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JoanCarles
Sticky Note
In this talk I will discuss work on the plasticity of the perceptual system in bilingualism and its consequences for speech production. And I am going to do that by referring to a well-studied case, the acquisition of the Catalan mid vowels by Spanish speakers in Barcelona. So let me briefly introduce the vowel systems of Spanish and Catalan.



Introduction: mid vowels in Spanish and Catalan 

Spanish:  - 5 vowel system 

  - 3 corner vowels: /i/, /a/, /u/ 

  - 2 mid vowels: /e/ and /o/ 

i 

e 

a 

o 

u 

JoanCarles
Sticky Note
Spanish has a 5 vowel system with 3 corner vowels and 2 mid vowels. 



Introduction: mid vowels in Spanish and Catalan 

Catalan:  - 8 vowel system 

  - 3 corner vowels: /i/, /a/, /u/ 

  - 1 unstressed central vowel: /ǝ/ 

  - 4 mid vowels: /e/-/Ɛ/ and /o/-/ᴐ/ 

i 

e 

a 

o 

u 

e o 

Ɛ ɔ 

ǝ 

JoanCarles
Sticky Note
Catalan has an 8 vowel system with the same corner vowels, plus one mid central unstressed vowel, and 4 mid vowels. Spanish /e/ and /o/ appear to be between the Catalan close and open mid vowels, although they are acoustically and perceptually more similar to the Catalan close vowels.



Introduction: mid vowels in Spanish and Catalan 

This is a difficult situation for the Spanish learner 

of Catalan: 

Spanish /e/:   

maleta “suitcase”  /maˈleta/  in Spanish 

   /maˈlƐtǝ/    in Catalan 

cartera “wallet”  /karˈteɾa/  in Spanish 

   /kərˈteɾǝ/    in Catalan 

 - appears in Catalan cognates in place of either vowel: 

 - has allophones similar to each Catalan vowel:  

 lejos “far” /ˈlƐxos/ vs. lento “slow” /lento/ 

 - lies between Catalan /e/-/Ɛ/ 

JoanCarles
Sticky Note
This is a difficult situation for the Spanish learner of Catalan because Spanish /e/ is perceptually between Catalan /e/ and /Ɛ/, it has an allophone similar to Catalan /Ɛ/, as in lejos /lƐxos/, and it appears in Catalan cognates in place of both vowels, for example in maleta and cartera.



Introduction: mid vowels in Spanish and Catalan 

This is a difficult situation for the Spanish learner 

of Catalan: 

Catalan /e/ and /Ɛ/: 

   - low functional load (few minimal pairs) 

   nét /net/ “grandson” vs. net /ˈnƐt/ “clean” 

 - reduce to /ǝ/ in unstressed syllables: 

   pes (n.) /pƐs/ “weight” > pesar (vb.) /pǝˈza/ “weigh”. 

  but: “I weigh” is peso /ˈpezu/. 

   tretze /ˈtɾedzǝ/ “13” > tretzè /tɾǝdˈzƐ/ “13th”  

 - variation across and within dialects 

   res /res/ - /rƐs/ “nothing” 

Catalan /o/-/ᴐ/ is similar to /e/-/Ɛ/ (BUT neutralizes into /u/)  

 

  
  gos /gos/ “dog” > goset /guzƐt/ “little dog” 

  nou /nᴐw/ “9” > novè /nuˈβƐ/ “9th” 

 

JoanCarles
Sticky Note
But it is also difficult for them because the mid-vowel contrasts are not as robust as other contrasts. Why?Catalan /e/ and /Ɛ/ have a relatively low functional load because there aren’t many minimal pairs contrasting these vowels, both reduce to /ə/ in unstressed syllables, there are inconsistencies in the root vowel (we say “pes” but “peso”)  and there is variation across and within dialects for the same lexical items. The back mid vowel contrast /o/-/ᴐ/ is similar to the front vowel contrast in the aspects I have just mentioned, except for the fact that both vowels neutralize into /u/ in unstressed position. So all this makes the Catalan mid vowel contrasts a very challenging area of the phonology of Catalan for Spanish speakers to learn. Probably just as difficult as it is for Japanese learners of English to acquire the English /r/-/l/ contrast. 



Introduction: Acquisition of Catalan mid vowel contrasts 

/l/-/r/ for Japanese learners of English 

 - Very clear-cut case: extremely difficult for Japanese 

speakers, completely natural for English speakers. 
- Acoustics: large difference “rock” vs. “lock” 

- No risk of confusion by English speakers 

BUT:  - hard to find true simultaneous bilinguals 

 - most living in monolingual culture 

This is different from other well-studied cases of 

difficulty in the acquisition of L2 sound contrasts: 

 - ≠ immersion settings (immigrant populations) 

 - ≠ FL setting (student populations AH or SA) 

JoanCarles
Sticky Note
But there are important differences between the Catalan case and the Japanese case:- It is a clear-cut case that is extremely difficult for one group and completely natural for another- There is a large acoustic difference between the initial segments of “rock” and “lock”.- The is no possibility of confusion of these words for native English speakers- BUT it is hard to find true simultaneous bilinguals, as most Japanese learners of English live in a monolingual culture.So the learning context in the Catalan case is completely different from what we find in immersion settings or in foreign language settings.Let’s describe in some detail the kind of bilingual language use that is typical of the bilingual context of the Catalan case.



Introduction: the bilingual context in Barcelona 

JoanCarles
Sticky Note
So let’s think of the linguistic experience of babies who, rather than being born in Bloomington, Indiana, are born in Barcelona, Spain.



Introduction: the bilingual context in Barcelona 

     Spanish 

/i/  /u/ 

  /e/    /o/ 

      /a/ 

     Catalan 

/i/  /u/ 

 /e/      /o/ 

  /Ɛ/    /ɔ/ 

      /a/ 

Catalan 

+ 

Spanish 

Exposure: 

- at home (monolingual) 

vs.  

- school (bilingual) 

Exposure: 

- at home (bilingual) 

& 

- school (bilingual) 

JoanCarles
Sticky Note
What kind of linguistic experience would they normally go through in their childhood? What vowel sounds are they exposed to?Well, that probably depends on the language spoken by their parents, their grandparents, and by relatives, some will be exposed to Spanish only, some will be exposed to Catalan only, and some will be exposed to both Spanish and Catalan. At schooling age the type of exposure children receive is likely to change from mainly monolingual exposure to bilingual exposure, but it will continue to change later in life. Can you imagine the kind of linguistic experiences they are likely to go through? Let’s have a look at several examples.



Introduction: the bilingual context in Barcelona 

L1-Spanish L1-Catalan 
BILINGUALISM 

and 

Individual profiles of 

L1/L2 use 

JoanCarles
Sticky Note
Let’s imagine different types of bilingualism, different profiles of language use, in Barcelona, for L1-Spanish speakers (these will appear in red) and L1-Catalan speakers (these will appear in blue).



L1-Spanish L1-Catalan 

JoanCarles
Sticky Note
For example this is an adult native speaker of Spanish living in Barcelona. On a daily basis this person communicates in Spanish, speaking mainly to L1-Spanish speakers, and only to a few L1-Catalan speakers, who speak Spanish to her, probably with a Catalan accent. So this person speaks Spanish 100% of the time and has very little exposure to Catalan. You can of course think of an L1-Spanish speaker who speaks Catalan to L1-Catalan speakers, but speaks Catalan very little, or one who speaks Catalan most of the time (with or without a Spanish accent). Similarly, some Catalan speakers would speak Spanish most of the time (possibly with a Catalan accent) or would speak Catalan most of the time. Finally, it is possible to find simultaneous balanced bilinguals that learnt both Spanish and Catalan from birth and use both languages with equal frequency.



L1-Spanish L1-Catalan 

OUTPUT! 

How good is this output for the L1-Spanish learner of Catalan 

to develop robust phonological representations?  

JoanCarles
Sticky Note
So this is a rather complex language contact situation. You can imagine conversations among people where all permutations of bilingualism are possible. How good is this OUTPUT for the Spanish learner who is acquiring the phonology of Catalan? To make things even more complicated, bilingualism and language dominance is not necessarily stable over time.



Time Birth to age 5 

Ages 5-12 

Ages 13-16 

Plasticity? 

- Speech input can be 

native-like or accented. 

- Many different patterns 

of language use. 

- Bilingualism as a 

continuum of L1 and L2 

use. 

- Patterns of L1 and L2 

use are unstable. 

- Are phonological 

representations 

affected by language 

use? 

JoanCarles
Sticky Note
A person may be essentially monolingual in early childhood and then get exposure to another language at schooling age, and gradually increase exposure to their second language (L2) and use it more often, and eventually use it more often than their L1. So in this language contact context bilinguals may have many different patterns of language use, we can view bilingualism as a continuum of language use. Their patterns of L1 and L2 use may not be stable over time, and the speech input they are exposed to can be native-like or accented. So the important question here is to what extent these different patterns of language use can affect bilinguals’ phonological representations (or lexical representations too!), and as a consequence, their speech output.



Time Ages 16-24 

Ages 24-36 

Ages 36-50 

Plasticity? 

- Methodlogical challenge! 

- Is the perceptual system 

malleable and sensitive to 

properties of the speech 

input? 
- Can Spanish learners 

develop robust phonetic 

category representations 

for the Catalan mid 

vowels /e/-/Ɛ/ and /o/-/ɔ/? 

- Are L1-Catalan 

representations modified 

due to Spanish-accented 

input? 

JoanCarles
Sticky Note
If the perceptual system is malleable and sensitive to the properties of the speech input (both in terms of quality and quantity) one might think of phonological representations (phonetic categories for speech sounds) also being malleable and subject to change as a function of language use. So given this context of language contact and use, how can one study the acquisition of the Catalan mid vowels by Spanish speakers? What are their chances of acquiring the new /E/ and /O/ vowels and develop well-formed (robust) phonetic category representations for these vowels? You can immediately see that this is a methodological challenge, as probably a bilingual language contact situation, however interesting, is a very complex context for studying L2 phonological acquisition.



Adult Catalan-Spanish bilinguals in Barcelona: 

Introduction: Acquisition of Catalan mid vowel contrasts 

- Bilinguals are 1st exposed to L2 (Catalan or Spanish) 

as young children (early learners) at schooling age (3-6). 

- Bilinguals may use both their languages daily in all 

contexts. 

- Language dominance may not be stable over time. 

- Every permutation of bilingualism is represented. 

- Allows for crucial tests of interaction between age of 

acquisition and eventual attainment. 

Bilingual learning in a language contact situation: 

JoanCarles
Sticky Note
So the typical situation for adult bilinguals in Barcelona is that they are 1st exposed to their L2 (Catalan or Spanish) as young children (early learners) at schooling age (3-6), they may use both their languages daily in all contexts, and their language dominance may not be stable over time. So this is a context where learning occurs in a language contact situation…- where every permutation of bilingualism is represented.- that allows for crucial tests of interaction between age of acquisition and eventual attainment.



Previous research on the Catalan mid-vowels in BCN 

- Catalan words altered to 

nonwords via substitution 

of /e/ for /ɛ/ or vice-versa: 

(Bosch, Costa & Sebastián-Gallés 2000; Pallier, Bosch & Sebastián-Gallés 1997; Sebastián-Gallés 

& Bosch 2005; Sebastián-Gallés, Echevarría & Bosch 2005; Sebastián-Gallés & Soto-Faraco 1999, 

among others) 

(Sebastián-Gallés et al. 2005: study of early and simultaneous bilinguals) 

Catalan-dominant | Spanish-dominant 

“ɛ-type” nonwords :  

     /fiˈnestrə/ → */fiˈnɛstrə/ 

“e-type” nonwords:  

     /gəˈʎɛda/  →  */gəˈʎeda/ 

Lexical decision 

- Early bilinguals: Catalan- 

or Spanish-dominant, 

highly proficient. 

JoanCarles
Sticky Note
Previous research on the acquisition of the Catalan front mid vowels has shown that Catalan-dominant bilinguals and Spanish-dominant bilinguals perform differently on a variety of tasks. So here’s one well-known study where they used a lexical decision task to assess lexical representations in early bilinguals for words that contain the difficult mid front vowels of Catalan. In this task, early bilinguals highly proficient in their L2, but either Catalan-dominant or Spanish-dominant, did a lexical decision task where they were asked to decide whether Catalan words where a close mid vowel had been changed to an open mid vowel (or vice versa) were perceived as nonwords. For example, if they perceived the nonwords */gəˈʎeda/ or */fiˈnɛstrə/as words these items would be coded as an incorrect response, if they were perceived as a nonword, then they were coded as correct responses. They found that Spanish-dominant bilinguals do much worse at identifying Catalan nonwords than Catalan-dominant bilinguals, and this is something that applies to both types of nonwords. However, they also found an interesting asymmetry between ɛ-type and e-type nonwords. Even Catalan-dominant bilinguals found it harder to correctly identify a Catalan word as a non-word when it was an open /ɛ/ that had been changed to a close /e/ than in the opposite case. The same experiment was done again with a group of simultaneous bilinguals and the data was compared to that of the early bilinguals. What did these data look like?



Previous research on the Catalan mid-vowels in BCN 

- Clear decrease in 

performance 

- Large variation 

even for Catalan-

dominant early 

bilinguals. 

- Asymmetry for 

Catalan-dominant 

bilinguals between 

ɛ-type and e-type 

nonwords 

JoanCarles
Sticky Note
First you can clearly see a clear decrease in performace as a function of language dominance. The more dominant you are in Catalan, the better you perform. However, you see that there is huge variation with some Catalan-dominant bilinguals performing within the range of Spanish-dominant bilinguals.



Previous research on the Catalan mid-vowels in BCN 

(Pallier, Bosch & Sebastián-Gallés 1997, Bosch, Costa & Sebastián-Gallés 2000, Sebastián-Gallés, 

Echevarría & Bosch 2005, Sebastián-Gallés, Rodriguez-Fornells, Diego-Balaguer & Díaz 2006) 

Developmental explanation 

Phonemic categories acquired early in 

life compromise the acquisition of new 

phonetic categories later in life, despite 

early and extensive/intensive exposure 

to the L2. 

Exposure to mispronunciations 

Spanish speakers mispronounce Catalan 

galleda   /gəˈʎɛda/  →  */gəˈʎeda/ 

Interpretation: 

Differences between bilingual groups: 

Asymmetries “ɛ-type” vs. “e-type”: 

JoanCarles
Sticky Note
How are these results interpreted?First, these results are explained from a developmental perspective: Phonemic categories acquired early in life compromise the acquisition of new phonetic categories later in life, despite early and extensive/intensive exposure to the L2.Secondly, the asymmetry between ɛ-type and e-type nonwords in the Catalan-dominant bilinguals is interpreted as originating in Catalan listeners being exposed to Catalan words that contain an open mid vowel mispronounced with a close mid vowel. This asymmetry is further investigated in a series of more recent studies.



Previous research on the Catalan mid-vowels in BCN 

Exposure to mispronunciations further investigated: 
(Sebastián-Gallés et al. 2006, 2008; Larsson et al. 2008) 

- ERP data for /di/-/de/-/dε/ syllables 

- Neurodynamic modelling for phonemic and lexical 

processing: - phoneme discrimination task simulation 

                      - lexical decision task (LDT) simulation 

 Findings: 

- No evidence of perceptual difficulty with /e/ - /ɛ/. 

- the “ɛ-type” vs. “e-type” asymmetry is replicated in LDT. 

CONCLUSION:  

Lexical plasticity does NOT affect phonemic categories. 

Bilinguals’ lexicons store canonical + accented lexical 
representations (no effects at the phonetic level) 

JoanCarles
Sticky Note
In these studies electrophysiological and modeling data was used to determine whether exposure to Spanish-accented Catalan could affect the phonemic categories /e/-/ɛ/, as this could also explain the asymmetry attributed to Catalans being exposed to Spanish-accented Catalan. What did they find? No evidence of perceptual difficulty with the front mid vowel contrast AND they replicated the results of the Lexical Decision Task, so the asymmetry is explained by assuming that bilinguals may store canonical (native-like) as well as accented lexical representations of the same words in their mental lexicon. This would be in line with what Prof. Isabelle Darcy has shown for adult L2 learners: lexical representations can be fuzzy! (even in the absence of perceptual difficulty wth L2 sounds).



2 studies with bilingual populations in Barcelona 

Investigate the robustness of the Catalan mid-vowel 

contrasts (are they phonetically “weak”?) 

Study 1: (Mora, Keidel & Flege 2011, 2013 in press) 

- bilinguals varying in degree of language dominance          

- MostlySp, Sp-CatB, Cat-SpB, MostlyCat (L1-Sp + L1Cat) 

- Perception and production of /e/-/ɛ/ and /o/-/ɔ/. 

 

If so… does L1 & L2 use in a bilingual language contact 

context affect the perception and production of the mid 

vowel contrasts? 

Study 2:  (Mora & Nadeu 2012) 

- Catalan-dominant bilinguals varying in amount of L1-Cat use 

- Low (40-70%) vs. High (80-100%) (L1-Cat) 

- perception and production of /e/-/ɛ/. 

 

JoanCarles
Sticky Note
However, in the kind of language contact situation that I have described earlier it is possible that bilinguals, depending on their language experience, develop phonetic category representations for the mid-vowel contrasts that are not as robust as those developed for other phonetic categories (such as /i/ for example). Why then do the studies just reported found no evidence of phonetic weakness? Maybe this is due to the tasks or the stimuli used. We carried out 2 studies to investigate the robustness of the Catalan mid-vowel contrasts. In study 1 we examined 4 groups of bilinguals that differed in their degree of language dominance defined in terms of their amount of use of Catalan: from less to more use of Catalan: MostlyS, SCB. CSB, MostlyC. Participants were both L1-Catalan and L1-Spanish speakers, and we examined their perception as well as their production skills in Catalan. For the second study we selected a pool of L1-Catalan Catalan-dominant bilinguals who differed only in how frequently they used Catalan on a daily basis.



Study 1: Participants 

Participants (Adult Catalan-Spanish bilinguals) 
- N= 715 > N= 82 (after screening/selection: interview/questionnaire) 

- First exposed to their L2 at around schooling age  

- Born and raised in Barcelona. 

- Use both languages on a daily basis. 

- Not possible to recruit a group of Catalan “monolinguals” in BCN. 

Participants Mostly S 

(n=15) 

S/C  

(n=22) 

C/S  

(n=26) 

Mostly C  

(n=19) 

Self-reported % Catalan use 11 (8) 40 (7) 63 (6) 86 (8) 

Chronological age at test (years) 30 (10) 32 (7) 32 (7) 35 (8) 

Years of residence in Barcelona 30 (9) 31 (9) 32 (7) 34 (7) 

L1 before schooling  

(% of participants) 

Cat 6.7 0.0 34.6 90.0 

Sp 73.3 76.2 30.8 10.0 

C+S 20.0 23.8 34.6 0.0 

JoanCarles
Sticky Note
The participants in the 1st study (82 after careful screening) were first exposed to their L2 at around schooling age, they were born and raised in Barcelona, and used both Catalan and Spanish on a daily basis. It was not possible to recruit Catalan monolinguials in Barcelona. Crucially, they differed in their amount of daily use of Catalan, and this appeared to be related to which was their L1 before schooling age, that is, Speakers who used Spanish the most were L1-Spanish, whereas Speakers who used Catalan the most were L1-Catalan. However, participants who had a more balanced use of Catalan and Spanish included L1-Spanish, L1-Catalan and Simultaneous bilingual participants.



- Identification and Discrimination (AXB) /i-e-ɛ/ and /u-o-ɔ/ 

- /i-e/ & /u-o/ as control 

- Identification x 4 contrasts: 

Method: Perception Tasks 

/i/ /e/ /Ɛ/ 

/i/ 

/ɔ/ 

/e/ 

/ɛ/ 

/u/ 

/o/ 

Front: i → e  e → ɛ  

Back: u → o  o → ɔ 

- Semi-synthetic stims 

- F1 and F2 modified 

- 120 trials 
    10 stimuli 

      3 repetitions 

      4 contrasts 

 

JoanCarles
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For assessing their perception in Catalan we created ID and DIS tasks based on acoustic continua (we will only report the results for the ID tasks here) where /i-e/ and /u-o/ continua were used as control contrasts. The stimuli were synthetic isolated vowels based on natural voice tokens. 4 continua were created by modifying the 1st and 2nd formant at equally distant steps in Hz (F3 and duration was kept constant).



Method: Perception Tasks 

/i/ 

/e/ 

/ɛ/ 

/u/ 

/o/ 

/ɔ/ 

JoanCarles
Sticky Note
So this is what the continua in the ID & DIS tasks sounded like, let me play just one example.



Results: Front vowels: /i/-/e/ 

Proportion of /i/ identification 

/i/                                                              /e/ 

P
ro

p
o

rt
io

n
 o

f 
/i
/ 
id

e
n

ti
fi

c
a
ti

o
n

 

Steps in continuum 

MostlyS 

S/C Bil 

C/S Bil 

MostlyC 

JoanCarles
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And here’s the results of the /i-e/ continuum. As you can see, for all bilingual groups perception of the contrast is quite Categorical, differences between groups are not significant here, suggesting that all group had developed robust contrastive category representations for these sounds.



Results: Back vowels: /u/-/o/ 

Proportion of /u/ identification 

/u/                                                             /o/ 

P
ro

p
o

rt
io

n
 o

f 
/u

/ 
id

e
n

ti
fi

c
a
ti

o
n

 

Steps in continuum 

MostlyS 

S/C Bil 

C/S Bil 

MostlyC 

JoanCarles
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Exactly the same can be said about the categorization of the /u-o/ continuum. Both sounds are clearly identified as two distinct categories: the identification curve is very steep, indicating categorical perception.



Results: Front vowels: /e/-/ɛ/ 

Proportion of /e/ identification 

/e/                                                             /Ɛ/ 

P
ro

p
o

rt
io

n
 o

f 
/e

/ 
id

e
n

ti
fi

c
a
ti

o
n

 

Steps in continuum 

MostlyS 

S/C Bil 

C/S Bil 

MostlyC 

JoanCarles
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However, when we look at the /e-Ɛ/ contrast a completely different picture emerges. The ID function we obtain is not categorical at all, even some of the Catalan-dominant bilinguals classify some instances of the close mid vowel /e/ as /Ɛ/ and some instances of the open mid vowel /Ɛ/ as /e/, suggesting large overlap between these categories in perception.



Back vowels: /o/-/ɔ/. Identification 

Proportion of /o/ identification 

/o/                                                              /ᴐ/ 

P
ro

p
o

rt
io

n
 o

f 
/o

/ 
id

e
n

ti
fi

c
a
ti

o
n

 

Steps in continuum 

MostlyS 

S/C Bil 

C/S Bil 

MostlyC 

JoanCarles
Sticky Note
For the back mid vowel contrast perception was not as categorical as for the /u-o/ contrast, but the categories did not seem to overlap that much.
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Results: Front vowels: /i/-/e/ vs. /e/-/ɛ/. Identification 

JoanCarles
Sticky Note
When we compare the control contrasts to mid vowel contrasts we observe a difference in category overlap and degree of categoriality in perception as a function of amount of daily use of Catalan. The more often Catalan is used on a daily basis, the more categorical the front mid-vowel contrast function becomes, i.e. the more similar it is to the control contrast, which is always perceived categorically by all subject groups. A similar pattern was obtained for the back mid-vowel contrasts, although it is perceived on the whole more categorically than the front mid-vowel contrast.



Front vowels: /e/-/ɛ/. Identification 

/e/                                                             /Ɛ/ 

MostlyS 

S/C Bil 

C/S Bil 

MostlyC 

JoanCarles
Sticky Note
So how can we explain these results for the front mid-vowel contrast? This suggests that these vowels are likely to be confused by Bilingual speakers in Barcelona. Can this be due to the pervasive effect of Spanish, and Spanish-accented Catalan? We set out to find a group of “monolingual” speakers of Catalan who would speak the same variety of Catalan as our participants in Barcelona but that would have as little exposure to Spanish as possible and would never or only vary rarely speak Spanish. We recruited such a population in a little village about 50 miles from Barcelona (they were not easy to find!). Would they show an identification function for this vowel contrast as categorical as that of the /i-e/ contrast?



Front vowels: /e/-/ɛ/. Identification 
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JoanCarles
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They did obtain a much more categorical function, suggesting that indeed the amount of exposure to Spanish and Spanish-accented Catalan in Barcelona seemed to have an effect on the amount of overlap of the phonetic categories for /e/ and /Ɛ/.



Front vowels: /e/-/ɛ/. Identification 

MostlyC 

Mostly C 

Vallgorguina 

Barcelona 

JoanCarles
Sticky Note
In fact the obtained an ID function that was more categorical than that of the Catalan-dominant bilinguals in Barcelona. However, it still differed from what they obtained for /i-e/. So what about the production data? Will the bilinguals in Barcelona also present overlap in the mid-vowel categories in production?



Study 1: production  

Reading aloud (for meaning) a passage in Catalan 

i e ɛ a ɔ o u 

5 8 8 5 8 8 5 

selection of words (stressed vowels only) 

Vowels 

Tokens x 

Speaker 

JoanCarles
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We obtained production data by asking participants to read a text aloud for meaning. We selected 5 tokens of each one of the corner vowels /i, a, u/ and 8 tokens of each one of the mid vowels, all of them in a stressed position, and we obtained frequency measures of their quality (f0, and 1st and 2nd formants).



Results: production  

Vowel quality measures 

- Normalized for gender and oral tract size differences 

- Spectral distance score   
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JoanCarles
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The vowel measurements were normalized for inter-subject differences in gender and vocal tract size (Bark-based distance metric) and we assessed the robustness of these contrasts in production by calculating the spectral distance between the contrasting mid vowels (the Euclidean distance). The results show that the 4 bilingual groups were very similar in their production of the corner vowels, and quite similar too in the production of the back mid vowels, but they differed significantly in their production of the front mid vowel contrast. Let’s look specifically at the group differences for this vowel contrast.



Results: production  

Vowel quality measures 

Bilinguals that mainly spoke Spanish (11% Catalan Use) produced a 

small spectral distance between contrasting vowels. 
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What we see is that Bilinguals that mainly spoke Spanish produced a small spectral difference between contrasting front mid vowels, and this difference appears to increase as a function of amount of use of Catalan, the more often Catalan is spoken the larger the spectral distance between the contrastive vowels.



Results: production  

Vowel quality measures 

Spanish-Catalan bilinguals reporting 40% of Catalan Use  

1,5

2

2,5

3

3,5

4

4,5

5

5,5

23456789101112

B2-B1

B
1
-B

0

S/C

JoanCarles
Sticky Note
This is what the Spanish-Catalan bilinguals obtained.



Results: production  

Vowel quality measures 

- Catalan-Spanish bilinguals reporting 63% of Catalan Use 
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The Catalan-Spanish bilinguals using Catalan more than Spanish.



Results: production  

Vowel quality measures 

Bilinguals that mainly spoke Catalan (83% Catalan Use) produced the 

largest spectral distance between contrasting vowels. 
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And the Catalan-dominant bilinguals that spoke Catalan most of the time.



Results: production  

/e/-/Ɛ/ distance varied 

as a function of 

subject group. 

ANOVA on spectral distance measures 

within Ss = Vowel Contrast (/i/-/e/, /u/-/o/, /e/-/ɛ/, /o/-/ɔ/) 

between Ss = Subject Group (Mostly S, S/C B, C/S B, Mostly C) 

- Sig. main effect of  

Vowel Contrast (p<.001) 

- n.s. main effect of  

Subject Group (p>.05) 

- Sig. Vowel Contrast x Subject 

Group interaction(p<.001) 
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Interestingly, the ANOVAs showed a significant Vowel Contrast x Subject group interaction because the /e/-/Ɛ/ spectral distance changed as a function of subject group.



Results: production  
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How well do these mean spectral distance scores  

reflect individual data? 
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This was especially the case for the front mid-vowel contrast. So now the interesting question that these data suggest is whether the mean spectral distances between /e/ and /Ɛ/ is something that reflects individual speakers’ differences in spectral distance scores. That is, do the bilingual speakers in the Catalan-Spanish bilingual group that obtain intermediate spectral distance scores produce intermediate spectral distances? or is it the case that maybe only some do, while most produce either large or small spectral distances? Let’s have a look at this individual data for the front mid-vowel contrast.



Results: production  

Individual data shows large variation in production. 
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Clearly the individual data show large individual variation. The number of participants in the group who use Catalan most of the time (83%) also obtained higher ID scores in perception, that is, the proportion of bilinguals who perceive the /e/-/ε/ contrast categorically and produce it with a distinct spectral difference is significantly larger in those participant groups that used Catalan more frequently. These data, however, is similar to what other studies found for this contrast in a LDT.



Results: production  

3,0 

2,5 

2,0 

1,5 

1,0 

0,5 

0,0 

Spanish-Catalan bilingual groups 
MostlyC C/S S/C MostlyS 

S
p

ec
tr

al
 d

is
ta

n
ce

 b
et

w
ee

n
 /

e/
 a

n
d

 /
ε/

. 

The proportion of bilinguals who perceive the /e/-/ε/ contrast 

categorically and produce it with a distinct spectral difference 

is larger (p=.009) in those participant groups that used Catalan 

more frequently. 
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Clearly the individual data show large individual variation. The number of participants in the group who use Catalan most of the time (83%) also obtained higher ID scores in perception, that is, the proportion of bilinguals who perceive the /e/-/ε/ contrast categorically and produce it with a distinct spectral difference is significantly larger in those participant groups that used Catalan more frequently. These data, however, is similar to what other studies found for this contrast in a LDT.



Conclusions Study 1 

Catalan /e/-/Ɛ/ is less robust than /i/-/e/. Spanish-Catalan 

bilinguals may find it more difficult to form accurate 

categories for these vowels than for other vowels of 

Catalan. 

Variations in L1/L2 use/experience may affect the 

performance of bilingual adults in the perception and 

production of the Catalan mid vowel contrasts. 

Categorical perception of /e/-/Ɛ/  

 > two distinct phonetic categories for /e/ and /Ɛ/? 

 > realized these vowels more distinctly 

Non-categorical perception of /e/-/Ɛ/  

 > non-distinct phonetic categories for /e/-/Ɛ/? 

 > realized these vowels less distinctly. 
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Bilingual participants who perceived the /e/-/Ɛ/ contrast more categorically had probably developed two distinct phonetic categories for /e/ and /Ɛ/ and consequently realized these vowels more distinctly, whereas bilingual participants who perceived this contrast less categorically had probably not formed two different phonetic categories for /e/ and /Ɛ/ and thus produced these vowels less distinctly.



Study 2: One mid vowel contrast: /e/-/Ɛ/. 

 
Participants (adult Catalan-dominant C/S bilinguals) 

- N= 43 (interview/questionnaire) 

- Native Catalan-speaking parents (BCN & Borredà) 

- Identification + Discrimination (AXB) tasks based on a 

lexical /fe/-/fƐ/ continuum. 

- Isolated words MPs / Cognates / Non-Cognates 

CAT 

use 
Place of 

Residence 
N= 

Age % Cat Use 

Mean SD Range Mean SD Range 

Low BCN 14 32.21 9.89 20-49 62.14 10.32 40-70 

High BCN 15 28.53 7.41 18-43 87.67 4.95 80-95 

High BOR 14 29.19 9.57 17-52 95.36 5.36 85-100 
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Can this type of variation be explained through 

individual patterns of L1 (Catalan) and L2 

(Spanish) use? 
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The participants in this study were similar to those in the previous study, except that they were all L1-Catalan Catalan-dominant bilinguals and were first exposed to L2-Spanish at schooling age. We had two groups of Catalan participants using Catalan most of the time, one in Barcelona, and one in Borredà where exposure to Spanish is much less likely than in Barcelona. However, when tested these groups did not differ from one another, so we will be collapsing their data into a single HIGH group. We also had a group of Catalan-Spanish bilinguals that were more balanced in their use of Spanish and used it much more. For perception they did ID and DIS tasks, for production we elicited tokens of /e/ and /Ɛ/ in minimal-pair words, in Catalan words that were Spanish cognates,. and in Catalan words that were Spanish non-cognates. We were interested in explaining the variation among the Catalan-dominant bilinguals in the previous study through individual patterns of L1 and L2 use.



Study 2: Perception 

F1 F2 

  1 426 2069 

  2 449 2046 

  3 472 2024 

  4 497 2002 

  5 520 1979 

  6 544 1957 

  7 567 1935 

  8 591 1912 

  9 613 1890 

 10 638 1868 

fer /fe/ “to do” vs. fe /fƐ/ “faith”  

Identification 

AXB Discrimination 

same different 

  A  X     B 

 /fe/    ?    /fƐ/ 

AXB DIS 

JoanCarles
Sticky Note
The ID + DIS (AXB) tasks were based on a lexical /fe/-/fƐ/ continuum. Participants had to decide whether they had heard the word /fe/ or /fƐ/ by selecting the corresponding word on the screen, or in discrimination by deciding whether a middle stimulus in a sequence of three was the same as the preceding or the following word.



Study 2: Perception. Results 
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However, when we look at their RTs, we consistently see across all the continuum that those speakers HIGH users of Catalan are faster at deciding whether the word they have heard is /fe/ or /fƐ/, suggesting that the use of Spanish on a daily basis slows down the processing of these Catalan vowels.



Study 2: Perception. Results 
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For discrimination we obtain a very similar pattern, except that the LOW Catalan users do obtain lower DIS scores as well as slower RTs. So clearly the results show an advantage of a HIGH use of Catalan in the processing of these vowels. It is worth noting that the tasks involved the use of a minimal pair in Catalan. 



- HIGH Cat use bilinguals discriminated the contrast 

 - more accurately  

 - significantly faster 

Study 2: Perception. Results 

- Amount of L1/L2 use does not produce changes at the 

level of categorical perception, BUT results suggest: 

- Amount of L1 use affects efficiency of the perceptual 

system in the processing of L1 sounds 

 > L2 experience affects L1 perception. 
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In short, none of the two Catalan-dominant bilingual groups had difficulty categorising the minimal pair stimuli as either “fer” or “fe” but that decision was slower (i.e. “harder”) for those that used Spanish more often. Amount of L1 use affects efficiency of the perceptual system in the processing of L1 sounds, in this case L2 experience affects L1 perception.Will their production  of /e/ and /Ɛ/ reveal any differences as a function of amount of use of Catalan?



Elicited several repetitions of words in isolation 
 

10 Minimal pairs 

 cec /sek/ “blind” vs.  sec /sɛk/ “I sit” 
 
21 Cognates 

 maleta /məlɛtə/ vs.  Sp. maleta /maleta/ 
       “suitcase” 

21 Non-Cognates 

 bolet /bulɛt/ vs.  Sp. seta /seta/ 

     “mushroom” 

Study 2: Production. 

Measures: Spectral distances between /e/ and /Ɛ/ 
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For production we elicited minimal pair words, cognate words, and non-cognate words and e measured the quality difference between the two vowels. We were expecting the difference to be maximal in minimal pairs and minimal in cognates for the Catalan speakers that used Catalan less often. That is, assuming that a cognate effect could have consequences for speech production.
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For minimal pairs we found that LOW Cat use speakers produced a shorter spectral distance between /e/ and /Ɛ/.
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Study 2: Production. Results. 
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These production results suggest that amount of L2 (Spanish) use affected speakers’ realization of /ε/, which became significantly more Spanish-accented in minimal pairs, cognates and non-cognates for Low-CatUse speakers. Moreover, a trend was observed for /ε/ productions to be closer and fronter in cognates than in non-cognates for both speaker groups, and /ε/ realizations became significantly fronter in cognates than in non-cognates for the Low-CatUse group.
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Study 2: Production. Results. 
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These production results suggest that amount of L2 (Spanish) use affected speakers’ realization of /ε/, which became significantly more Spanish-accented in minimal pairs, cognates and non-cognates for Low-CatUse speakers. Moreover, a trend was observed for /ε/ productions to be closer and fronter in cognates than in non-cognates for both speaker groups, and /ε/ realizations became significantly fronter in cognates than in non-cognates for the Low-CatUse group.



Low CatUse group produced: 

 - smaller spectral distance scores /e/-/Ɛ/ 

 - produced Cat /Ɛ/ with significantly closer and 

 fronter values (Spanish-accented) and did so to a 

 sigificantly greater extent in cognates than in non- 

 cognates. 

Study 2: Production results. 
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These results showed that the Low CatUse group produced smaller spectral distance scores for /e/-/Ɛ/ than the High CatUse group, produced Cat /Ɛ/ with significantly closer and fronter values (Spanish-accented) and did so to a significantly greater extent in cognates than in non-cognates. These cognate effects on vowel production may be interpreted as the consequence of the perceptual weakening of the contrast on the lexicon driven by exposure to an L2 that effectively reduces the distinctiveness of the contrast. 



Study 1 + Study 2: overall conclusions 

- Catalan /e/-/ɛ/ is a phonetically “weak” contrast, 

and this causes  

  (a) difficulty in acquisition. 

 (b) sensitivity to L1/L2 use 

- The cognate effects found suggest that 

bilinguals may store merged phonetic categories 

that are malleable and sensitive to L1 & L2 

experience and use 

The cognate effects that we found for the Low CAT users 

needs to be investigated further! 
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So we can conclude by saying that our data is consistent with the hypothesis that Catalan /e/-/ɛ/ is a phonetically “weak” contrast, and this causes difficulty in acquisition and sensitivity to L1/L2 use. The cognate effects found suggest that bilinguals may store merged phonetic categories that are malleable and sensitive to L1 & L2 experience and use rather than both “canonical + accented forms” in the lexicon. These alternative explanations are possible, further research into the nature of the phonetic-lexical interface is needed, particularly in the case of bilingual phonological develoment in language contact contexts.



Plasticity 

So what does this research tell us about plasticity in 

speech perception and production in bilingualism? 

- The data suggests that patterns of L1/L2 exposure and 

use may affect phonological representations, leading to 

the weakening a contrast and eventually to a merged 

phonetic category. 

- Lexical representations may be unaffected by contrast 

weakening. 
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To conclude… READ.
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