PAM was developed to explain why some segmental contrasts are easier to 

perceive in the second language than others. The PAM predicts that a non-native phone 

may be perceptually assimilated to the native system in one of three ways: (1) as a good 

or poor exemplar of a native phonological segment (Categorized), (2) as unlike any single 

native phoneme, if the non-native sound falls somewhere in between native phonemes 

(Uncategorized), or (3) as a non-linguistic speech sound if the L2 sound does not 

resemble any native phoneme (Non-assimilated). According to the PAM’s predictions, if 

the Catalan mid-vowels are phonologically and phonetically perceived as being similar to 

the Spanish mid-vowel phonemes, both Catalan mid-vowel phones will assimilate to the 

Spanish mid-vowel categories. This Single Category (SC) contrast supports the previous 

findings with Spanish-dominant bilinguals in Barcelona, but not those presented here. 

But how can this theoretical framework also account for the accuracy in 

discrimination demonstrated by the Spanish-dominant bilinguals in Majorca? The only 

possibility posited by the PAM that could account for the performance of Spanish-

dominant bilinguals in Majorca is the Uncategorized-Categorized (UC) assimilation. In 

this case, one non-native phone (Catalan /e/) is perceived as a native phoneme (Spanish 

/e/) while the other member of the contrast is heard as an uncategorized speech sound 

(Catalan /ɛ/). This assimilation process predicts that such a contrast will be discriminated 

very well because it reflects a phonological distinction between an exemplar of a known 
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phoneme versus something that is not an exemplar of that phoneme. Further evidence 

indicating native-like acquisition of the Catalan-specific phonemes by the Spanish-

dominant bilinguals comes from the relationship between the production and perception 

patterns of these bilinguals considered jointly; if acoustic differences in production 

follow from perceptual discrimination as described by the PAM, it is very likely that both 

bilingual groups in Majorca have created a new category for the Catalan-specific /ɛ/ and 

/ɔ/ vowels.  

The SLM emphasizes the close link between speech perception and production by 

assuming that accurate perception of the phonetic differences between two L2 phones can 

eventually lead to the correct production of these differences. In particular, the SLM 

presents two possibilities: (1) if the learner identifies the foreign stimulus as a similar 

phone, then an L1 category will be used to represent that phone in production, or (2) if 

the L2 listener considers that the foreign sound is a new phone, then the L2 learner will 

eventually create a new category different from the categories already existing in the L1. 

In the first case, the model hypothesizes that L2 phones that are similar to the L1 

phonological categories will be assimilated to an equivalent sound preventing learners 

from establishing a separate phonetic category. In the second case, the hypothesis is that a 

new category will be formed because it cannot assimilate to an L1 category.  

Based on the results in Barcelona, it could be hypothesized that since adults are 

used to a wide range of allophonic variation in the production of L2 sounds, Spanish-

dominant bilinguals perceive Catalan /e/-/ɛ/ and /o/-/ɔ/, as a variation of an L1 category 

(Spanish /e/ and /o/), in a case of the similar phones scenario. The results in Barcelona 

support this ‘equivalence classification’ and the merger hypothesis for the production and 

perception of the Catalan mid-vowels. According to the SLM, these learners ‘recycle’ the 
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similar phone in the L2 into an already existing L1 category, resulting in a merged 

category that comprises both L1 and L2 sounds.  

Even though the SLM was designed to address the phonetic acquisition of L2 

learners, rather than of fluent early bilinguals, the SLM suggests that bilinguals exposed 

to both languages at a very early age may be capable of establishing additional phonetic 

categories for similar L2 sounds (Flege et al., 2003). The assumption is that early 

bilinguals differ from adult L2 learners in that they are capable of creating different 

categories for similar and new phones, whereas adult L2 learners can only create new 

categories in the case of new phones, merging what they perceive as similar phones with 

the already existing categories. In the case of Spanish-dominant bilinguals in Majorca, 

extended experience in the L2, especially with appropriate quantity and quality of input 

may allow these bilinguals to overcome assimilation, and as a result develop a separate 

category for the L2 sound. The production data from early Spanish-Catalan bilinguals in 

Majorca supports this possibility as these bilinguals have developed separate phonetic 

categories (e.g., Catalan and Spanish /e/, Catalan /ɛ/, Catalan /o/, Catalan /ɔ/, and Spanish 

/o/) that coexist in a common phonetic space (Flege, 1995). 

Both the SLM and the PAM make straightforward predictions about the 

learnability of L2 sounds depending on the perceived similarity between the sounds of 

the L1 and L2. However, these models cannot account for an interaction between the 

phonological and lexical levels of representation across the two languages of a bilingual. 

In other words, these models cannot predict the phonetic interference found in the 

production and lexical decision of cognate lexical items, nor how the acoustic 

characteristics of the Catalan mid-vowels are related to the lexical representations stored 

in the bilingual mental lexicon. How can these results be theoretically interpreted? 
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7.4.2. Exemplar model of lexical representation 

Assuming that lexicons in different languages are mentally interconnected (Costa 

et al., 2005; Jarvis and Pavlenko, 2008), lexical representations in one language are 

predicted to affect the lexical representations in the other. The exemplar model of lexical 

representation (Bybee, 2001; Goldinger, 1997, 1998; Hawkins, 2003; Johnson, 1997a, 

1997b, 2005; Pierrehumbert 2001, 2003a,b) is a theoretical framework that is able to 

explore the lexical/phonetic interface in which the mental lexicon is represented 

phonetically. For the purpose of this dissertation, the model is expanded to include 

bilingual data in order to analyze the interactions between the lexical representations of 

both languages in a bilingual lexicon. The following section aims to demonstrate that 

adapting the exemplar theory model to bilingual lexicons accounts for the interaction 

between the phonological and lexical levels of representation across a bilingual’s 

languages and can explain most of the patterns observed in the Majorcan bilingual 

participants. 

The exemplar model of lexical representation assumes that speech perception and 

production are closely linked, with perceived instances of a word or sound being the basis 

for production targets. Clusters of similar experiences––that is, “exemplars” of the same 

word––are formed including productions that share a particular acoustic property. These 

exemplars are categorized by their similarity to extant stored exemplars so that clouds of 

memory traces group similar exemplars close to each other while dissimilar ones are 

more distant. The exemplars themselves include much more than just purely phonetic 

information: the representation of that word includes its meaning(s) and all the acoustic, 

lexical, social, and contextual information from the perceptual event (Ettlinger and 

Johnson, 2010). Such a model accounts for how speakers might possess fine-grained, 

detailed, and word-specific knowledge about the sounds and words of their language and 
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require no phonological abstraction prior to lexical access (Coleman, 2002; Johnson, 

2007; Pierrehumbert, 2001, among others). The exemplar model explains production as 

drawing on these clouds of perceptual events to choose an appropriate phonetic target 

that may vary based on the information stored with the representation, such as social and 

contextual demands. It is the average of the relevant exemplars that forms the production 

target.  

The application of an exemplar-based approach to the production and perception 

of early Spanish-Catalan bilinguals might assume mostly distinct exemplar clouds 

representing Catalan and Spanish. However, since these clouds are organized by the 

phonetic similarity of the exemplars and also include semantics, there is likely to be 

overlap between the two otherwise independent language systems with respect to 

cognates. Since cognates by their very nature have the same meaning and similar 

phonetic forms in the two languages, the exemplar clouds for such cross-linguistic pairs 

(e.g. Catalan /sɔl/ ‘sun’ and Spanish /sol/ ‘sun’) may in fact overlap, such that exemplars 

from both languages exist in the same perceptual space. Thus, bilingual production of 

cognates potentially draws from both Catalan and Spanish exemplars instead of 

restricting the possible targets to the language-specific exemplars available for each 

language separately.  

The results reported in this dissertation indicate that the cognate status of a lexical 

item does influence production targets and the selection of the correct phonetic category 

in the lexical decision task. In the picture-naming task, the phonetic output of a specific 

lexical item of a Spanish-Catalan bilingual is the average over the set of exemplars in the 

vicinity of a randomly selected exemplar. Therefore, cognate effects would result from 

the selection of an exemplar containing overlapping acoustic properties. For example, the 

selection of the target word /sɔl/ ‘sun’ might be influenced by the stronger activation of 
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the /sol/ exemplars from Spanish, as opposed to the Catalan word /grɔk/ ‘yellow,’ which 

would not compete for selection with a Spanish exemplar in the cloud of memory traces 

(Spanish amarillo). In other words, a cognate effect in production is expected if the 

Spanish-influenced exemplar (i.e. Spanish word) of a specific lexical item is selected 

instead of a native-like Catalan exemplar. 

When deciding whether a given production is correct, or more typical, of a given 

word (i.e., lexical decision task), exemplar theory would also predict interference across 

languages for cognates. Each stored exemplar has strength (or activation) based on 

recency and word frequency. In other words, more frequent labels have more exemplars 

that are activated. Because bilingual speakers have been found to perceive cognates as 

having a higher frequency than non-cognates (Sherkina-Lieber, 2004), cognate items will 

be more prone to cross-linguistic influence. As a result, these exemplars will more likely 

be selected in ambiguous cases.  

In addition to the cognate status of the word, it would also be expected that the 

nature of the listener’s experience with exemplars shapes what is considered correct or 

typical. The formation of exemplars is undoubtedly affected by the quantity and quality 

of the input that the bilingual individual is exposed to in the environment, which explains 

the variable exemplars that bilinguals form depending on their experience. The results in 

this dissertation show that the Catalan mid-vowel contrast is maintained in the production 

and perception of Majorcan Spanish-Catalan bilinguals. In exemplar theory terms, a 

possible explanation is that both language dominance groups are consistently exposed to 

more acoustically distinctive mid-vowel exemplars in their linguistic environment. 

Because exemplar clouds reflect the productions a bilingual hears, an individual who is 

exposed to Spanish-accented Catalan will have a cloud that reflects those pronunciations. 

This prediction can account for the variable production patterns found in different 
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districts of Barcelona (Cortés et al., 2009; Lleó et al., 2007, 2008, 2009). Because in an 

exemplar model experience with a sound is the most important factor, the bilinguals who 

presumably use more Spanish in their everyday lives and are exposed to less Catalan, and 

perhaps exposed to more Spanish-accented Catalan, will store all the possible phonetic 

manifestations (native and non-native-like exemplars) within each word. Therefore, a 

Spanish-dominant bilingual in Barcelona who is exposed to Spanish-accented Catalan 

input will form a cloud of exemplars that include overlapping acoustic properties for the 

Catalan mid-vowels, and the selection of a Spanish-accented exemplar will result in a 

merged and more Spanish-like mid-vowel category in both production and perception. 

Even though the production and perception of the mid-vowel contrasts by 

Spanish-Catalan bilinguals in Majorca was found overall to be robust, the relationship 

between variable production patterns and accuracy in the lexical decision task also 

contributes to this explanation: Spanish-dominant bilinguals who maintain exemplars 

without overlapping phonetic categories because of continuous exposure to instances of 

distinct mid-vowel categories produce more Catalan-like vowel targets (i.e., with a larger 

Euclidean distance between the mid-vowel categories) are also those who have higher 

accuracy rates differentiating the properly pronounced from mispronounced words in the 

lexical decision task.  

Cross-language phonetic variation in bilingual production and perception can be 

accounted for within the exemplar model of lexical representation. However, there are 

unresolved questions with regards to the results in this dissertation. Assuming that stored 

exemplars include all the variation that occurs in the physical correlates of a specific 

category (e.g., a phoneme) the question remains as to why the bilingual participants in 

this study performed at ceiling when deciding on the identity of a phonemic category but 

had more difficulties when deciding on the identity of a lexical item. The application of 
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exemplar theory assumes that when a new stimulus is presented, the memory traces (i.e., 

exemplars) are activated in proportion to their similarity to the stimulus, and the pattern 

of activation is used to determine the category membership of the exemplar. This 

automatically eliminates a separation between pre-lexical and lexical phonological 

processing abilities (Gaskell and Marslen-Wilson, 1997; McClelland and Elman, 1986; 

Mehler, 1981; Norris, 1994; Pisoni and Luce, 1987). Previous work has also provided 

evidence of differing rates of success depending on the perceptual task. As noted in Díaz 

et al., (2012:680) “recognizing speech sounds requires a different skill than recognizing 

words containing these sounds, […] different perceptual tasks that are meant to measure 

phonological processing might show very different outcomes depending on which 

phonological process they tap into.”  

A possible explanation for the different success rates found in the different types 

of perception tasks is that the pattern of activation of the competing exemplars stored in 

memory may proceed differently in the lexical decision task and in the phonological 

categorization and identification tasks. First, it may be the case that the lexical decision 

task is more ‘costly’ for the bilingual participants in this study, as shown in the 

performance of the Catalan-dominant bilinguals, who performed at ceiling in the 

identification, discrimination, and production tasks but who were found to make more 

errors in the lexical decision task. Perhaps the difficulties are due to the fact that in the 

lexical decision task participants were exposed to highly variable natural speech from 

three different speakers, and the target vowels were presented with coarticulatory 

variation as a function of neighboring consonants (Darcy et al., 2012), which may 

complicate accurate and reliable access to exemplars of those categories. However, other 

studies have shown that some L2 leaners seem to have knowledge of lexical contrasts 
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despite unreliable performance on discrimination tasks (Cutler et al., 2006; Darcy et al., 

2012; Escudero et al., 2008; Hayes-Harb and Masuda, 2008; Weber and Cutler, 2004).  

Another possibility is that some perceptual tasks (identification and 

discrimination), which require less attention to the lexical level and more focus on the 

acoustic properties that distinguish the stimuli, may tap into the perception of phonetic 

categories with the exemplars representing speech sounds in isolation (Skousen, 1989; 

Pierrehumbert, 2001). Other tasks that involve access to the lexicon (lexical decision task 

and picture-naming task) activate exemplar clouds with the word as the unit of 

representation encoded in memory (Johnson, 1997). This hypothesis would predict that 

different levels of activation would produce different results depending on the task, and it 

is in line with previous findings suggesting a reconsideration of the causal link between 

phonological categories and lexical representations in bilingualism because phonological 

categorization and lexical encoding may be separately acquired (Darcy et al., 2012:29).  

This dissertation has argued that the exemplar model of lexical representation 

(Bybee 2001, Pierrehumbert, 2001) can be applied to bilingual data to explain cognate 

effects in which bilinguals do not separate “clouds of memory traces” in each language –

they are in fact interconnected– and that the phonetic features of cognate lexical items 

form a stronger link than non-cognates, thus permitting cross-language influence in 

speech production and perception. However, there are still many unresolved issues in the 

application of Exemplar Theory to bilingual data; thus, any interpretation of the results of 

this study in Exemplar Theoretic terms must be considered provisory. In addition, the 

study of the mental lexicon either as containing multiple episodes (Bybee, 2001; 

Goldinger, 1997, 1998; Hawkins, 2003; Johnson, 1997a, 1997b, 2005; Pierrehumbert 

2001, 2003a,b) or abstract prototypes (Gaskell and Marslen-Wilson, 1997; McClelland 

and Elman, 1986; Mehler, 1981; Norris, 1994; Pisoni and Luce, 1987), or a combination 
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of both in a hybrid model holds considerable promise (McQueen et al., 2006). A 

challenge for future research is to specify which components of the mental lexicon are 

episodic and which are abstract.  

7.5. PRACTICAL AND THEORETICAL LIMITATIONS 

The current project has practical and theoretical limitations. The practical 

shortcomings include the selection of experimental stimuli. There were inherent 

restrictions and limitations in examining the production and lexical decision of cognates 

and non-cognates while controlling for stressed vowel identity, word frequency, 

imageability, and cognate status. In other words, the selection of experimental stimuli has 

limitations due to the inability to completely control for factors, such as consonantal 

contexts, that may have had an effect on the results. In these tasks, vowels were elicited 

in different consonant environments that could have been affected by coarticulation. 

Furthermore, the analysis of the production data would have benefitted from a sample of 

all of the Catalan vowels for each participant in order to obtain a representative measure 

of the complete vowel space of each participant, to enable the comparison of normalized 

as well as raw data. Finally, in order to provide a baseline for the effects of cognate status 

in the Spanish productions of these bilinguals, the analysis would have benefitted from 

having monolingual Spanish speaker data as a control group. Likewise, in order to 

compare the Catalan production and perception patterns of these bilinguals in Majorca, it 

would have been desirable to obtain comparable data from bilinguals in Barcelona 

completing the same tasks, in order to more directly test the effects of exposure to native-

like and accented input in each community.  

In the theoretical domain, the analysis of acoustic effects in the production and 

perception of cognates and access to bilingual lexical representations is limited in so far 

as it is based on a restricted body of research. Interference at the lexical/phonetic 
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interface has been accounted for in previous studies (Amengual, 2012; Brown and 

Harper, 2011; Mora and Nadeu, 2012), but this acoustic interference in the production 

and perception of bilinguals must be operationalized in a theoretical model that accounts 

for the observed alterations in the lexical representation of bilingual individuals and that 

explains the outcomes that have been shown in these production, perception, and lexical 

decision tasks. While the episodic account provided by the exemplar model of lexical 

representation is reasonable, it is acknowledged that the interpretations provided 

necessitate further research and support. The extension of this model to include bilingual 

or multilingual data is intended to open a debate on how the lexical representations and 

the phonetic abilities of bilinguals interact and how the exemplar model can be extended 

to include bilingual lexical connections through which cognates facilitate phonetic 

interference. 

7.6. FUTURE RESEARCH 

The current study provides a number of future research directions on the bilingual 

speech patterns of Spanish-Catalan bilinguals. It must be recognized that it is difficult to 

directly compare these results to the previous studies conducted in Barcelona (Bosch et 

al., 2000; Sebastián-Gallés and Baus, 2005; Sebastián-Gallés, et al., 2005; Pallier et al., 

1997) because testing conditions, tasks, and materials are not fully comparable. 

Therefore, future studies will benefit from including the same experiments in both 

communities to reconcile the previously divergent findings in vowel production and 

perception. For this purpose, it will be necessary to compare bilinguals with similar 

scores in the language dominance scale in each linguistic environment. In addition to 

investigating the production and perception of Catalan-specific phonemic categories, the 

examination of Catalan phonological processes, such as vowel reduction or final 

obstruent devoicing in cognate and non-cognate lexical items will provide a more 
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complete picture of phonetic transfer while also enabling further testing of the exemplar 

model. 

Exemplars are assumed to be continually evolving as new experiences create new 

memory traces. Therefore, future directions must include the study of early Spanish-

Catalan bilinguals from Majorca that move to Barcelona permanently, to investigate 

changes in their perception and production patterns. Such exemplars are expected to shift 

the cloud of recently experienced exemplars, and as a result the bilinguals’ notions of the 

category. Moreover, previous studies have shown that social information about the 

speaker is also stored and indexed to the exemplar (Foulkes and Docherty, 2006; Hay et 

al., 2006, 2009). Since both indexical and linguistic information are stored together in the 

speech exemplars in memory, and “detailed memories of exemplars include information 

about who uttered the exemplar and when” (Thomas, 2011:269), speech produced by 

familiar talkers should be facilitated through activation of similar exemplars stored in 

memory. This dissertation project did not test the socio-indexical information stored in 

the exemplars of bilingual individuals, but future research should include more 

information about the speaker in perception tasks in order to test if knowledge of the 

stimulus being uttered by a known Spanish-dominant or Catalan-dominant bilinguals 

affects the perceptual patterns (Hay and Drager, 2010).  

7.7. CONCLUDING REMARKS 

The specific focus of this dissertation, which is the production, perception, and 

lexical representation of vowel contrasts by early Spanish-Catalan bilinguals, has 

received much attention, since earlier work suggested that even early bilinguals whose 

first language was Spanish, but who were exposed to Catalan since childhood and spoke 

both languages daily, failed to acquire contrasts in the vowel system of Catalan. In 

contrast to what has been reported previously in Barcelona, the results from the 
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perception and production experiments reported in this dissertation show that Spanish-

Catalan bilinguals in Majorca maintain two independent phonetic categories in the 

Catalan mid-vowel space, and as a result produce and perceive both Catalan-specific 

categories despite the overlap with one phonetic category in Spanish. The results have 

also indicated that the lexical representations of these bilinguals contain partly 

overlapping phonetic representations for the Catalan mid-vowels. In addition, the 

comparison of the acoustic distribution of cognate and non-cognate experimental items 

revealed cognate effects in the production of the Catalan mid-vowels, as well as in the 

identification of aurally presented stimuli as either a word or a non-word. The present 

study has extended our prior knowledge of the bilingual lexicon by investigating the 

production, perception and processing of Catalan-specific categories by early Spanish-

Catalan bilinguals in Majorca. While much work remains to be done to fully understand 

the interactions between the phonetic and lexical representations of early bilingual 

individuals, this study contributes to the ongoing scholarly conversation and points to 

several directions for further research.  
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Appendix A. Bilingual Language Profile (BLP) questionnaire 

 

1!
!

Bilingual Language Profile: Español-Catalán 
 
Nos gustaría pedir su ayuda para contestar a las siguientes preguntas sobre su historial lingüístico, uso, actitudes y 
competencia. La encuesta contiene 19 preguntas y le llevará menos de 10 minutos para completar. Esto no es una 
prueba, por tanto no hay respuestas correctas ni incorrectas. Por favor conteste cada pregunta y responda con 
sinceridad, ya que solamente así se podrá garantizar el éxito de esta investigación. Muchas gracias por su ayuda.  
 
 
 
I. Información biográfica 

 
Nombre _____________________________________________________  Fecha de hoy  _____/_____/________                  
 
Edad_____       Hombre /     Mujer  Lugar de residencia actual: ciudad/estado___________  País_______________   
 
Nivel más alto de formación académica: Menos de la escuela secundaria    Escuela Secundaria                                                

Un poco de universidad    Universidad (diplomatura, licenciatura.) 
       Un poco de escuela graduada       Máster  
               Doctorado                              Otra: ____________ 
 
¿Dónde nació? __________________________________________ 
Uso de lenguas: 
 

En un día típico, está expuesto a: 
Sólo español                                        Sólo catalán 

1       2       3       4       5       6       7       8       9      
  

En un día típico, usted habla: 
Sólo español                                        Sólo catalán 

1       2       3       4       5       6       7       8       9      
 

Lengua(s) que usa con su padre: ___________________________ con su madre________________________ 
       hermanos/as:_______________________ amigos/as: ________________________ 
    ¿Dónde nació su padre?______________¿Dónde nació su madre? ______________  

       
Cuando tiene que hablar con alguien que no conoce usa español 
            Nunca              Siempre 

1       2       3       4       5       6       7       8       9    
Cuando tiene que hablar con alguien que no conoce usa catalán 
            Nunca              Siempre 

1       2       3       4       5       6       7       8       9    
 

En el sistema educativo la lengua que ha usado es:   español     catalán       ambos         otro    
¿Dónde estudió? Primaria:_______________Secundaria:____________________Otro:______________ 

 La lengua que usa en casa es:   español     catalán       ambos         otro 
¿Dónde creció? ___________________________________________________________ 

 La lengua en que prefiere leer es:    español     catalán       ambos         otro 
La lengua en que prefiere escuchar es:  español     catalán       ambos         otro 
La lengua en que prefiere hablar es:  español     catalán       ambos         otro 
La lengua en que prefiere escribir es:  español     catalán       ambos         otro 

 
Acento nativo: 
 
  Desde su percepción, ¿cree que tiene un acento que no corresponde con el de un hablante nativo de español? 

Acento muy fuerte                        Acento nativo (sin acento) 
1       2       3       4       5       6       7       8       9    

 
Desde su percepción, ¿cree que tiene un acento que no corresponde con el de un hablante nativo de catalán? 
Acento muy fuerte                        Acento nativo (sin acento) 

1       2       3       4       5       6       7       8       9    
 
 
 
 

Participant!#!_______!
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II. Historial lingüístico 
En esta sección, nos gustaría que contestara algunas preguntas sobre su historial lingüístico marcando la casilla apropiada.  
 
1. ¿A qué edad empezó a aprender las siguientes lenguas? 
 
    Español     
              
     Desde el      1       2        3        4        5        6        7        8        9        10        11       12        13        14        15        16        17        18        19        20+ 
    Nacimiento 
 
    Catalán     
              
     Desde el      1       2        3        4        5        6        7        8        9        10        11       12        13        14        15        16        17        18        19        20+ 
    Nacimiento 
 
2. ¿A qué edad empezó a sentirse cómodo usando las siguientes lenguas?     
 
    Español     
              
   Tan pronto    1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+   aún no 
   como recuerdo  
  
    Catalán     
              
   Tan pronto    1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+   aún no 
   como recuerdo  
 
 
3. ¿Cuántos años de clases (gramática, historia, matemáticas, etc..) ha tenido en las siguientes lenguas (desde la escuela primaria a la 
universidad)? 
 
    Español     
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Catalán  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
 
 
4. ¿Cuántos años ha pasado en un país/región donde se hablan las siguientes lenguas?  
 
    Español  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Catalán  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
 
 
5. ¿Cuántos años ha pasado en familia hablando las siguientes lenguas?      
 
    Español 
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Catalán  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
  
 
6. ¿Cuántos años ha pasado en un ambiente de trabajo donde se hablan las siguientes lenguas?        
 
    Español 
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
  
    Catalán          
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+
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III. Uso de lenguas 
En esta sección, nos gustaría que contestara algunas preguntas sobre su uso de lenguas marcando la casilla apropiada. El uso total de todas 
las lenguas en cada pregunta debe llegar al 100%. 
 
7. En una semana normal, ¿qué porcentaje del tiempo usa las siguientes lenguas con sus amigos?         
       
 Español           
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Catalán         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Otras lenguas         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
    
 
8. En una semana normal, ¿qué porcentaje del tiempo usa las siguientes lenguas con su familia?    
      
 Español           
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Catalán          
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Otras lenguas         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 
9. En una semana normal, ¿qué porcentaje del tiempo usa las siguientes lenguas en la escuela/el trabajo?    
      
 Español           
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Catalán          
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Otras lenguas         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
    
10. Cuando se habla a usted mismo, ¿con qué frecuencia se habla a sí mismo en las siguientes lenguas?   
      
 Español           
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Catalán          
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Otras lenguas         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
    
11. Cuando hace cálculos contando, ¿con qué frecuencia cuenta en las siguientes lenguas?   
      
 Español           
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Catalán          
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Otras lenguas         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
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IV. Competencia  
En esta sección, nos gustaría que considerara su competencia de lengua marcando la casilla de 0 a 6. 
 
         0=no muy bien    6=muy bien 
12. a. ¿Cómo habla  en Español?                                            0         1         2         3        4       5        6  
                          
      b. ¿Cómo habla  en Catalán?                                           0         1         2         3        4       5        6 
 
 
13. a. ¿Cómo entiende  en Español?                                   0         1         2         3        4       5        6   
                          
      b. ¿Cómo entiende en Catalán?                                     0         1         2         3        4       5        6  
 
    
14. a. ¿Cómo lee en  Español?                                             0         1         2         3        4       5        6   
                          
      b. ¿Cómo lee  en Catalán?                                            0         1         2         3        4       5        6  
 
 
15. a. ¿Cómo escribe en  Español?                                            0         1         2         3        4       5        6   
                          
      b. ¿Cómo escribe en  Catalán?                                            0         1         2         3        4       5        6  
 
 
 
 
 
 
V. Actitudes 
En esta sección, nos gustaría que contestara a las siguientes afirmaciones sobre actitudes lingüísticas marcando las casillas de 0 a 6. 
       
         0=no estoy de acuerdo       6=estoy de acuerdo 
16. a. Me siento “yo mismo” cuando hablo en Español.                   0         1         2         3        4       5        6  
                     
      b. Me siento “yo mismo” cuando hablo en Catalán.                   0         1         2         3        4       5        6  
 
 
17. a. Me identifico con  una cultura Hispanohablante.                   0         1         2         3        4       5        6  
 
      b. Me identifico con una cultura Catalanohablante.                             0         1         2         3        4       5        6  
 
 
18. a. Es importante para mi usar/llegar a usar Español como un hablante nativo.             0         1         2         3        4       5        6  
       
      b. Es importante para mi usar/llegar a usar Catalán como un hablante nativo.               0         1         2         3        4       5        6  
 
 
19. a. Quiero que los demás piensen que soy un hablante nativo de Español.              0         1         2         3        4       5        6  
       
      b. Quiero que los demás piensen que soy un hablante nativo de Catalán.                   0         1         2         3        4       5        6  
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Bilingual Language Profile: Català-Espanyol 
 
Ens agradaría demanar la seva ajuda per contestar a les següents preguntes sobre el seu historial lingüístic, ús, 
actituds i competencia. Aquesta enquesta conté 19 preguntes i li durà menys de 10 minuts per completar. Això no és 
una prova, per tant no hi ha resposes correctes ni incorrectes. Per favor contesti cada pregunta i respongui amb 
sinceritat, ja que només així es podrá garantir l´èxit d´aquesta investigació. Moltes gràcies per la seva ajuda. 
 
I. Informació biogràfica 

 
Nom _____________________________________________________  Data d´avui  _____/_____/________                  
 
Edat_____       Home /       Dona   Lloc de residencia actual: ciutat/estat___________  País_______________   
 
Nivell més alt de formació acadèmica: Menys de l´escola secundària    Escola secundària        

Un poc d´universitat     Universitat (diplomatura, llicenciatura.) 
       Un poc d´escola graduada        Máster  
               Doctorat                               Altre: ____________ 
 
On vares néixer? __________________________________________ 
Ús de llengües: 
 

En un día típic, está exposat a: 
Només castellà                                        Només català 

1       2       3       4       5       6       7       8       9      
  

En un día típic, vosté parla: 
Només castellà                                        Només català 
 

1       2       3       4       5       6       7       8       9      
 

Llengua (s) que utilitza amb el seu pare: ___________________________ amb la seva mare: ______________ 
       germans/es:________________________    amics: _________________________ 
    On va néixer el seu pare? ______________ i la seva mare? ___________________ 
         
Quan ha de parlar amb qualqú que no coneix utilitza el castellà 
            Mai              Sempre 

1       2       3       4       5       6       7       8       9    
Quan ha de parlar amb qualqú que no coneix utilitza el català 
            Mai              Sempre 

1       2       3       4       5       6       7       8       9    
 

En el sistema educatiu la llengua que ha utilitzat es:   castellà     català       les dues         altre   
¿On va estudiar? Primaria:_______________Secundaria:____________________Altre:______________ 

 La llengua que utilitza a casa es:   castellà     català       les dues         altre   
¿On va creixer? ___________________________________________________________ 

 La lengua en que prefiere leer es:    castellà     català       les dues         altre   
La lengua en que prefiere escuchar es:  castellà     català       les dues         altre   
La lengua en que prefiere hablar es:  castellà     català       les dues         altre   
La lengua en que prefiere escribir es:  castellà     català       les dues         altre   

 
Accent natiu: 
 
  Desde la seva percepció ¿creu que té un accent que no correspon amb el d’un parlant natiu de castellà? 

Accent molt fort                        Accent natiu (sense accent) 
1       2       3       4       5       6       7       8       9    

 
Desde la seva percepció ¿creu que té un accent que no correspon amb el d’un parlant natiu de català? 
Accent molt fort                        Accent natiu (sense accent) 

1       2       3       4       5       6       7       8       9    
 
 
 
 
 
 

Participant!#!_______!
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II. Historial lingüístic 
En aquesta secció, ens agradaría que contestés algunes preguntes sobre el seu historial lingüístic marcant la casella apropiada. 
 
1. ¿A quina edat va començar a aprendre les següents llengües? 
 
    Català     
              
     Desde el      1       2        3        4        5        6        7        8        9        10        11       12        13        14        15        16        17        18        19        20+ 
    Naixement 
 
    Espanyol     
              
     Desde el      1       2        3        4        5        6        7        8        9        10        11       12        13        14        15        16        17        18        19        20+ 
    Naixement 
 
2. A quina edat va començar a sentir-se còmode usant les següents llengües?     
 
    Català     
              
   Tan prest    1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+   encara no 
   com record  
  
    Espanyol     
              
   Tan prest    1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+   encara no 
   com record  
 
 
3. Quants anys de clases (gramática, historia, matemàtiques, etc..) ha tingut en les següents llengües (des de l´escola primària a la 
universitat)? 
 
    Català     
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Espanyol  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
 
 
4. Quants anys ha passat en un país/regió on es parlen les següents llengües?   
 
    Català     
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Espanyol  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
 
 
5. Quants anys ha passat en família parlant les següents llengües?      
 
    Català     
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Espanyol  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
  
 
6. Quants anys ha passat en un ambient de treball on es parlen les següents llengües?        
 
    Català     
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
   
    Espanyol  
              
          0         1       2        3        4        5        6        7        8        9        10        11        12        13        14        15        16        17        18        19        20+ 
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III. Ús de lengües 
En aquesta secció, ens agradaría que contestés algunes preguntes sobre el seu ús de llengües marcant la casella apropiada. L´ús total de 
totes les llengües en cada pregunta ha d´arribar al 100%. 
 
7. En una setmana normal, quin percentatge del temps usa les següents llengües amb els seus amics?         
       
 Català           
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Espanyol         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Altres llengües         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
    
 
8. En una semana normal, quin percentatge del temps usa les següents llengües amb la seva família?    
      
  Català           
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Espanyol         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Altres llengües         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 
9. En una semana normal, quin percentatge del temps usa les següents llengües a l´escola/la feina?    
      
  Català           
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Espanyol         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Altres llengües         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
    
10. Quan es parla a vostè mateix, amb quina freqüència es parla a si mateix en les següents llengües? 
      
  Català           
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Espanyol         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Altres llengües         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
    
11. Quan fa càlculs contant, amb quina freqüència conta en les següents llengües?   
      
  Català           
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
       
 Espanyol         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
 
 Altres llengües         
                  0%     10%     20%      30%     40%     50%      60%     70%     80%     90%      100%    
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IV. Competència  
En aquesta secció, ens agradaría que considerés la seva competencia de llengua marcant la casella de 0 a 6. 
 
         0=no massa bé    6=molt bé 
12. a. Com parla en Català?                                            0         1         2         3        4       5        6  
                          
      b. Com parla en Espanyol?                                          0         1         2         3        4       5        6 
 
 
13. a. Com entén  en Català?                                    0         1         2         3        4       5        6   
                          
      b. Com entén  en Espanyol?                                 0         1         2         3        4       5        6  
 
    
14. a. Com llegeix en Català?                                             0         1         2         3        4       5        6   
                          
      b. Com llegeix en Espanyol?                                            0         1         2         3        4       5        6  
 
 
15. a. Com escriu en Català?                                             0         1         2         3        4       5        6   
                          
      b. Com escriu en Espanyol?                           0         1         2         3        4       5        6  
 
 
 
 
 
V. Actituds 
En aquesta secció, ens agradaría que contestés a les següents afirmacions sobre actituds lingüístiques marcant les caselles de 0 a 6. 
       
         0=no estic d´acord       6=estic d´acord 
16. a. Em sento “jo mateix”  quan parlo en Català.                     0         1         2         3        4       5        6  
                     
      b. Em sento “jo mateix”  quan parlo en Espanyol.                  0         1         2         3        4       5        6  
 
 
17. a. M´identifico amb una cultura Catalanoparlant.                    0         1         2         3        4       5        6  
 
      b. M´identifico amb una cultura Castellanoparlant.                                 0         1         2         3        4       5        6  
 
 
18. a. És important per a mi usar/arribar a usar Català com un parlant nadiu.                     0         1         2         3        4       5        6  
       
      b. És important per a mi usar/arribar a usar Espanyol com un parlant nadiu.                0         1         2         3        4       5        6  
 
 
19. a. Vull que els altres pensin que sóc un parlant nadiu de Català.                       0         1         2         3        4       5        6  
       
      b. Vull que els altres pensin que sóc un parlant nadiu d´Espanyol.                0         1         2         3        4       5        6  
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Appendix B. Participant language background 
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1) F" 21" Palma" Some" 2" 2" both" both" both" both" Spanish" 9" 4"
2) M" 20" Palma" Some" 4" 5" Spanish" Spanish" both" both" both" 9" 8"
3) F" 23" Palma" HS" 2" 2" Spanish" Spanish" Spanish" Spanish" Spanish" 9" 7"
4) F" 19" Inca" Some" 8" 9" Catalan" Catalan" Catalan" Catalan" Catalan" 8" 9"
5) F" 24" Palma" Some" 1" 2" Spanish" Spanish" Spanish" Spanish" both" 7" 7"
6) F" 19" Palma" Some" 2" 2" Spanish" Spanish" Spanish" Spanish" Spanish" 9" 3"
7) F" 20" Pollença" Some" 5" 6" Spanish" both" both" both" both" 9" 9"
8) M" 19" Palma" Some" 8" 8" both" Catalan" Catalan" Catalan" Catalan" 9" 9"
9) M" 19" Palma" HS" 5" 5" Catalan" Spanish" Spanish" both" Spanish" 8" 8"
10) F" 20" Palma" Some" 5" 5" Catalan" Spanish" both" both" Spanish" 8" 8"
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11) M" 20" Artà" Some" 8" 7" Catalan" Catalan" both" Catalan"" both" 3" 9"
12) M" 25" Palma" Some" 6" 8" Spanish" both" both" both" Spanish" 9" 8"
13) F" 21" Palma" Some" 7" 2" Catalan" Spanish" both" both" both" 9" 9"
14) F" 19" Palma" Some" 2" 2" Spanish" Spanish" Spanish" Spanish" Spanish" 8" 2"
15) F" 18" Palma" Some" 4" 2" Spanish" Spanish" Spanish" Spanish" Spanish" 9" 6"
16) F" 22" Porreres" Some" 9" 9" Catalan" Catalan" Catalan" Catalan" Catalan" 5" 9"
17) F" 19" Palma" Some" 7" 8" Catalan" both" both" both" both" 8" 8"
18) M" 21" Palma" HS" 6" 1" Catalan" both" Spanish" Spanish" Spanish" 3" 7"
19) M" 22" Palma" Some" 7" 5" Catalan" Spanish" Catalan" Catalan" Spanish" 8" 5"
20) F" 20" Palma" Some" 3" 3" Spanish" Spanish" Spanish" Spanish" Spanish" 7" 7"
21) F" 18" Palma" Some" 7" 7" Catalan" Catalan" Catalan" Catalan" Catalan" 7" 9"
22) M" 21" Palma" Some" 7" 3" Catalan" both" both" Catalan" both" 6" 4"
23) M" 22" Palma" HS" 7" 8" both" Spanish" Catalan" Catalan" Spanish" 8" 8"
24) F" 20" Campos" Some" 5" 6" both" both" both" both" both" 8" 8"
25) F" 19" Palma" Some" 1" 1" Spanish" Spanish" both" Spanish" Spanish" 8" 3"
26) M" 19" Palma" Some" 3" 2" both" Catalan" both" both" Spanish" 9" 7"
27) F" 19" Llucmajor" Some" 9" 8" Catalan" Catalan" Catalan" Catalan" Catalan" 7" 9"
28) M" 21" Artà" Some" 9" 8" Catalan" Catalan" Catalan" Catalan" Catalan" 7" 9"
29) F" 21" S."Servera" Some" 3" 1" both" both" both" both" both" 9" 4"
30) F" 19" Palma" Some" 1" 2" Spanish" both" Catalan" Spanish" both" 8" 2"
31) M" 22" Palma" Some" 8" 7" Catalan" both" both" Catalan" both" 7" 9"
32) M" 25" Palma" College" 8" 7" Catalan" Catalan" Catalan" Catalan" Catalan" 6" 9"
33) M" 20" Palma" Some" 2" 1" Spanish" Spanish" Spanish" Spanish" Spanish" 9" 6"
34) F" 20" Palma" Some" 4" 3" Spanish" both" both" Spanish" both" 6" 4"
35) F" 22" Campos" Some" 9" 7" Catalan" both" both" Catalan" Catalan" 1" 9"
36) M" 19" Palma" Some" 4" 1" Spanish" both" both" Spanish" both" 9" 2"
37) F" 20" Montuïri" Some" 5" 5" Spanish" both" both" both" both" 9" 9"
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38) F" 31" Palma" Some" 1" 7" Spanish" both" both" Spanish" Spanish" 7" 3"
39) F" 21" Campos" Some" 8" 8" Catalan" both" Catalan" Catalan" Catalan" 8" 9"
40) M" 21" Palma" Some" 5" 3" Catalan" Catalan" Catalan" Catalan" Catalan" 9" 9"
41) F" 19" Palma" Some" 2" 5" Spanish" both" Spanish" Spanish" both" 9" 4"
42) M" 19" Palma" Some" 8" 8" Catalan" Catalan" both" Catalan" Catalan" 3" 9"
43) F" 23" Soller" Some" 5" 4" both" both" both" both" both" 5" 5"
44) F" 20" Palma" Some" 6" 4" Catalan" both" both" both" both" 8" 9"
45) M" 21" Palma" Some" 8" 4" Catalan" Catalan" both" Catalan" Catalan" 7" 7"
46) F" 25" Palma" College" 8" 8" Catalan" Catalan" Catalan" Catalan" Catalan" 3" 8"
47) F" 21" Palma" Some" 4" 5" both" Spanish" both" Spanish" Spanish" 9" 5"
48) M" 23" Mancor"" College" 7" 5" Catalan" both" both" Catalan" both" 3" 9"
49) M" 19" Palma" Some" 7" 4" Catalan" both" Catalan" Catalan" Catalan" 6" 8"
50) M" 20" Palma" Some" 9" 8" Catalan" both" Catalan" Catalan" Catalan" 4" 8"
51) F" 21" Villafranca" Some" 8" 5" Catalan" Spanish" both" Catalan" both" 8" 8"
52) M" 19" Palma" Some" 5" 7" both" Spanish" Catalan" Catalan" Catalan" 3" 9"
53) M" 21" Calvià" HS" 8" 5" Catalan" Catalan" both" Catalan" both" 9" 9"
54) F" 21" Palma" Some" 1" 1" Spanish" Spanish" both" Spanish" Spanish" 9" 3"
55) M" 23" Palma" Some" 5" 7" Catalan" both" Catalan" Catalan" both" 5" 8"
56) F" 21" Sta."Maria" Some" 5" 3" Spanish" Spanish" Spanish" Spanish" Spanish" 8" 5"
57) M" 18" Palma" HS" 1" 2" Spanish" Catalan" Spanish" Spanish" Catalan" 9" 5"
58) F" 36" Sa"Coma" Primary" 5" 3" Catalan" both" both" both" both" 3" 7"
59) M" 35" Sa"Coma" HS" 7" 3" both" Spanish" both" both" Spanish" 3" 7"
60) F" 34" Cala"Millor" College" 9" 4" Catalan" Spanish" Spanish" Catalan" Catalan" 3" 9"
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Appendix C. BLP scores 
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1 F 21 Palma 43.13 7.63 45.4 34.05 49.03 46.87 49.94 34.05 130.21 179.89 -49.68 S 
2 M 20 Palma 39.49 8.72 54.48 38.59 49.94 45.78 54.48 29.51 141.28 179.71 -38.42 S 
3 F 23 Palma 27.69 1.09 43.13 34.05 42.67 53.41 54.48 54.48 105.96 205.04 -99.08 S 
4 F 19 Inca 48.57 51.23 54.48 54.48 30.41 3.27 54.48 15.89 208.76 104.05 104.71 C 
5 F 24 Palma 30.87 5.45 29.51 6.81 47.67 49.05 43.13 47.67 72.642 187.52 -114.87 S 
6 F 19 Palma 33.59 2.18 38.59 29.51 46.30 52.32 54.48 54.48 103.87 207.58 -103.71 S 
7 F 20 Pollença 54.48 21.8 52.21 47.67 54.48 32.7 52.21 52.21 176.16 191.6 -15.44 S 
8 M 19 Palma 51.30 45.78 49.94 54.48 51.30 8.72 49.94 40.86 201.50 150.82 50.68 C 
9 M 19 Palma 43.13 19.62 45.4 52.21 34.50 33.79 49.94 29.51 160.36 147.74 12.61 C 
10 F 20 Palma 45.85 34.88 38.59 38.59 45.85 19.62 47.67 29.51 157.91 142.65 15.26 C 
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11 M 20 Artà 54.48 47.96 45.4 54.48 37.22 6.54 40.86 40.86 202.32 125.48 76.83 C 
12 M 25 Palma 40.40 26.16 45.4 13.62 47.21 28.34 54.48 13.62 125.58 143.65 -18.07 S 
13 F 21 Palma 49.94 28.34 54.48 40.86 54.48 26.16 54.48 40.86 173.62 175.98 -2.36 S 
14 F 19 Palma 44.49 3.27 45.4 40.86 46.308 51.23 54.48 54.48 134.02 206.49 -72.47 S 
15 F 18 Palma 32.68 8.72 52.21 52.21 49.03 44.69 54.48 54.48 145.82 202.68 -56.85 S 
16 F 22 Porreres 54.48 54.5 54.48 54.48 40.86 0 54.48 6.81 217.94 102.15 115.79 C 
17 F 19 Palma 38.13 42.51 49.94 54.48 47.21 11.99 49.94 38.59 185.06 147.73 37.33 C 
18 M 21 Palma 44.94 29.43 45.4 20.43 35.86 25.07 52.21 47.67 140.20 160.81 -20.61 S 
19 M 22 Palma 38.59 30.52 47.67 54.48 31.32 23.98 52.21 2.27 171.26 109.78 61.47 C 
20 F 20 Palma 25.87 4.36 54.48 49.94 43.58 50.14 54.48 54.48 134.65 202.68 -68.02 S 
21 F 18 Palma 47.21 47.96 47.67 54.48 16.34 6.54 31.78 9.08 197.32 63.74 133.58 C 
22 M 21 Palma 49.03 47.96 54.48 47.67 46.76 6.54 54.48 31.78 199.14 139.56 59.58 C 
23 M 22 Palma 37.22 21.8 40.86 43.13 38.59 32.7 54.48 40.86 143.01 166.63 -23.61 S 
24 F 20 Campos 49.94 16.35 54.48 52.21 38.13 38.15 54.48 52.21 172.98 182.97 -9.99 S 
25 F 19 Palma 32.68 2.18 31.78 18.16 45.4 52.32 49.94 40.86 84.80 188.52 -103.71 S 
26 M 19 Palma 43.58 14.17 34.05 47.67 44.94 40.33 52.21 43.13 139.47 180.61 -41.14 S 
27 F 19 Llucmajor 52.66 52.32 54.48 54.48 41.76 2.18 47.67 18.16 213.94 109.77 104.16 C 
28 M 21 Artà 51.75 51.23 49.94 54.48 21.79 3.27 43.13 11.35 207.40 79.54 127.86 C 
29 F 21 S. Servera 52.66 8.72 52.21 52.21 52.66 45.78 54.48 54.48 165.80 207.40 -41.6 S 
30 F 19 Palma 33.59 8.72 40.86 45.4 44.49 45.78 49.94 52.21 128.57 192.42 -63.84 S 
31 M 22 Palma 50.84 47.96 54.48 54.48 27.69 6.54 52.21 29.51 207.76 115.95 91.81 C 
32 M 25 Palma 48.12 49.05 54.48 52.21 48.12 5.45 54.48 18.16 203.86 126.21 77.65 C 
33 M 20 Palma 32.23 9.81 47.67 13.62 45.4 44.69 54.48 52.21 103.33 196.78 -93.44 S 
34 F 20 Palma 48.12 4.36 45.4 40.86 54.48 50.14 49.94 52.21 138.74 206.77 -68.02 S 
35 F 22 Campos 54.02 52.32 54.48 54.48 43.13 2.18 49.94 29.51 215.30 124.76 90.54 C 
36 M 19 Palma 32.68 13.08 43.13 31.78 49.48 41.42 49.94 38.59 120.67 179.43 -58.75 S 
37 F 20 Montuïri 45.4 23.98 54.48 54.48 54.48 30.52 54.48 54.48 178.34 193.96 -15.62 S 
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38 F 31 Palma 35.86 4.36 49.94 38.59 54.48 50.14 52.21 45.4 128.75 202.23 -73.47 S 
39 F 21 Campos 44.94 52.32 54.48 54.48 41.76 2.18 54.48 4.54 206.22 102.96 103.25 C 
40 M 21 Palma 54.48 32.7 54.48 54.48 46.76 21.8 54.48 6.81 196.14 129.85 66.28 C 
41 F 19 Palma 27.69 1.09 52.21 36.32 39.49 53.41 49.94 40.86 117.31 183.70 -66.39 S 
42 M 19 Palma 45.4 52.32 54.48 54.48 35.86 2.18 49.94 11.35 206.68 99.33 107.34 C 
43 F 23 Soller 54.02 23.98 52.21 54.48 54.48 30.52 52.21 54.48 184.69 191.69 -6.994 S 
44 F 20 Palma 53.11 34.88 49.94 54.48 52.21 19.62 52.21 54.48 192.41 178.52 13.89 C 
45 M 21 Palma 45.4 50.14 40.86 45.4 28.14 4.36 34.05 22.7 181.8 89.25 92.54 C 
46 F 25 Palma 51.30 46.87 49.94 52.21 45.4 7.63 47.67 9.08 200.32 109.78 90.54 C 
47 F 21 Palma 45.4 10.9 43.13 54.48 52.66 43.6 54.48 54.48 153.91 205.22 -51.31 S 
48 M 23 Mancor 46.76 43.6 43.13 47.67 19.97 10.9 40.86 0 181.16 71.736 109.42 C 
49 M 19 Palma 45.4 47.96 47.67 52.21 31.78 6.54 40.86 24.97 193.24 104.15 89.09 C 
50 M 20 Palma 54.48 53.41 54.48 54.48 33.59 1.09 52.21 18.16 216.85 105.05 111.79 C 
51 F 21 Villafranca 45.4 51.23 54.48 43.13 43.13 3.27 52.21 43.13 194.24 141.74 52.5 C 
52 M 19 Palma 50.84 46.87 52.21 52.21 50.84 7.63 49.94 34.05 202.13 142.46 59.67 C 
53 M 21 Calvià 40.86 40.33 54.48 27.24 40.86 14.17 54.48 22.7 162.91 132.21 30.7 C 
54 F 21 Palma 19.06 2.18 36.32 24.97 47.67 52.32 52.21 47.67 82.538 199.87 -117.33 S 
55 M 23 Palma 44.49 42.51 52.21 52.21 34.50 11.99 54.48 31.78 191.42 132.75 58.66 C 
56 F 21 Sta. Maria 30.41 3.27 45.4 27.24 43.58 51.23 54.48 54.48 106.32 203.77 -97.44 S 
57 M 18 Palma 31.32 11.99 38.59 18.16 39.49 42.51 49.94 47.67 100.06 179.61 -79.55 S 
58 F 36 Sa Coma 42.67 51.23 47.67 47.67 38.13 3.27 49.94 24.97 189.24 116.31 72.93 C 
59 M 35 Sa Coma 45.4 22.89 40.86 34.05 49.94 31.61 47.67 31.78 143.2 161 -17.8 S 
60 F 34 Cala Millor 49.94 41.42 54.48 47.67 30.41 13.08 40.86 13.62 193.51 97.97 95.53 C 
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Appendix D. Similarity ratings for experimental stimuli 

Catalan word Spanish word English Similarity (0-10) SD Cognate Status 
regla regla ruler 9.37 0.66 C 
botella botella bottle 9.32 0.56 C 
bandera bandera flag 9.75 0.44 C 
peix pez fish 8.35 0.81 C 
nevera nevera refrigerator 9.47 0.49 C 
cafè café coffee 9.90 0.26 C 
telèfon teléfono telephone 9.30 0.73 C 
esquerra izquierda left 8.10 1.02 C 
perles perlas pearls 9.40 0.82 C 
serra sierra hand saw 8.70 0.65 C 
bota bota boot 9.70 0.44 C 
boca boca mouth 9.67 0.46 C 
ós oso bear 9.20 0.49 C 
copa copa glass 9.80 0.37 C 
doctor doctor doctor 9.37 0.74 C 
flor flor flower 8.72 0.88 C 
escriptori escritorio desk 9.10 0.95 C 
bosc bosque forest 8.72 1.04 C 
sol sol sun 9.10 0.71 C 
pilota pelota ball 9.20 0.67 C 
finestra ventana window 2.30 1.65 NC 
ulleres gafas glasses 1.25 0.61 NC 
ocell pájaro bird 1.30 0.65 NC 
fems basura trash 2.20 1.10 NC 
somera burro donkey 1.55 1.27 NC 
arrel raiz root 2.35 0.93 NC 
espelma vela candle 0.60 0.88 NC 
guineu zorro fox 1.15 0.81 NC 
me cordero lamb 1.05 0.68 NC 
setze dieciséis sixteen 3.15 1.08 NC 
poma manzana apple 1.45 0.68 NC 
tassó vaso glass 1.35 0.34 NC 
tisores tijeras scissors 4.65 1.13 NC 
papallona mariposa butterfly 2.35 0.67 NC 
genoll rodilla knee 1.90 0.78 NC 
porc cerdo pig 1.80 0.95 NC 
groc amarillo yellow 0.80 0.76 NC 
taronja naranja orange 4.35 1.03 NC 
foc fuego fire 4.45 1.60 NC 
oli aceite oil 1.40 0.68 NC 
taula mesa table 2.05 0.99 NC 
maduixa fresa strawberry 0.90 0.64 NC 
ca perro dog 1.40 1.31 NC 
paella sartén frying pan 1.25 0.78 NC 
formatge queso cheese 0.55 0.68 NC 
fulla hoja leaf 3.65 1.42 NC 
pastanaga zanahoria carrot 1.65 1.18 NC 
ceba cebolla onion 3.35 1.75 NC 
ull ojo eye 1.80 1.19 NC 
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Appendix E. Picture-naming task stimuli 

Catalan Experimental Stimuli 

 
Cognates with Catalan /e/- Spanish/e/ (5) 
Catalan word Spanish word English word Picture 
regla regla ruler 

 

botella botella bottle 

 

bandera bandera flag 

 

peix pez fish 
 

nevera nevera refrigerator 

 

Cognates with Catalan /ɛ/- Spanish /e/ (5) 
Catalan word Spanish word English word Picture 
cafè café coffee 

 

telèfon teléfono telephone 

 

esquerra izquierda left 

 

perles perlas pearls 

 

serra sierra hand saw 

 

Non-cognates with Catalan /e/ (5) 
Catalan word Spanish word English word Picture 
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finestra ventana window 

 

ulleres gafas glasses  

 

ocell pájaro bird 

 

fems basura trash 

 

somera burro donkey 

 

Non-cognates with Catalan /ɛ/ (5) 
Catalan word Spanish word English word Picture 
arrel raiz  root 

 

espelma vela candle 

 

guineu zorro fox 

 

me cordero lamb 

 

setze dieciséis sixteen 

 

Cognates with Catalan /o/- Spanish /o/ (5) 
Catalan word Spanish word English word Picture 
bota bota boot 
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boca boca mouth 

 

ós oso bear 

 

copa copa glass 

 

doctor doctor doctor 

 

Cognates with Catalan /ɔ/- Spanish /o/ (5) 
Catalan word Spanish word English word Picture 
flor flor flower 

 

escriptori escritorio desk 

 

bosc bosque forest 

 

sol sol sun 

 

pilota pelota ball 

 

Non-cognates with Catalan /o/ (5) 
Catalan word Spanish word English word Picture 
poma manzana apple 

 

tassó vaso glass 

 

tisores tijeras scissors 
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papallona mariposa butterfly 

 

genoll rodilla knee 

 

Non-cognates with Catalan /ɔ/ (5) 
Catalan word Spanish word English word Picture 
porc cerdo pig 

 

groc amarillo yellow 

 

taronja naranja orange 

 

foc fuego fire 

 

oli aceite oil 
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Spanish Experimental Stimuli 

 
Cognates with Spanish /e/- Catalan /e/ (5) 
Spanish word Catalan word English word Picture 
regla regla ruler 

 
botella botella bottle 

 
bandera bandera flag 

 
pez peix fish 

 
nevera nevera refrigerator 

 
Cognates with Spanish /e/- Catalan /ɛ/ (5) 
Spanish word Catalan word English word Picture 
café cafè coffee 

 
teléfono telèfon telephone 

 
izquierda esquerra left 

 
perlas perles pearls 

 
sierra serra hand saw 

 
Non-cognates with Spanish /e/ (5) 
Spanish word Catalan word English word Picture 
mesa taula table 
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fresa maduixa strawberry 

 
perro ca dog 

 
sartén paella frying pan 

 
queso formatge cheese 

 
Cognates with Spanish /o/- Catalan /o/ (5) 
Spanish word Catalan word English word Picture 
bota bota boot 

 
boca boca mouth 

 
oso ós bear 

 
copa copa glass 

 
doctor doctor doctor 

 
Cognates with Spanish /o/- Catalan /ɔ/ (5) 
Spanish word Catalan word English word Picture 
flor flor flower 

 
escritorio escritòri desk 

 
bosque bosc forest 
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sol sol sun 

 
pelota pilota ball 

 
Non-cognates with Spanish /o/ (5) 
Spanish word Spanish word English word Picture 
hoja fulla leaf 

 
zorro guineu fox 

 
zanahoria pastanaga carrot 

 
cebolla ceba onion 

 
ojo ull eye 
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Appendix F. Median formant values and Euclidean distance (Bark)  

 
participantP BLP Dominance Gender F1 /e/ F2 /e/ F1/ɛ/ F2/ɛ/ F1 /o/ F2/o/ F1/ɔ/ F2/ɔ/ ED /e/-/ɛ/ ED /o/-/ɔ/ 

1 -49.682 S F 6.083309 14.01666 7.327306 12.96416 6.198127 9.402504 7.328625 9.919749 1.629506 1.243208 
2 -38.422 S M 5.401530 12.00531 6.657475 11.25650 6.251133 8.319298 7.084250 9.219073 1.462228 1.226246 
3 -99.082 S F 5.332365 13.47072 6.229559 12.53338 6.106283 9.308296 6.363421 9.892921 1.297516 0.638675 
4 104.71 C F 6.175545 13.26077 7.378519 12.48347 6.564128 8.993749 7.463203 9.892280 1.432240 1.271099 
5 -114.878 S F 6.094738 13.70491 6.948662 13.33483 6.823213 9.867398 7.576660 10.22384 1.339483 0.678084 
6 -103.712 S F 6.050639 13.84932 6.34583 13.02059 6.848594 9.339402 7.147799 10.44304 1.129044 0.660853 
7 -15.44 S F 5.619978 14.22496 7.109598 13.12133 5.796957 9.553876 7.090516 10.51904 1.853903 1.613952 
8 50.68 C M 5.142187 12.57567 6.160167 11.68982 5.214992 8.868728 6.312274 9.915093 1.349458 1.516215 
9 12.616 C M 5.240353 12.35702 6.247709 11.64374 5.427484 8.819751 6.200602 9.744770 1.234312 1.205559 

10 15.26 C F 5.670597 14.16657 7.015098 13.23266 6.003377 9.393759 7.075371 10.15592 1.637027 1.315319 
11 76.832 C M 5.222780 11.88988 6.171570 11.21393 5.593768 9.048577 6.196481 9.190179 1.164948 0.619122 
12 -18.07 S M 5.381141 12.60183 6.708349 11.67700 5.701885 7.958857 6.970096 9.560548 1.617652 2.042981 
13 -2.36 S F 5.966249 13.64939 6.852029 13.03423 6.108744 9.521953 7.341318 10.37589 1.078608 1.499487 
14 -72.476 S F 5.707792 13.55547 6.471732 12.95095 6.450619 9.794655 6.899127 10.00175 0.974194 0.494011 
15 -56.854 S F 6.319719 13.69038 7.864241 12.69439 6.629243 9.178656 8.011654 10.25032 1.837810 1.749153 
16 115.79 C F 6.031698 13.84440 7.393042 12.86349 6.047805 9.513379 7.549756 10.63838 1.677923 1.876564 
17 37.33 C F 5.381669 13.76499 7.135104 12.75119 5.724580 9.181110 7.265987 10.16469 2.025420 1.828487 
18 -20.61 S M 5.144658 12.03365 6.076394 11.68467 5.370849 8.947647 6.247734 9.514076 0.994947 1.043919 
19 61.474 C M 5.469659 12.37702 6.651534 11.56492 6.411957 8.852323 6.507094 9.391794 1.433991 0.547795 
20 -68.026 S F 6.021703 13.50524 7.216952 12.77796 6.212854 9.179672 7.187921 10.35907 1.399124 1.530280 
21 133.582 C F 5.385444 13.84994 7.316114 13.15834 5.455712 8.818949 6.965154 9.745411 2.050804 1.771086 
22 59.58 C M 4.592528 13.49022 6.069454 11.61351 4.976097 7.894901 6.126935 9.135562 2.388173 1.692237 
23 -23.612 S M 4.837520 12.76372 5.880178 11.83959 5.185630 8.639911 6.353173 9.453770 1.393255 1.423208 
24 -9.996 S F 5.324202 14.24385 7.430311 12.86559 6.227258 9.148071 7.883246 10.36105 2.517002 2.052713 
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25 -103.712 S F 6.354135 13.80692 6.490574 13.75663 6.533809 9.110430 6.600106 9.882991 0.145415 0.775400 
26 -41.142 S M 5.201635 13.10137 6.482605 12.18966 5.477666 9.151592 6.577771 10.29446 1.572289 1.586312 
27 104.166 C F 5.735749 13.94734 7.100257 12.85160 5.915121 9.195544 7.557146 10.39684 1.750009 2.034542 
28 127.864 C M 5.111370 12.02230 6.401151 11.39100 6.012111 7.513724 6.995775 8.712851 1.435991 1.550966 
29 -41.6 S F 5.325155 14.31991 7.067671 13.30861 5.407303 9.875525 7.103116 10.90586 2.014719 1.984282 
30 -63.846 S F 6.188106 13.47863 6.726975 13.20501 6.569500 9.861210 6.880005 10.14265 0.604354 0.419077 
31 91.814 C M 5.372999 12.32173 6.242702 11.75107 5.681402 9.194361 6.369366 9.780547 1.040210 0.903830 
32 77.65 C M 4.897192 12.88419 6.421785 12.15843 6.249581 8.704847 7.252062 9.614755 1.688523 1.353846 
33 -93.446 S M 6.023375 12.56729 6.303911 12.29852 6.238765 9.050115 6.342383 9.669058 0.388512 0.627556 
34 -68.026 S F 5.950198 14.22993 7.215622 13.47679 5.907766 9.165584 7.208276 9.835343 1.472587 1.462840 
35 90.546 C F 5.941773 14.28844 7.643930 13.31056 6.244008 9.202298 7.673121 10.10230 1.963055 1.688898 
36 -58.758 S M 5.363721 13.08421 5.695985 12.54789 6.098059 8.572547 6.041945 8.994537 0.630900 0.425704 
37 -15.62 S F 5.956981 14.63865 7.615417 11.70947 6.487888 9.787377 7.831652 10.44456 2.366078 1.495866 
38 -73.474 S F 6.530561 12.78427 6.676975 12.44503 6.740340 9.962473 6.884987 10.15243 0.369487 0.238760 
39 103.258 C F 5.748642 13.83889 7.357655 12.63764 6.143567 9.416446 7.303898 10.25583 2.007959 1.432112 
40 66.288 C M 5.277626 11.93180 6.257682 11.15325 5.282521 8.258904 6.209415 8.998721 1.251658 1.185944 
41 -66.394 S F 5.875671 11.40366 7.283999 11.34535 6.378576 9.663847 7.446972 10.26075 1.409533 1.223833 
42 107.344 C M 4.803781 13.10153 6.838276 11.74877 5.449854 8.095658 6.602376 9.026521 2.443183 1.481490 
43 -6.994 S F 5.690396 14.11965 7.416538 13.21799 5.819232 8.567909 7.389599 9.731079 1.947446 1.954230 
44 13.898 C F 5.536657 13.40957 6.858967 12.64530 5.616943 9.596708 6.813340 10.61189 1.527289 1.569063 
45 92.542 C M 4.959093 13.59589 6.235134 12.29651 5.349759 8.586982 6.284093 9.377628 1.821174 1.223969 
46 90.542 C F 5.428949 13.07356 7.213580 12.51901 5.661079 9.076042 6.999108 9.903603 1.868803 1.573269 
47 -51.314 S F 6.294717 13.65192 6.875106 13.16100 7.043125 9.674598 7.138854 10.10230 0.760165 0.438289 
48 109.426 C M 5.330783 12.54137 6.816229 11.63931 5.617649 8.414446 6.683293 9.026344 1.737889 1.228827 
49 89.09 C M 5.275594 12.39928 6.317288 11.67606 5.529183 8.952313 6.393133 9.498439 1.268132 1.022086 
50 111.794 C M 5.049963 13.11766 6.534054 12.17472 5.827635 8.396187 6.713597 9.538393 1.758307 1.445532 
51 52.5 C F 5.853374 13.54944 7.205400 12.87490 6.102730 10.30928 7.308510 10.99061 1.510952 1.384964 
52 59.67 C M 5.484089 12.73065 6.710867 11.93970 5.864345 8.740026 6.635804 9.608182 1.459655 1.161398 
53 30.7 C M 5.362847 12.68260 6.316247 12.15707 5.531396 9.470167 6.528227 9.922556 1.088647 1.094682 
54 -117.332 S F 6.486127 13.52220 6.787505 13.23423 7.085400 9.872363 7.035055 10.42219 0.416837 0.552129 
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55 58.668 C M 4.819548 13.12192 6.088703 12.24469 5.185251 7.918285 6.154228 9.017965 1.542815 1.465678 
56 -97.446 S F 6.154911 13.80188 7.657441 12.89111 6.825167 9.886694 7.693386 10.45517 1.757017 1.037776 
57 -79.552 S M 5.177763 12.20783 6.091043 11.59119 5.500735 8.789858 6.316360 9.241902 1.101966 0.932517 
58 72.93 C F 5.781481 13.90184 7.189127 12.90455 6.282244 9.290335 7.785009 10.24150 1.725124 1.778489 
59 -17.8 S M 4.620594 12.61240 5.962652 12.15943 5.162467 8.319465 6.250111 9.255666 1.416440 1.435121 
60 95.532 C F 5.941078 14.22059 7.629628 12.98339 6.546529 9.875988 7.991131 10.75443 2.093289 1.690720 
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Appendix G. Formant values for stimuli in the lexical decision task 

 
Word 

 
Vowel 

 
Vowel Status 

Speaker #1 Speaker #2 Speaker #3 
F1 (Hz) F2 (Hz) F1 (Hz) F2 (Hz) F1 (Hz) F2 (Hz) 

Arrel /ɛ/ correct 717.3 1779.1 709.2 1798.2 707.5 1675.3 
Arrel /e/ incorrect 526.6 2044.5 525.2 1790.7 571.6 1795.5 
Bandera /e/ correct 449.8 1990.7 442.4 1773.0 496.6 1911.3 
Bandera /ɛ/ incorrect 644.7 1953.0 618.7 1598.9 641.5 1788.4 
Boca /o/ correct 548.5 811.8 539.6 911.8 666.0 793.1 
Boca /ɔ/ incorrect 738.0 973.1 662.9 1057.1 766.9 1098.1 
Bosc /ɔ/ correct 706.8 1006.5 637.3 1040.7 814.4 1073.6 
Bosc /o/ incorrect 543.1 847.4 478.6 886.5 709.4 743.1 
Bota /o/ correct 547.9 844.9 490.7 895.8 689.7 825.4 
Bota /ɔ/ incorrect 731.6 1037.3 679.8 1100.3 815.7 1100.5 
Botella /e/ correct 469.4 2140.7 397.7 1885.2 489.9 1906.6 
Botella /ɛ/ incorrect 739.2 1809.0 612.5 1770.2 660.7 1716.3 
Cafè /ɛ/ correct 658.5 1795.3 625.9 1514.1 710.9 1695.3 
Cafè /e/ incorrect 507.0 1977.3 473.6 1812.4 530.6 1869.0 
Copa /o/ correct 523.3 826.8 494.8 906.0 694.7 799.4 
Copa /ɔ/ incorrect 744.7 1071.7 682.6 1195.7 846.4 1202.0 
Doctor /o/ correct 544.8 981.1 503.8 1066.7 643.3 1023.5 
Doctor /ɔ/ incorrect 724.7 1068.0 682.4 1121.9 777.5 1170.9 
Escriptòri /ɔ/ correct 726.2 1128.9 657.4 1177.4 744.1 1300.1 
Escriptòri /o/ incorrect 605.3 848.1 523.5 1257.1 591.0 1221.2 
Espelma /ɛ/ correct 655.8 1776.8 657.6 1302.7 675.2 1573.0 
Espelma /e/ incorrect 480.2 2149.2 500.3 1518.0 551.5 1690.5 
Esquerra /ɛ/ correct 713.3 1848.0 643.9 1595.2 716.5 1648.9 
Esquerra /e/ incorrect 499.7 2153.6 498.8 1675.2 534.6 1886.5 
Fems /e/ correct 512.2 2067.7 487.0 1703.9 592.2 1857.6 
Fems /ɛ/ incorrect 693.7 1773.3 664.0 1336.5 714.3 1704.4 
Finestra /e/ correct 501.5 2136.3 478.9 1968.9 599.3 1924.9 
Finestra /ɛ/ incorrect 697.5 1846.8 676.2 1641.6 680.9 1837.1 
Flor /ɔ/ correct 705.1 1128.7 661.3 1155.5 776.0 1120.6 
Flor /o/ incorrect 534.7 1028.9 515.1 1064.9 696.0 1029.6 
Foc /ɔ/ correct 741.3 1055.9 640.7 1080.1 771.1 1108.0 
Foc /o/ incorrect 562.5 848.7 518.2 939.7 685.2 713.9 
Genoll /o/ correct 588.9 1076.1 545.5 1054.5 790.2 1164.3 
Genoll /ɔ/ incorrect 766.6 1081.8 681.5 1224.8 808.1 1305.3 
Groc /ɔ/ correct 714.5 1170.8 622.0 1299.3 849.7 1472.4 
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Groc /o/ incorrect 541.0 1110.3 634.2 998.6 685.9 1203.7 
Guineu /ɛ/ correct 621.7 1959.9 709.7 1540.5 720.2 1798.2 
Guineu /e/ incorrect 533.1 2386.7 466.7 1838.9 606.3 1926.3 
Me /ɛ/ correct 641.3 1893.0 688.8 1675.7 741.0 1747.6 
Me /e/ incorrect 548.6 2228.1 483.5 1940.2 613.3 1968.4 
Nevera /e/ correct 496.1 2101.3 470.4 1823.3 501.5 1952.7 
Nevera /ɛ/ incorrect 658.3 1833.6 644.4 1595.1 641.9 1774.0 
Ocell /ɛ/ incorrect 676.7 1830.0 422.4 1904.3 538.2 1889.9 
Ocell /e/ correct 475.9 2189.2 641.1 1655.9 671.3 1768.1 
Oli /ɔ/ correct 785.2 971.7 681.0 1109.1 828.7 1214.0 
Oli /o/ incorrect 528.1 925.2 642.0 708.7 684.0 749.2 
Os /o/ correct 573.6 754.4 506.8 902.5 547.8 691.0 
Os /ɔ/ incorrect 742.4 1115.6 720.5 1093.8 843.2 1146.8 
Papallona /o/ correct 538.8 992.8 554.4 1140.2 681.1 1264.3 
Papallona /ɔ/ incorrect 723.5 1153.8 675.4 1252.0 780.5 1496.6 
Peix /e/ correct 483.6 2127.3 471.8 1844.5 482.4 1964.5 
Peix /ɛ/ incorrect 680.6 1785.7 667.8 1795.0 675.0 1742.5 
Perles /ɛ/ correct 692.1 1787.3 673.0 1420.3 727.6 1663.2 
Perles /e/ incorrect 499.6 2005.3 446.9 1641.8 556.2 1772.4 
Pilota /ɔ/ correct 692.0 993.3 653.5 1155.9 750.4 1161.9 
Pilota /o/ incorrect 519.3 827.2 516.8 1023.3 598.3 1121.1 
Poma /o/ correct 557.7 582.8 505.4 861.1 665.0 787.4 
Poma /ɔ/ incorrect 678.7 960.5 663.7 1068.2 781.8 1135.1 
Porc /ɔ/ correct 739.6 1089.0 642.5 1082.3 854.5 1137.1 
Porc /o/ incorrect 551.4 797.7 494.8 923.0 715.7 740.7 
Regla /e/ correct 469.8 2035.6 464.9 1809.5 566.2 1734.8 
Regla /ɛ/ incorrect 661.9 1940.0 643.3 1791.5 699.2 1711.6 
Serra /ɛ/ correct 696.4 1699.5 664.8 1512.9 716.6 1776.8 
Serra /e/ incorrect 484.8 2135.5 514.2 1731.9 564.6 1769.9 
Setze /ɛ/ correct 648.9 1869.8 643.6 1541.9 657.9 1750.3 
Setze /e/ incorrect 485.2 2067.3 423.4 1720.6 521.4 1877.1 
Sol /ɔ/ correct 701.6 1030.9 670.5 1107.8 774.5 1235.0 
Sol /o/ incorrect 590.1 1044.3 545.2 1031.3 665.3 1200.1 
Somera /e/ correct 487.5 2190.1 493.4 1775.0 586.6 1955.1 
Somera /ɛ/ incorrect 691.1 1844.4 667.0 1800.3 683.2 1790.4 
Taronja /ɔ/ correct 719.8 1094.4 661.2 1220.1 805.5 1369.9 
Taronja /o/ incorrect 544.6 954.2 502.6 1106.6 694.6 1247.7 
Tassó /o/ correct 534.9 1064.3 486.7 1074.2 682.1 1141.0 
Tassó /ɔ/ incorrect 712.7 712.7 651.9 1130.3 779.6 1168.1 
Telèfon /ɛ/ correct 679.8 1532.2 624.3 1414.4 692.1 1604.5 
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Telèfon /e/ incorrect 512.4 1926.5 477.3 1743.6 548.8 1667.2 
Tisores /o/ correct 516.5 967.8 516.2 1085.9 630.0 1180.7 
Tisores /ɔ/ incorrect 728.3 1085.1 653.1 1250.2 692.1 1278.9 
Ulleres /e/ correct 413.8 2231.4 465.6 1901.4 487.5 1925.9 
Ulleres /ɛ/ incorrect 609.9 1751.4 631.2 1733.9 636.5 1843.5 

 

Speaker # 1 

The model of the mid-front vowels revealed a significant main effect of vowel 

(F1,36 = 65.8, p < .001), but no effects of vowel status (F1,36 = 0.92, n.s) and no 

significant interaction between vowel and vowel status (F1,36 = 0.68, n.s). After 

examining the mid-back vowels dataset, the model revealed a significant effect of vowel 

(F1,36 = 504, p < .001), but no effects of vowel status (F1,36 = 0.44, n.s) and it yielded a 

non-significant interaction between vowel and vowel status (F1,36 = 0.008, n.s). After 

examination of the mid-front vowel dataset with F2 as the dependent variable, the model 

revealed a significant main effect of vowel (F1,36 = 25.2, p < .001), but no effects of 

vowel status (F1,36 = 2.76, n.s) and no significant interaction between vowel and vowel 

status (F1,36 = 0.11, n.s). The same analysis of the mid-back vowel data set yielded a 

significant effect of vowel (F1,36 = 14.1, p < .001), but no effects of vowel status (F1,36 

= 0.01, p < .9) and no interaction between vowel and vowel status (F1,36 = 0.98, n.s).  

Speaker # 2 

The model of the mid-front vowels yielded a significant main effect of vowel 

(F1,36 = 44.8, p < .001), but no effects of vowel status (F1,36 = 1.12, n.s) and no 

significant interaction between vowel and vowel status (F1,36 = 0.40, n.s). After 

examining the mid-back vowels dataset, the model revealed a significant effect of vowel 

(F1,36 = 87, p < .001), but no effects of vowel status (F1,36 = 1.8251, n.s) and it yielded 

a non-significant interaction between vowel and vowel status (F1,36 = 0.02, n.s). After 

examination of the mid-front vowel dataset with F2 as the dependent variable, the model 
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revealed a significant main effect of vowel (F1,36 = 10.6, p < .01), but no effects of vowel 

status (F1,36 = .06, n.s) and no significant interaction between vowel and vowel status 

(F1,36 = 0.11, n.s). The same analysis of the mid-back vowel data set yielded a 

significant effect of vowel (F1,36 = 8.89, p < .01), but no effects of vowel status (F1,36 = 

0.001, n.s) and no interaction between vowel and vowel status (F1,36 = 0.98, n.s). 

Speaker # 3 

The model of the mid-front vowels revealed a significant main effect of vowel 

(F1,36 = 44.1, p < .0001), but no effects of vowel status (F1,36 = 1.35, n.s) and no 

significant interaction between vowel and vowel status (F1,36 = 2.73, n.s). After 

examining the mid-back vowels dataset, the model revealed a significant effect of vowel 

(F1,36 = 43.7, p < .0001), but no effects of vowel status (F1,36 = 0.22, n.s) and it yielded 

a non-significant interaction between vowel and vowel status (F1,36 = 0.18, n.s). Based 

on the selection of tokens with the median F1, datasets were created for the mid-front and 

mid-back vowels including the F2 of the token as a condition of ‘vowel status’ and 

‘vowel’. After examination of the mid-front vowel dataset with F2 as the dependent 

variable, the model revealed a significant main effect of vowel (F1,36 = 15.6, p < .0001), 

but no effects of vowel status (F1,36 = .095, n.s) and no significant interaction between 

vowel and vowel status (F1,36 = 0.10, n.s). The same analysis of the mid-back vowel 

dataset yielded a significant effect of vowel (F1,36 = 8.85, p < .001), but no effects of 

vowel status (F1,36 = 0.83, n.s), and no interaction between vowel and vowel status 

(F1,36 = 0.08, n.s). 
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