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Abstract

The acquisition of a second language (L2) may bring about crosslinguistic
influence (CLI), which can be either progressive — previously acquired languages
influence later acquired ones — or regressive — later acquired languages influence
previously acquired ones. Previous studies have found instances of progressive (e.g.,
Antoniou, Best, Tyler & Kross, 2010; Zampini, 1998) and regressive CLI (e.g.,
Bergmann, Nota, Sprenger & Schmid 2016; Harada, 2003), as well as bidirectional CLI
(e.g., Flege, 1987; Major, 1992). One of the main factors that may modulate CLI is L2
experience — understood as amount of time spent in an immersion setting. More
specifically, L2 experience may result in a more target-like perception and production in
the L2, as well as in a less native-like performance in the first language (L1) due to an
influence of the L2 (e.g., Flege, 1987; Levy & Law, 2010). This study investigates the
effect of L2 experience on both the perception and production of L1 and L2 initial stops.
Moreover, since both modalities were examined, the relationship between perception and
production was also investigated. Two mirror-image populations were tested, including
Spanish learners of English and English learners of Spanish who differed in amount of
L2 experience and learning setting. One group of inexperienced learners, one group of
moderately experienced learners living in their home country, one highly experienced
group in an immersion setting and one control group of functional monolinguals were
tested for each language. Participants had to complete a perception experiment and a
production experiment involving initial stops in each language. The perception tasks
consisted of two forced-choice identification tests — one for bilabial stops and one for
velar stops — which presented stimuli varying on a VOT continuum. The same stimuli
were presented in the two conditions — i.e., in English and in Spanish. The production
experiment consisted of a carrier sentence reading task presenting stops in absolute initial
position in each language.

Regarding the perception experiment, different results were revealed for the
Spanish learners of English and for the English learners of Spanish. A bidirectional effect
of L2 experience was found on the Spanish groups, since L2 experience resulted in more
target-like L2 category boundaries but also in less native-like L1 category boundaries.
Spanish learners tended to categorize L1 and L2 stops similarly and only on one occasion

— the moderately experienced group’s /k/-/g/ categorization — were L1 and L2 category
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boundaries found to differ significantly. No effect of L2 experience was found on the
English groups, who perceived both L1 and L2 stops with English-like VOT values. In
the case of production, L2 experience had a positive effect on the L2 of both populations,
as the experienced groups tended to produce more target-like values than the
inexperienced groups. Still, L2 experience may have a less straightforward effect on
voiced stops than on voiceless stops. None of the Spanish groups presented English-like
values for voiced stops and the moderately experienced English participants
outperformed the highly experienced participants — probably due to differences in amount
of L2 instruction. No evidence of the effect of L2 experience on L1 production was found.
Contrary to the absence of separate L1 and L2 categories observed for perception, L2
learners tended to produce Spanish and English stops differently — i.e., with greater VOT
values in English than in Spanish —, although in the case of /b/, out of the Spanish groups,
only the most experienced group made a significant difference. Finally, regarding the
relationship between perception and production, no straightforward relationship was
found at an individual level, since participants who presented later category boundaries
did not always use greater VOT values in production. On the other hand, the overall
results of the two experiments suggest that the English learners were more successful at
producing L2 stops accurately than at perceiving them, opposing the assumption of the
Speech Learning Model (Flege, 1995) or the Perceptual Assimilation Model (Best &
Tyler, 2007) that L2 perception precedes production. An overall more target-like L2
performance in production than in perception may stem from methodological issues
related to language mode control. The production task — a reading task — presented the
target phones in a language specific context, whereas, in the production experiment,
stimuli were presented in isolated syllables. Moreover, those isolated syllables — /pi/, /bi/,
/ki/ and /gi/ — are more meaningful in English than in Spanish, which may have resulted
in the — total or partial — activation of English in both the English and the Spanish
condition. In sum, L2 experience was found to influence both the L2 and the L1, although
a greater effect of the L1 on the L2 was revealed than the other way around. A greater
amount of L2 experience might be needed to observe a clearer influence of the L2 on the
L1, as the most experienced groups had lived in an immersion setting for a relatively short
period of time — i.e., about 4 years. Differences between the two populations tested
indicate that CLI1 may take place differently according to the order of acquisition of the
languages involved and that factors other than L2 experience — such as L2 use or L2

instruction — may play a role.
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Resumen

La adquisicion de una segunda lengua (L2) puede resultar en influencia
interlinglistica, que puede ser tanto progresiva — de una lengua adquirida con anterioridad
a otra adquirida posteriormente —, como regresiva — de una lengua adquirida
posteriormente a otra adquirida anteriormente. Estudios previos han mostrado ejemplos
de influencia linguistica progresiva (e.g., Antoniou, Best, Tyler & Kross, 2010; Zampini,
1998) y regresiva (e.g., Bergmann, Nota, Sprenger & Schmid 2016; Harada, 2003), asi
como bidireccional (e.g., Flege, 1987; Major, 1992). Uno de los factores que pueden
modular la influencia interlinguistica es la experiencia en L2 — entendida en este estudio
como el tiempo vivido en un contexto de inmersion linguistica. Concretamente, la
experiencia en L2 puede resultar en una percepcion y produccion mas precisas en la L2,
pero menos nativas en la primera lengua (L1) a causa de la influenciade la L2 (e.g., Flege,
1987; Levy & Law, 2010). Este estudio investiga el efecto de la experiencia en L2 tanto
en la percepcion como en la produccion de las oclusivas en posicion inicial. Asimismo,
el hecho de que este estudio examine las dos modalidades permite que se investigue la
relacién entre percepcion y produccion. Seis grupos de hablantes de una segunda lengua
que se diferencian en su experiencia en L2, asi como en el orden de adquisicion de las
lenguas — hablantes de espafiol como L1 e inglés como L2 y hablantes de inglés como L1
y espafiol como L2 —, participaron en el estudio. Por cada L1, participaron en el estudio
un grupo de aprendices de L2 sin experiencia, un grupo de aprendices con una experiencia
moderada en L2 que residen en su pais de origen, un grupo con una alta experiencia en
L2 en un contexto de inmersién linglistica y un grupo de monolingies funcionales. Los
participantes completaron un experimento de percepcién y otro de produccion de
oclusivas en cada lengua. El experimento de percepcidén consistia en dos tests de
identificacion — uno para las oclusivas bilabiales y otro para las oclusivas velares — que
presentaban estimulos de un continuo de VOT. Los mismos estimulos fueron empleados
para examinar la percepcion de ambas lenguas — i.e., inglés y espafiol. El experimento de
produccidn consistia en la lectura de frases que presentaban oclusivas en posicion inicial
absoluta.

Los hablantes de espafiol como L1 y los hablantes de inglés como L1 obtuvieron
diferentes resultados en el experimento de percepcion. Por un lado, los hablantes de

espafiol como L1 e inglés como L2 presentaron indicios de interferencia linglistica
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bidireccional, ya que la experiencia en L2 resulté en una percepcion mas precisa en la L2,
pero menos nativa en la L1. Ademas, cabe destacar que los espafioles aprendices de inglés
categorizaron las oclusivas de la L1 y la L2 de manera similar, a excepcion de la
categorizacion de /k/-/g/ por parte del grupo con una experiencia moderada. Por otro lado,
no se encontraron indicios de influencia de la experiencia en L2 en los hablantes de inglés
como L1, puesto que estos categorizaron tanto las oclusivas del inglés como las del
espafiol segun los valores de VOT del inglés. En el caso de produccion, los resultados
indican que la experiencia en L2 tuvo un efecto positivo tanto en los hablantes de espafiol
como L1 como en los hablantes de inglés, dado que los grupos con experiencia produjeron
valores de VOT mas precisos que los grupos sin experiencia. Sin embargo, el efecto de
la experiencia en L2 en las oclusivas sonoras es menos clara que en las oclusivas sordas.
Ninguno de los grupos de hablantes de espafiol como L1 presentaron valores de VOT
semejantes a los del grupo de monolingtes de inglés y, en el caso de los hablantes de
inglés como L1, el grupo con una experiencia moderada obtuvo valores de VOT maés
cercanos a los de los espafioles monolinglies que el grupo con méas experiencia —
posiblemente a raiz de diferencias relacionadas con el aprendizaje formal del espafiol. No
se encontraron evidencias claras del efecto de la experiencia en L2 en la produccion de la
L1. Al contrario que en percepcion, los participantes produjeron las oclusivas del espafiol
y del inglés con valores de VOT diferentes, es decir, con valores mayores en inglés que
en espafol. No obstante, en el caso de la produccion de la /b/ por parte de los grupos
espafoles, esta diferencia solo llegé a ser significativa para los aprendices con mas
experiencia. Finalmente, en cuanto a la relacion entre percepcion y produccién, no se
pudo establecer una relacion clara entre ambas modalidades a nivel individual, ya que los
participantes que presentaban valores de VOT mayores en percepcion no siempre los
presentaban también en produccion. Sin embargo, los resultados globales de ambos
experimentos indican que los hablantes de inglés como L1 y espafiol como L2 obtuvieron
valores de VOT mas semejantes a los de los hablantes nativos de la L2 en produccion que
en percepcion, en contraposicion a las premisas del Speech Learning Model (Flege, 1995)
0 del Perceptual Assimilation Model (Best & Tyler, 2007), que sostienen que la
adquisicion de la percepcion en L2 precede a la adquisicion de la produccion. Una
produccion en L2 generalmente mas precisa que la percepcion en L2 puede deberse a
problemas relacionados con el control la activacion de la lengua que se esta analizando.
El experimento de produccién — una tarea de lectura — presentaba los sonidos estudiados

en un contexto monolingle, mientras que, en el caso del experimento de percepcion, los
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estimulos se presentaron en silabas aisladas. Ademas, dichas silabas — /pi/, /bi/, /ki/ and
/gi/ — tienen maés significado en inglés que en espafiol, por lo que el inglés pudo haberse
activado — total o parcialmente — tanto en el test en inglés como en el test en espafiol. En
resumen, los resultados de esta tesis indican que la experiencia en L2 puede influir la L2
y la L1, aunque se ha observado un efecto mayordelaLlenlaL2 quedelalL2enlaLl.
Es posible que se requiera una mayor experiencia en L2 para poder observar una
influencia de la L2 en la L1 mas clara, puesto que incluso los grupos méas experimentados
en este estudio tenian una experiencia en L2 relativamente corta — i.e., de unos 4 afios.
Las diferencias entre los hablantes de espafiol como L1 y los hablantes de inglés como
L1 sugieren que la influencia interlingiiistica puede tener lugar de diferente manera segln
el orden de adquisicién de las lenguas y que otros factores, ademas de la experiencia en

L2 — como el uso o aprendizaje formal de la L2 — pueden influir en ella.
Palabras clave: Percepcion y produccion de L2, experiencia en L2, la relacion entre

percepcion y produccion, influencia interlinguistica, oclusivas del espafiol, oclusivas del

inglés.
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Resum

L’adquisicié d’una segona llengua (L2) pot resultar en influencia interlinguistica,
que pot ser tant progressiva — d’una llengua adquirida amb anterioritat a una altra
adquirida posteriorment —, com regressiva — d’una llengua adquirida posteriorment a una
altra adquirida anteriorment. Estudis previs han mostrat exemples d’influéncia linguistica
progressiva (e.g., Antoniou, Best, Tyler & Kross, 2010; Zampini, 1998) i regressiva (e.g.,
Bergmann, Nota, Sprenger & Schmid 2016; Harada, 2003), aixi com bidireccional (e.g.,
Flege, 1987; Major, 1992). Un dels factors que poden modular la influéncia
interlingtistica és I’experiéncia en L2 — entesa en aquest estudi com temps viscut en un
context d’immersid linglistica. Concretament, I’experiéncia en L2 pot resultar en una
percepcio i produccidé meés precises en la L2, pero menys natives en la primera llengua
(L1) a causa de la influencia de la L2 (e.g., Flege, 1987; Levy & Law, 2010). Aquest
estudi investiga I’efecte de I’experiéncia en L2 tant en la percepcié com en la produccio
de les oclusives en posici6 inicial. Aixi mateix, el fet que aquest estudi examini ambdues
modalitats permet que s’investigui la relacio entre percepcid i produccid. Sis grups de
parlants d’una segona llengua que es diferencien en la seva experiencia en L2, aixi com
en 1’ordre d’adquisicio de les llenglies — parlants d’espanyol L1 i angles L2 i parlants
d’anglés L1 i espanyol L2 —, participaren en 1’estudi. Per cada L1, hi participaren un grup
d’aprenents de L2 sense experiencia, un grup d’aprenents amb una experiéncia moderada
en L2 que residien al seu pais d’origen, un grup amb una alta experiéncia en L2 a un
context d’immersio lingtistica i un grup de monolingies funcionals. Els participants
completaren un experiment de percepcio i un de producci6 d’oclusives en cada llengua.
L’experiment de percepcio consistia en dos tests d’identificacio — un per les oclusives
bilabials i un altre per las oclusives velars — que presentaven estimuls d’un continu de
VOT. Els mateixos estimuls van ser emprats per examinar la percepcié d’ambdues
llengiies — i.e., anglés i espanyol. L’experiment de produccio consistia en la lectura de
frases que presentaven oclusives en posicio inicial absoluta.

Els parlants d’espanyol L1 i els parlants d’angles L1 van obtenir diferents resultats
en I’experiment de percepcié. D’una banda, els parlants d’espanyol L1 i anglés L2
presentaren indicis d’influéncia linguistica bidireccional, ja que I’experiéncia en L2 va
resultar en una percepcio mes acurada en la L2, pero menys nativa en la L1. A més a més,

cal destacar que els espanyols aprenents d’angles categoritzaren les oclusives de la L1y
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la L2 de manera similar, amb 1’excepcio de la categoritzacid de /k/-/g/ per part del grup
amb una experiéncia moderada. D’altra banda, no es trobaren indicis d’influencia de
I’experiencia en L2 en els parlants d’anglés L1, donat que aquests categoritzaren tant les
oclusives de 1’anglés com les de 1’espanyol segons els valors de VOT de I’angles. En el
cas de la produccid, els resultats indiquen que I’experiencia en L2 va tindre un efecte
positiu tant en els parlants d’espanyol L1 com en els parlants d’anglés L1, ja que els grups
amb experiéncia produiren valors de VOT més acurats que els grups sense experiéncia.
No obstant, I’efecte de I’experiéncia en L2 en les oclusives sonores és menys clara que
en el cas de les oclusives sordes. Cap dels grups de parlants d’espanyol L1 presentaren
valors de VOT semblants als del grup de monolingties d’anglés i, en el cas dels parlants
d’anglés L1, el grup amb una experiencia moderada va obtenir valors de VOT més
propers als dels espanyols monolingtes que el grup amb més experiéncia — possiblement
arran de diferencies relacionades amb 1’aprenentatge formal de I’espanyol. No es trobaren
evideéncies clares de 1’efecte de I’experiéncia en L2 en la produccié de la L1. Al contrari
que en percepcio, els participants produiren les oclusives de I’espanyol i de 1’angles amb
valors de VOT diferents, és a dir, amb valors més grans en anglés que en espanyol. No
obstant, en el cas de la produccio de la /b/ per part dels grups espanyols, aquesta diferencia
només va ser significativa pels aprenents amb més experiéncia. Finalment, pel que faa la
relacié entre percepcio y produccio, no es va poder establir una relacié clara entre
ambdues modalitats a nivell individual, ja que els participants que presentaven valors de
VOT majors en percepcio no sempre els presentaven també en produccio. Tanmateix, els
resultats globals d’ambdds experiments indiquen que els parlants d’angles L1 i espanyol
L2 van obtenir valors de VOT més propers a aquells dels parlants natius en produccié que
en percepcid, en contraposicié a les premisses de I’Speech Learning Model (Flege, 1995)
o del Perceptual Assimilation Model (Best & Tyler, 2007), que sostenen que I’adquisicio
de la percepci6 en L2 precedeix I’adquisicio de la produccié. Una producci6 en L2
generalment més precisa que la percepci6 en L2 pot ser deguda a problemes relacionats
amb el control I'activacio de la llengua que s'esta analitzant. L'experiment de produccidé —
una tasca de lectura — presentava els sons estudiats en un context monolingue, mentre
que, en el cas de I'experiment de percepcio, els estimuls es presentaren en sil-labes
aillades. A més, aquestes sil-labes — /pi/, /bi/, /ki/ and /gi/ — tenen més significat en angles
que en espanyol, de manera que I'anglés va poder haver-se activat — totalment o parcial —
tant en el test en anglés com en el test en espanyol. En resum, els resultats d’aquesta tesi

indiguen que I’experiéncia en L2 pot influir tant la L2 com la L1, tot i que s’ha observat
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un efecte major de la L1 en la L2 que de la L2 en la L1. Es possible que es requereixi una
major experiéncia en L2 per poder observar una influencia de la L2 a la L1 més clara, ja
que fins i tot els grups més experimentats en aquest estudi tenien una experiéncia en L2
relativament curta — i.e., d'uns 4 anys. Les diferéncies entre els parlants d’espanyol L1 i
els parlants d’anglés L1 suggereixen que la transferéncia interlingiistica pot donar-se de
diferent manera segons 1’ordre d’adquisicio de les llengues i que altres factors, a part de
I’experiéncia en L2 — com I’Gs o 1’aprenentatge formal de la L2 — hi poden influir.

Paraules clau: Percepcio i produccio de L2, experiéncia en L2, la relacié entre percepcid

i produccid, transferencia interlinglistica, les oclusives de I’espanyol, les oclusives de

[’angles.
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1. Introduction

Research in L2 speech acquisition has shown that the L1 and the L2 interact, since,
as some L2 speech models claim, both systems coexist in a common phonological space
(Best & Tyler, 2007; Flege, 1995). As a result, the L1 may influence the L2 and the L2
may as well have an effect on the L1, as previous studies have revealed (e.g., Caramazza,
Yeni-Komshian, Zurif & Carbone, 1973; Flege, 1987; Hazan & Boulakia, 1993; Sancier
& Fowler, 1997; Williams, 1977). This interaction between the two systems hinders the
acquisition of new separate categories for L2 sounds, which may initially be perceived as
realizations of an L1 category (Best & Tyler, 2007; Flege, 1995, 2002, 2007).

Flege (1987) points out that not all L2 phones are acquired the same way and
taxonomizes L2 phones from an L1 standpoint as ‘new’ — i.e., without a clear L2
counterpart —, ‘similar’ — i.e., with a clear L1 counterpart, sharing some acoustic
properties, although differing in others — and ‘identical’ phones — shared between the two
languages. According to the Speech Learning Model (SLM, Flege, 1995, 2002, 2007),
similar phones are considered to be the most difficult to acquire by an L2 learner given
that the similarity between the L1 and the L2 phone may prevent the creation of a new L2
category. As a matter of fact, similar phones are believed to be rarely produced with
target-like values. By contrast, new phones, which may initially be produced less
accurately than similar phones, are more likely to be successfully acquired given enough
experience with and exposure to the target language, precisely because they are more
distinguishable from the closest L1 phone(s) than similar phones are.

The sounds studied in the present thesis are English and Spanish bilabial and velar

stops, which can be classified as similar phones. The main feature that distinguishes



English and Spanish stops is the use of VOT to contrast voicing. English voiceless stops
present long-lag VOT, that is, there is a delay in the onset of voicing after the release of
the burst, whereas Spanish stops present short-lag VOT - i.e., voicing starts after the
release of the stop. As for voiced stops, they are produced with voice-lead VOT — i.e.,
voicing starts before the release of the stop — in Spanish, whereas in English they are often
produced with short-lag VOT, although instances of voice-lead productions have been
reported in the literature (e.g., Lisker & Abramson, 1964).

L2 experience — understood as the amount of time spent in an L2-speaking country
in some previous studies (e.g., Cebrian, 2006; Flege, 1987; Flege, Bohn & Jang, 1997)
and in the present thesis — has been found to be a factor that helps producing and
perceiving L2 phones more accurately (e.g., Bohn & Flege, 1990; Flege et al., 1997; Lev-
Ari & Peperkamp, 2013; Levy & Law, 2010). Moreover, L2 experience has also been
reported to result in an influence of the L2 on the L1, both in perception and in production
(e.g., Cebrian, 2006; Dmitrieva, 2019; Flege, 1987). The present thesis was partly
inspired by Flege (1987), which tested the production of L1 and L2 /t/ — a similar phone
— by L1-English L2-French and L1-French L2-English speakers. Flege’s study also
investigated the production of the French vowels /i/ and /y/ — a similar and a new phone,
respectively. This thesis will focus on stops — both voiced and voiceless — of two different
places of articulation — and will investigate both perception and production.

The main goal of this study is to examine the effect of L2 experience on L2 and
L1 perception and production of English and Spanish bilabial and velar stops by L1-
Spanish L2-English and L1-English L2-Spanish speakers. Moreover, the relationship
between perception and production of stops — both in the L1 and in the L2 — will be

investigated. It is hypothesized that L2 experience will result in a more target-like



production and perception of L2 stops, but that it may also bring about less native-like
perception and production of the L1 due to L2 influence.

In order to do so, a total of eight mirror-image groups — four L1-Spanish and four
L1-English groups — have participated in the study. Participants included a control group
of functional monolinguals, an inexperienced group of L2 learners, a group of moderately
experienced L2 learners living in an L1 setting and a group of experienced L2 learners
living in an immersion setting for each L1. In order to test perception, participants had to
complete a labelling task for each pair of stops in both languages. As for production,
participants had to complete a sentence reading task in English and in Spanish. The
control groups only completed the experiment in their language.

This study will shed light on the effect of L2 experience on L1 perception, which
has received little attention in previous research. The fact that both perception and
production are examined will allow us to investigate the relationship between the two
modalities in the L1 as well as in the L2, as conflicting results have been reported in the
literature (e.g., Perkell, Guenther, Lane, Matthies, Stockmann, Tiede & Zandipour, 2004;
Rallo Fabra & Romero, 2012; as opposed to Lev-Ari & Peperkamp, 2013; Sheldon &
Strange, 1982; Shultz, Francis & Llanos, 2012). Moreover, this thesis will examine the
influence of L2 experience on the relationship between perception and production in the
L2 and in the L1, which is also an understudied topic in previous research. Furthermore,
the inclusion of two mirror-image populations in terms of L1 and L2 allows the
investigation of the direction of language learning, which is key to understanding the
process of acquisition of L2 speech. Examining two populations will also enable us to
make stronger claims and generalize the findings in the event that comparable results are
obtained by the matching L1-Spanish and L1-English groups. If contradictory results are

found for two language populations, we will be able to seek language specific trends in



crosslinguistic influence and to investigate individual factors — such as amount of L2

instruction, L2 use or age of L2 acquisition — that may differ across groups.



2. Literature review

This section will review aspects that are relevant to the research topics discussed
in this Ph.D. dissertation. First, the main L2 speech acquisition models will be
summarized. Next, previous studies that have shown instances of crosslinguistic influence
in L2 speakers — including both the effect of the L2 on the L1 and the effect of the L1 on
the L2 — will be discussed. Moreover, the research on the main factors that contribute to
crosslinguistic influence will be reviewed, paying special attention to L2 experience. This
will be followed by a section on the relationship between perception and production, both
in the L1 and in the L2. The chapter ends with a description of the main cues for voicing
in stop sounds, particularly voice onset time (VOT), comparing its use in Spanish and

English.

2.1. L2 Speech Acquisition Models

First language (L1) speech acquisition, as well as second language (L2) speech
acquisition — in infancy and adulthood — has been widely addressed in the literature.
Research on L1 acquisition has examined the biological grounds of language learning as
well as the process of acquisition (e.g., Chomsky, 1957; Lenneberg, 1967). Regarding
speech, research in the area of L1 acquisition attempted to establish which skills and
which phonetic and phonological abilities are innate in children and how children learn
to focus on language-specific features and gradually lose the ability to attend to features
or cues that are not relevant for the target language (e.g., Best, 1994, 1995; Kuhl, 1993).
The acquisition of second language speech is different from the acquisition of first
language speech in two main ways: (1) There is a difference in cognitive maturation (e.g.,

Lenneberg, 1967) (2) and the learner already has an existing phonological system — i.e.,



the L1 — through which non-native phones may be categorized (e.g., lverson & Kuhl,
1995; Wode, 1978). Regarding maturational constraints, early language acquisition
theories, such as the so-called Critical Period Hypothesis, claimed that both first and
second language speech cannot be mastered after adolescence due to biological and
maturational constraints (e.g., Lenneberg, 1967; Long, 1990; Patkowski, 1990; Scovel,
1988). In a similar fashion, researchers like Oyama (1976, 1978) defend the existence of
a Sensitive Period — i.e., a less strict variant of the Critical Period — for the acquisition of
the phonological system of an L2. As for the effect of the L1 on L2 acquisition, the
Perceptual Magnet Effect model claims that the L1 phonological prototypes have a
‘magnet effect’ on non-native phones, which are non-prototypical exemplars — i.e., non-
native phones are categorized as prototypes of the most similar L1 category — (Kuhl,
1991). Similarly, some theories claim that the L2 is perceived through the L1’s
phonological ‘grid’, resulting in a deviant perception from that of native speakers
(Trubetskoy, 1969; Wode, 1978). Current L2 speech theories attempt to disentangle the
processes that intervene in L2 acquisition and explain why certain non-native features are
rarely mastered by L2 speakers. This is done by addressing the initial stages of learning
an additional language — paying special attention to the role of the L1 — and studying the
different stages in the process of acquisition up to final attainment (e.g., Best & Tyler,
2007; Escudero, 2005, 2009; Flege, 1995, 2002, 2003, 2007). Moreover, other factors
such as language experience or age of learning are taken into consideration in some of
the most influential L2 models (e.g., Flege, 1995, 2002, 2003, 2007). Even though most
L2 acquisition theories address the effect of the L1 on later learnt languages, recent
studies have gained an interest in investigating the effect that acquiring an L2 may have
on the existing L1 (e.g., Flege, 1987; Fowler, Sramko, Ostry, Rowland & Hallé, 2008;

Major, 1992). Still, L1 speech attrition has received less attention than morphosyntactic



attrition. This section will review the main L2 speech acquisition models, including
Kuhl’s Native Language Magnet Model (NLMM, (Kuhl, 1991, 2000), Flege’s Speech
Learning Model (SLM, Flege 1995, 2002, 2003, 2007), Best and Tyler’ Perception
Assimilation Model (PAM, Best, 1994, 1995; PAM-L2, Best and Tyler 2007), Grosjean’s
Language Mode Theory (1997, 1998, 2001, 2012) and Escudero’s Second Language

Linguistic Perception Model (L2LP, 2005, 2009).

2.1.1. Native Language Magnet Model

In order to explain the process of speech acquisition, Kuhl (1991, 2000)
established a difference between categorical perception and language-specific
development — what she called ‘mapping’. Whereas categorical perception, which is
universal, is also shown by animals and does not seem to apply only to speech, language
mapping is exclusive to humans and is language specific. These assumptions challenged
the belief that children’s ability to parse speech phonetically relies on a genetic
mechanism that evolved just for the sake of speech processing. Therefore, the innate
ability to process speech is not based on Universal Grammar, but on the strategies used
to recover and process speech in the ambience.

Moreover, Kuhl and her colleagues (Iverson & Kuhl, 1995; Kuhl, 1991, 2000;
Kuhl, Conboy, Coffey-Corina, Padden, Rivera-Gaxiola, & Nelson, 2008) proposed the
Native Language Magnet Model (NLM), which posits that experience with the ambient
language produces a filter with language-specific acoustic dimensions through which
speech is perceived. Language mapping results in the Perceptual Magnet Effect; when
infants are exposed to speech sounds, prototypes — i.e., good instances of a phonetic
category — function as a magnet for other stimuli within the same category. In other words,

all stimuli considered as belonging to the same L1 category — both prototypical and non-
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prototypical — are perceived as instances of a given category. As a result of L1 mapping,
learning a second language becomes more difficult, since L2 specific features of speech
will be perceived through the L1’s filter. Thus, L2 speech acquisition involves the

development of two different mappings —i.e., an L1 and an L2 mapping.

2.1.2. Speech Learning Model

Flege challenged the critical period hypothesis and posited that ‘the mechanisms
and processes used in learning the L1 sound system [...] remain intact over the life span
and can be applied to L2 learning’ (Flege, 1995: 239). In Flege’s view, there are causes
other than age that might prevent an L2 learner from speaking the target language in a
native-like manner, such as age of learning (AOL), age of arrival (AOA) to a new country,
amount and type of input received and amount of language use (e.g., Flege, 1981, 2007;
Flege, Yeni-Komshian & Liu, 1999; Piske, Mackay & Flege, 2001). These factors, along
with others such as L2 experience, may determine the relationship between the L1 and
the L2 and how they interact (see section 2.3). It is this interaction that determines which
sounds will most likely be pronounced successfully and which ones will be more difficult
to master.

In order to understand how L1 sounds may affect the acquisition of L2 sounds,
Flege described L2 phones from an L1 standpoint as ‘new’, ‘similar’ and ‘identical’ L2
phones (e.g., Bohn & Flege, 1992; Flege, 1987, 1988a, 1988b 1991c). New sounds are
those which differ considerably from L1 phones in acoustic terms. At first, they may be
perceived as the closest L1 phone, but eventually they are expected to be distinguished
from the L1 phones and be acquired as a new category. For example, the English vowel
I/ is a new phone for a German learner and the closest sound in their L1 is /e/ (Bohn &

Flege, 1992). Conversely, similar sounds are those which have a clear L1 counterpart,
8



since they share most acoustic features. For instance, an English /p/ is a similar L2 phone
for a Spanish speaker, given that place and manner of articulation are shared between the
L1 and the L2, but there is a difference in terms of VOT duration. In spite of the fact that
they resemble an L1 phone, according to Flege, similar phones are the most difficult type
of sounds to acquire and are rarely produced ‘authentically’, that is, in a native-like
manner. The equivalence classification hypothesis posits that similar phones will be
perceived as the closest L1 phone and, therefore, a new L2 category will not be formed
initially because these phones will be readily substituted by the L1 counterpart (Flege,
1987, 1988a, 1988Db). Still, language experience may help to create a new category for the
L2 sound. Identical phones are those which are shared with the L1 and, thus, do not need
to be learnt. For example, English and Dutch /1/ are acoustically the same (Flege, 1988b).

Flege’s proposals gave shape to the Speech Learning Model (SLM, Flege, 1995,
2002, 2003, 2007%), which thoroughly addressed the issue of how the L1 and the L2
interact. According to the SLM, L1 and L2 phonetic categories are comprised in a
common phonological space and interact in two ways, namely through ‘category
assimilation’ and through ‘category dissimilation’. Category assimilation will take place
when category formation for an L2 phone is blocked, whereas category dissimilation
occurs when a new L2 category is formed and it needs to be distinguished from the
existing one. It should be noted that the SLM claims that perception leads production and
that, therefore, the inability to correctly perceive an L2 sound will lead to its inaccurate
production (see section 2.4 for further detail). As a matter of fact, according to Flege,
category formation depends on the perceived phonetic (dis)similarity between the L2 and

the L1 phones. Thus, the closest an L2 phone is to an L1 sound, the more likely it is for

1 A revised version of the SLM is in progress and will most likely be published in the next few
months. However, it has not been published in time to be discussed in the present thesis.
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category formation to be blocked. A possible outcome will be that the L2 category will
be ‘assimilated’ to an existing L1 phone. L1 and L2 categories may then merge.
According to the nature of the input received, the merged category will show properties
that resemble the L1 or the L2 to a greater or lesser extent. In other words, the same
category will be realized using properties that approximate to the L1 to a greater extent
when the input received is L1-like, whereas the merged category will resemble the L2 to
a greater extent when the input is L2-like. This hypothesis was referred to as the Merger
Hypothesis (MH) by Flege (1987). Flege found evidence supporting the MH. Native
French speakers of English living in the US produced English /t/ with shorter VOT values
— i.e. more French-like — than English monolinguals, but also produced longer VOT
values in French — i.e., more English-like — than French monolinguals. In other words,
their /t/ productions in the L1 and in the L2 did not differ significantly. Thus, the
interference between L1 and L2 categories can be bidirectional and the L1 phonetic
categories established in childhood may experience changes after the acquisition of an
L2.

Conversely, when the L2 phone is accurately discriminated from its closest L1
phones, a new category will be formed. It is in this case when category dissimilation may
take place by increasing the phonetic differences between the newly established L2 phone
and the most similar L1 phone. As a result, L1 and L2 categories may not be identical to
those of monolingual speakers. For instance, Flege and Eefting (1986, 1987) found that
early Spanish-English bilinguals produced English stops with shorter VOT values than
English speakers. Still, their productions of /t/ also presented shorter VOT values than
those of Spanish monolinguals, presumably in order to make their L1 and L2 categories

more phonetically distinct.
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2.1.3. Perceptual Assimilation Model

Best proposed the Perceptual Assimilation Model (PAM), which postulated a
direct realist view of non-native speech perception (Best, 1995). According to PAM (Best
McRoberts & Sithole, 1988; Best, 1994, 1995), speech perception is based on articulatory
gestures, while the SLM claims that it is based on acoustic-phonetic cues. PAM initially
addressed the perception of non-native contrasts by naive listeners, whereas PAM-L2
(Best & Tyler, 2007) makes a distinction between beginners — which perceive L2 phones
as functional monolinguals — and experienced speakers. The L2 model aims to explain
the perceptual learning of L2 learners by extending PAM’s premises and replying to the
SLM’s postulates (Flege, 1995, 2002, 2007). Although Best and colleagues’ proposal has
some commonalities with the SLM — e.g., both models consider that the L1 and the L2
coexist in a common space — the two models differ in important ways. Whereas the SLM
addresses individual phones, the PAM focuses on pairs of phonological contrasts.
Moreover, the SLM pays attention to L2 production, whereas the PAM is directed to
cross-language perception (Bohn & Best, 2010). Moreover, the PAM-L2 rejects the idea
of the existence of mental representations of L2 categories, as they are believed to be
unnecessary. Both L1 and L2 phones are directly perceived using ‘articulatory gestures’
and, therefore, mental representations of phonetic categories are not needed for L2
perceptual learning to take place (Best & Tyler, 2007).

As it has been mentioned above, the PAM-L2 focuses on pairs of L2 contrasts and
how they are perceived by L2 learners. When an L1 and an L2 category are similar,
assimilation of the L2 phone to the most similar L1 phone — in articulatory terms — is
expected to occur (Best & Tyler, 2007). Assimilation of an L2 contrast to the L1 may

take place in the following ways:
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(1) Two L2 phones that constitute an L2 contrast are perceived as two equally
acceptable L1 phones — two category assimilation. In this case excellent discrimination
of the two phones is expected. The PAM-L2 does not address this particular kind of
assimilation, presumably because discrimination between the two phones is considered
to be sufficient already at the initial stages of L2 acquisition.

(2) Assimilation of an L2 pair to the L1 may also take place through single
category assimilation, which involves the assimilation of both categories in an L2 contrast
to asingle L1 phone. As aresult, a poor discrimination of the L2 pair is expected initially.
An L2 learner will need to create a new category for at least one of the phones in order to
be able to distinguish them. The creation of a new category will depend on the similarity
of the L2 phones to the L1. If the new phone is already regarded as a good exemplar of
the equivalent L1 phone, the creation of a new category is less likely to occur. Moreover,
the need to learn the contrast for communicative purposes — i.e., if it is used contrastively
in many words, or if the words where the phones appear are high-frequency — will also
play a role in the creation of new categories.

(3) L2 assimilation to the L1 may also take place through category goodness. In
this case, the L2 pair is assimilated to a single L1 category, but one of the L2 phones is
perceived as a better exemplar of the L1 phone. In this case, moderate discrimination is
expected. PAM-L2 added that a new phonetic and phonological L2 category is likely to
be formed for the most deviant phone, whereas the better exemplar of the L1 phone will
be perceived as equivalent to the existing L1 category, both phonetically and
phonologically. Eventually, the learner may create a new category for the ‘better-fitting’
phone, although this will depend on the degree of similarity between the L2 phone and

the existing L1 phone.
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(4) Furthermore, only one phone may be perceived as a good exemplar of the L1,
whereas the other one may be left uncategorized — uncategorized vs. categorized. In this
case, no further perceptual learning is expected, as the two phones will be distinguished
from all other L2 categories, either through two category assimilation or uncategorized-
categorized. Another possibility would be that one L2 phone is perceived as deviant from
the closest L1 category. In this case, the L1 and the L2 phones will be considered as two
realizations of the same category, that is, as equivalent at a phonological level, but they
will be perceived to be different at a phonetic level. An example would be the case of
English and French /r/.

(5) Finally, assimilation of an L2 contrast to the L1 may not take place if the naive
listener does not perceive any of the phones as belonging to any L1 category. In the event
that both uncategorized L2 categories are distant from one another — from the perspective
of the L1 phonological space — the learner will be able to distinguish them and will likely
create new categories for each of the phones. However, if the sounds that constitute the
contrast are close to each other, the learner will have greater difficulty in perceiving the

two phones as different and a single new category will be created.

2.1.4. Language Mode Theory

Grosjean’s Language Mode Theory (Grosjean, 1997, 1998, 2001, 2012) was
proposed as an attempt to provide an answer to why bilinguals speak differently
depending on interlocutors and context. Language mode refers to ‘the state of activation
of the bilingual’s languages and language processing mechanism, at a given point in time
[...]" (Grosjean, 2001: 2). There is a language mode continuum which ranges from purely
monolingual — where one language is activated and the other one is deactivated, although

never completely — to a completely bilingual mode, where both languages are operative.
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In a bilingual mode, the speaker uses one base language but parallelly activates the other
one — to a greater or lesser extent. The base language and the degree of activation of the
parallel language operate separately. Therefore, there could be a change in the base
language that is being used or a change in the degree of activation of the parallel language
without one affecting the other. Furthermore, the selection of the base language and the
degree of activation of the language that has not been selected depend on series of aspects,
including the interlocutor — i.e., whether they are monolingual or bilingual speakers —, the
situation — i.e., whether it requires one or both languages —, the speaker’s language
dominance, or the linguistic and sociolinguistic characteristics of community where they
live (Grosjean, 2001). Thus, a monolingual mode will be activated if the interlocutor or
the situation are monolingual. For instance, a bilingual child will activate a monolingual
mode when speaking to a monolingual parent. Conversely, if the interlocutor is a bilingual
speaker and feels comfortable mixing languages, a bilingual mode will be activated. This
may happen, for example, when a bilingual child is speaking to a bilingual parent. If the
topic of the conversation cannot be covered in the primary language, code-mixing is even
more likely to be happen and, thus, a bilingual mode will be activated. An intermediate
language mode will be activated as a result of a combination of some of the factors
described above (e.g., if the interlocutor can speak both languages but is not fully
proficient in one of them, if the interlocutor does not like mixing languages or if the
situation is formal).

Moreover, the ability of the bilingual speaker to deactivate the language that is not
being used also depends on a number of factors that may be either intrinsic to the speaker
or related to context. It should also be noted that movement along the language continuum
may take place at any given point according to the factors mentioned above. Individuals

may differ in their tendency to travel along the VOT continuum, as some may rarely be
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in a bilingual mode (i.e., mix languages) whereas others may tend to activate both
languages frequently. One individual factor that plays a key role on language mode
activation and, thus, on code-mixing is language dominance. Bilinguals who are highly-
dominant in one language — which are referred to by Grosjean as highly language
dominant bilinguals — tend to activate their dominant language to a greater extent when
the language used is their weaker language than the other way around. In fact, highly
language dominant bilinguals will only be able to deactivate their dominant language in
a very controlled monolingual context in their weaker language. It should also be noted
that language mode may change from monolingual to bilingual if the bilingual
speaker/listener is exposed — or believes that might be exposed at some point —to elements
of the language that is not being used. This process can also apply to readers who are

exposed to lexical elements from the other language.

2.1.5. Second Language Linguistic Perception Model

More recently, Escudero proposed the Second Language Linguistic Perception
Model (L2LP, Escudero, 2000, 2005, 2009), which, just as the PAM-L2, addresses L2
perception. In line with other models, such as the SLM, the PAM-L2 or the NLMM, the
L2LP claims that the L1 is the baseline for L2 acquisition. However, Escudero’s model
differs substantially from the SLM and the PAM-L2 in that it rejects the idea of a common
phonological space and posits that bilingual speakers have separate L1 and L2 systems.
As a matter of fact, the two systems are believed to be separate from the initial stage. This
is explained through the ‘Full Copying Hypothesis’, which claims that, in order to create
a separate system for the L2, the L1’s perceptual mapping is copied. The new system will
then develop through learning and the mapping will be adjusted in order to present more

target-like phonetic properties. Just as in L1 acquisition, L2 learners will learn through
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‘auditory-driven category formation and lexicon-driven category boundary shifts’
(Escudero, 2005: 161).

As a result of full copy and phonemic equation — i.e., the mapping of the L2
categories on the L1 —, the initial stage of L2 acquisition may involve three possible
scenarios for L2 sound perception, namely a ‘similar scenario’ — i.e., there is a
phonologically equivalent but phonetically different L1 category for the L2 phone —, a
‘new scenario’ — the L1 does not a have a phonologically equivalent category to the L2
phone — and the ‘subset scenario” — one L2 category is equated to two L1 categories.
Regarding the acquisition of similar phones, L2 learners will create a copy of the most
similar L1 category, which will then develop to become more target-like. The similar
phone scenario would involve categories such as the English and French /t/ and /d/. An
L1-French learner of English will equate English /t/ to French /t/ and English /d/ to French
It/. Thus, L2 development will require a shift in the category boundary between the two
categories in order to account for phonetic differences between the two languages. As for
the new scenario, the L2 phone may be mapped to an existing L1 category, which may
already have been equated to another L2 category. For example, both English vowels /i/
and /1/ will be equated to the L1 Spanish vowel /i/, resulting in too few representations.
Perceptual development would involve the creation of ‘new categories and perceptual
mappings’ as well as the ‘integration of the new categorized dimensions with already
categorized dimensions’ (Escudero, 2005: 125). The subset scenario involves the opposite
process: one L2 category may have been mapped onto two L1 categories, resulting in too
many representations. For instance, the L2 Spanish vowel /e/ may be equated to both /1/
and /e/ by an L1-Dutch speaker. In this case, L2 development will require a shift in
category boundary and the reduction of the lexical and perceived categories. Given the

complexity of the tasks required for perceptual learning to take place, the L2LP claims
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that the new scenario is the most challenging one for an L2 learner, followed by the subset
scenario, whereas similar phones allow the reusing of existing L1 categories. This view
opposes Flege’s (e.g., 1987) claim that similar phones are more difficult to master than
new phones. It also should be noted that the L2LP posits that L2 learners can successfully
develop L2 categories in all three scenarios, which would result in a target-like
phonological system and in an optimal distinction between the L1 and L2 systems. Even
though the L1 and the L2 systems are separate, intermediate perceptions —i.e., with values
between the two languages — may occur. Escudero’s view on L1-L2 interference is in line
with Grosjean’s Language Mode theory (Grosjean, 1997, 1998, 2001) and claims that any
intermediate perception is caused by the simultaneous activation of the two parallel
systems, which is triggered by the nature of the input received.

In this section, frequently cited L2 speech acquisition models have been reviewed,
including the NLM, the SLM, the PAM-L2, the Language Mode Theory and the L2LP.
Flege’s SLM and Escudero’s L2LP are especially relevant for this research as the sounds
that are investigated are similar phones — i.e., sounds that share most phonetic traits but
differ in others. Moreover, the testing of both the L1 and the L2 may result in evidence
in favour or against some of the main hypotheses proposed by the SLM — including the
merger hypothesis —and may shed some light on how the two languages interact, a matter
on which the SLM and the L2LP have different views. Finally, Grosjean’s Language
Mode Theory and the L2LP’s understanding of how language activation is the main
source of intermediate perceptions between the L1 and the L2 phonological systems are
crucial in this study because language activation needs to be triggered according to the
language that is being tested in order to obtain reliable results. After having presented the
main theoretical aspects of L2 acquisition and how the L1 and the L2 may interact during

the process of L2 speech learning, the following section will offer a review of previous
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studies that have found crosslinguistic influence in L1 and L2 speech, especially

regarding stops.

2.2. Crosslinguistic influence in L2 speakers

As most L2 speech models predict, the acquisition of a second language may bring
about crosslinguistic influence (CLI, e.g., Best & Tyler, 2007; Flege, 2002; Grosjean,
2012). Previous studies have reported several ways in which the L1 and the L2 may — or
may not — interact, namely L1 influence on the L2, bidirectional L1-L2 interaction,
unidirectional L2 influence on the L1 and no L1-L2 interaction. Given the large number
of studies on CLI, this review is limited mostly to studies on VOT.

The most common type of crosslinguistic interaction in the literature — when it
comes to both production and perception —is L1 influence on the L2 (e.g., Caramazza, et
al. 1973; Carlson, Goldrick, Blasingame & Fink, 2016; Flege, 1990, 1991b; Flege,
Mackay & Piske, 2002; Hazan & Boulakia, 1993; Zampini, 1998). For example,
Caramazza et al. (1973) found that, although early Canadian French-English bilinguals
could produce voiceless stops with aspiration, they failed to modify voiced stops, as they
seemed to be using their French prevoiced categories in the L2. Similar results have been
found for English learners of Spanish. Zampini (1998) investigated the production of /p/
and /b/ by English learners of Spanish and found that, at the end of an undergraduate
phonetics course, they had improved their production of Spanish /p/, although it still had
longer — more English-like — VOT values. Nevertheless, the learners were not able to
produce Spanish /b/ consistently with prevoicing and, in fact, their Spanish /b/ did not
differ from their English /b/ in terms of VOT. Flege (1990) found that Spanish adult

learners of English living in the US produced intermediate VOT values for /t/ in English,
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that is, they used shorter, more Spanish-like VOT values. Similar findings have been
reported regarding perception. Hazan and Boulakia (1993) found that French-dominant
bilingual users of English perceived the /p/-/b/ contrast in English similarly to French
monolinguals, that is using their L1 categories. Participants in this study included mostly
adolescents in an international school in France, but also their teachers.

Some works have tested both the L1 and the L2 and have found a bidirectional
effect, that is, an influence of the L1 on the L2 as well as an influence of the L2 on the
L1 (e.g., Caramazza, et al. 1973; Flege, 1987; Fowler et al., 2008; Hazan & Boulakia,
1993; Major, 1992; Sancier & Fowler, 1997; Williams, 1977). For instance, Fowler et al.
(2008) analyzed the production of /p, t, k/ by French-English simultaneous bilinguals and
found that their VOT productions in French were longer than those of French
monolinguals. Still, their VOT values in English were shorter than those reported for
English monolingual speakers. In spite of the fact that the VOT values of their L1 and L2
were getting closer, bilingual speakers had separate categories for French and English.
Similarly, Major (1992) examined the production of /p, t, k/ by L1 English speakers who
immigrated to Brazil as adults. Their productions of VOT in both Portuguese and English
were found to deviate from those of monolinguals of both languages. Furthermore, Major
found a negative correlation between L1 and L2 production accuracy. In other words, a
less native-like production in English was correlated with a more native-like production
in Portuguese. However, English and Portuguese VOT values were not identical. Hazan
and Boulakia (1993) also examined bilingual production of voiced stops. French-English
bilinguals were reported to produce /p/ with significantly shorter VOT values than
English monolinguals and /b/ with significantly longer prevoicing (more detailed results
are provided in the section 2.3). Flege (1987) tested late English-French bilinguals

differing in terms of L2-experience. It was found that the most experienced groups
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presented a bidirectional influence in their production of /t/, as intermediate VOT values
were used in both languages; that is, English stops were produced with shorter VOT —
more French-like — values whereas French /t/ was produced with longer VOT than we
would expect for a French speaker due to an influence from English.

Previous studies have also found bidirectional L1-L2 influence in perception.
Williams (1977) analyzed Spanish-English early bilingual’s /p/-/b/ perceptual
categorization using both an identification and discrimination task that presented stimuli
ranging on a VOT continuum. Bilinguals were found to vary from both English and
Spanish monolinguals. In most cases, participants seemed to be using the same criteria
for both languages. However, according to their results, participants could be split into
two groups: those who seemed to be using intermediate values in both languages — that
is, a boundary in Spanish with higher VOT values than Spanish monolinguals’ and a
boundary in English with lower VOT values than English monolinguals’ — and those who
appeared to use Spanish values in both cases. The latter, thus, seem to be an example of
unidirectional L1 influence on the L2. Moreover, Caramazza et al. (1973) found that early
Canadian French-English bilinguals perceived L1 and L2 stops similarly.

A few studies have also found a unidirectional L2 influence on the L1, especially
regarding bilinguals living in a second language context (e.g., Bergmann, Nota, Sprenger
& Schmid 2016; Harada, 2003). Harada (2003) assessed VOT production by Japanese
families living in the US. Early bilinguals were reported to produce voiceless stops with
significantly longer VOT values in Japanese, whereas their production of English stops
did not differ from those of English monolinguals. Still, they had separate L1 and L2
categories. Bergmann et al. (2016) found that L1-German L2-English speakers in an

immersion setting produced German /a:/ and /l/ with values that differed significantly
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from German monolinguals. However, their L2 was not tested, so it cannot be claimed
that crosslinguistic influence was unidirectional.

Finally, some studies have failed to find any crosslinguistic interaction in bilingual
speakers (e.g., Abramson & Lisker, 1973; Antoniou, Best, Tyler & Kross, 2010, 2010;
Williams, 1977). For example, Antoniou et al. (2010) found that Greek-English heritage
speakers living in Australia produced velar and coronal stops in initial position in a native-
like manner both in English and in Greek. Similarly, Williams (1977) failed to find any
significant differences in the production of English and Spanish /p/ between bilingual and
monolingual speakers of each language. Still, some differences were observed regarding
voiced stops, as bilinguals were found to prevoice /b/ more frequently than monolinguals.
In spite of the fact that previous works have reported that English monolingual speakers
may also produce /b/ with voice-lead (e.g., Lisker & Abramson, 1964), the use of negative
VOT values in voiced stops seems to be more common among Spanish-English
bilinguals, as they may be transferring the use of prevoicing from their L1.

In perception, Abramson and Lisker (1973) also failed to find differences in the
voiced-voiceless identification of stops between Spanish-English bilinguals who had
recently moved to the US and monolinguals of each language. As a matter of fact,
bilinguals were reported to have different categories for English and Spanish stops. Even
though the study did not test monolingual speakers, the authors claim that their perception
of English and Spanish stops matches the monolingual values reported in the literature.

So far, the different types of crosslinguistic influence — and the lack of it — have
been discussed. When there is no crosslinguistic interaction, we expect that L2 speakers
present separate L1 and L2 categories with native/target-like values (e.g., Antoniou et al.,
2010). When crosslinguistic influence takes place, bilinguals may present separate

intermediate categories (e.g., Casillas & Simonet, 2018; Fowler et al., 2008; Gonzales &
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Lotto, 2013; Harada, 2003; Williams, 1977). L2 speakers may also present a single shared
category, which may be more L1-like (e.g., Caramazza et al., 1973; Hazan & Boulakia,
1993; Zampini, 1998) or present intermediate values between the two languages —i.e., a
merged category, in SLM terms (e.g., Flege 1987; Williams 1977). To my knowledge, no
previous research has found instances of an L2-like single category.

Some previous studies have also found evidence for separate L1 and L2 categories
(Antoniou et al., 2010; Casillas & Simonet, 2018; Elman, Diehl & Buchwald, 1977;
Flege, 1990; Harada, 2003; Zampini, 1998). For instance, Antoniou et al. (2010) found
that Greek heritage speakers in Australia produced both L1-Greek and L2-English initial
Ip, t, b, d/ in a native-like manner, although that was not always the case in medial
position. Previous research has also reported instances of separate categories that differed
from those of monolinguals of one of the two languages. Flege (1990) found that late
Spanish learners of English produced native-like L1 initial /t/ but presented intermediate
values in the L2. The opposite finding was reported in Harada (2003), as Japanese-English
early bilinguals produced English voiceless stops authentically but presented significantly
longer VOT values in their L1 than Japanese monolinguals. Regarding perception,
Casillas and Simonet (2018) found that simultaneous English-Spanish bilinguals
presented separate L1 and L2 /p/-/b/ category boundaries. Moreover, the authors reported
that, after a seven-week intensive course, beginning English learners of Spanish already
started to make a difference between the L1 and L2 categorization of /p/-/b/. Zampini
(1998) reported similar results for English learners of Spanish, who, after completing a
course on Spanish phonetics, presented separate L1 and L2 /p/-/b/ boundaries, as an
identification test using the non-words ‘pada-bada’ revealed. That is, the English learners

presented significantly later category boundaries for English than for Spanish. However,

22



it should be noted that the same task was completed three times during the course and,
thus, results may be influenced by task-familiarity.

As for L2 speakers using a single category in both languages, Hazan and Boulakia
(1993) reported that French dominant early French-English bilinguals produced both
French and English /b/ with prevoicing. Flege (1987) found that late French-English
bilinguals in an immersion setting presented a merged category, that is, produced /t/ with
intermediate values in their L1 and L2 that did not differ significantly from one another.
It should be noted that some studies have found differences between perception and
production. For example, Williams (1977) reported that Spanish-English bilinguals
perceived the English and the Spanish /p/-/b/ contrast similarly but made a difference in
production. Moreover, Caramazza et al.’s (1973) early English-French bilinguals
categorized L1 and L2 stops similarly but produced English /p/ with greater VOT values.
Still, they produced /b/ with French-like values in both languages. The fact that opposing
results have been found for perception and production in some previous studies will be
further discussed in section 2.4.

It has become evident that previous research has reported different findings when
it comes to the nature of crosslinguistic influence in L2 users and how they categorize L1
and L2 sounds — i.e., using separate or shared categories. However, it should be noted
that the studies reviewed above differ in methodological terms as well as in the type of
subjects that were tested. Regarding methodological differences, some studies have used
synthesized stimuli in order to test perception (e.g., Caramazza et al., 1973; Williams,
1977), whereas others have implemented modified natural stimuli (e.g., Casillas &
Simonet, 2018; Hazan & Boulakia, 1993) or natural stimuli (e.g., Bohn & Flege, 1993).

Moreover, language mode has not been regulated in the same manner across

studies. Some studies have controlled it providing instructions in the target language (e.g.,
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Caramazza et al., 1973; Williams, 1977). More recently, Gonzales and Lotto (2013) and
Casillas and Simonet (2018) have gone a step forward when it comes to controlling
language mode, as the testing tokens were embedded in a word that sounded in a more
L1 or L2 manner according to the language that was being tested. More specifically, both
languages were tested using the words ‘bafri’ and ‘pafri’ and included the same /pa/-/ba/
VOT continuum. The English tokens were appended the syllable [fii] — i.e., with an
English pronunciation —, whereas the Spanish ones were appended [fri] — i.e., with a
Spanish pronunciation. It should be noted, though, that Casillas and Simonet (2019) did
not counterbalance the order of testing of the languages, as Spanish was presented first to
all participants, which may have resulted in an ‘acoustic recalibration’ in the second test.
Bohn and Flege (1993) also revealed the importance of ‘language set’ — in this case,
meaning different VOT ranges — since they found that Spanish-English bilinguals, as well
as Spanish and English monolinguals, presented the same language effect in their /t/-/d/
categorization. All groups labelled short-lag /t/ as /t/ more often when it was presented
along with short-lag /d/ than when it was presented with long-lag /t/.

As for differences between the populations under study, some studies have
investigated early bilinguals (e.g., Caramazza et al., 1973; Hazan & Boulakia, 1993),
others have focused on adult L2 learners (e.g., Flege, 1987; Major, 1992) and some have
compared both (e.g., Flege, 1990; Fowler et al., 2008). The factor assessed in some studies
was L2 experience (e.g., Flege, 1987), whereas in others it was language dominance (e.g.,
Carlson et al., 2016; Hazan & Boulakia, 1993). Moreover, there is a difference in the
language setting where participants were tested across the works reviewed. Due to the
great variability in the methodology and the type of subjects that were investigated, it has
been difficult to find clear trends in the results. Still, some generalizations can be

attempted. It appears that only early bilinguals have been found to be able to separate L1
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and L2 categories and produce both categories with native-like values (e.g., Antoniou et
al., 2010; Flege, 1990). It also seems that L2 speakers are better able to separate L1 and
L2 categories in production than they are in perception (e.g., Caramazza et al., 1973;
Williams, 1977). Still, those studies that have used modified natural stimuli and have
controlled the language set using distinctively target-like sounding stimuli have found
small yet significant differences in the perception of the two languages tested (e.g.,
Casillas & Simonet, 2018; Gonzales & Lotto, 2013). The following section will discuss
the main individual factors that have been reported to affect crosslinguistic influence in

L2 speakers.

2.3. Individual factors influencing crosslinguistic interaction

This section will examine the most relevant individual factors reported in the
literature, including age of learning of the target language (AOL), age of arrival to the L2
setting (AOA), language dominance, language use, amount of L2 instruction, gender,
motivation and inhibitory skill, most of which are reviewed in Piske et al. (2001). A
subsection is devoted to L2 experience — understood as amount of time spent in an L2
setting —, which is the main factor investigated in the present dissertation.

A vast number of works have studied the effect of AOL in L2 performance (e.g.,
Fathman, 1975; Flege, 1991a; Flege & Fletcher, 1992; Flege et al., 1999; Flege, Munro
& MacKay, 1995; Mackay, Flege, Piske & Schirru, 2001; Miyawaki, Strange, Verbrugge,
Liberman & Fujimora, 1975; Moyer, 1999; Oyama, 1976; Patkowski, 1990; Piper &
Cansin, 1988; Seliger, 1975; Suter, 1976; Tahta, Wood & Loewenthal, 1981; Thompson,
1991) and, as a matter of fact, Piske et al. (2001) found it to be the most determinant

predictor of L2 accentedness. Flege (1991a) found significant differences between
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Spanish children and adult learners of English regarding /t/ production. Late learners used
intermediate values in English, whereas early learners used native-like values in the
production of /t/. Moreover, Miyawaki et al. (1975) determined that an effective
discrimination between /I/ and /r/ by Japanese L1 speakers requires exposure to the L2
phone from an early age, given that only those experienced learners of English who were
exposed to /r/ before puberty were able to effectively discriminate it from /I/.

In the same vein, AOA — which in some cases occurs at the same time as AOL —
has been found to have an effect on L2 perception and production accuracy (e.g., Flege,
Mackay & Meador, 1999; Flege et al., 1995). For example, Flege et al. (1995) studied the
L2 production of late Italian learners of English differing in AOA to Canada. They found
that, after a certain AOA, late learners were not able to produce word-final /d/ in a native-
like manner. Similarly, Flege et al. (1999) found that the later Italians arrived in Canada,
the less accurately they produced and perceived English vowels.

Moreover, language dominance has been reported to have an effect on accuracy
of L2 production and perception (Elman et al., 1977; Flege et al., 2002; Hazan &
Boulakia, 1993). Hazan and Boulakia (1993) studied stop perception and production of
French-English speakers varying in language dominance. They found that French-
dominant bilinguals used shorter VOT values for /p/ and longer prevoicing for /b/ in both
languages than English-dominant speakers. As for perception, French-dominant
bilinguals seemed to rely mostly on duration cues — i.e., VOT — whereas English-
dominant bilinguals showed greater variability in cue-weighting, given that some of them
relied on spectral cues. Similarly, Flege et al. (2002), found a correlation between
language dominance and L2 accentedness ratings.

When it comes to language use, conflicting results have been reported in the

literature. On the one hand, some studies have found that amount of L2 use can be a
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predictor of L2 degree of accentedness, although often not on its own. Early studies by
Purcell and Suter (e.g., 1980) found that a compound variable which combined years of
residence in the L2 context and years living with native speakers of English was tightly
related to L2 accuracy in production. Moreover, Tahta et al. (1981) reported that language
use at home accounted for 26% of variance in degree of L2 accentedness in early
bilinguals, but only for 9% when considering late and early learners together.
Furthermore, a recent study by Casillas (2019) showed that L1-English late learners of
English improved their perception and production of Spanish stops after a 7-week
immersion session in which L1 use was prohibited. However, other studies have failed to
find a relationship between amount of L2 use and accuracy in L2 production (e.g., Elliott,
1995; Flege & Fletcher, 1992; Mackay et al., 2001). Regarding perception, Mora and
Nadeu (2012) found a negative effect of L2 use on the L1, as it was found to be negatively
correlated to accurate perception of the L1 /e/—/e/ contrast in Catalan-Spanish bilinguals.
As for the L1, some previous studies have found that a reduced use may result in a more
target-like L2 pronunciation (e.g., Flege, Murray & Munro, 1995; Flege et al., 1999;
Guion, Flege & Loftin, 2000; Piske et al., 2001). For instance, Flege et al. (1999) reported
that Korean learners of English that did not use their L1 often were less L1-accented than
those who did. Moreover, Piske et al. (2001) found that L1 use was, along with AOL, the
only clear predictor of L2 accentedness.

Formal instruction has also been found to have an effect on L2 pronunciation. For
example, Flege and Fletcher (1992) found that number of years of L2 instruction was a
good predictor of L2 accentedness. Nevertheless, it was not established as the most
relevant variable, since it only accounted for 5% of the variance in the accentedness
ratings. In fact, some studies have failed to find an effect of L2 instruction on

pronunciation accuracy (e.g. Elliott, 1995; Flege, et al., 1999; Thomson, 1991). Elliot
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(1995) and Piske et al. (2001) attribute the little influence of L2 instruction on L2
pronunciation to the fact that it has traditionally received scant attention in the L2
classrooms.

The effect of gender on L2 speech acquisition has also been investigated in
previous studies (e.g., Elliott, 1995; Flege & Fletcher, 1992; Flege, et al., 1995). It has
generally been found that gender is not a significant factor in L2 speech acquisition by
itself, as gender effects on degree of L2 accentedness differed according to AOL (e.g.,
Piske et al., 2001; Flege & Fletcher, 1992; Elliott, 1995).

Similarly, motivation has not been found to be a determining effect in degree of
L2 accentedness, as not all previous studies have found that it has a significant effect. On
the one hand, Moyer (1999) found a correlation between motivation and pronunciation
ratings. Some other studies (e.g, Flege et al., 1995; Flege et al., 1999) found that
motivation had an effect on L2 accentedness, but that it was small compared to other
individual factors. On the other hand, Thompson (1991) failed to find an effect of
motivation on L2 pronunciation accuracy.

Recently, the effect of inhibitory skill on L2 speech has been investigated (e.g.,
Darcy, Mora & Daidone, 2014; Lev-Ari & Peperkamp, 2013). Darcy et al. (2014)
reported that inhibitory skill may be positively related to a more accurate L2 perception
and production, as the processing of the most relevant phonetic information would be
enhanced by the listener. As for the L1, Lev-Ari and Peperkamp (2013) found that
bilinguals with lower inhibitory skill presented greater influence of the L2 on the L1 than
those with a greater inhibitory skill. As it has already been mentioned, L2 experience is
the main factor investigated in this dissertation. For this reason, the following subsection
will review previous findings regarding the effect of L2 experience on both the L2 and

the L1.
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2.3.1. The effect of language experience and language setting on crosslinguistic

interaction

Second language experience — understood as amount of time spent in an L2 setting
and which may also be referred to as length of residence — has been widely found to be
one of the main factors causing L1-L2 influence in bilingual speakers (e.g., Bohn & Flege,
1990; Flege, 1987; Levy & Law, 2010; Lev-Ari & Peperkamp, 2013; Miyawaki et al.,
1975). As a matter of fact, PAM-L2 (Best & Tyler, 2007), which extended PAM’s
premises to L2 learners, stressed the effect that immersion contexts have on second
language acquisition as opposed to a classroom setting. The main difference between the
two settings lies upon the fact that formal instruction provides restricted input and ‘little
or unsystematic conversational experience with native speakers’ (Best & Tyler, 2007:
11), whereas L2 immersion can provide extensive native input. Therefore, classroom
based L2 learners should not be equated to bilinguals learning an L2 in an immersion
context. Still, both types of L2 users differ from monolinguals in that both have some
kind of exposure to the target language. Hence, the need to compare all three kinds of
speakers — namely L2 experienced learners, L2 inexperienced leaners and monolinguals
— 50 as to effectively assess the effect of second language experience on both the target
language and the existent language.

In order to make such comparisons, we first need to determine what it means to
be an experienced L2-learner. Previous studies have found that a short L2 experience of
6 months in an immersion setting may already result in an L2 perceptual benefit over
inexperienced learners (e.g., Aoyama, Flege, Guion, Akahane-Yamada & Yamada, 2004;
MacKain, Best & Strange, 1981). For this reason, the PAM-L2 framework suggests that
the experienced-inexperienced learner cut-off should be placed at 6-12 months (Best &

Tyler, 2007).
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Another important factor that we need to consider is when the L2 immersion took
place — i.e., whether it is present or past at the time of testing and the recency of the
experience. In this regard, Sancier and Fowler (1997) found that recency of language
experience influenced both L1 and L2 production accuracy. Their case study involved a
Brazilian Portuguese speaker of English that showed a bidirectional influence on VOT
production. The subject was found to produce stops more accurately as a function of
recent language experience. After spending a few months in the US, the informant
produced English stops in a more native-like manner, whereas Portuguese stops were
produced with less native-like VOT values. The opposite was true after a stay in Brazil.
The current thesis will compare L2 learners living in a target-language setting with L2
learners who are living in an L1 country after a stay in an L2 setting. Next, the results of

previous research on the effect of L2 experience on the L2 and on the L1 will be discussed.

2.3.1.1. The effect of L2 experience on the L2

As previous research points out, L2 experience has an effect on the acquisition of
L2 categories, both in perception and production (e.g., Bohn & Flege, 1990; Flege, 1984,
1987; Flege et al., 1997; Jun & Cowie, 1994; Lev-Ari & Peperkamp, 2013; Levy, 2009;
Levy & Law, 2010; Munro, 1993). Bohn and Flege (1990) assessed the perception of /i/-
1/ — two similar phones — and /e/-/&/ — a similar and a new phone — by German learners
of English differing in L2 experience. Subjects were divided into two groups, namely a
group with a short L2 experience — less than a year —, a more experienced group — with
participants that had spent a mean of 7.5 years in an English-speaking country — and a
monolingual control group of each language. The more experienced German learners of
English, but not the less experienced group, were found to perceive /e/-/&/ in a target-like

fashion. The experienced group and the English monolinguals categorized the contrast
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based on spectral cues, whereas the inexperienced group relied mostly on duration.
However, no significant differences between the two German groups were found
regarding the perception of /i/-/i/. In this case, both German groups relied on duration,
contrary to English speakers, who relied more on quality.

Similarly, Flege et al. (1997) found that German, Spanish, Mandarin and Korean
experienced L2 speakers of English — who had been living in the United Stated between
5 and 9 years at the time of testing — perceived the /e/-/&/ and /i/-/1/ contrasts in a more
native-like manner — that is, relying on spectral cues rather than on duration — than
inexperienced speakers — who had spent less than a year in the United States. A study
previous to this Ph.D. dissertation (Gorba, 2016, 2018) found that Spanish learners of
English with a moderate L2 experience — a mean of 12 months — outperformed Spanish
learners of English with no L2 experience abroad in the perception of English /p/-/b/. In
other words, the English /p/-/b/ category boundary obtained by the experienced learners
was more similar to that of English native speakers than that of inexperienced learners.
Nevertheless, Cebrian (2006) did not find a significant effect of L2 experience on the L2
perception of /i, 1, €', ¢/. L1-Catalan L2-English speakers who had been living in Canada
for a mean of 24 years did not outperform Catalans in Spain in their ability to identify L2
vowels. Moreover, it was observed that both the experienced and the inexperienced
Catalan speakers of English relied mostly on duration cues — rather than on spectral
differences, as L1-English speakers did — in order to distinguish between tense and lax
English vowels.

L2 experience has also been found to improve the production of L2 sounds.
Previous works have reported that the longer bilinguals have lived in an L2 context, the
more native-like their VOT productions are (e.g., Lev-Ari & Peperkamp, 2013; Levy &

Law, 2010). Similarly, Flege et al. (1997) found that the experienced learners of English
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with diverse linguistic backgrounds described above produced vowel /1/ more accurately
than inexperienced learners with the same L1 background. However, no group differences
were found in the production of vowel /i/, as /i/ is a new phone in all the languages tested
— except for German — and /i/ is a similar phone in all the L1s that were studied. This
finding is in line with SLM’s predictions, which posit that similar phones will be more
difficult to acquire than new phones, as they will be assimilated to the closest L1 phone
and will rarely be produced authentically — even with L2 experience.

Moreover, Flege (1987) assessed the effect of experience on VOT production of
It/, Iyl and /u/ by English-French bilinguals. For this purpose, English-French/French
English speakers differing in L1 and in L2 experience were tested. Several groups were
included: English monolinguals; English native speakers with little L2 experience in
French — 9 months in an immersion setting — living in the US at the time of testing;
moderately experienced learners of French — 1.3 years in an immersion setting — living
in the US who had received formal education in their L2; English native speakers who
had been living in France for 11.7 years with less formal instruction than the previous
group described; French native speakers who had been living in the US for 12.2 years and
French monolinguals speakers living in France who had had little exposure to English.
Flege’s findings indicate that experience has an impact on the production of nonnative
similar phones, given that experienced L2 groups produced L2 /t/ and /u/ with values that
approximated the values of French controls more than the less experienced group did. As
a matter of fact, the two groups of French learners in the US produced significantly longer
VOT values for /t/ than French monolinguals, whereas the Americans in France —i.e., the
most experienced group — did not. It should be noted, though, that, numerically, all
English groups presented greater VOT values than French controls. As for the L1-French

L2-English group living in the US, they produced stops in both languages with
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intermediate VOT values and presented a shared merged category. Regarding French /y/
— classified as a new phone by Flege — only the least experienced English group differed
significantly from French monolinguals, whereas the rest of the L2-experienced English
groups performed in a target-like manner. This finding is again consistent with Flege’s
hypothesis that similar phones — like /t/ and /u/ — are more difficult to acquire than new
phones — like /y/ —, as the former will probably be assimilated to the closest L1 phones

and will rarely be produced authentically.

2.3.1.2. The effect of L2 experience on the L1

So far, the effect of L2 experience on L2 perception and production reported in
previous research has been discussed. Although little research has been conducted on the
effect of L2 experience on the L1, this section will review previous studies on the matter
(Cabrelli, Lugue & Finestrat-Martinez, 2019; Cebrian, 2006; Dmitrieva, 2019; Flege,
1987; Gorba, 2016; Major, 2010). Living in an immersion context may deprive the L2
user from sufficient L1 input and bring about L1 phonological attrition. This was the case
in Major’s (2010) study, which assessed the ability to detect foreign speech by Brazilian
Portuguese speakers living in Brazil as opposed to Brazilian Portuguese speakers living
in the United States. Although no significant differences were found regarding the
identification of non-native speech — as opposed to native speech —, there was a difference
in accentedness ratings. Brazilians in the US rated nonnative Portuguese speakers with
significantly lower accentedness scores than those living in Brazil. That is, L2 immersion
caused a certain degree of attrition in the ability to assess foreign accentedness, but not to
the extent to be unable to discern between native and nonnative speech. Similarly, Cebrian
(2006) found that L1-Catalans living in Catalonia outperformed L1-Catalans living in

Toronto when it comes to the identification of the L1 vowels /i, e, ei, /. Moreover, the
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study prior this dissertation (Gorba, 2016, 2018) reported above, also found an effect of
L2 experience on L1 /p/-/b/ perception, as experienced leaners appeared to be moving
their Spanish category boundary towards English-like values.

As for production, Flege (1987) also investigated the effect of experience on the
VOT production of /t/ in the L1. It was found that the groups that had the greatest L2
experience — both among the L1-English and L1-French speakers — presented L2
influence on the L1 —i.e., produced L1 stops differently from monolingual L1 speakers.
By contrast, Gorba (2016) failed to find any significant effect of experience on L1
production. Both experienced and inexperienced groups produced Spanish stops like the
control group. As for perception, although descriptively experienced learners had shifted
their boundary towards a more English-like identification, their perception did not differ
significantly from that of Spanish monolingual speakers. It should be noted, though, that
Gorba (2016) tested moderately experienced speakers — who had spent only 12 months
in an English-speaking country — in an L1 setting, that is, immersed in the L1.

All in all, it appears that most studies focusing on L2 experience have found that
this factor has a significant effect on L2 perception (e.g., Bohn & Flege, 1990; Flege et
al., 1997) and production (e.g., Flege, 1987; Flege et al., 1997), as L2-experienced
learners tend to use more target-like categories than inexperienced learners. Cebrian
(2006), however, failed to find a positive effect of experience on the identification of L2
English /i, 1 €', €/, since Catalan speakers in Canada did not outperform those living in
Catalonia. Moreover, no differences between the two groups were observed in the
perceived similarity of the L2 vowels between Catalan and English. Similarly, even
though Flege and Bohn (1990) found a positive effect of L2 experience on the
categorization of the /e/-/&e/ contrast, they failed to do so in the case of /i/-/1/. In a similar

vein, Flege (1987) found that, in spite of the fact that the most experienced L1-English

34



L2-French speakers approximated native English speakers in their productions of the
similar phones /t/ and /u/, they appeared to fail at producing them in a native-like manner.
Conversely, /y/ — classified as a new phone — was produced with similar values to French
monolinguals by all the groups of English speakers tested except the least experienced
one. The fact that experienced learners outperformed inexperienced learners in some
occasions but performed similarly in others may have to do with the type of phones
investigated. As Flege (1987) points out, the effect of L2 experience may vary according
to the type of phones — similar vs. new — under study, being the former more difficult to
acquire than the latter.

When it comes to the effect of L2 experience on the L1, some research has found
that experienced learners present L2 influence on L1 perception (e.g., Major, 2010;
Cebrian, 2006) and production (e.g., Flege, 1987). Out of the studies reviewed above that
investigate the effect of L2 experience on L1 production, only Gorba (2016) failed to find
a significant difference in L1 production between experienced and inexperienced Spanish
learners of English. However, the experienced group in this study had only lived in the
target language setting for a mean of 12 months, as opposed to the other studies cited,
which presented considerably longer lengths of residence in an immersion setting.
Moreover, the experienced learners were tested in Spain, as their L2 immersion period,
which took place the previous academic year, had finished several months before they
were tested. Considering Sancier and Fowler's (1997) findings, which revealed an effect
of recency of L2 experience on L1 production, the fact that they had been living inan L1
setting for several months before the testing time may have resulted in a re-attunement of
L1 perception to native-like values.

This section has reviewed the most important individual factors influencing

crosslinguistic interaction that have been reported in the literature. All except inhibitory
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skill have been considered directly or indirectly in the design and the analysis of the
experiments presented in the present thesis, as it will be shown in Chapter 4
(‘Methodology’). In the first place, gender was counterbalanced across all groups. As it
has been mentioned before, L2 experience — i.e., amount of time spent in the L2 setting —
is the main factor under analysis, as L1-Spanish L2-English and L1-English L2-Spanish
varying in amount — i.e., length of residence — and type — i.e., past or present — L2
experience were tested on their L1 and L2 production of stops. As for AOA, all
participants — who were young adults — had moved to the L2 country after adolescence.
Regarding motivation, great differences between groups are not expected, given that all
participants were either studying a degree in their L2 or were immersed in an L2 setting.
Thus, all should be highly motivated. Participants had to complete a linguistic background
questionnaire, as well as the Bilingual Language Profile (BLP, Birdsong, Gertken, &
Amengual, 2012). Information about their AOL, amount of L2 use, amount of L2
instruction and language dominance was collected. It was later investigated whether these
factors also had an effect on L1 and L2 stop perception and production (see Chapter 8 on
‘The effect of individual factors on stop perception and production’). The following
section will discuss the theories and findings related to the relationship between

perception and production.

2.4. The relationship between perception and production

2.4.1. The relationship between perception and production in the L1

The relationship between perception and production has been widely discussed in
the literature. Some speech theories assume that there is an alignment between the

perception and the production of speech sounds. For example, the Motor Theory
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(Liberman, Cooper & Harris, 1962; Liberman, Cooper, Shankweiler & Stuudert-
Kennedy, 1967; Liberman & Mattingly, 1985) and the Direct-Realist approach (Fowler,
1986, 1990) posit that adults perceive speech and create phonetic categories based on
articulatory gestures of their own speech. However, conflicting findings have been
reported when it comes to the nature of this relationship. Whereas some studies have
supported the existence of a link between perception and production in the L1 of adult
speakers (e.g., Brunner, 2011; Cooper & Lauritsen, 1974; Fox, 1982; Newman, 2003;
Perkell et al., 2004), others have failed to establish a clear relationship between the two
dimensions (e.g., Ainsworth & Paliwal, 1984; Bailey & Haggard, 1973; Shultz et al.,
2012).

Perkell et al. (2004) analyzed the contrast distance between /a/ and /a/ and
between /u/ and /v/ in the perception and production of young adult speakers of American
English. They found that that the more accurately a speaker discriminated the contrasts,
the more distinctly the speaker produced them. Similarly, Fox (1982) reported that
individual variation in the perception of English vowels — analyzed using a scaling task
in which participants rated the similarity/dissimilarity of two tokens — was related to each
participant’s acoustic vowel space — i.e., tongue height and advancement. Finally, in a
study involving stops, Newman (2003) observed that speakers who produced the
sequence /pa/ with the longest VOT values also showed a preference towards longer VOT
values in a goodness rating task. Newman concluded that individual differences in
perception were related to individual differences in production.

On the other hand, other studies report no relationship between the perception and
production of VOT. Bailey and Haggard (1973) failed to find any significant correlations
between the perception and the production of VOT and of f0 in the voiced-voiceless stop

contrast. Perception was tested with a goodness rating task (appropriate to exaggerated)
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and the measures used in production were VOT means, the difference between voiced
and voiceless production and fO values. More recently, Shultz et al.’s (2012) study on
VOT and fO weighting in perception and use in production replicated the same results —
i.e., no significant correlations were found between perception and production values. In
short, the relationship between perception and production is unclear given the opposing
results of previous studies. The following section will review the findings related to the

relationship between the two dimensions in the L2.

2.4.2. The relationship between perception and production in the L2

Some L2 speech theories — like the SLM and the PAM-L2 — claim that there is a
link between the two dimensions and that L2 perception precedes L2 production (Flege,
1995; Best & Tyler, 2007). Flege’s (1995) SLM posits that difficulties in the production
of L2 sounds stem from the influence of L1 categories on L2 perception. Thus, perception
should precede production in L2 acquisition. Best and Tyler (2007) agree with Flege’s
hypothesis and assume that L2 production may continue to adjust to L2 target-like
phonetic and phonological features over a longer period of time than perception (Best &
Tyler, 2007). However, Flege (1999) also predicts that perception and production in the
L2 may not be perfectly aligned, but clearer correlations may be found as participants
gain experience in the L2. Similarly, Bohn and Flege (1997) claim that the two
dimensions do not progress in parallel and that, as a matter of fact, production may as
well lead perception in early stages of L2 speech acquisition.

Some previous studies have found a relationship between perception and
production in the L2 (e.g., Baker & Trofimovich, 2006; Flege et al., 1997; Flege, et al.,
1999; Jia, Strange, Wu, Collado & Guan, 2006; Levy & Law, 2010). For example, Levy

and Law (2010) investigated the link between perception and production accuracy of the
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French vowels /i, y, u, ce, o, a/ by American English learners of French. Perception was
tested with an identification test and production using a repetition task. Production results
were analyzed by means of both acoustic analyses and native speaker judgements. A
modest correlation between the perception and production measures was found. The
contrast /y/-/ce/ presented the most straightforward evidence for the relationship between
the two modalities, as those participants who categorized them separately more often also
obtained better intelligibility judgements by the L1 speakers. A somewhat weak
relationship was reported by Rallo Fabra and Romero (2012), who studied the
relationship between accurate discrimination and production of L2 English vowels by
Catalan speakers differing in L2 proficiency. English vowels were paired as follows: /a-
A/, /e-&l, li-1/ and /u-v/. The measure used in perception was overall A’ discrimination
score for each English pair — which takes into account the proportion of hits and false
alarms. Vowel production was evaluated by English native speakers and was quantified
using the mean bidirectional error, which was calculated by adding up the confusion rates
of the two vowels in each pair — i.e., the percentage of times that a vowel was perceived
as its counterpart. A general analysis including all groups did not reveal a significant
correlation between the two variables. Still, a within group analysis showed a moderate,
yet significant, correlation in the case of the learners with intermediate proficiency,
whereas that was not the case regarding low and high proficiency learners. This difference
between groups and the fact that the only correlation found was weak indicates the
complexity of the relationship between the two dimensions.

Some previous studies have obtained evidence that supports the SLM'’s
assumption that perception leads production in L2 acquisition (Borden, Gerber &
Milsark, 1983; Casillas, 2019; Flege et al., 1999; Levy & Law, 2010). For instance, Flege

et al. (1999) studied the perception-production relationship in L2 vowel perception by
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L1-Italian L2-English speakers. Perception was tested using a discrimination task and
production with an intelligibility test presented to native speakers. Results revealed that
accuracy of L2 production was determined by accurate L2 perception. Moreover, Levy
and Law’s (2010) study reported above also found evidence that perception may precede
production, as inexperienced American learners of French were more accurate at
perceiving the /y/-/u/ contrast than at producing it. Only a few studies involving
consonants provide support for the assumption that L2 perception leads L2 production.
For example, Borden et al.’s (1983) study on liquids found that adult Korean learners of
English were more accurate at perceiving the English /r/-/l/ contrast in a phonemic
identification task than at producing it. Regarding stops, Casillas (2019) found that late
L1-English learners of Spanish participating in a seven-week immersion program were
found to change their /p/-/b/ perceptual boundary towards Spanish-like values earlier than
their production boundary, which was calculated by standardizing the VOT values of the
two phones and averaging them together.

Conversely, some previous studies involving stops have found that production
may precede perception (e.g., Bohn & Flege, 1990, 1997; Caramazza et al., 1973; Flege
& Eefting, 1987; Trofimovich & John, 2011; Zampini, 1998). 