UNIVERSIDADE ABERTA
UNIVERSIDADE NOVA DE LISBOA

NOVAFCSH

FACULDADE DE CIENCIAS SOCIAIS E HUMANAS
UNIVERSIDADE NOVA DE LISBOA

UNIVERSIDADE

ADERTA

Percecao de acento e reducao vocalica na aquisicao fonolégica em PL2.
Implicacdes para a pratica pedagdgica

Word stress and reduced vowels perception and acquisition in L2 Portuguese.
Pedagogical implications

Gabriela Pereira Tavares

Tese de Doutoramento em Didatica das Linguas — Multilinguismo e Educagao para a Cidadania Global

PhD dissertation in Language Teaching - Multilingualism and Education for Global Citizenship

2024






UNIVERSIDADE ABERTA
UNIVERSIDADE NOVA DE LISBOA

NOVAFCSH

FACULDADE DE CIENCIAS SOCIAIS E HUMANAS
UNIVERSIDADE NOVA DE LISBOA

UNIVERSIDADE

ADERTA

Percecao de acento e reducao vocalica na aquisicao fonolégica em PL2.
Implicacdes para a pratica pedagdgica

Word stress and reduced vowels perception and acquisition in L2 Portuguese.
Pedagogical implications

Gabriela Pereira Tavares

Tese de Doutoramento em Didatica das Linguas — Multilinguismo e Educacgdo para a Cidadania Global

PhD dissertation in Language Teaching - Multilingualism and Education for Global Citizenship

Supervision:

Professor Susana Correia (NOVA University Lisbon)
Professor Andrea Deme (E6tvos Lorand University)

Janeiro 2024



©0Ele

This work is licensed under a Creative Commons
NonCommercial-NoDerivatives 4.0 International licence (CC BY-NC-ND 4.0)



Acknowledgements

Writing this dissertation has been an adventure and, as with all adventures, it was
filled with possibilities, discoveries, but also anxieties and moments of distress. Slowly, the
feeling of a prolonged tiredness gives place to the realization of the knowledge gathered
during the way, and the consciousness that ending this work is only the turning point to
begin a new adventure.

My first acknowledgment goes to the people who, throughout the last three years,
have made this journey alongside me. To my supervisors — Susana Correia e Andrea Deme
— | owe my sincere gratitude for constantly teaching me the way of rigorous scientific
thought and meticulous work. With you, | discovered my passion for phonetics, phonology,
psycholinguistics, as well as for the academic world. You have nurtured my intellectual
well-being, always supportive and encouraging. You became my role-model, from the very
beginning, as teachers and as researchers. | sincerely hope one day | will be able to inspire
students as you inspire me.

My heartfelt ‘thank you’ also goes to the people who, without understanding
exactly the what (nor the why) of this work, understood how important it was to me, and
stood by my side. To my father, for teaching me the value of intellectual honesty and work
ethic. To my sister, for her unquestionable devotion to the family. To my daughter Alice
and my son Vicente, for pushing me to be an example and for all the times you encouraged
me, and objectively helped. To Laszlé, who arrived when my adventure had already begun,
but who was by my side when it ended, tirelessly helping me, and waiting. To my friends
who understand the what and the why: Aude, Brigitta, Clara, Isabel, Laura, and Modni. To
you all, family and friends, my apologies for the time | should have been taking care of you
and | was not.

To Anténia Fodor, Agnes Keresztes, Daniella Szabd, Emese Rasztovich, Eszter
Andorka, Gergely Samson, Krisztina Babos, and Zsuzsanna Lakatos-Baldy, the responsible
teachers for the L2 Portuguese courses in the Hungarian universities. Thank you for making

this project possible.



I’'m also in debt to the many volunteers — Portuguese and Hungarian —who recorded
the stimuli, translated instructions and participants’ responses, piloted the tests, and
tested the tasks.

This dissertation would have not been possible without the grant from the
Portuguese Foundation for Science and Technology (2020.05740.BD). I’'m also grateful to
CLUNL - Linguistics Research Centre of NOVA University Lisbon, who greatly contributed to
my education, by supporting my participation in conferences and courses. | owe a special
thanks to the University Corvinus of Budapest, for allowing me to take a pause from
teaching, and to Mdnika Bense, for taking such good care of the students in my absence.

Finally, to my students, those who were and those who will be. I’'m always amazed
by your motivation and commitment to learn a language that does not have the prestige
of other more popular languages. After many years of teaching, you continue to make me
feel fulfilled with this profession. I'm also grateful for all | learn with you at the end of each

class. It was you who led to this work, and it is to you that | also dedicate this dissertation.



To my students

To Marcolina






UNIVERSIDADE

ADBERTA

www.uab.pt

DECLARAGAO DE INTEGRIDADE

STATEMENT OF INTEGRITY

Declaro ter atuado com integridade na elaborac¢do da presente dissertacdo/tese. Confirmo que
em todo o trabalho conducente a sua elaboracdo nao recorri a pratica de plagio ou a qualquer
outra forma de falsificacdo de resultados.

Mais declaro que tomei conhecimento integral do Regulamento Disciplinar da Universidade
Aberta, publicado no Diario da Republica, 2.2 série, n.2 215, de 6 de novembro de 2013.

| hereby declare having conducted my thesis with integrity. | confirm that | have not used
plagiarism or any form of falsification of results in the process of the thesis elaboration.

| further declare that | have fully acknowledged Disciplinary Regulations of the Universidade
Aberta (regulation published in the official journal Didrio da Republica, 2.2 série, N.2 215, de 6
de novembro de 2013).

Universidade Aberta, 27 de junho de 2023

Nome completo/Full name: Gabriela Pereira Tavares

Assinatura/Signature:

Assinado por: Gabriela Pereira Tavares
Num. de Identificagcdo: 10521369
Data: 2023.07.26 21:24:27+01'00'

manuscrita ou digital / handwritten or digital

CHAVE MOVEL
[ I BN BN ]

Imp 12-26_A00






Abstract

Word stress and reduced vowels perception and acquisition

in L2 Portuguese. Pedagogical implications

L2 speech perception has regained attention from researchers in the last two
decades. However, studies in L2 Portuguese are still scarce. This absence curtails the design
of adequate didactic material for phonological acquisition. The present work aims at
contributing to lessen this gap, by observing the acquisition of reduced vowels and word
stress by Hungarian learners of L2 Portuguese. To this purpose, two experiments were
conducted.

First, a forced-choice identification task was run to observe how Hungarian native
speakers map the EP oral vowels into their L1 inventory. Results showed multiple cases of
perceptual overlap, with higher rates for the vowels [e], [€] and [e]. The second experiment
consisted of a high variability perceptual training designed to help learners with the
difficulties observed in the identification task, as well as with word stress discrimination, in
which Hungarian speakers have been reported to exhibit ‘deafness’. Three groups of
Hungarian learners of L2 Portuguese were recruited at the onset of learning: one group
was trained on EP vowels discrimination, the second group received training on EP word
stress without vowel reduction, and the third group trained EP word stress with vowel
reduction. Results showed that the interventions focused on word stress were effective in
stress discrimination, but no improvement was observed in EP vowel discrimination as a
result of training.

The findings of the present work offer us an insight on L2 speech perception, namely
that L2 vowel perceptual tunning is not a homogeneous process and that perceptual

training aids learners to overcome problems with word stress discrimination.

Keywords: L2 speech perception; L2 Portuguese; cross-language influence;

perceptual training; reduced vowels; word stress;






Resumo alargado [Portuguese]

Percecao de acento e reducdo vocalica na aquisi¢cao fonoldgica em PL2.

ImplicagOes para a pratica pedagdgica

Atualmente, a promog¢do oficial da lingua portuguesa em universidades no
estrangeiro abrange cerca de 90 paises, através de cdtedras académicas, leitorados e
acordos de cooperacdo, e Centros de Lingua Portuguesa (Camdes — Instituto da Cooperagao
e da Lingua, 2016a). Na Hungria, o portugués esta presente em nove universidades, duas
das quais com um professor nativo de portugués europeu (PE). Os materiais didaticos para
o Portugués L2 (PL2) utilizados na Hungria incluem livros publicados em Portugal para um
publico mais vasto de aprendentes e livros criados especificamente para aprendentes
hdngaros. Os manuais publicados em Portugal incluem uma variedade de material auditivo,
mas nao se destinam especificamente a falantes nativos de hungaro. O material concebido
para os alunos hungaros de PL2 é constituido por dois manuais e um volume de exercicios,
mas nenhum deles inclui exercicios auditivos.

Uma breve consulta ao material disponivel para o ensino do PL2 revela lacunas no
gue respeita a aquisicdo fonoldgica e, especificamente, a exercicios auditivos e de
pronuncia. Embora nas ultimas décadas a investigacdo sobre percecdo de fala em L2 tenha
atraido a atencdo de investigadores, e a producdo cientifica nesta area se tenha
multiplicado e desenvolvido consideravelmente, os estudos sobre PL2 nas areas da
percecdo da fala e aquisicdo fonoldgica ainda sdo escassos, o que condiciona a criagdo de
material didatico que reflita conhecimento baseado em evidéncia. O presente trabalho tem
como objetivo contribuir para diminuir esta lacuna.

O tema desta tese foi motivado pela observacdo em sala de aula de problemas
especificos observados em aprendentes hungaros na aquisicdo da fonologia do PE,
nomeadamente com as vogais reduzidas [e] e [{], bem como com o acento de palavra.
Relativamente a este ultimo, estudos anteriores demonstraram que os falantes nativos
hungaros apresentam insensibilidade a contrastes de acento de palavra, isto é ‘surdez

acentual’ (Honbolygo et al., 2017; Peperkamp et al., 2010; Peperkamp & Dupoux, 2002).
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Quanto as vogais atonas do PE [e] e [i], estas encontram-se ausentes no inventdrio vocalico
hidngaro e, até ao momento, ndo foram publicados estudos sobre a perce¢do destas vogais
por falantes nativos hungaros. No entanto, as dificuldades e o percurso de aprendizagem
dos nativos desta lingua podem ser facilmente identificados nas produgdes escritas dos
aprendentes, em sala de aula. No caso de [e], os estudantes apresentam o hdbito
sistematico de transcrever esta vogal reduzida como <e>, que no sistema hungaro
representa inequivocamente a categoria /¢/. Este problema é observavel tanto em niveis
de aprendizagem iniciais como em niveis mais avangados, embora menos frequentemente.
J4 no que diz respeito a [#], embora se observem algumas dificuldades iniciais, os
aprendentes parecem aperceber-se rapidamente de que, na fala, esta vogal é
frequentemente apagada, ao contrdrio do que acontece com [e].

Finalmente, vale a pena mencionar que os problemas descritos acima — vogais
reduzidas e acento de palavra — estdo fortemente interligados, uma vez que, em portugués,
as vogais reduzidas ocorrem principalmente em silabas dtonas. Além disso, a reducdo das
vogais é a principal pista acustica para a percec¢do de acento para os falantes nativos de PE
(Correia et al., 2015; Delgado-Martins, 1986). A relacdo entre vogais reduzidas e acento de
palavra &, portanto, de grande importancia na aquisi¢cao do PL2.

A questdo especifica que orienta este trabalho é a de compreender como falantes
cuja lingua ndo inclui as vogais reduzidas [e] ou [i] e que ndo distingue contrastes de acento
de palavra adquirem estas propriedades do PE. Para além desta questao, pretendemos
também investigar qual o método mais eficiente para adquirir estas caracteristicas. Para
averiguar estas questdes, foram conduzidos dois estudos.

O primeiro estudo consistiu num teste de identificacao (forced-choice identification
task with goodness-of-fit rating). Neste estudo foram analisados resultados de 78
participantes, que identificaram as nove vogais orais do PE a partir das nove vogais
hidngaras. Os resultados mostraram que as vogais portuguesas [e] e [i] sdo identificadas
maioritariamente como as categorias hungaras /¢/ e /y/, respetivamente. Estes resultados
sugerem os seguintes problemas: primeiro, existe um conflito na percecdo de [e], uma vez
que tanto [e] como [g] sdo identificados pelos falantes hingaros como /¢/. Segundo, os

ouvintes hungaros também apresentaram problemas na percec¢ao das vogais [€], [e] e, em
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menor grau, [i]. Com base nos resultados recolhidos nesta experiéncia, selecionamos entado
as vogais portuguesas a treinar por aprendentes hingaros: as vogais-alvo da presente tese,
[e] e [#], e as vogais [g], [e] e [i].

O segundo estudo consistiu num treino percetivo, que incluiu trés intervencgdes,
conduzidas paralelamente em trés grupos de aprendentes hingaros de PL2: uma
intervencdo focada nas vogais orais do PE acima mencionadas (Grupo Vowels), uma
intervencdo focada em contraste de acento suprassegmentais (Grupo Stress), e uma
intervencdo focada nas vogais orais e acento do PE (Grupo Vowels & Stress). Os treinos
foram completados por 66 aprendentes hungaros inscritos em cursos de PL2 Nivel
Iniciacdo, recrutados em nove universidades da Hungria. Cada intervencdo teve a duracao
de seis semanas, tendo os aprendentes de completar uma sessao por semana. As sessdes
consistiram em tarefas de discriminacdo AX e AXB, com cerca de 10 ou 15 minutos cada.
Antes e depois do treino, os participantes completaram um pré-teste e um pds-teste. Estes
consistiram em tarefas de intruso (oddity tasks), e testaram a discriminacdo das vogais orais
centrais e anteriores do PE, assim como do acento de palavra a nivel suprassegmental.
Todas as etapas — testes, sessdes de treino e questionarios — foram conduzidas online.

No que diz respeito a altera¢des na discriminagdao das vogais, a analise dos
resultados mostrou que, no geral, nenhum dos trés grupos melhorou significativamente na
discriminacdo das vogais-alvo, nem mesmo os grupos cujas intervencbes focaram
contrastes vocalicos — Vowels e Vowels & Stress. No entanto, na analise dos resultados de
cada contraste observou-se que os trés grupos melhoraram na discriminacdo dos
contrastes [e]-[€] e [e]-[], embora neste Ultimo caso a melhoria tenha sido apenas ligeira.
Relativamente a discriminacdo de contrastes de acento de palavra, os grupos cujo treino
focou este aspeto — Grupo Stress e Grupo Vowels & Stress — apresentaram uma melhoria
significativa na percecdo de acento de palavra, comparativamente ao Grupo Vowels. A
analise mostrou ainda que o Grupo Stress apresentou melhorias mais visiveis do que o
Grupo Vowels & Stress.

Os resultados do estudo do treino percetivo permitiram-nos apresentar diferentes
conclusdes. Primeiro, a trajetdria de aquisi¢ao de vogais nao € homogénea, uma vez que

os participantes apresentaram melhorias apenas alguns contrastes vocalicos.
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Especificamente, os aprendentes hingaros de PL2 apresentaram uma melhoria mais visivel
no contraste que previamos ser o mais problematico: [e]-[e]. Contrariamente, nos
contrastes envolvendo as vogais [€], [e] e [i], os participantes revelaram mais dificuldades.

Segundo, a melhoria observada na discriminagdao de contrastes de acento de
palavra mostra que a ‘surdez acentual’ pode ser ultrapassada com um treino adequado, e
em pouco tempo (6 semanas).

Terceiro, um treino que combine vogais e acento de palavra ndo é mais eficaz do
gue treinos que foquem estas propriedades separadamente. No entanto, acrescentamos
gue a analise dos resultados também nao apresenta evidéncia estatistica de que um treino
gue combine vogais e acento de palavra seja menos eficaz.

Finalmente, os resultados mostram que aprendentes hungaros de PL2 no nivel
inicial da aprendizagem da L2 beneficiam de um treino percetivo que foca uma propriedade
suprassegmental (acento de palavra), mas ndo de um treino percetivo que foca uma
propriedade segmental (vogais). Este facto sugere que, tal como para a L1, na aquisicdo da
percecao de fala em L2, as propriedades suprassegmentais precedem as segmentais. No
entanto, esta conclusdo deve de ser interpretada com precau¢ao, uma vez que 0s
resultados podem ser especificos do contexto do estudo realizado.

Os estudos apresentados nesta tese apresentam evidéncia empirica que,
esperamos, possa vir a contribuir para uma melhor compreensdo do processo de aquisicao
de fala do PL2. Além disso, com este trabalho, pretende-se também contribuir para o

desenvolvimento de material didatico a partir de conhecimento cientificamente adquirido.

Palavras-chave: percecao de fala em L2; PL2; influéncia interlinguistica;

treino percetivo; vogais reduzidas; acento de palavra
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Introduction

The official promotion of the Portuguese language beyond national boarders dates
back from the 1920’s, with the creation of a first lectureship in France, followed by
Germany and the United Kingdom (Guedes, 1998). Today, the network supporting
Portuguese at universities covers nearly 90 countries through academic chairs, lectureships
and cooperation agreements, and Portuguese Language Centers (Camdes — Instituto da
Cooperacgao e da Lingua, 2016a).!

In Hungary, Portuguese is present in nine universities, two of which employ a native
Portuguese lecturer. Only one institution — E6tvos Lorand University (Budapest) — offers a
university degree in Portuguese studies, specifically, the degree of Philologist in
Romanistics — Specialized in Portuguese studies. Didactic materials for L2 Portuguese used
in the courses include books published in Portugal for a wider audience of learners, and
books created specifically for Hungarian learners. The coursebooks published in Portugal
include a variety of auditory material, but they do not specifically target Hungarian native
speakers. The material designed for Hungarian L2 Portuguese learners consists of two
coursebooks and an exercise volume, but neither include auditory exercises.

A brief consult to the material available to L2 Portuguese teaching shows relevant
gaps when it comes to phonological acquisition, and, specifically, auditory and
pronunciation exercises. As Allegro (2014) had already pointed out, in L2 Portuguese
coursebooks, most exercises still consist of list of segments or words that the learner must
listen and repeat, in the hope that he/she will ‘magically’ internalize the phonetics of
Portuguese. The popularity of this type of drill — a heritance from the Audiolingual Method
—is not limited to L2 Portuguese. To the day, this approach continues to be a source for
learning tasks, although resorting to new techniques (Moyer, 2013). The stagnation of L2
phonology (mostly referring to pronunciation), after the Audiolingual Method fell out of
favor, was caused by a conjunction of different factors (Levis & Sonsaat, 2017; Moyer,
2013). First, cognitivist ideas viewed errors as a natural consequence of learning and,

presumably, an adequate exposure to the input would be enough to surpass them. Second,

! Instituto Camées also supports a network of teachers at primary and secondary schools.

INTRODUCTION | p. 1



the assumption of a critical period for L2 learning (Lenneberg, 1967) contributed to
discourage teachers to focus on pronunciation mastering. Additionally, the Communicative
Language Teaching approach caused a shift from linguistic competence (understood as
formal knowledge of the L2) to communicative competence (i.e., the ability to use the L2
in real communicative situations). Since pronunciation was considered a linguistic
competence, the focus was then transferred from discrete-segmental accuracy to global
fluency (Rato, 2013). Furthermore, still in line with the Communicative approach, as a result
of the debates on the principles for L2 English teaching promoted by the TESOL
International Association, the aim set for the end-state of pronunciation teaching was no
longer native-like productions but rather intelligibility. Interestingly, as a consequence of
these changes, suprasegmental properties were prioritized rather than segmentals.

An example of the ‘peripheral’ place of phonology in L2 Portuguese profiles and
guidelines, as compared to lexicon and grammar, is the Referencial Camdes PLE, a didactic
document conceived as a support tool for teachers of L2 Portuguese (Camdes — Instituto
da Cooperacdo e da Lingua, 2016b). It consists of an inventory of functions (e.g., expressing
wishes and emotions), notions (e.g., localization), and grammar (e.g., demonstrative
pronouns), for each proficiency level of the Common European Framework of Reference
for Languages. The Portuguese document does not include (yet) any instructions for
auditory perception or pronunciation. Such absence can be explained with the scarcity of
research in L2 Portuguese phonology.

As for the Common European Framework, although the 2001 edition crucially
lacked descriptors for pronunciation teaching and training (Moyer, 2013), the revised
version (Council of Europe, 2020) implemented important changes with respect to
Phonological control, namely by presenting a more detailed and realistic progression
between levels.

Despite recent developments, more research and time are needed to implement
new guidelines for L2 curricula and didactic material. To the moment, the lack of proper
guidance for L2 phonology results in a tendency to avoid pronunciation topics in the L2
classroom. Reed & Levis (2015) remind us that although L2 teachers acknowledge the

importance of teaching phonetics and phonology, few are familiar or even comfortable
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with this linguistic area. According to Derwing & Munro (2005), in preparation courses for
L2 teachers, pronunciation is frequently left out and, consequently, teachers must decide
themselves what to teach in this topic and how to teach it. The lack of preparation of L2
teachers in the area of phonology is oftentimes aggravated by a certain degree of unease
with new technologies and/or programs (Allegro, 2014).

The topic of this dissertation emerged as a reflection of the problems mentioned
above, also observed in the context of L2 Portuguese teaching for Hungarian learners. The
search on how to surpass the difficulties in the acquisition of specific Portuguese features,
namely reduced vowels and word stress, led to the observation that these features are not
adequately treated — if they are treated at all — in L2 Portuguese coursebooks and
classrooms. Furthermore, considering the scarce research in L2 Portuguese phonology, one
may question on which basis the exercises found in the coursebooks were designed —
teaching experience or adaptation from other L2? It must be pointed out that this twofold
problem — scarce research in L2 phonology and lack of reflection of research findings in
teaching material —is also observed in L2 English (Derwing & Munro, 2005).

In sum, L2 Portuguese is in a developing moment, but empirical evidence to support
didactic materials is still scarce. This scarcity is even more evident in the context of research
in pronunciation teaching. This dissertation aims at contributing to evidence-based L2

Portuguese teaching and learning of pronunciation.

Why perception?

Despite a lasting dominance of grammar and vocabulary in L2 research, a certain
rehabilitation of phonology has been observed in the last decades, also coinciding with the
emergence of technological advances in computers, accessible software of speech analysis
and safer techniques for neurophysiological testing (Edwards & Zampini, 2008). Also,
speech perception gained importance as a relevant factor in L2 pronunciation difficulties.
The role of perception in pronunciation had already been underlined by Trubetzkoy
(1958/1969), who suggested that properties of the L1 act as a phonological filter in
non-native perception, leading to inadequate production. Although some studies do not

find a straightforward perception-production link (Chan, 2014; Sheldon & Strange, 1982),
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an extensive body of evidence gathered in the last two decades seems to supports the fact
that problems in production can be related to poor discrimination abilities (Chao et al.,
2019; Flege et al., 1999; Perkell et al., 2004; Rauber et al., 2010, 2005). Studies using
magnetic resonance imaging techniques provide further evidence for the
perception-production link by observing an overlap in the cortical areas activated in
listening and in speech production (Reiterer et al., 2013; Wilson et al., 2004). Based on the
positive correlation between perception and production, the Speech Learning Model
(Flege, 1999) posited that accuracy in L2 production is dependent of accuracy in L2
perception.? Later on, this position was revised, considering some methodological issues in
the analyses of correlations between perception and production results, and instead the
existence of a bidirectional coevolution of perception and production in L2 acquisition was
proposed (Flege & Bohn, 2021).

Although researchers were not yet able to categorically demonstrate that
perception precedes production in L2 acquisition (as overwhelmingly shown for L1;
Gervain, 2014), results in L2 speech research do show a tendency for the precedence of the
former over the latter (Akahane-Yamada et al., 1996; Bradlow et al., 1997, 1999; Lengeris
& Hazan, 2010; Rato, 2013; Wang et al., 2003). Additionally, studies have shown that
non-native speakers are able to rate foreign-accent productions similarly to native
speakers, although they may present themselves a strong accent in that L2 (Flege, 1988;
Mackay et al., 2006).

Considering that perception may modulate L2 phonological acquisition and be a
cause for difficulties in production, this dissertation will focus on the perception of L2

Portuguese speech perception and acquisition.

The case of Hungarian learners

As previously mentioned, the topic of this dissertation is motivated by the

observation in the classroom of specific problems shown by Hungarian learners with

2 However, Flege (1999) does not claim that all production problems have roots exclusively in perceptual
factors.
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Portuguese phonology, namely with the reduced vowels [e] and [i], as well as with word
stress.

With respect to [e] and [i], the difficulties and learning path can be easily identified
in written productions. The frequent responses given by students at the Beginner level, in
an auditory task in which they are asked to identify, for instance, the proper feminine name

Ana ['ene], are the following:

(1a) *Anna
(1b) *Ene

(1c) *Ena®

Each of these responses suggests a different strategy or learning stage. In (1a),
students identify the proper name, and simply write it in Hungarian. In (1b), the students
do not identify the proper name and eventually write the word as they perceive it. This
suggests that they may be categorizing the Portuguese [e] as the Hungarian /g/. In
Hungarian, the grapheme-phoneme correspondence is transparent, and the Hungarian
vowel /g/ has the unequivocal orthographic form <e>. Finally, in (1c), it may be the case
that students have already learnt that the word-final <e> in Portuguese is frequently
deleted. In this situation, learners may be conscious that *Ene would sound [en] and,
accordingly, they self-correct the response to *Ena. The problems with the [e] — written
with <e>— seem to be persistent even in more advanced learning stages, as demonstrated
by the transcription of novel words (e.g., *calemidade instead of calamidade [kelemi'dadi]
'calamity').? As for [i], although some early difficulties are observed, learners seem to
rapidly realize that, in speech, the vowel [i] is frequently deleted, contrary to [e].

Problems with word stress are more difficult to assess based on students’
productions, since EP stress mostly involves both suprasegmental and segmental cues.

Previous studies have shown that Hungarian listeners, whose language has fixed-stress in

3 This is an anecdotal example observed by the author of the dissertation, in the last years of practice. In the
auditory task, a female Portuguese speaker introduces herself as “Ana da Silva”.

4 The first [e] is correctly transcribed by students presumably due to a self-monitoring strategy, since more
advanced learners have better control EP orthographic rules and know that by writing *celemidade, the
initial syllable would correspond to [si], since in EP, <c> followed by <e> is realized as [s] and not [k].
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the first syllable, exhibit persistent ‘deafness’ in the perception of stress contrasts
(Honbolygé et al., 2017; Peperkamp et al., 2010; Peperkamp & Dupoux, 2002). In fact,
students show persistent ‘deafness’ to stress in Portuguese even when explicitly instructed
about it in the classroom. For instance, students struggle with perceiving the stress contrast
in the words partiram [per 'tiréW] 'they left' vs. partirdo [perti' réw] 'they will leave'. Indeed,
observations in the classroom suggest that the learning path for EP stress acquisition is not
straightforward. For example, there are some anecdotal examples of persistent incorrect
pronunciation of sdbado ['sabedu] 'Saturday'. Many students tend to pronounce it stressed
in the second syllable, which does not obey neither the Hungarian stress rule (stress in the
first syllable of the word) nor to the word they listen to in Portuguese or that they recognize
from English (Saturday ['seeta-dei]), but it is consistent with EP regular stress (stress in the
right edge of the root, frequently in the penultimate syllable — here, sdbado is an
exception).

Finally, it is worthwhile mentioning that the problems described above — reduced
vowels and word stress — are in fact interconnected, since in Portuguese, reduced vowels
mainly occur in unstressed syllables. Furthermore, vowel reduction is the main cue to EP
native stress perception (Correia et al., 2015; Delgado-Martins, 1986). The link between
reduced vowels and stress is, therefore, of great importance in L2 Portuguese acquisition.

The present dissertation is guided by the general question of how native speakers
of a fixed-stress language acquire variable word stress and reduced vowels. This implies, it
is presumed, mastering both segmental and suprasegmental properties that are absent in
their native language, therefore providing insight on the learning mechanisms and
interaction between different phonological domains in L2 speech. In this line, the following

questions arise:

(i) How do L2 learners map unfamiliar segmental and suprasegmental features at

the onset of learning?

(ii) Is there a hierarchy in L2 acquisition between segmental features and

suprasegmental features?
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(iii) Should auditory tasks focus on segmental and suprasegmental separately or

combine both features?

To investigate these issues, we recruited learners enrolled in Beginner courses of L2
Portuguese at Hungarian universities. Two aspects must be mentioned regarding the
recruited learners. First, these participants reflect an important context of L2 Portuguese
teaching worldwide: adult L2 acquisition in a formal learning environment (the classroom).
Second, studies on L2 perceptual training® rarely involve learners at the early stages of the
acquisition process, rather observing students with some knowledge of the L2 that are able
to read and write in the target language (Aliaga-Garcia, 2017; Aliaga-Garcia & Mora, 2009;
Brawerman-Albini, 2012; Bundgaard-Nielsen et al., 2011; Dupoux et al., 2008; Grenon et
al., 2019; Kissling, 2015; Michaux, 2016; Ou, 2011; Rato, 2013; Ylinen et al., 2010). The
choice of having early beginners as research subjects is grounded in the fact that advanced
learners have already undergone a process of perceptual recategorization of L2
phonological properties, that is, the initial categorization of L2 sounds has changed due to
auditory tunning, lexical acquisition, and other linguistic processes. However, in order to
investigate the early changes in L2 phonological knowledge, one must observe the initial
perceptual mapping of the L2 features, which can only be achieved at the onset of
acquisition.

It is important to point out that strictly speaking, European Portuguese (EP)
configures an L3 to the Hungarian learners recruited for this study, since all of them
reported a good knowledge of at least one L2, at the time they started learning Portuguese.
The term L3 is used to identify any language in the process of acquisition after the first L2,
that is, any L2+n. Research on L3 acquisition is motivated by the assumption that the
acquisition of an L3 is facilitated by the fact that the learner has already experienced the

acquisition of another language, other than the L1 (Hammarberg, 2007). However, given

5In L2 phonology research, three terms are used: perceptual training, auditory training and phonetic training.
We opted for perceptual training for the following reasons. First, phonetic training does not specifically
entail training of perception, since it is also use for training of production. Second, although auditory
training is also found in the literature, the key issue in our work is speech perception (differences are
described in Chapter 1). Accordingly, perceptual training is a more adequate term for the present
dissertation.
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the fact that the term L3 is used in a specific research context that is not the aim of the
present work, the term L2 is going to be used instead, since it is more in line with the

research approach that guide this dissertation.

Structure of the dissertation

This work is divided into two Parts: (I) Theoretical Background and (ll) Empirical
Studies. In Part |, a literature review on L2 speech perception will be presented (Chapter
1). In this chapter, a description of factors on L2 speech perception will be reported,
followed by an account of studies in L2 vowel and stress perception and acquisition. In
Chapter 2, we will describe the phonetics and phonology of EP and Hungarian. In the last
chapter of Part |, Chapter 3, the Research Questions and Hypotheses will be put forth.

Part Il includes two studies. The first study consists of a perceptual identification
experiment conducted with naive Hungarian listeners and aimed at observing how these
listeners map the EP oral vowels into their L1 system. This study is described in Chapter 4.

Chapter 5 reports the main study of this dissertation, a perceptual training study
focused on vowels and word stress, conducted with Hungarian learners of L2 Portuguese
at the onset of learning.

The two studies reported in Chapter 4 and Chapter 5 will be reviewed in the General
discussion, and their results argued in light of the hypotheses and theoretical background
that guided this dissertation.

In the Conclusion, our findings will be summarized, and the relevance of our work
for the design of didactic materials for L2 Portuguese will be examined. We will also present

some considerations on future research.
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PART 1

THEORETICAL BACKGROUND






CHAPTER 1

L2 SPEECH PERCEPTION






1.1. Speech perception

Sound perception involves a chain of neurophysiological events, processed by the
peripheral auditory system (Figure 1.1) and the central auditory system (Figure 1.2). As put
by Rost “[t]he anatomy of hearing is elegant in its efficiency” (2013, p. 12). Hearing engages
a chain of events that starts with the reception of sound waves from the exterior, captured
and amplified by the outer ear, travelling through the middle ear, until they arrive to the
inner ear. In the inner year, the fluid of the cochlea moves as a reaction to the sound waves,
which are transformed into electrical pulses. In turn, these electrical pulses travel along the
auditory nerve to the brain. Sound is perceived if the electrical pulses reach and are
processed by a cortical area of the brain. Speech perception holds the physiological and
neurological mechanisms mentioned above, as well as computational and cognitive
operations, necessary to transform the acoustic input into meaning. To this purpose,

several areas of the brain are or may be activated (Figure 1.2, next page).

Figure 1.1. The peripheral auditory system (National Institute of Deafness and Other
Communication Disorders, 2015)
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Figure 1.2. The central auditory system (Poeppel et al., 2008, p. 1075)

Although listeners with no hearing impairments present remarkable auditory
discrimination abilities, and are able to discriminate even a very slight difference in the
auditory input, as Lotto & Holt (2016) explain, speech perception is more than just
discriminating sounds, it rather consists of recognizing patterns in a continuum. The
authors add that “[t]hese patterns must be robustly encoded and perceptually
discriminable for efficient speech communication” (p. 185).

Several theorical approaches have been put forward to describe the process of
speech perception. The motor theory, proposed by Liberman and colleagues
(Liberman et al., 1967; Liberman & Mattingly, 1985), was one of the most popular theory
in the last century. In this theory, it is argued the articulatory nature of speech perception
(rather than acoustic or auditory). Specifically, the authors posit that speech perception is
the process of recognizing the neuromotor commands underlying vocal tract gestures.
Moreover, the theory claims that speech perception is innate and human-specific. In line
with this articulatory-based model, Fowler (1986) proposed the direct realist theory,
according to which, speech perception is not mediated by representations (concepts or
ideas), hence the term ‘direct’. Contrary to the motor theory, the direct realism approach
rejected the idea that speech perception is special, that is, unique to humans.

In the mid-seventies, new empirical findings showed that contrary to the previous

assumption, some similarities can be found between speech and nonspeech sounds’
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perception (Pisoni, 1977). Additionally, other experiments revealed that perception of
certain acoustic features that discriminate speech sounds is not limited to humans, but can
be observed in some mammals or even birds (Kuhl & Miller, 1978). This led to a new
approach, which proposed that speech perception is part of general auditory mechanisms,
that is, access to spoken messages is operated from the acoustic signal, and not from
articulatory gestures.

Another important finding by Liberman and colleagues (Liberman et al., 1957) is the
notion of categorical perception. While conducting identification experiments, the
researchers observed that listeners labelled sounds that varied along a continuum in
abruptly distinct categories. Furthermore, participants also showed better performance in
discriminating sounds belonging to different categories than sounds from a single category.
A clear explanation of categorical perception is presented below.

Categorical perception occurs when stimuli distributed along a continuum are
perceived categorically rather than continuously. An example is the contrast /t/-/d/, as in
/ta1/-/dai/ (tie vs. die). Although the voice onset time changes in a continuum, listeners will
identify either /t/ or /d/ (Psy, 2002).

Categorical perception — as in general speech perception — is inherently
language-specific, that is, varies between languages. The most obvious proof of this fact is
the observed ‘deafness’ of some adult speakers when it comes to discriminating non-native
contrasts. Studies have shown that from very early development stages, infants’ speech
perception is adapted to their environmental language. For example, Polka & Werker
(1994) compared the discrimination ability of non-native contrasts between 6-8 months
infants and 10-12 months infants. The authors confirmed the existence of a shift from
language-general to language-specific patterns, and that this shift occurs during the 1t year
of life. Moreover, based on their results and the results of previous studies, the authors
suggested that the mentioned shift is more likely to occur first for vowels than for
consonants. This and other studies led to the perceptual magnet effect theory (Kuhl, 2000;
Kuhl & Iverson, 1995). This framework posits that infants map statistical features of their

ambient language, and that this language filter begins to form in their 1t year, even before
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children start to speak. The experience with the ambient language influences infants’
discrimination abilities, consequently altering perception in favor of that language.

Having introduced the speech perception features central to this dissertation — its
auditory, categorical and language-specific nature —, we will focus next on how those

features operate in second language (L2) perception.

1.2. L2 speech perception

Perceptual acquisition in the first language (L1) starts even before lexical
acquisition. The attunement of sounds in linguistic categories demands “a long-term
exposure to statistically defined distributions of sound tokens” (Flege & Bohn, 2021). This
distributional learning — predicted to exist in L2 acquisition too — is ruled by an optimal
weighting of different auditory cues. As Flege and Bohn (2021) explain, distributional
learning and optimalization takes several years in L1 acquisition, and it is reasonable to
predict that in L2 acquisition this process can last as long or even longer than in L1.

When comparing L1 to L2 acquisition, there is a growing consensus on the idea that
adult L2 learners preserve the learning devices used for L1 acquisition. However, it is also
clear that adults struggle to acquire a language and infants do not. Several factors have
been pointed out to explain this fact.

In the sixties, the idea that adults would not be able to acquire an L2 with the same
proficiency as their L1 or a native speaker of the L2 — the ultimate attainment — was
explained on biological and neurological grounds. The critical period hypothesis
(Lenneberg, 1967) argued that the completion of the hemispheric lateralization, occurring
around puberty, would be the cause for the loss of learning abilities. Accordingly, after
puberty, ultimate attainment in L2 would be virtually impossible. However, in more recent
years, the importance of such maturational constraints in L2 acquisition was questioned,
as well as the existence of a specific age limit for biological predisposition for language
acquisition. Instead, some proposals defend a more continuous process of maturation, and
consequently, a continuous decrease of the abilities to acquire a native-like L2

(Hyltenstam & Abrahamsson, 2003).
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With the increase of research in L2 acquisition, other factors — social, psychological
or linguistic — were given equal or more importance than maturational constraints to
explain learning difficulties. As a result of this shift, multiple topics have been investigated,
among others, the onset of learning (Abrahamsson & Hyltenstam, 2009), age of arrival
(Flege et al., 1999), language experience (Bohn & Flege, 1990), attention (Guion &
Pederson, 2007), markedness (Eckman, 2008), L1 transfer (Major, 2008), L1-L2
cross-linguistic effects (Best & Strange, 1992), input (Flege, 2008, 2018), perceptual overlap
(Faris et al., 2018), cue-weighting (Cebrian, 2006) and individual variability (Dérnyei, 2014).
All these aspects may contribute to our understanding why some linguistic features are
more difficult than others to perceive and/or acquire by non-native speakers, or why some
learners are better than others in the acquisition of the same L2. However, considering that
the last four factors listed above — L1-L2 cross-linguistic effects, input, perceptual overlap,
cue-weighting, and individual variability — are specifically relevant for our work, we will look
closer into these. Cross-language perceptual models will be described in detail in section
1.3, and the remaining factors are introduced below.

Input has been one of the most studied issues, given its fundamental importance
for L2 (and L1) acquisition. Considering that the L2 input to which adults are exposed is
different than the input a native speaker is exposed to as an infant, the end states of L1
and L2 speech perception necessarily will present differences. This is especially true if we
acknowledge the fact that L2 adult learners are often exposed to different varieties or
dialects, or even foreign-accented productions of the L2, which renders the L1 input less
uniform (Bohn & Bundgaard-Nielsen, 2008). As pointed out by Colantoni et al. (2015), input
is probably one of the main factors for individual variability in L2.

Both quantity and quality must be considered, when it comes to the input necessary
for the L2 learner to reach optimal L2 speech perception (Boersma & Escudero 2004). In
line with this idea, high variability perceptual training (HVPT) has been established as the
most adequate to L2 perceptual learning (Lively et al., 1993, 1994; Logan et al., 1991; Pisoni
& Lively, 1995). On the other hand, some studies present some conflicting results, since no
evidence of significant benefits of HVPT over low variability perceptual training (LVPT) were

found (Brekelmans et al., 2022), or the benefits were not observed across conditions
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(Wade et al., 2007). Apart from mixed results, it is safe to assume that HVPT may not always
lead to significantly better results in L2 perception learning than LVPT, but it will lead to
better or similar results as a LVPT study. For example, Wong (2012) found evidence that
learners trained with LVPT can significantly improve their L2 perception, whereas
participants training with HVPT improved significantly better than the ones who completed
the LVPT.

Besides variability, other aspects must be considered when designing experimental
stimuli. A question that arises immediately concerns the ecological nature of the stimuli:
Which one is more efficient, natural or synthetic stimuli? Nobre-Oliveira (2007) conducted
a study with Brazilian learners of L2 English, who received training on L2 vowels, some with
natural stimuli, and others with synthetic stimuli. Results showed no significant difference
between training with natural stimuli and training with synthetic stimuli, although the
author refers that participants trained with the synthetic stimuli achieved better results.
Rosa (2022) also compared the efficiency of the two types of stimuli with Brazilian learners
of L2 English, aiming at the acquisition of /a/ and /¢/®, and, as Nobre-Oliveira (2007), did
not find significant differences between the two types of training. However, the author
reports that participants trained with natural stimuli improved more than participants who
were trained with synthetic stimuli.

The question of stimuli manipulated from natural tokens has also been mentioned
in the literature. Iverson et al. (2005) conducted a study comparing natural stimuli and
stimuli manipulated with specific enhanced acoustic cues. After ten training sessions, all
the groups showed improvement, and no significant differences were found between the
results of each group. Thus, the authors concluded that there are no benefits of training
with high variability natural stimuli over acoustically manipulated stimuli, or vice-versa.

Perceptual overlap, that is, overlap in the perception of more than one L2 sound as
a single L1 category, has also been signaled as an important issue to understand difficulties

in L2 speech perception (Elvin et al., 2021; Faris et al., 2018; Flege & Mackay, 2004; Tyler

5 1n this work, we will maintain the notation conventions (including phonetic, phonological, and orthographic
notations) used by the authors in their publications to indicate the target L2 sounds.
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et al., 2014). Overlap is usually calculated based on results of identification tasks’, by
looking at situations when two or more L2 vowels are partially or completely identified as
the same L1 category. In L2 perceptual experiments, overlap values are usually calculated
“as the smaller percentage of responses when two members of a pair of non-native (or L2)
speech sounds are assimilated to the same native category” (Levy, 2009). Figure 1.3
provides an example, with results from a forced-choice identification task conducted by

Elvin et al. (2021).

ES BP’ Vowels
Vowels .
i e 3 a 4] 2 u

i 1.0 0.56 0.01

e 0.44 0.94

a 0.05 1.00 0.02

] 0.69 0.97 0.01
u 0.31 0.01 0.99

Figure 1.3. Identification of Brazilian Portuguese vowels by European Spanish native
speakers (Elvin et al., 2021, p. 14)

In this task, Spanish native speakers had to identify in their L1 vowel system seven
Brazilian Portuguese vowels. According to the results, the contrast /i/-/a/ does not present
any probability of perceptual overlap, since the two sounds are identified as different L1
categories. The contrast /o/-/2/ presents the highest level of perceived overlap, 69%, since
/o/ is identified in 69% of the cases as /o/ and /3/, in 97% of the cases. Therefore, the
smallest percentage is 69%. /o/-/u/ presents a lower level of overlap, 31%.

In a study conducted with American English speakers, Tyler et al. (2014) found
evidence of the effect of perceptual overlap in discrimination of non-native contrasts, when
comparing performances between a forced-choice identification task and an AXB
discrimination task.® The results showed that contrasts with no overlap or with a very low

degree of overlap were significantly better discriminated than highly overlapping contrasts.

7 In identification tasks, listeners are asked to identify a sound among different possibilities, in the L1 or L2,
usually presented in orthographic form.

8 In an AXB tasks, listeners hear a sequence of three tokens and decide if the second (X) matches the first (A)
or the third token (B).
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Flege & Mackay (2004) also observed effects of overlap in discrimination performance. In
this study, Italian native speakers were tested in English vowels, by means of a
forced-choice identification task and an oddity discrimination task®. A comparison of the
results showed that participants presented poorer discrimination performances for
contrasts with high degrees of overlap, and, contrarily, more accurate discrimination for
the contrasts with low values of overlap. However, the authors also found some conflicting
results. The authors suggest that individual variability, or acoustic features (proximity in
formant characteristics) may explain the deviant results. Faris et al. (2018) observed
discrimination of non-native vowels by Australian English speakers, presented with Danish
monophthongs and diphthongs. In their study, the authors concluded that perceived
phonological overlap is a more reliable predictor for discrimination difficulties than the
classification of assimilation types according to the Perceptual Assimilation Model (Best,
1995)%°: discrimination was very good to excellent for contrasts with absence of overlap
and poor to moderated for contrasts where a partial overlap was observed.

The issue of cue-weighting is another relevant topic to this dissertation, especially
that in Hungarian (the L1 of participants in the studies presented in the dissertation) vowel
length is lexically contrastive, which is not observed in Portuguese (L2 of participants).
Besides investigating the ability of change from relying more in an acoustic cue to another,
this topic addresses the more general question of accessing features in L2 that are absent
in the L1 of the speaker. Bohn & Flege (1990) observed the perception of the English
contrasts /i/-/1/ and /e/-/e/ by German speakers with different L2 experience levels, and
conclusions were different for each contrast.!! In the case of /i/-/1/, which has a similar
counterpart in German, no effect of L2 experience was found. Contrarily, in the contrast
/e/-/®/ (not present in German), participants with more L2 experience relied mostly on
spectral cues, similar to the native speakers, whereas the inexperienced German
participants relied mostly on temporal cues. The authors suggest that the reliance on
durational cues is not due to an L1 strategy but rather to a more general strategy in speech

perception that emerges if spectral information is not sufficient (Bohn & Flege, 1990,

% n oddity tasks, listeners hear a sequence of sounds and must identify the odd (different) one.
10 This model’s assimilation types will be described in section 1.3.1.
1112 experience refers to length of residence/immersion in the L2.
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p. 326). This view was confirmed by Bohn (1995) in a series of experiments with English,
Germain, Spanish, and Mandarin native speakers, in perception of the English contrast
/a&/-/¢/ or /i/-/1/. Results showed that all language groups relied on duration, which was
expected for the German, but not for the Spanish and Mandarin listeners, since duration is
not contrastive in these languages. The author proposed the desensitization hypothesis,
which states that “whenever spectral differences are insufficient to differentiate vowel
contrasts because previous linguistic experience did not sensitize listeners to these spectral
differences, duration differences will be used to differentiate the non-native vowel
contrast” (Bohn, 1995, pp. 294—-295). Cebrian (2006) also investigated the relation between
L2 experience and cue-weighting, with the English lax-tense contrast /i/-/1/, in an
experiment with native speakers of Catalan, a language that do not have temporal
contrasts in its vowel system. Results showed that both experienced and inexperienced
Catalan participants relied significantly on duration, confirming theories that posit the
availability of duration as a cue in perception, even for speakers of languages which do not
use duration contrastively.

The studies of Grenon et al. (2019) and Ylinen et al. (2009) aimed at a shift from a
reliance on durational cues to a reliance in spectral cues. The participants were,
respectively, Japanese and Finnish native speakers, languages with contrastive vowel
length. In both cases the L2 was English. After a perceptual training program, the intended
shift was achieved, suggesting that changes in cue-weighting are possible.?

The last issue we address in this section is individual variability. Individual
differences include a wide range of factors, related to personality (e.g., learning motivation,
learning styles, anxiety), cognitive abilities (e.g., phonological awareness, auditory acuity,
musical ability, working auditory memory) and factors related with L2 experience (e.g.,
length of residence, language experience, knowledge of other L2). Although in this
dissertation we do not aim at investigating how individual differences contribute to
differences in the results, numerous authors have point out the importance of looking at
individual results instead of assuming participants as a homogeneous group. For example,

in a perceptual training study with Greek native speakers, Lengeris & Hazan (2010) found a

2 These two studies will be reported with more detail in section 1.3.2.
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clear effect of L1 across participants. However, subjects who presented higher levels of
frequency acuity in the discrimination of synthetic vowels in L1 and L2 and nonspeech
stimuli also presented higher scores on the identification of natural L2 vowels, not only
after training but also before. Mayr & Escudero (2010) point out to an important aspect:
individual variability can also entail different learning paths for each learner. Accordingly,
investigating perception at individual level entails some methodological aspects. For
example, Tyler et al. (2014) found significant differences between individual performances
in a perceptual identification task. Consequently, the authors decided to establish
assimilation patterns for each participant and test discrimination predictions based on
those individual patterns rather than on group averages. Elvin et al. (2021) also account for
individual differences in the L1 when predicting behavior in L2 speech perception.
Specifically, the authors collected production data for each participant, and established
individual L1-L2 acoustic comparisons. Categorization and discrimination predictions were
also tested based on those individual comparisons. Interestingly, the authors did not found
evidence for the benefit of a methodology accounting for individual differences in favor of

group averages.t

1.3. L2 vowel perception and acquisition

We start this section by presenting models on L1-L2 cross-linguistic perception. The
reason to introduce here these theorical frameworks is two-fold. First, these models were
designed and tested mainly for perception and acquisition of speech segments (vowels and
consonants), and are rarely mentioned in the context of perception and acquisition of
suprasegmental features. Second, along with the characterization of the models, we will
present some studies on L2 vowel perception, that support the models’ theorical
assumptions, while providing us with practical information on methodologies and analysis
of the results. These studies, however, mainly observe speakers on a specific moment of
the learning process (e.g., early or advanced proficiency levels) and even when they

approach the acquisition process, the authors compare speakers at different points in the

13 This study will be reported in detail in the next section.
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course of learning. Therefore, in section 1.3.2, we will report studies that investigate the

effect of interventions in the acquisition of L2 vowels.

1.3.1. Cross-language models on L2 perception

Although the first theories on L2 acquisition date back to the fifties (VanPatten &
Williams, 2015), it is only after the mid-nineties that we observe a special interest in L2
perception, with the emergence of different theorical frameworks, namely, the
Phonological Interference Model (Brown, 2000) the Ontogeny Phylogeny Model (Major,
2001), the Speech Learning Model (Flege, 1995), the Perceptual Assimilation Model (Best,
1995), and the Second Language Perception Model (Escudero, 2005; Escudero & Boersma,
2004). From these approaches, we will not include the first two in the description below,
for the following reasons: The Phonological Interference Model approaches L2 perception
from the phonological theory of feature geometry and focus on perception of contrasts in
which one of the L2 sounds is a phoneme in the speaker’s L1 (e.g., the perception of the
English contrast /1/-/1/ by Chinese speakers). Consequently, the acquisition of contrasts in
which neither vowel is present in the L1 is not approached by the model.** The Ontogeny
Phylogeny Model is focused on the more general question of changes in language (L1
included), as a result of language contact, and it does not provide specific predictions for
L2 perception, therefore, it is not adequate to our study. Considering these facts, we will
focus our attention on three models: the Speech Learning Model, the Perceptual
Assimilation Model, and the Second Language Perception model.

The Speech Learning Model (Flege, 1995; henceforth: SLM) attempts to account for
L2 perception and production in the context of naturalistic learning by sequential bilingual
speakers. SLM is primarily concerned with explaining difficulties in the ultimate attainment
in L2 pronunciation, and the relation between those difficulties and perception. One of the
key points of SLM is that it presented an alternative to the critical period hypothesis theory.
Based on comparisons between early and late learners, and/or with different ages of
arrival, Flege (1995) proposes that even late learners have access to the mechanisms and

processes for perceptual learning available for L1 acquisition, rejecting the idea that

14 This is the case of the contrast [e]-[i] for Hungarian learners of L2 Portuguese.
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neurocognitive aspects constrain L2 learning after puberty. Instead, SLM emphasizes the
importance of phonetic input in L2 acquisition. However, although assuming that
mechanisms and processes for perceptual learning are available in adulthood as well, Flege
suggests that limitations arise, and the ability of L2 speakers to distinguish L1-L2 sounds
may decrease as age of first exposure increases. This is due to the creation of higher-order
invariants, that stabilize with the increase of age. According to SLM, features that are
absent or have little importance in the L1 may be disregarded in L2 perception.

From SLM’s perspective, L2 speech perception is shaped by a process of equivalence
classification (Flege, 1987), also referred to as interlingual identification (Flege & Bohn,
2021), that is, L2 sounds are equated into existing L1 categories. Although this
cross-linguistic assumption is also present in other models, the originality of SLM is the
linguistic level on which identification takes place. According to Flege (1995), L1 and L2
categories are matched at an allophonic level. The idea that “learners perceptually relate
positional allophones in the L2 to the closest positionally defined allophone in the L1”
(Flege, 1995, p. 238) is grounded on the observation of variability in allophonic distribution
among languages, and variability of acoustic-articulatory properties within a language.
Empirical evidence also suggests that L2 learners show different levels of difficulty with the
same phone when it is located in different positions in the word (initial, middle or final),
reinforcing the position-sensitive allophonic assumption.

According to SLM, equivalent classification may block formation of new categories
for L2, specifically when the L2 category is similar to the matched L1 category. In the event
of an L2 phonetic category being similar to an L1 phonetic category, this may result in a
merged category, or a diaphone. Formation of new categories is therefore more likely to
occur to L2 sounds that are not similar to L1 categories. However, dissimilar sounds can
also present difficulties, as shown in Flege et al. (1994). In this study, the authors tested
Spanish native speakers’ perception of English vowels. Half of the participants were
experienced learners, with averages of seven or ten years of length of residence in the

United States, while the other half were inexperienced learners. All the subjects had to
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complete a dissimilarity rating task and an oddity discrimination task.'®> As predicted by
SLM, the results showed that acoustic distance between vowels is related to the perception
of dissimilarity, that is, the bigger the distance between vowels, the more dissimilar they
were judged by the participants. However, comparisons between performances of the
inexperienced participants with that of the experienced learners showed no significant
differences, which suggests that mere exposure to L2 input is not enough to promote
perceptual learning.

SLM assumptions are grounded on the premise that both L1 and L2 phonetic
systems coexist in a common phonetic space®®, which results in bidirectional cross-linguistic
influence. From the model’s perspective, in the common phonetic space, L1 and L2
phonetic categories interact in two ways: phonetic category assimilation and phonetic
category dissimilation. Assimilation is due to the development of a merged or composite
category, a consequence of similarity between L1 and L2 categories. In this case, production
of the L2 sound approaches L1-like quality while the matched L1 sound may became L2-like.
In the case of phonetic category dissimilation, which occurs when a new category is created
near an existing L1 category in the acoustic vowel space, neither the L1 nor the L2
categories will be produced as monolinguals produce them. For example, in Flege (1987),
French-English bilingual speakers exhibited a voice onset time in /t/ that did not correspond
neither to their L1 nor the L2.

The Revised Speech Learning Model (Flege & Bohn, 2021; henceforth: SLM-r) aims
to adapt SLM having in consideration empirical evidence gathered since the original model
was proposed. While continuing to focus on the context of naturalistic learning by speakers
who are acquiring an L2 after the establishment of the L1, the SLM-r defines a new direction
for future research. One point of review is the previous perspective of perception as
preceding production, and that “perception places an upper limit on the accuracy with

which L2 sounds are produced” (Flege & Bohn, 2021, p. 28). Instead of these claims, SLM-r

15 In the dissimilarity rating task, participants were presented with two L1 vowels, or two L2 vowels, or one
L1 vowel and one L2 vowel, and had to rate dissimilarity between the vowels in each pair, in a scale from
1to 9 (1 = very similar, 9 = very dissimilar).

16 “Bilinguals strive to maintain contrast between L1 and L2 phonetic categories, which exist in a common
phonological space” (Flege, 1995, p. 239). While SLM used the expression common phonological space,
Flege & Bohn (2021) classify it as a misnomer, adopting instead the term common phonetic space.
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proposes a bidirectional perception-production dynamic. This idea is based on evidence
from more recent studies, which show, for example, that the brain areas involved in speech
perception and in speech production overlap and are both activated during perception or
production.

In addition, in SLM-r, the focus of SLM’s target population — highly experience
learners who struggle to achieve the ultimate attainment in L2 production — is also
broadened, given the evidence that “it is virtually impossible for L2 learners to produce and
perceive an L2 sound exactly like mature monolingual native speakers of the target L2”
(Flege & Bohn, 2021, p. 25). Comparisons between early and late learners are therefore
judged to be of no interest, since studies show that early learners can also differ from native
speakers.

SLM-r also introduces the category precision hypothesis. The authors define
category precision “as the variability of acoustic dimensions measured in multiple
productions of a phonetic category” (Flege & Bohn, 2021, p. 36). Category precision is
related to intercategory distances, but also to individuals’ endogenous factors, such as
auditory acuity. According to the category precision hypothesis, the level of precision of the
L1 categories at the time of first exposure to the L2 have an effect on the formation of new
categories. Specifically, the better defined the L1 categories are, the easier it is to discern
L1 and L2 sounds and create new categories for the L2 sounds. In line with this, the authors
emphasize the importance of investigating intersubject variability in the L1 phonetic
categories to understand and predict how subjects will map L2 sounds.

Finally, SLM-r rejects the original model’s assumption that features not exploited in
the L1 are also disregarded in L2. This is based on empirical evidence of changes in cue
weighting, and use of features in L2 which are redundant in the L1, even immediately after
perceptual training. Considering that cue weighting changes are available for both early
and late learners, SLM-r adopts the full access hypothesis, which states that adult learners
have access to the same learning mechanism available for L1 (Flege 2005; Escudero &
Boersma, 2004).

The Perceptual Assimilation Model (Best, 1995; henceforth: PAM) approaches

cross-linguistic perception from the epistemological perspective of direct-realism, that is,
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from the principle that humans perceive directly their environment, and not through
mental constructs. According to PAM, during L1 acquisition, individual articulatory gestures
are attuned into higher-order invariants, or gestural constellations. Perceptual L1 learning
is “to discover the optimal gestural invariants that constitute native language structures”
(Best, 1995, p. 185). This has, however, implications for L2 perceptual learning, since
listeners may have difficulty in perceiving non-native sounds that do not fit their L1 gestural
invariants.

PAM is based on three assumptions. First, human gestural possibilities are limited,
therefore we can assume that there will be overlapping situations between different
languages, that is, a certain pair of L1 and L2 usually share a certain number of phonetic
categories. Second, perception of non-native sounds is constrained by similarities and
dissimilarities between the L1 and the L2. Third, these similarities/dissimilarities consist of
similarities/differences in articulatory gestures and constellations.

Best (1995) posits that one of three circumstances occurs when perceiving a
non-native sound: the sound can be perceived as a speech sound and, in this case, is said
to be assimilated, or the sound is not perceived as a speech sound and, in this case, is said
to be not assimilated. In the case of assimilation, two further situations are possible. If the
non-native sound is assimilated to a specific native category, it is designated as categorized.
If, however, the non-native sound is not matched with a specific L1 category it is deemed
to be uncategorized.

Whereas SLM is focused on the perception of non-native segments, PAM observes
perception of contrasts in the L2. If a non-native contrast is perceived as a contrast (i.e.,
two different categories), the listener does not present perceptual problems. However, if
there is no perception of contrast, no phonological distinction is made, and discrimination
can pose difficulties to the listener. Best (1995) outlines five L2 assimilation types, resulting
from the combination of categorized and uncategorized sounds. For each of these types, a

prediction for discrimination is also proposed:
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(i) When each sound of the non-native contrast is assimilated to different L1
categories, the type of assimilation is termed as two-category assimilation (TC).

In this case, discrimination is expected to be excellent.

(i) If both sounds of the L2 contrast are assimilated to one single L1 category and
both are perceived as an equally deviant, good, or very good fit to the L1
category, the type of assimilation is termed as single-category assimilation (SC).

In this case, discrimination is predicted to be problematic.

(iii) If both sounds of the non-native contrast are assimilated to a unique L1
category, but one of them is perceived as a better exemplar to the L1 category,
the type of assimilation is termed as category-goodness assimilation (CG). In this

case, discrimination can range from moderate to very good.

(iv) If one of the two sounds in the L2 contrast is assimilated into an L1 category and
the other is uncategorized, the type of assimilation is termed as
uncategorized-categorized assimilation (UC). in this case, discrimination is

expected to be very good.

(v) When both sounds of the L2 contrast are uncategorized, the type of assimilation
is termed as uncategorized-uncategorized assimilation (UU). In this case,
discrimination can range from poor to very good, depending on the
similarity/dissimilarity between the L2 categories, and between these and the

L1 categories at hand.

Figure 1.4 (next page) illustrates the five assimilation types. The examples are

retrieved from the study of Faris et al. (2018), which tested native Australian English

speakers on perception of Danish vowels and diphthongs.
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TC Sc* CG** uc uu

Two-category Single-category Category-goodness assimilation Uncategorized-categorized Uncategorized-uncategorized
L2 L1 L2 L1 L2 L1 L2 L1 L2 L1
Danish AusE Danish AusE Danish AusE Danish AusE Danish AusE
Joe/—— e/ /e/\ /o] —___ Jee/ ——  [e/ le] — lel. /1], [e], ...
P 1/ /t e/
uf ——[o/ /i/ [oe/ fo/]—— /o], /o], [0, .. [Jof] ——> [v],/3],]0), ...
excellent discrimination poor discrimination moderate to very good discrimination very good discrimination poor to very good discrimination

*In the case of the contrast /e;i/, a t-test revealed both segments equally fitted the AusE /1/.
**Although /@/-/ce/ are both categorised as the AusE /¢:/, a t-test showed that /ce/ was perceived as a better exemplar than /g/ for the L1 /&:/.

Figure 1.4. Examples of assimilation types, according to PAM, based on Faris et al. (2018)

Tyler et al. (2014) conducted a study with university students who were native
speakers of American English, and the results were consistent with the assimilation types
and predictions outlined in PAM. In this study, participants were tested in vowel contrasts
from three L2, produced by female speakers of each language: Norwegian (/i/-/y/ and
/i/-/&/), Thai (/w/-/¥/) and French (/o/-/8/, /@/-/ce/, and /y/-/#/). The experiment
compared the results from two tasks: identification and discrimination. In the identification
task, the American listeners were asked to match the non-native sounds to American
English real words, and to rate similarity on a scale from 1 to 5 (1 = unlike, 5 = identical).
Based on the results of the identification task, and considering a categorization threshold
of 70%, the target non-native sounds were classified as categorized or uncategorized. The
authors then determined the assimilation types, following PAM. Most of the cases fell into
the category of TC, UC or UU assimilation types, some CG were also identified, and only
one contrast was classified a SC assimilation. Confirmation of PAM predictions for
discrimination performances were found when the authors crossed the assimilation types
with discrimination, tested by means of an AXB task. Discrimination was excellent for TC
and UC contrasts, good to very good in CG contrasts, and poor for SC contrasts. UU
assimilations were excluded from the analysis due to the uncertainty of predictions for this
scenario. Final results were thus (from better to poorly discriminated): TC/UC > CG > SC.

Considering the number of uncategorized vowels in the above study, Faris et al.
(2016) proposed a subclassification for uncategorized cases: focalized, clustered and
dispersed. In Figure 1.5 (next page), examples of these situations are presented, using

results from the study of Faris et al. (2016) with native speakers of Egyptian Arabic and
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Australian English as L2. A focalized situation occurs when the non-native sound is
assimilated into mainly one L1 category, but below the categorization threshold. In the
clustered situation, the listeners choose a small set of L1 categories in the L2 sound
assimilation, all being below the categorization threshold but above chance level. If
listeners identify the L2 sound as diverse L1 categories below chance level, the assimilation

is said to be dispersed.

Focalized Clustered Dispersed
¥ /a/ (45%)
e /a:/ (40%) /il 23%)
Ju/ (27%) [e:/ (6%) Jii]  (23%)
Jo/ (22%) Jil  (2%) [a:/  (20%)
[v] [e] - [e]] )
Jaw/ (3%) [i.] (3% /e (17%)
/al  (1%) Ju/  (1%) /a/  (11%)
Ja:/ (1%) Jaw/ (1%) /aj/ (6%)
/aj/ (1%)

Figure 1.5. Examples of focalized, clustered and dispersed assimilations, based on Faris et
al. (2016). Rectangles mark assimilations below the 50% categorization threshold
established by the authors, but significantly above chance level

In a series of experiments, Faris et al. (2018) observed uncategorized assimilation
types (UC and UU), comparing discrimination of these cases with discrimination of
categorized assimilation types (TC, CG, SC). Recall PAM’s discrimination prediction: TC
assimilations will be the better discriminated, followed by UC and CG assimilations. SC
assimilations are expected to be the most problematic in discrimination. As for UU, no
specific prediction is established.

Considering the probability of perceptual overlap cases in uncategorized phones
assimilated as focalized or cluster, the authors considered that parameter — perceptual
overlap — to predict discrimination for these cases. In their study, the authors tested
perception of Danish monophthongs and diphthongs by naive Australian English native
speakers.!” Participants completed forced-choice identification tasks and AXB

discrimination tasks. Results revealed that UU contrasts with no overlap were the most

7 Naive listeners are speakers who have no contact with the L2.
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accurately discriminated, followed by TC and UC contrasts with no overlap observed, and
then by UU contrasts with partial overlap. Although the results were overall in accordance
with PAM'’s predictions, UC contrasts with partial overlap and SC contrasts were equally
poorly discriminated, contrary to the predictions. The authors suggest that this result was
due to the lenient 50% categorization criterion. If a 70% threshold had been used, for
example, UC contrasts may had been classified also as a SC. With this study, the authors
concluded that perceived phonological overlap is a reliable predictor for discrimination
difficulties: discrimination was very good to excellent for contrasts with absence of overlap
and poor to moderated for contrasts where a partial overlap was observed.'® Additionally,
the authors raise the question of the arbitrariness of thresholds for assimilation
classification purposes. Although aware of the theoretical consequences that disregarding
categorization thresholds would lead to, the authors question the adequacy of using such
methods to establish if the L2 sound is assimilated or not to the L1 system.

PAM was originally developed to describe perception of non-native sounds by naive
listeners. However, Best & Tyler (2007) proposed an adaptation of the model to L2 context
(PAM-L2), extending PAM’s discrimination predictions to L2 acquisition, while discussing
SLM’s assumptions. Although Best & Tyler agree with Flege’s postulate of the preservation
of L1 acquisition’s mechanisms during adulthood, their theory diverge from Flege’s on the
nature of speech sound representations. Whereas SLM approach is that learners create
categories from acoustic-phonetic cues, PAM-L2 is in line with PAM on the assumption that
learning involves identifying higher-order invariants in the L2 speech, and that listeners
draw their cues by focusing, separately or combined, on the phonetic, phonological, and
gestural levels.

To illustrated how PAM can be extended to the L2 context, Best & Tyler describe

four possible situations that will occur during L2 learning:

(i) If only one L2 category is assimilated with an L1 category (two-category or
categorized-uncategorized assimilations), L2 listeners do not show

discrimination problems. Being this the case, shifts in the L2 phonetic realization

8 No contrasts with complete overlap were found in this study.
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are unlikely to occur, unless one of the phones is considered a deviant
realization of the L1 category, in which case, phonetic dissimilation is

observable.

(ii) In the case of a category-goodness assimilation, PAM-L2 predicts the possibility
of the learner creating a new phonetic and phonological category for the more
deviant L2 phone. Best & Tyler proposed that the creation of this new category
occurs with exposure to the L2, which allows the learner to discern contrasts

that are lexically functional.

(iii) When both L2 phones equally fit a single L2 category (single-category
assimilation) —, learners struggle with discrimination. PAM-L2 predicts that, in
this case, formation of new categories depends on the frequency and/or
phonological neighborhood density.'® As the authors explain, if the L2 phones
occur in several words, and their discrimination is relevant for communication,
this will motivate learning of the perceptual differences. If the contrary is
observed, L2 contrasting words remain homophonous, without prejudice for the

learner.

(iv) Finally, in the case of uncategorized-uncategorized assimilations (when the
listener identifies both L2 contrasting phones as several L1 categories), learning
depends on overlapping probabilities. If there is a distance between the L2
phones in the phonological space, then creation of new categories should not
pose problems. However, if that distance is small and the L2 sounds are
assimilated to the same L1 categories, then learners will struggle with perceiving
lexical-functional differences. In this case L2 learning can also depend on
frequency and/or phonological neighborhood density, but it is also possible that

difficulties remain.

13 “Iplhonological neighborhood density refers to the number of words that differ from a target word by a
single phoneme.” (Munson & Solomon, 2004, p. 1049)
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Considering that PAM and PAM-L2 focus on discrimination of minimally contrasting
lexical items, L2 access to vocabulary will be paramount to perceptual learning and tuning.
Both SLM and PAM-L2 refer to input as an essential factor to L2 perceptual learning, but
while Flege’s model is focused on the phonetic tuning, PAM-L2 claims that interaction
between the phonetic and the phonological levels is the key for perceptual learning, as
“establishing lexical items in the target language is likely to exert forceful linguistic pressure
for the L2 learner to "re-phonologize" perception of the target contrasts” (Best & Tyler,
2007, p. 33).

A longitudinal study with Japanese learners of Australian English by
Bundgaard-Nielsen et al. (2011) showed evidence of positive and negative relation
between vocabulary size and discrimination accuracy. The authors propose the
Vocabulary-Tuning Model of L2 Rephonologization, according to which an increase in
vocabulary size may benefit learning or tuning for some contrasts (e.g., UU or UC) but may
inhibit for other cases (e.g., SC). In the study, students were divided into two groups,
according to their vocabulary size in L2, and were tested in two moments. In the first testing
moment, they completed an identification task with goodness rating, which was followed
by an AXB discrimination task. In the second testing moment, about six months after the
first, students repeated the same tasks. The goal was to observe if perceptual
learning/tunning occurred after some time of exposure to L2. Results showed that the
group with the greater vocabulary performed better in both tasks, and in both testing
moments, supporting the assumption that vocabulary is a relevant factor in the
reattunement of the perception of L2 sounds. However, cross-analysis between the two
testing moments also showed that some effect of L1, observed in the first testing moment,
persisted. This suggests that while some segments may be easier to attune, perception of
others is unlikely to change with the acquisition of more vocabulary, even in context of
immersion in the L2. According to the authors, this implies that if learners reach a level of
perceptual discrimination that allows them to function in their environment, changes in
the L2 perception will slow down, even if they are immersed in the L2. Additionally, no
improvement was detected for the TC contrast’s discrimination, supporting PAM-L2

prediction that changes in discrimination of this type of contrast are unlikely to occur. SC
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contrast remained at chance level (about 50%), confirming the greater discrimination
difficulty in this type of contrast.

The Second Language Linguistic Perception model (Escudero, 2005; Escudero &
Boersma, 2004, henceforth: L2LP model) is an alternative theorical framework to SLM and
PAM, that considers both cross-linguistic as well developmental factors. The L2LP model
goes beyond the question of speech perception/sounds categorization, focusing also on
the difficulties and learning tasks speakers face when acquiring an L2. Therefore, contrary
to SLM and PAM, this model was originally designed for L2 acquisition.

The L2LP model is grounded on several assumptions. First, native listeners
categorize sounds based on the maximume-likelihood that those sounds will match the
categories intended by the speaker — the optimal perception hypothesis. L1 speakers are
optimal perceivers, and the aim is that L2 learners also become optimal perceivers. Second,
the LPL2 separates representations from grammars, both for L1 as for L2 speech
perception. It proposes the existence of two levels for each: phonological and lexical

representations and perception and recognition grammars. (Figure 1.6).

LEXICAL REPRESENTATIONS

Recognition grammar with
ranked constraints
Phonological representations
Perception grammar with
ranked constraints

| AUDITORY INPUT |

Figure 1.6. Levels in speech perception (Escudero, 2005, p. 43)

In the L2LP model it is proposed that perceptual categories are created through
auditory-driven perceptual learning. The perception grammar contains constraint rankings,
created based on production distributions, which lead to optimal categorization of the

auditory input. Perceptual categories will become optimal with lexicon-driven perceptual
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learning and optimal lexical storage will be accomplished through message-driven
recognition learning.

At the onset of L2 acquisition, learners copy their L1 perceptual grammar, as well as
the L1 perceptual categories: this constitutes the full copying assumption of the model. As
for the acquisition process, similarly to SLM and PAM, the L2LP model stipulates that L2
speakers have access to the same mechanisms used for L1 acquisition: the full access
assumption. According to the L2LP model, the learning processes such as category
formation, category boundary shifting, and recognition learning are driven by the gradual
learning algorithm, “a general learning device, innate and blind, that acts upon different
kinds of input” (Escudero, 2005, p. 68). This learning instrument is, therefore, responsible
for the creation and change of the constraint rankings in the perceptual grammar. Finally,
the L2LP model posits the possibility of full proficiency in L2 along with full proficiency in
L1.

This last premise is related to one of the central assumptions of the L2LP model,
which is the separation of the L1 and L2 systems. This view is different from SLM’s 4t
postulate, that states the coexistence of L1 and L2 phonetic categories in a common
phonological space (Flege, 1995). Flege’s assumption entails one important consequence,
predicted in his model, which is that L1 is subject to changes during L2 acquisition. Escudero
(2005) points out that in the case of a common phonological space, the possibility of
maintaining optimal proficiency in both languages will be low. Contrarily, the L2LP model
proposes that the L1 and L2 have separated perceptual grammars. However, the author
combines this dual system with the proposal of language modes by Grosjean (2001).°
Depending on the context or on certain parameters (e.g., language used in the instructions
of the experiment), a parallel activation of both perceptual grammars may occur. In such
cases, perception can result in intermediate responses, as a consequence of temporary
merging of the perception grammars at the moment of the categorization. Consequently,

Escudero (2005) predicts that, as long as both languages are regularly used, the learner can

20 Grosjean defines language mode as “the state of activation of the bilingual’s languages and language
processing mechanisms at a given point in time” (2001, p.3). Language mode occurs in a continuum, from
L1 monolingual mode to L2 monolingual mode, through L1-L2 bilingual mode. Activation of the modes is
situational and depends on the L2 experience.
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reach optimal L2 perception (full proficiency) while maintaining the stability of L1. Evidence
of the effect of language modes in the perception of L2 contrasts is presented by Yazawa
et al. (2020). The authors observed the relative weighting of vowel duration and spectral
cues in the perception of the English contrast /i:/-/1/, by Japanese learners. Language
modes were manipulated by conducting two sessions with the same stimuli: one with
instructions in Japanese and the other with instructions in English. In the first session,
participants were informed that they would hear sounds from Japanese, and in the second
session, sounds from English. Stimuli, the same in both sessions, consisted of synthetic
productions of target L2 vowels, with different duration and spectral values. Results of the
experiment were in line with the L2LP model language modes for L2 perception: while
participants relied more on duration in the Japanese session, in the English session they
relied significantly less on duration and more on spectral cues. This is an indicator of
activation of different language modes, as in English spectral cues are more heavily
weighted, while Japanese uses mainly duration cues.?!

Considering that L2 learners initiate development in the L2 phonology by copying
their L1 categories and grammars, a detailed description of the L1 perceptual system is
necessary to understand and predict L2 learning problems and respective learning tasks. A
thorough acoustic comparison of L1 and L2 sounds at issue is, therefore, in order, and
studies have shown that this method can successfully predict L2 categorization and
discrimination. Elvin et al. (2014) tested the perception of six Brazilian Portuguese vowel
contrasts by naive Australian English and Iberian Spanish listeners. The aim was to test if
acoustic similarity is indeed the most reliable factor to explain non-native perception. In
their study, Elvin et al. (2014) compare acoustic similarity with vowel inventory size
Considering that the Spanish vowel system includes only five oral vowels, and Australian
English 12, if a bigger inventory size is more beneficial for perception, then Australian
speakers have better performance than that of Iberian Spanish speakers. If, however,
acoustic similarity is more favorable to L2 perception, then Spanish speakers outperform
Australian speakers, since their vowel categories are closer to the Brazilian categories

(Figure 1.7, next page).

21 However, the authors point out the considerable individual variability in the results.
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FIGURE 1 | Male speakers’ average F1 and F2 values for Brazilian
Portuguese (BP; black with circles), Australian English (AusE; black),
and Iberian Spanish (IS; gray).

Figure 1.7. Vowel space map for Brazilian Portuguese, Australian English, and lberian
Spanish (Elvin et al., 2014, p. 3)

Another key-aspect when it comes to predicting the learning tasks L2 learners face
is the distinction between representations (perceptual and lexical) and grammars
(perceptual and grammar), previously mentioned. This separation allows us to distinguish
perceptual learning tasks from representational learning tasks. In certain cases, it is
possible that the learner has only a perceptual task, whereas in other cases, acquisition can
be a more complex process, involving both perceptual and representational tasks. With this
in consideration, the L2LP model proposes three learning scenarios: new, similar, and
subset.

In the new scenario, learners map L2 categories into fewer L1 categories. This is the
case of the English contrast /i/-/1/, perceived by speakers of Spanish as /i/ (Escudero, 2005).
In this case, it is possible that the learner will use the L1 phoneme /i/ for the lexical
representations of ship and sheep, for example. This means that in this scenario, the L2
learner has perceptual and representational tasks. First, he/she must create a new category
(or split an existing category), after which an adjustment of the category boundaries takes
place, in order to reach optimal perception. This is achieved with the supervision of the
lexicon. According to the L2LP model, this scenario is the most difficult, since it involves
tasks of different nature: auditory-driven category formation and lexicon-driven category
boundary shifting. According to Elvin et al. (2021), the higher level of difficulty for new

scenarios is also posited by PAM, since in this model the new scenario corresponds to a
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single-category assimilation, to which PAM predicts more discrimination problems will
occur. However, this is not the point of view of SLM, which states that new scenarios are
easier.

In the similar scenario, learners start with an identical number of perceived
categories, as in the case of the Canadian French contrast /a&/-/¢/, perceived as /a/-/¢/ by
Canadian English speakers (Escudero & Vasiliev, 2011). In this case, learners only have to
adjust their perceptual grammar, by shifting the categories’ boundaries, so that these
increasingly match the optimal location. Elvin et al. (2021) explain that the L2LP model’s
similar scenario corresponds to PAM’s two-category assimilation, and in both models, it is
predicted to be less problematic than a new scenario/single-category assimilation. This
contradicts SLM’s proposal, in which the similar scenario is unlikely to undergo changes.

Finally, in the subset scenario, learners initially match more L1 categories to fewer
L2 sounds. This is the example of Dutch learners when using three Dutch vowels, /i/, /1/
and /¢/, to categorize the Spanish contrast /i/-/e/ (Escudero & Boersma, 2002). In this case,
the learner must reduce the number of perceptual categories and of lexical categories.
Therefore, the subset scenario also involves perceptual and representational learning tasks.
However, differently than for the new scenario, this “occurs through the parallel
adjustment of the recognition and perception grammars. Learning starts when recognition
has to change due to a semantic-driven error, and this in turn triggers the
recognition-perception mismatch that is needed to get lexicon-driven perceptual learning
started” (Escudero, 2005, p. 312). In PAM, the subset scenario can be matched to focalized,
clustered or dispersed uncategorized assimilations. As we previously explained, difficulties
in uncategorized assimilations can be better predicted if we take into account the level of
perceptual overlap. Considering the variety of subset cases that may emerge, Elvin et al.
(2021) proposed two subset scenarios: subset easy and subset difficult. For the latter, the
authors suggest that it should be regarded as presenting almost the same difficulty and the
same tasks as the new scenario.

Figure 1.8 (next page) displays examples for each learning scenario, based on the

results of Elvin et al. (2021).
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new similar subset easy subset difficult
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Figure 1.8. L2LP learning scenarios, based on Elvin et al. (2021). Blue arrows indicate
top-ranked choice categorizations, grey continuous arrows indicate categorizations above
chance-level, and grey dashed arrows indicate categorizations below chance-level

Elvin et al. (2021) conducted a perceptual study with Australian English native
speakers and European Spanish native speakers, presented with Brazilian Portuguese oral
vowels as L2 input. The study pursued three goals. First, confirming the results of the study
previously described, by Elvin et al. (2014). Second, the authors aimed at investigating the
better method to predict the learning scenarios. Specifically, they compared two methods
of calculating overlap: acoustic overlap, calculated from acoustic L1-L2 comparisons, and
perceptual overlap, calculated from the categorization results of the force-choice
identification task the participants completed. Third, they compared individual results with
group average results, in order to test the importance of individual learning paths, posited
by the L2LP model. To observe individual variability, and following the L2LP principles, the
authors established individual L1-L2 acoustic comparisons. To this purpose, production
data were collected for each participant.

Once production data were collected, the authors established individual L1-L2
acoustic comparisons and, based on these, they also established predictions for
categorizations. To test these predictions, the authors conducted a forced-choice
identification task, in which participants had to match the seven Brazilian Portuguese
vowels, inserted in /fVfe/ nonwords, with L1 vowels. Australian participants were given 13
English real words, while Spanish listeners, who have a transparent orthography, were
simply presented with a list of their five vowels. Results collected for the Spanish listeners

strongly matched with the predictions based on the cross-linguistic acoustic comparisons.
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As for Australian listeners, however, authors found disparities between predictions and
results, in some of the participants. The authors offer different explanations for these
results, such as the possibility that Australian listeners could have been influenced by
orthography or by the higher level of response possibilities, since their L1 has considerably
more vowel categories than Spanish. Moreover, factors such as cue weighing could have
also affected the results of the Australian participants.

With the data collected from the L1-L2 acoustic comparisons, the identification task
and the discrimination task, the authors were then able to investigate the most effective
method to predict discrimination difficulties — the acoustic overlap parameter or the
perceptual overlap parameter. For both overlap parameters, contrasts with higher overlap
values were predicted to be more difficult to discriminate (e.g., /o/-/u/ for both Australian
and Spanish listeners) and, conversely, contrasts with lower overlap values were predicted
to be easier (e.g., /a/-/¢/, also for all participants). However, in some cases the overlap
values were very different between the two groups, and in this case, specific discrimination
difficulties were predicted for each L1 (e.g., Australian listeners should have difficulties with
the contrast /a/-/2/ but not Spanish participants). Analysis of the results confirmed that
both methods — acoustic overlap and perceptual overlap — were reliable in predicting
discrimination accuracy/difficulties. As for establishing the best parameter, results were
conflicting: while acoustic overlap scores were a better predictor in the case of Australian
listeners, Spanish participants’ results were more in line with the perceptual overlap values.
The authors suggest that due to the Spanish smaller vowel inventory, perceptual overlap
could be a better predictor in this case, and that for Australian speakers, acoustic
predictions may be more appropriate, since, as previously mentioned, there were some
deviant results in the categorization task for these participants.

Additionally, the authors aimed at investigating if individual overlap scores were
better at predicting discrimination accuracy than group averages. Interestingly, the results
showed that group averages were better predictors, especially in the case of the Spanish
group. Such results go against the L2LP model assumption. As explanation, the authors
suggest that this is due to statistical analysis, since in group averages’ outlier results have

a weaker effect than at individual level analysis.
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Finally, the study confirmed the results of Elvin et al. (2014), on acoustic similarity
versus vowel inventory size, since the richer vowel inventory of Australian listeners (13
vowels), when comparing with the Spanish listeners who only have five vowels available,
did not constitute an advantage. As the authors point out, the discrimination results were
more in line with the different scenarios (predicted by a comprehensive acoustic L1-L2

comparison) than with the vowel inventory size.

1.3.2. Perceptual training in L2 vowel acquisition

Although L2 phonetic training is a relatively recent area of research, it has been the
focus of a large number of studies in the past few years. The review presented in this
section will include a detailed analysis of methods that aim mostly at L2 vowel acquisition,
and will focus mainly on methods and training effectiveness for improvement in vowel
perception. Furthermore, except for Ylinen et al. (2009), the studies reported here concern
late L2 learners, often university students, which is in line with the context of the
experiments conducted and described in the present dissertation. In addition, the selected
studies adopt the HVPT paradigm and include natural stimuli, also similarly to what was
used in this dissertation. Finally, and again except for the study of Ylinen et al. (2009), the
studies described in this section provide explicit phonetic or phonological instructions to
the participants, although to different extents: some include articulatory-visual
explanations, while others only include written instructions on the importance of the
trained L2 sounds. All studies included feedback in the training trials. It must be mentioned
that some of the studies aim not only at improving perception, but also production, and
others observe vowels and consonants. However, since neither production nor consonant
perception are within the scope of this study, these aspects will be mentioned only briefly.
The last two studies reported in this section — Oliveira (2006) and Castelo & Santos (2017)
— do not follow the selection criteria listed above, since they do not involve perceptual
training. However, since they are the only studies on acquisition of EP oral vowels by L2
learners, we judged important to included them also in this literature review.

The effect of a perceptual and production training on English as L2 was tested by

Aliaga-Garcia & Mora (2009), with 29 advanced bilingual Catalan-Spanish learners of
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English Philology at the University of Barcelona. Of these speakers, eighteen received
training, the remaining eleven were used as controls. The target L2 sounds were two
English vowel contrasts (/i:/-/1/ and /a&/-/a/) and two English consonant contrasts (/p/-/b/
and /t/-/d/). Training consisted of six two-hour training sessions (one hour for vowels and
one hour for consonants), and lasted six days. Each session included a theoretical
component, with explicit instructions (articulatory-visual explanations, L1-L2 comparisons)
and exposure to native productions, followed by different perception and production tasks.
Perceptual training included discrimination and identification tasks, as well as phonetic
transcriptions exercises. Sessions were conducted in groups and were complemented with
short individual sessions. L2 vowel perception/acquisition was tested by means of an AX
discrimination task, which included the target vowels inserted in monosyllabic words in
different contexts (CVC, CVCC, CCVC and CCVCC).?2 Comparisons of pretest and post-test
results showed a significant positive effect of the phonetic training, since the trained group
presented significant improvement, while the control group did not. The improvement was
similar for both vowel contrasts. However, comparisons with the baseline native group
showed that performance of the Catalan-Spanish learners remained nonnative-like.

Rato (2013) conducted a five-week training program with 34 Portuguese learners
of L2 English, to investigate the effects of perceptual training in L2 perception and
production. The target contrasts consisted of the pairs /i/-/1/, /€/-/e/, and /5/-/u/. The
vowels were inserted in CVC context and produced by different native speakers of
American English, to introduce variability. Participants were undergraduate students
attending an English Phonetics and Phonology course, in University of Minho, and were
divided into two groups: the experimental group (n = 22) trained the target vowels, while
the control group (n = 12) trained consonants. Improvement was analyzed by comparing
results of four testing moments: pretest, post-test, generalization test, and delayed
post-test.?> Perception was tested by means of a seven-alternative forced-choice
identification task with goodness-rating. Perceptual training combined articulatory-visual

instructions, followed by discrimination AX and ABX tasks and after that, identification

22 |n AX tasks two tokens are presented and participants must decide if they are different or the same.
23 Generalization tests are conducted usually in the same session as post-tests and delayed tests (also known
as retention tests) are conducted sometime after. Section 5.1 provides more details on these types of tests.
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tasks. Tasks were presented with increasing difficulty from the 15t to the 5 session. Each
session lasted about 45 minutes and was conducted in group, in a computer lab. Results
confirmed the positive effect of training in perception, as well as production. Although the
author found positive evidence of long-term and delayed effects, generalization was only
partial, since it was not observed for the back vowels. According to the author, this was due
to difficulties with the vowel /u/. Analysis of results at individual level showed a
considerable variability in the ability of correct identification of the L2 sounds. While some
participants achieved native-like or near native-like perceptual mapping, others presented
more difficulties and less improvement. Overall, the author concluded that high variability
perceptual training has a positive effect on acquisition.

The question of which training tasks are more effective — identification tasks or
categorical discrimination tasks — was the aim of the phonetic training study of Carlet
(2017). To this purpose, the author observed 63 Catalan-Spanish bilingual graduate
students, enrolled in an English Phonetics and Phonology course, at Universitat Autdonoma
de Barcelona. The L2 target sounds were the English vowels /i/, /1/, /2/, /n/ and /3:/, and
English initial and final stop consonants. Participants were divided into five groups. Two
groups were trained with identification tasks (one training aimed at vowels and the other
at consonants), two groups trained with discrimination tasks (here also, one training
targeted vowels and the other consonants), and one group, the control group, performed
phonetic transcription exercises, so that they would be exposed to similar instructions as
the experimental groups, but without receiving perceptual training. Other than
investigating the best method for L2 segmental acquisition (identification or discrimination
tasks), the author aimed at addressing the issue of training attention. To this purpose,
stimuli were identical for the groups training consonants and the groups training vowels,
but contrasts were distributed differently. For example, the contrasts vap-vab and vup-vub,
presented to the groups who trained consonants, explicitly aimed to the contrast /b/-/p/,
while exposing the learners to the vowels /&/ and /a/. On the other hand, the contrasts
vab-vub and vap-vup, used in vowel training, directed the attention to the contrast /ae/-/a/,

while implicitly exposing learners to /b/ and /p/.?* From the two groups who trained with

24 The author named this method cross-training.
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categorical discrimination method, one explicitly trained the L2 vowels and the other
explicitly trained the L2 consonants. The same principle was applied to the two groups
training with identification tasks. Perception was tested with forced-choice identification
tasks. Other than pretest and post-test, training effect was also evaluated in generalization
trials and in a retention test. As for results, both training methods had a positive effect,
since the four experimental groups’ performances were significantly better than that of the
control group. With respect to the most effective method, results differed for consonants
and vowels. While for consonants, both discrimination tasks and identification tasks were
equally efficient, for vowels, the group trained with forced-choice identification tasks
outperformed the group trained with discrimination tasks. Moreover, the groups trained
with identification tasks achieved better results in generalization and retention, for the L2
vowels. This suggests that different training methods may be adequate to vowel or
consonant acquisition in the L2. Regarding training attention effect, only the groups who
trained with discrimination tasks presented significant improvement in the perception of
the unattended L2 sounds, which in turn, implies that discrimination tasks are preferable
for acquisition of explicit and implicit target L2 features. A final remark, regarding the
results: in the evaluation of the training program, students favored identification tasks over
the discrimination tasks.

Grenon et al. (2019) investigated changes in cue-weighting. The authors observed
the effect of an adaptive training, aiming the English contrast /i/-/1/, with 23 Japanese
learners of L2 English, from Seijo University in Japan. The training goal was to cause a shift
in cue-weighting — from durational differences to spectral differences — and thus the
creation of a new category. According to the authors, such train is necessary since Japanese
learners rely more on durational differences than on formant frequency differences, due
to the fact that in Japanese vowel length is contrastive, and is expressed primarily by
duration. Training consisted of two-alternative force-choice identification tasks, using
increasingly difficult stimuli. These stimuli included words with different complexity of
structure, presented to participantsin citation form and in carrier sentences, and produced
at different speech rates. Training included eight levels of difficulty, and tasks were divided

into ten sessions of 30 minutes each. Participants received training and testing in a quiet
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room in the university, and they could do more than one level per session, if they wished
to. In general, they completed one or two sessions per week. The pretest and the post-test
consisted also of two-alternative force-choice identification tasks, with tokens retrieved
from training, as well as new words and sentences produced by new talkers.?> Additionally,
in the same day as the pretest and the post-test sessions, a complementary two-alternative
forced-choice identification task was conducted using tokens of the real L2 contrast
beat-bit, in which duration and formants of the vowel section were manipulated to
enhance either duration or spectral features. With this task, the authors aimed at having a
better insight on the effect of individual differences in cue-weighting shift ability. The
analysis of the results showed that training contributed to improvement, both in tasks with
trained stimuli and generalization tasks. However, as for cue-weighting, only half of the
Japanese students displayed a shift from durational cues to spectral cues after training. To
account for this mixed result, the authors looked into aspects such as L2 experience and
age, but did not find that these factors significantly affected the scores. Another factor
analyzed was length of exposure, since some participants took less time to complete the
training than others. However, the results were contrary to the expectations, since
participants completing the training in less time showed better results.?® The authors
concluded that the different outcomes may be related with individual aspects, such as
acoustic sensitivity or musical experience.

Ylinen et al. (2009) also investigated the effect of phonetic training on changes in
cue weighting, for the same English contrast, /i/-/1/. In their study, the authors observed
ten Finish native speakers with intermediated or advanced level of English knowledge.
Similar to Japanese, in Finnish, vowel length is contrastive, and listeners of this language
rely more on durational cues for the L2 contrast. The study involved both behavioral and
electrophysiological (EEG) tasks, two-alternative forced-choice identification tasks and
passive oddball tasks, respectively. By including this last method, the authors aimed at
observing possible plastic changes in the cortex, that is, the creation of long-term memory

representations for the L2 sounds. Stimuli consisted of minimal pairs of real words with the

% In L2 research, the term ‘talker’ refers to a speaker who produces tokens for the experiments’ auditory
stimuli.
26 Grenon et al. (2019) suggested that maybe intensity was a more relevant factor than length of training.
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target L2 contrast, recorded by male and female native speakers of English. Tokens were
presented in both their original form and a manipulated form with neutralized durational
differences. The modified stimuli were included to observe identification when vowel
duration was ambiguous. A subset of the tokens was used for testing and training, and
another subset only for training, so tests comprised tokens that were used in the training
sessions and untrained tokens. Training included two-alternative forced-choice
identification tasks exclusively, and consisted of ten sessions, each lasting between 20 and
25 minutes, conducted within three weeks. Results showed improvement in the
identification task, both for trained and untrained words, since differences between the
scores of the Finnish group and the native group in post-test were not significant, as
opposed to what was observed in the pretest. Mismatch negativity (MMN) measures were
in line with the identification task results, since an enhancement was observed from the
pretest to the post-test, over the left hemisphere and midline sites of the brain, for speech
sounds. Overall, the results demonstrated that phonetic training can effectively cause a
shift in cue-weighting, from durational to spectral cues, and promote the creation of new
categories in long-term memory.

The study of Oliveira (2006) aimed at determining the order of the acquisition of
neutralization processes resulting from vowel reduction: changes in tongue movements in
height or in place of articulation/backness/fronting. To this purpose, the author recorded
productions of learners enrolled in courses of L2 Portuguese, at the University of Lisbon,
with different L1. In the recordings, participants had to name 39 pairs of EP real words,
presented in pictures, that included the target vowels in stressed and correspondent
unstressed production (e.g., <pedra> ['pedre] 'stone', <pedrinha> [pi'drine] 'small stone').
Data collection was conducted in two groups (B1 and C2 levels), each with five students,
and in two moments: in the beginning and immediately before the end of the semester.
Based on the analysis of the data, Oliveira reported that stressed oral vowels are acquired
and stabilized before the unstressed system.?” Second, the author observed more
difficulties in the acquisition of [#] (as a result of neutralization of /¢/ or /e/) then in the

acquisition of [e] (resulting of the reduction of /a/), which lead to the conclusion that

27 ['2] constituted an exception, since it was classified as ‘not acquired’ for both groups.
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reduction occurring along the place of articulation/backness/fronting dimension is
acquired later than reduction occurring along the height dimension.

The hierarchy in the acquisition of vowel reduction reported by Oliveira (2006) was
not confirmed by Castelo & Santos (2017). In their study, the authors analyzed a written
and oral corpus produced by Chinese learners of L2 Portuguese. Specifically, the authors
accounted for 67% of errors involving vowel height (e.g., [e] instead of [€]) against only 26%
of errors involving place of articulation/backness/fronting (e.g., [e] instead of [e]), and 8%
in vowel heigh and place of articulation/backness/fronting (e.g., [#] instead of [e]).
Furthermore, 68% of errors were related to unstressed vowels, which suggests that other
than problems with articulation, students also have difficulties in the mastering the rules

of EP vowel reduction.?®

1.4. L2 stress perception and acquisition

Other than a system of speech segments, languages are also distinguishable by
suprasegmental or prosodic features, such as stress, tone, and intonation, that contribute
to meaning. Traditionally, two main groups of languages are identified: stress languages
and tone languages. With rare exceptions, stress and tone are mutually exclusive in a
language (van Heuven, 2019). According to the World Atlas of Linguistic Structures
(Maddieson, 2013), of the 527 languages listed in this database, 307 (around 58%) are
stress languages and 220 (around 42%) are tone languages. Stress languages are found
mainly in Europe, America and Oceania, while tone languages are mostly present in Africa
and Asia.

At word level, stress can be defined as “nothing more than the fact that in a
succession of spoken syllables or words some will be perceived as more salient or
prominent than others” (Couper-Kuhlen, 1986, p. 19). Physically, word stress may be
signaled by a combination of acoustic cues, such as duration, pitch and/or intensity. The
greater effort invested in the pronunciation of stressed syllables using the mentioned cues,

leads to the prominence of the stressed syllable in comparison with unstressed syllables.

28 |t should be mentioned that the analysis was conducted on productions of only seven learners, with
different levels of L2 Portuguese knowledge.
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Some languages also resort to vowel reduction in unstressed syllables, which contributes
to emphasize the stressed syllable (van Heuven, 2019).

While stress features vary between languages, some characteristics can be
observed across stress languages, constituting stress universals (Hayes, 2009; Pereira,
2020).2° Stress is obligatory: a word always carries a more prominent syllable. It is also a
hierarchical phenomenon: primary or main stress is more prominent than secondary stress,
and secondary stress is more prominent than tertiary stress. Only one syllable can be the
prosodic head of a word. For this reason, stress is said to be culminative: a word can have
multiple stresses, but they all culminate in one primary stress. Additionally, a stressed
syllable cannot induce stress in the neighboring syllables, meaning that stress is not
assimilative. The word photograph /'fouta graef/ exemplifies these stress universals. Only
the 1%t syllable receives the main stress. The last syllable receives a secondary stress and
[ta] is unstressed (with a schwa). Thus, this word displays a hierarchy of prominence. Similar
to English, EP also admits more than one level of stress (d’Andrade & Viana, 1989).
However, since the present dissertation focuses on main stress perception and acquisition,
we will refer only to main word stress, using the term ‘stress’ for this purpose.

Languages differ in their preferred position for stress, and within stress languages,
stress can occur in different positions. However, stress is always located close to the border
of the stress domain, that is, stress is delimitative. For example, in Hungarian, stress falls
on the left edge of the word (Siptar & Térkenczy, 2000) and in EP it falls on right edge of

the root (Pereira, 2020), as exemplified in (1).

(1) gabona (Hungarian) ['gobono] 'cereal’

sapato (EP) [se'patu]: sapat]root + 0]cLass marker 'shoe'>?

Acoustically speaking, stress is always a relative dimension: a syllable is perceived
as stressed only by comparison with the unstressed syllable(s). For example, in the EP word

cucu ['kuku] 'cuckoo’, the first syllable is perceived as stressed because it is longer than the

2% We refer to languages in which stress domain is the word. French is not included in these languages, since
stress domain is the phrase. In this dissertation, we use ‘stress’ to refer word stress.
30 \Whenever the example word is not from English, we will specify the language between round brackets.
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second. Stress is opportunistic, in the sense that it resorts to acoustic dimensions that are
used for other phonological purposes. For instance, duration can be used at
suprasegmental level, to signal stress, but also, at segmental level in languages with
contrastive vowel length, as, for example, Hungarian. Additionally, the combination of
features that signal the stressed syllable, duration, pitch, and intensity are also used to
signal prosodic functions, such as differentiating interrogative from declarative sentences.

Stress rules and acoustic correlates are language-specific and may differ among
languages of the same family. For example, EP, English and Russian, which are Romance,
Germanic and Slavic languages respectively, have contrastive stress, contrarily to French
and Polish, which are Romance and Slavic languages (Hayes, 2009). Consequently, a
typology of stress languages cannot follow family criteria. Instead, classification and
description of stress languages usually follows parameters such as functionality,
predictability, metricallity, and rhythmicity. Predictability is a key-difference in the target
L2 and L1 of this dissertation. While Hungarian is a predictable (or fixed stress) language,
EP is classified as a non-predictable, lexical, or variable stress language, as we will report in
Chapter 2.

Other than stress typologies, stress characterization must include a description of
the acoustic correlates used to signal prominence. In every language, different acoustic
cues behave interactively, as a stronger use of one of them compensates for a weaker use
of the other. However, this relative weighting of acoustic features is language-specific, even
among languages within the same stress typology. For example, English and Dutch, both
lexical stress languages, have vowel reduction. However, this seems to be a more important
cue for stress perception for English listeners than for Dutch, probably due to a higher
frequency of reduced vowels in English comparing to Dutch (Braun et al., 2008; Cooper et
al., 2002). According to Hayes (1995), the language-specific weighting of stress cues is also
related with the acoustic cues used at the segmental level. The author posits that there is
a tendency in languages to avoid relying in the same acoustic features at segmental and
suprasegmental level. The author gives the example of Czech, a language in which vowel
length is contrastive, and consequently, duration is avoided as a cue for word stress, with

speakers resorting instead to pitch and intensity. The author explains that “[t]his makes
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sense, since using duration to mark stress in these languages would obscure the phonemic
vowel length contrast” (Hayes, 1995, p. 7). However, as pointed out by Chrabaszcz et al.
(2014), while acoustic cues involved in stress are usually well documented in languages,
the importance of each and the interaction between them are less frequently studied,
particularly when it comes to L2 perception.

Although it is generally accepted that speakers of fixed stress languages display
weaker abilities in stress perception than speakers of variable stress languages, the later
can also exhibit difficulties in certain conditions, for example, when specific acoustic cues
are absent. In the next section, we will address this question, and factors that affect L2

stress perception, by describing several perceptual studies on these issues.

1.4.1. Studies on L2 stress perception

Contrarily to L2 vowel/consonant perception, to the moment no theoretical model
has been proposed for L2 stress perception. One reason for this absence is the
interdependency and relativity of acoustic cues that may express stress. Moreover, not only
stress patterns vary from one language to the other, but they also vary between speakers
of the same language as well as within a single speaker, depending on the context. Although
this variability is also observed in vowels and consonants, stress cues — intensity, duration,
fundamental frequency (f0), vowel reduction, are not specific to this feature, and are used
at segmental level or in the domain of the phrase as well. Such complexity and variability
would demand a strong body of empirical evidence, collected from an ample number of
studies. Although experiments on L2 stress perception, and more specifically on L1 effects
on L2 stress perception, have been increasing in the last decade, they vary in their focus,
investigating aspects such as acoustic cue-weighting, effect of rhythmic properties, or
stress ‘deafness’. Additionally, among studies with the same approaches, we find
conflicting results. Below we will present a selection of studies, representative of these
questions.

In a cross-linguistic study comprising seven languages, Salsignac (1998) attempted
to determine if non-native speakers rely more on acoustic cues (‘bottom-up processing’) or

transfer from their L1 (‘top-down processing’) in detecting stress. The author predicted that
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in case of a more prominent stress, listeners rely first on acoustic cues. If, however, stressed
syllables are pronounced with less prominence, listeners resort to their L1 stress patterns.
To test these hypotheses, the author recruited speakers of Turkish, Polish, Hungarian,
Czech, Russian, and Spanish, all with good knowledge of French. Table 1.1 summarizes the

L1 features and the tested L2.

Table 1.1. L1 and L2 tested in Salsignac (1998, p. 88)3!

Tested L2

L2 with a stress | L2 with a stress
system similar | system different

Participants' Level of
L1 Stress typology / acoustic cues prominence| tothell from the L1
Polish, Hungarian,
French fixed final / duration and eventually fO median Turkish Czech, Spanish,
and Russian
Turkish fixed final / duration and eventually fO week French X
Polish fixed paroxyton / duration and/or intensity week X French
fixed inicial / durati d/or intensit
Hungarian ixed inicial / duration and/or intensity strong Czech R

(vowel lentgh contrastive)

fixed inicial / durati d/or intensit
Czech ixed inicial / duration an /orln ensity median Hungarian French
(vowel lentgh contrastive)

free-stress / multiple acoustic cues

Rk . X stron Spanish French
(intensity dominant) i P

Russian

free-stress / multiple acoustic cues
(intensity dominant)

Spanish strong Russian French

As shown in this table, each language group was tested in French and, in most of
the cases, in another language with some similarity to the L1 (e.g., Hungarian speakers were
also tested in Czech, since both languages have fixed stress, and rely on duration and f0 to
signal it). The study also included two French participants, who were tested in all the L2
included in the study. Participants were presented with two sets of auditory stimuli, one
consisting of false friends and the other with indigenous words. After hearing each token,
as many times as needed, participants had three tasks: transcription, syllabification, and
identification of the stressed syllable. The effect of stress prominence was analyzed
according to the level of prominence assigned to each language. As predicted, results
showed a general tendency of a bottom-up strategy (attention to acoustic signals) when

the L2 had a more prominent stress. As for the effect of L1, it varied across languages and

31 We maintained the author’s nomenclature of “free-stress” for variable stress.
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between participants of the same language but, in most of the subjects, the author
observed an effect of their “stress habits”. For example, Hungarian and Czech listeners
(both with word-initial stress) performed better with stimuli not stressed on the final
syllable. Additionally, in the case of the non-French participants, results showed that not
only their L1 affected stress perception, but also, at some level, their knowledge of French
(their adopted language). Based on the results, Salsignac suggests that L1 affects L2 stress
perception more than acoustic cues. Generalization of Salsignac’s conclusions, however,
need caution, since the study presents some methodological deficiencies, for example, the
fact that only two speakers of each language were tested.3? More importantly, one can also
argue that the more or less attention given to acoustic cues that signaled stress may in itself
be an effect of the L1, as we will see in the studies we review below.

When it comes to stress perception studies, one of the central concepts is stress
‘deafness’. In L2 phonology, the term ‘deafness’ refers to the difficulties listeners show
when discriminating pairs of non-native segmental or suprasegmental contrasts
(Peperkamp & Dupoux, 2002).33

The studies conducted by Dupoux and colleagues (Dupoux et al., 1997, 2001) with
speakers of French (a predictable stress language) were important to establish the idea that
stress ‘deafness’ is a categorization problem and not an auditory one. Dupoux et al. (1997)
first observed French native speakers in a series of perceptual discrimination experiments,
using CVCVCV nonwords, recorded by female and male speakers of Dutch. Stimuli
contrasted in stress location (e.g., bopelo/bopélo or bopélo/bopeld), phoneme (e.g.,
fidape/lidape) or stress and phoneme (e.g., fidape/liddpe). Spanish speakers (a
non-predictable stress language) were also recruited, as a control group. For each
experiment, the authors compared differences between mean error rates for each
condition (stress, phoneme, stress and phoneme contrasts), and between the experimental
and control group. The first three experiments consisted of ABX tasks. Results revealed a

strong stress ‘deafness’ in the French participants, comparing to phoneme contrast trials,

32 Furthermore, some important details on the experiment are not described in the article, such as number
of trials, use of speaker variability, and physical conditions of the experiment.

3 Following these authors, we will use the term ‘deafness’ in quotes for two reasons. First, it is only a partial
phenomenon, since speakers with normal hearing abilities can perceive, at least to a small degree, stress
contrasts. Second, as we will report, ‘deafness’ refers to a problem with representation.
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and to the Spanish speakers’ performance. In the fourth experiment, the authors tested
only French speakers, this time using an AX task. In this experiment, besides phoneme
contrast and stress contrast, one other condition was tested: the inter-stimulus interval
(ISI). While in some trials this parameter was set to 200 ms, in others it was set to 2200 ms.
Results showed that French speakers can acoustically discriminate stress contrasts as well
as phoneme contrasts (3,2% and 2,2%, respectively). Although a higher error rate was
found in trials with the 2200ms ISI, the difference was not significant. The authors explain
that this result was due to the task being less demanding than the previous, in two aspects.
First, the AX task requires less memory load than the AXB, since it involves only two stimuli.
Second, the authors used tokens from only one of the female Dutch speakers, thus greatly
reducing phonetic variability. The authors concluded that French speakers are able to
acoustically discriminate stress contrasts, conserving a working memory for the acoustic
correlates for more than 2 seconds.

The results of this study were later confirmed in Dupoux et al. (2001), using
sequence-recall tasks,3* which, according to the authors, configure a more robust
methodology to assess individual results. The authors tested stress ‘deafness’ also in
French speakers (with Spanish as control group), but other than a new method, they also
introduced more manipulation of phonetic variability. The different conditions were
created either varying speaker (using different tokens from different speakers, different
tokens from the same speaker, or one token from the same speaker) or manipulating pitch
by using speech resynthesis. To prevent participants from resorting to recoding strategies,
a brief ISI (80 ms) was used. Other than phonetic variability, different lengths of sequences
were tested, to assess the effect of memory load. Results were analyzed by comparing each
participants’ performance as expressed in mean error rate in phoneme contrast trials (e.g.,
[kapi]-[kati]) with mean error rate in stress contrasts trials (e.g., [mipa]-[mipa]), as well as
scores for each sequence length. Mean error rates of each language group, for each

condition, were also analyzed (Figure 1.9, next page).

34 1n these tasks, participants had to memorize two tokens from a minimal pair, associating each with a key
in a computer keyboard. They then listened to randomized sequences of the tokens and had to reproduce
them, using the respective keys.
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Figure 1.9. Results for French participants (in white) and Spanish participants (in grey), as
a function of phonetic variability (on the left), and of sequence length (on the right),
(Dupoux et al., 2001, p. 1615)

Based on the results, the authors draw three conclusions. First, the size of the
‘deafness’ effect in French speakers increases with the amount of phonetic variability, but
only up to a certain point. Performance in trials with a single token significantly differed
from performance in trials with multiple tokens. However, no significant differences were
found when pitch variability and pitch+speaker variability were introduced. Second,
although error rates for shorter sequences were lower than for longer sequences,
differences between stress contrast scores and phoneme contrast scores were not
significant between sequences of 4, 5, and 6 tokens. Considering this, the authors
concluded that “it is the presence of memory load that matters, not the amount of it”
(Dupoux et al., 2001, p. 1615). Third, results suggest that phonetic variability alone was not
responsible for the stress ‘deafness’, the same applying to memory load. This suggestion is
based on the fact that in the tasks with zero phonetic variability no problems emerged in
the stress contrast, not even in longer sequences trials. On the other hand, in the training
sessions (with one-token sequence), also no problems were observed, even in the trials
with more phonetic variability. Instead, the authors propose that it is the presence of both
factors — phonetic variability and memory load — that affects perception.

The findings of Dupoux et al. (1997, 2001), summarized in Figure 1.10 (next page),
suggest, as mentioned above, that stress perception difficulties in French speakers does
not have an acoustic root, but they are rather a problem of encoding the acoustic

information at an abstract level.
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French participants Spanish participants

Stress Phoneme Stress Phoneme
AX, low phonetic variability” 3.8% 4.0% — —
ABX. high phonetic variability” 194 5.8% 4.0% 8.8%
Sequence recall, low phonetic variability* 27% 23% 19% 17%
Sequence recall, high phonetic variability? 53% 15% 20% 24%

Figure 1.10. Summary of error rates in different experiments in Dupoux et al. (1997) and
Dupoux et al. (2001) (Dupoux et al., 2008, p. 686)

Peperkamp & Dupoux (2002) extended the previous study to other predictable
stress languages (Finnish, Hungarian, Fijian and Polish), with the intention of establishing a
typology for stress ‘deafness’ based on stress rules of these type of languages. The authors’
assumption was that stress ‘deafness’ depends on the moment when the stress parameter
is set. The stress parameter is a binary parameter, proposed by the authors, as to whether
stress is coded as contrastive or non-contrastive. According to the authors, during the first
two years of life, infants must decide, based on the limited language knowledge they have
and on acoustic cues on stress at utterance boundaries, if stress is contrastive or not in
their L1. If by the time the stress parameter is set — hypothetically around the same age in
every language3® — infants are not yet able to infer stress regularity in their L1, then they
will not encode stress as non-contrastive and, consequently, maintain a good ability at
discriminating stress contrasts. If, on the contrary, when the stress parameter is set, infants
have already encoded stress as non-contrastive, then stress ‘deafness’ will be observed.
Based on universal L1 acquisition steps (segmental inventory - function words = content

words), the authors predict five situations:

(i) if the stress parameter is set at a late point in L1 acquisition, after the lexicon is
formed (or a sizeable part of it), speakers of non-predictable stress (Spanish) and
of predictable stress (French, Finnish, Fijian, Hungarian and Polish) will behave

in a similar way, neither showing stress ‘deafness’. This will occur since neither

35 According to the authors, “[t]his follows from a more general assumption that languages are equally
learnable. Along the same lines, we assume that the tuning of the phonological representation is finished
at a certain age, regardless of the language under consideration.” (Peperkamp & Dupoux, 2002, p. 5)
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of these speakers extracted stress regularities at that time. The authors named

this hypothesis the Lexical Parameter Setting hypothesis.

Alternatively, if this situation is not observed, then one of the Non-lexical Parameter

Setting hypotheses, described below, will be observed (Table 1.2, next page).

(ii) if the stress parameter is set in an earlier stage of L1 acquisition, when only
phonetic information is perceived by infants, speakers of French and Finish show
stress ‘deafness’. Since in French stress is phrase-final and in Finish is
word-initial, with no exceptions, infants can infer this non-contrastive nature of
stress without accessing any language-specific features, and will ignore stress
contrasts from very early on. On the contrary, speakers of the other languages
(Fijian, Hungarian and Polish) maintain the ability to discriminate stress
contrasts, since at this moment they were not yet able to extract stress

regularities.

(iii) if the stress parameter is set when phonological rules were already extracted
but no acquisition of function nor content words occurred, speakers of
languages such as Fijian also present stress ‘deafness’. In Fijian, stress depends
on syllable weight, and once infants acquire the distinction between light and

heavy syllables, they encode stress regularity.

(iv) if the stress parameter is set after the acquisition of function words (but before
content words), Hungarian speakers will show stress ‘deafness’, since in this
language, utterance-initial functions words are unstressed. Consequently, while
acquiring function words, Hungarian infants will also be able to extract stress

regularities, from which moment they will ignore stress contrasts.

(v) if the stress parameter is set after the acquisition of the content words lexicon,
Polish speakers will also show stress ‘deafness’, since in this language stress
regularities can be inferred only with the perception of content word

boundaries.
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Table 1.2. Overview of the Non-lexical Parameter Setting hypotheses

L1 features aquired by the infant,
by the time the stress parameter is set to 'non-contrastive'

phonetics
phonetics phonology
phonetics phonology function words
phonetics phonology function words content words
Languages in which stress French French French French
'deafness' will be present or Finish Finish Finish Finish
absent in L2 perception, according Fijian Fijian Fijian Fijian
to the L1 knowledge of the infant Hungarian Hungarian Hungarian Hungarian
red = present; blue = absence Polish Polish Polish Polish

(i) | (i) (iv) | V)

To test these hypotheses, the researchers recruited Finnish, Hungarian and Polish
speakers, who completed different sequence-recall tasks, following Dupoux et al. (2001).3¢
The perception of stress contrasts (e.g. [mipa]-[mipd]) was compared with the perception
of phonemic contrasts (e.g. [kupi]-[kuti]) across different levels of phonetic variability and
memory load. Results from this study were compared with those from Dupoux et al. (2001),

Table 1.3 displays results for both studies.

Table 1.3. Overview of results (adapted from Peperkamp & Dupoux, 2002, p. 17)

'stress deafness'

French
Finish
Hungarian
Polish
Spanish

index* stress rule vowel length stimuli
38.10% phrase-final non-contrastive set 1
24% word-initial contrastive set 2
23.70% word-initial, except if the phrase starts with a function word contrastive set 2
11.60% content word-final non-contrastive setl
-4.40% non-predictable non-contrastive set1

*ER stress contrast - ER phoneme contrast

The first conclusion is that stress ‘deafness’ is not equally observed in all the

non-contrastive stress languages. Accordingly, the Lexical Parameter Setting hypothesis is

falsified. However, scores significantly differed across the tested non-predictable

36 The authors were not able to test speakers of Fijian. Additionally, in the trials with Finish and Hungarians,
stimuli were further manipulated, with durational differences between stressed/unstressed syllables being
mitigated, to avoid conflict with vowel duration differences, which in those two languages is contrastive.
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languages. T-tests revealed that, with exception of Finish speakers, all the other languages’
results were significantly different from French speakers’ results. Additionally, when
compared to Spanish speakers’ performance, only Polish scores did not differ significantly.
This means that, in terms of stress ‘deafness’, French and Finish speakers formed a group,
with strong stress ‘deafness’, and Polish and Spanish speakers another group, with weak
stress ‘deafness’.

The intermediate behavior of the Hungarian speakers posed a problem, since it
cannot be explained by neither one of the Non-lexical Parameter Setting hypotheses. If the
stress parameter is set before access to function words, Hungarian speakers should not
show stress ‘deafness’, pairing with the Polish and Spanish speakers. If, on the contrary,
coding of stress as non-contrastive is set after access to function words, in this case
Hungarian participants should present a similar level of stress ‘deafness’ than French and
Finish participants. The authors propose two explanations for the ambiguity of the
Hungarian speakers’ results. First, the stress parameter may not be binary, as they propose.
Second, even if the stress parameter is binary, individual variation may be a significant
factor.

The results of this study were partially confirmed in Peperkamp et al. (2010).
Although the methodological approach in this study is in line with the previous one, the
researchers address the question of stress ‘deafness’ in predictable languages from the
perspective of four possible influential factors: domain of stress, lexical use of stress cues,

variability in the stress position, and presence of lexical exceptions (Figure 1.11).

Language Domain of stress Lexical use of stress cues Variability in stress position Lexical exceptions (%)
Standard French Phrase None No* 0

Southeastern French Phrase None Moderate® 0

Finnish Word Duration No*© 0

Hungarian Word Duration No® 0

Polish Word None Moderate? 0.1

Spanish Word Duration, FO and intensity High® 17

# Final.

b Last non-schwa syllable.

€ Initial.

d penultimate in polysyllables, and on the only syllable of monosyllables.
€ One of the last three syllables.

Figure 1.11. Stress features of the tested language (Peperkamp et al., 2010, p. 424)
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Based on differences between the languages in what respects the influential

factors, the authors established four hypotheses.

(i) if stress ‘deafness’ is influenced mainly by the domain of stress, then speakers of
French (of the two varieties) present more problems, since in French stress is
assigned to the phrase final syllable, thus is expected that French listeners

ignore stress at word level.

(ii) if stress ‘deafness’ is influenced mainly by the lexical use of stress cues, French
and Polish present a stronger stress ‘deafness’. As for Finish and Hungarian
speakers, since duration (vowel length) is lexically contrastive in these
languages, participants display an intermediate case of stress ‘deafness’: weaker
than French and Polish, but stronger than Spanish. Additionally, the authors
predict that if durational contrasts are removed from the tokens, performance
of Finish, Hungarian and Spanish participants decrease more than for French and
Polish. As the authors explain, “[iindeed, whereas all populations should have
more difficulties when one of the phonetic correlates is absent, this
disadvantage should be larger for those who make lexical use of the missing

correlate in their native language” (Peperkamp et al., 2010, p. 423).

(iii) if stress ‘deafness’ is influenced mainly by variability in stress location, Standard
French, Finish and Hungarian participants present a high degree of stress
‘deafness’, due to the fixed location of stress in their L1 (phrase-final in Standard
French, and word-initial in Finish and Hungarian). Southeastern French and
Polish speakers, on the other way around, will have less difficulties. Regarding
Southeastern French, unlike the Standard variety, stress can be located in the
penultimate syllable of the phrase, if the final vowel is a schwa. As for Polish,
stress is not in a fixed position, although it is more regularly assigned to words’

penultimate syllable.

(iv) if stress ‘deafness’ is influenced mainly by the number of lexical exceptions,

speakers of Standard French, Southeastern French, Finnish and Hungarian, all
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languages with no lexical exceptions to stress rule, reveal a stronger stress
‘deafness’. Polish is an intermediate group, since some lexical exceptions are
present in this language. Spanish presents a higher percentage of lexical
exceptions; therefore, native speakers of this language have less problems

perceiving stress contrasts.

To test these hypotheses, twelve participants of each language group completed
two-token and five-token sequence-recall tasks, in three conditions: phonemic contrast
(e.g., /'muku/-/'munu/), stress-with-duration contrast (e.g., /'numi/-/nu'mi/), with stress
marked by duration, fO and intensity, and stress-without-duration contrast, with stress
marked by fO and intensity. As in Peperkamp & Dupoux (2002), tokens were separated by
80 ms silence, to prevent participants from resorting to encoding strategies. Results (Figure

1.12) showed a robust ‘deafness’ effect in all non-contrastive languages.

Phoneme Stress-with- Stress-without-
duration duration

% error SE % error SE % error SE
Standard French 34.2 39 77.5 4.4 84.6 2.2
SE French 45.8 4.3 85.4 2.0 86.7 2.3
Finnish 49.6 53 90.0 23 87.1 2.2
Hungarian 454 6.0 80.4 4.3 85.4 3.9
Polish 42.5 6.4 59.2 7.9 65.4 8.0
Spanish 47.5 5.6 47.1 5.4 48.8 7.4

Figure 1.12. Results according to tested conditions (Peperkamp et al., 2010, p. 427)

Statistical analysis revealed that Standard French, Southeastern French, Finnish,
and Hungarian speakers’ performance was not significantly different. Polish speakers’
results, however, were significantly different from the ones above, and also from Spanish;
consequently, they formed an ‘intermediate’ group, regarding stress ‘deafness’. In respect
to the effect of absence of durational cues, the analysis showed that there was a main
effect of this condition, since error rates were higher in trials in the stress-without-duration
condition. However, this affected all the groups, no significant difference being found

between speakers that uses duration lexically (Finnish, Hungarian, Spanish) and the others.
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The findings of this study clarify the ambiguity in the results of Hungarian speakers
in the study of Peperkamp & Dupoux (2002). While in Peperkamp & Dupoux (2002) a
different set of stimuli was used to test Finish and Hungarian speakers than the one used
to test Polish speakers, in the present study the same set was used to test all language
groups. The authors concluded that Hungarian speakers displayed a strong stress
‘deafness’, comparable to French and Finish speakers. Considering the three groups of
results — Standard French, Southeastern French, Finnish and Hungarian, in one side,
Spanish in the opposite side, and Polish as intermediate —, the authors propose three
typologies for stress ‘deafness’, according to the listeners L1: (1) speakers of predictable
stress languages with no lexical exceptions, and independently of stress domain and
variability (e.g., French, Finish, Hungarian), display a strong stress ‘deafness’, (2) speakers
of predictable stress languages with few lexical exceptions (e.g., Polish) display a weak
stress ‘deafness’, and (3) speakers of non-predictable stress with a significant amount of
lexical exceptions (e.g., Spanish) do not display stress ‘deafness’.

In the studies described so far, the focus was predictable stress languages (with
Spanish as a control group), and stress contrasts signaled only by suprasegmental
properties (duration, pitch, and intensity). However, the study of Chrabaszcz et al. (2014)
presents a different case. Specifically, the authors investigated the relative weighting of
different acoustic cues used in L2 stress perception — segmental and suprasegmental —, by
native speakers of Russian and Mandarin, a predictable stress language and a tone
language, respectively. The acoustic cues observed were vowel quality, pitch, duration, and
intensity. Stimuli were produced by a female native speaker of American English, and
speakers of this language were also recruited and tested, as baseline. Based on previous
studies, the authors predict a hierarchy of stress cues for each of the three languages (Table
1.4, next page,“Prediction” columns). All participants completed a forced-choice auditory
identification task, in which they were asked to identify the location of stress in minimal
pairs of non-words, rating their confidence in the answer (Figure 1.13, next page). Stimuli

included variations of the word “maba” (/maba/, /maba/, /maba/, and /maba/)?’. To test

37 Only tokens of /'maba/ and /'maba/ were recorded. The tokens /maba/ and /maba/ were created by
combining syllables of the first two tokens.
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effect of pitch, duration, and intensity, different tokens were created from the original

tokens, by manipulating these features.

MAba 3 3 maBA

Tnaki4/250

Pause Replay (r) Back Up (b) Instructions Main Menu

Figure 1.13. Computer screen of the trials (Chrabaszcz et al., 2014, p. 1473)

Statistical analysis showed that in all the languages each of the four acoustic cues
was significant for perception, and that languages significantly differed in the use of each
of the four cues. However, the predictions for the cues’ importance hierarchies were

refuted by the results (Table 1.4).

Table 1.4. Predictions and results for hierarchy of importance of acoustic cues (1 = most
important, 4 = least important) (Chrabaszcz et al., 2014)

A. English Mandarin Russian
prediction result prediction result prediction result
Vowel quality 2 1 2 1 2 1
Pitch 1 2 3 2 4 4
Intensity 4 3 4 3 3 2
Duration 3 4 1 4 1 3

Contrary to the predictions, vowel quality was the strongest cue across languages.
The authors suggested that this is due to the ‘independence’ of vowel quality, in the sense
that a schwa always signals an unstressed syllable.?® As the authors pointed out, pitch,
intensity and duration are relative cues: a longer syllable, for example, is only perceived as

longer if the other(s) is(are) perceived as shorter. Additionally, the strong reliance on vowel

38 A similar case is observed with the EP [i], which can only occur in unstressed position. However, the case
of [e] is different, since it can occur in stressed position too (before the nasal consonants [m], [n] or [n]).
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quality by the speakers of Mandarin was also unexpected. According to the authors, this
may be due to previous knowledge of English by those speakers. Another interesting
outcome in this study is the fact that, regarding the use of cues to signal stress, more
similarities emerged between a stress language and a tonal language (English and

Mandarin) than between two stress languages (English and Russian).

1.4.2. Perceptual training in L2 stress acquisition

If much is still to be done regarding research on non-native stress perception,
studies focusing specifically on L2 stress acquisition are even scarcer. Below we report five
studies that aimed at observing changes in stress discrimination ability. Differently than for
the studies in acquisition of L2 vowels we presented in 1.3.2, in L2 stress acquisition we
could not set strict selection criteria for our literature review, given the low number of
studies published to the moment. However, the experiments we report next have
methodological aspects or results of interest for this dissertation project. The first three
studies we report (Dupoux et al., 2008; Michaux, 2016; Schwab & Llisterri, 2014) observe
results of only one session of training. Although participants in the study of Schwab &
Llisterri (2014) were not learners of the L2, we include it due to relevant findings presented
by the authors. We also review the study of Honbolygd et al. (2017), in which stress
perception in Hungarian learners of Germain with different L2 knowledge is observed. The
last two studies we describe, Ou (2011) and Brawerman-Albini et al. (2017), conducted
longer trainings with university students.

Michaux (2016) tested the ability of French-speaking Belgian learners of Dutch
(n = 30) to perceive Dutch word stress. Contrary to French, Dutch has a lexically contrastive
stress. The author conducted two experiences. First, the participants had to complete an
AXB discrimination task, testing three stress contrasts: 15t vs. 2" syllable, 2" vs. 3 syllable,
and 1t vs. 3™ syllable. After that, they completed an identification task, in which they were
asked to identify the location of stress (1%, 2" or 3" syllable). In both tasks, two set of
stimuli were used: one with real words and matching nonwords resulting from a change in

the stress location, the correct-incorrect condition (e.g., PAgina, *paGina, *pagiNA)*, and

39 Only the first exists in Dutch: /'pa:yina:/.
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a second set of stimuli with nonwords, created with the substitution of the consonants for
[s] and the vowels for [a] (e.g., *SAsasa, *saSAsa, *sasaSA). Stimuli were recorded by a
male and a female Dutch speaker. Both the AXB and the identification task were presented
to participants in three blocks and in each block, each set of stimuli was tested separately.
By dividing trials in three consecutive blocks, the author aimed at observing a learning
effect. The analysis revealed both similar and different behaviors between the two
language groups. For example, both groups scored worse in the trials with the ‘created’
nonwords (e.g., *SAsasa) than in the trials with the real words with correct or incorrect
stress placement, in both tasks. According to the authors, this may be due to the absence
of phonotactic information. However, Dutch speakers were more affected by incorrect
stress location in real words (e.g., *paGlina and *pagiNA) than French participants, who
treated correct and incorrect stress stimuli in a similar way. The results showed that French
participants performed better in the AXB task (which tested phonetic discrimination ability)
than in the identification task (which tested phonological representation), a result that
contradicts previous findings by Dupoux and colleagues (Dupoux et al., 1997). Regarding a
learning effect in the AXB task, while French speakers improved from block 1 to block 3, for
the real words with correct and incorrect stress location, this was not observed in the case
of the ‘created’ nonwords. According to Michaux (2016), this reinforces the idea that
segmental information is necessary to process stress contrasts. As for the identification
task, the authors did not discover significant improvements in either group.

An additional result of interest was the fact that French and Dutch participants
revealed a similar behavior when it came to the effect of stress in the median syllable. In
the AXB task with real words, sequences with words stressed in the median syllable had
better scores. In the identification experiment, the result was the opposite, with words
stressed in the middle with the worst scores. The author presented two possible
explanations. It may be that the similar behavior results from two different causes,
specifically, a delayed lexical access, in the case of the Dutch participants, and the
unusualness of stress in median position, in the case of French speakers. Alternatively, the

author also suggests that prosodic perception is perhaps not only limited by the L1, and
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maybe there are other perceptual constraints common to languages which are
typologically different.

In two experiments focusing on Spanish stress perception by French learners of
Spanish, Dupoux et al. (2008) found no differences in the ability to discriminate stress
contrasts among late learners with different degrees of L2 knowledge. The study included
four groups of French speakers: French speakers with no contact with Spanish (n = 20), and
French learners of Spanish in the Beginner level (n = 14), in the Intermediate level (n = 14),
and in the Advanced level (n = 11). Twenty Spanish speakers were also recruited, as control
group. The first experiment consisted of sequence-recall tasks and was divided into two
parts, the first aimed at phoneme contrast, and the second, at stress contrast. In each part,
participants were first familiarized with different auditory tokens of two nonwords
(/fiku/-/fitu/, or /ndmi/-/numi/), associated with the keys [1] or [2]. The familiarization
trials were followed by a training block, in which they were asked to identify several tokens
from the familiarization task with [1] or [2]. In this block, participants had to complete as
many training trials as necessary to reach seven correct answers in a row. When this goal
was achieved, they were tested with 28 four-item sequence-recall trials, a replication, with
some adjustments, of the high phonetic variability experiment of Dupoux et al. (2001).
Results confirmed a robust stress ‘deafness’ effect in the French speakers, independent of
the contact with Spanish or knowledge of Spanish. The authors concluded that “[s]tress
‘deafness’ emerges here as a robust processing limitation, which cannot be eliminated with
a significant exposure to a language with contrastive stress” (Dupoux et al., 2008, p. 695).
The second experiment consisted of a lexical decision task, in which participants had to
listen to different pairs of words, consisting of a real-word and a matching non-word,
obtained by change in the stress location (e.g., gorro-*gorrd). Segment contrasts were
included as control condition (e.g., grupo-*brupo). In this experiment, no training block was
included. Analysis of the results showed no significant difference between the three
subgroups of French leaners (Beginner, Intermediate and Advanced), nor between these
and the French participants with no contact with Spanish, leading to the conclusion that
“the stress ‘deafness’ effect observed with the sequence recall task is not limited to the

encoding of stress in short-term memory but extends to lexical access” (Dupoux et al.,
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2008, p. 699). Furthermore, results showed that French participants performed
significantly better for real words than for non-words (24% vs. 58%), but this difference was
found across levels of Spanish knowledge, meaning no improvement in stress perception
was observed with increase of lexicon. When comparing their results with the ones from
previous studies (Dupoux et al. 1997, 2001), the authors concluded that, although in
previous studies French speakers showed some ability to discriminate stress, this ability is
restricted to the phonetic level. When subject to more demanding tasks, these speakers
failed at encoding stress differences at an abstract phonological level. Furthermore, this
study also showed that even with metalinguistic awareness of stress —in their course, these
learners receive explicit instruction on contrastive stress — stress ‘deafness’ persisted.

It is worth mentioning the remarks made by the authors as for the adequacy of
speech perception models to suprasegmental perception, specifically SLM (Flege, 1995)
and PAM (Best, 1995). According to Dupoux and colleagues, although these models suggest
that non-existing categories are more easily perceived (and acquired) than similar ones,
this does not seem to be the case for stress perception by French speakers. The authors
proposed that this may be due to differences in the way the human brain processes
non-native segmentals and suprasegmentals. According to the authors, in L1 acquisition
suprasegmental features are processed by the left hemisphere, whereas in adults,
non-native suprasegmentals are processed by the right hemisphere. Consequently, in the
latter, no phonological representations are formed.

The persistence of ‘deafness’ was also attested in Honbolygd et al. (2017). The
authors administered a sequence recall task to Hungarian learners of Germain, with two L2
knowledge levels: Intermediate and Advanced.*® A control group with Hungarian speakers
with no previous contact with Germain was also recruited. In the sequence recall task,
stimuli consisted of stress contrasts ([LIdu-liDU]) and phoneme (consonant) contrasts
(Iméage-mase]). Unlike in Dupoux et al. (2001, 2008), no manipulation of the acoustic cues
was included. Sequences of 4, 5, and 6 stimuli were presented to the participants. Results

showed a significantly higher error rate for stress contrast than for phoneme contrast, and

40 The sequence recall task was accompanied with a series of other tests (a digit span test, a stroop test, a
phoneme deletion, and a linguistic test).
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this difference slightly increased with the increase of sequence length. These results
confirm a clear ‘deafness’ in perception of stress contrasts by Hungarian listeners.
Furthermore, no significant differences were found between learners, and between these
and the control group, suggesting the persistence of ‘deafness’ independently of L2
proficiency, as already suggested by Dupoux et al. (2008).

Schwab & Llisterri (2014) conducted a short perceptual training, also with French
speakers, to test the ability to improve Spanish stress perception. Forty-nine French naive
speakers with no previous contact with Spanish were recruited and divided into two
groups, with only one receiving training. A group with 22 bilingual Catalan-Spanish speakers
was also included, in testing and training. All participants completed a pretest first, in which
they heard a Spanish real word and had to identify the stressed syllable. Stimuli consisted
of triplets, each including a proparoxytone word (médico [ ' mediko], 'doctor'), a paroxytone
word (medico [me'diko], 'l give a medicine') and an oxytone word (medicé [medi'ko],
'he/she gave a medicine').*! Tokens were recorded by a single Spanish native speaker.
Training comprised one session only, divided in five blocks, and trials consisted of
shape/nonword matching tasks (Figure 1.14), a type of task that other than a low-level

acoustic process requires also lexical access.

hguido msledo

luguide mledo

maledé

LEL
i F

luguidé

Figure 1.14. Example of a shape/nonword matching trial for the training session
(Schwab & Llisterri, 2014, p. 628)

41 Proparoxytones are words stressed in the antepenultima syllable, paroxytones are stressed in the
penultima syllable, and oxytone words receive stress in the last syllable.
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In the first four blocks, participants received feedback, but in the last no feedback
was provided. The results of this fifth block were used to evaluate participant’s progress.
After training, participants repeated the pretest trials. Results showed a perceptual
improvement, even in the case of the native Spanish speakers, which, according to the
authors, “suggests that the mere fact of repeating the exact same task improves the
performance” (Schwab & Llisterri, 2014, p. 631). Surprisingly, non-native participants who
received training did not improve, while the non-native participants who did not receive
training improved. To account for this unexpected result, the authors proposed that
participants’ learning abilities had a bigger effect than training. This explanation was
supported by the analysis of participants’ performance in post-test, considering the
performances in the fifth block (with no feedback). Results indicated that, individually, a
bigger improvement in the training phase corresponded to a bigger improvement from the
pretest to the post-test. Thus, the authors concluded that improvement was not a result of
training but rather depended on participants’ learning ability.

Ou (2011) investigated the effect of a two-weeks perceptual training in the
acquisition of English stress by 19 speakers of Mandarin or Taiwanese, with an average of
about seven years of English studies. Six minimal pairs of English dissyllables differing only
in stress (e.g., pérmit vs. permit) were recorded in two conditions, falling intonation and
rising intonation. In the first one, stimuli were inserted in declarative-answer sentences
(e.g., Yes, I said pérmit. vs. Yes, | said permit)., with the stressed syllable receiving a high
tone. In this condition, participants were expected to rely mainly on tone. In the second
condition, rising intonation, stimuli were inserted in yes/no questions (e.g., Did you say
pérmit? vs. Did you say permit?) with the stressed syllable receiving a low tone. In this
condition, participants were expected to rely on acoustic correlates other than f0, since the
low tone does not signal prominence for these speakers. Stimuli were the same for testing
and training, and were recorded by one female native speaker of American English. the
pretest and the post-test were identical and included two-alternative forced-identification
trials, in which participants were asked to identify an auditory stimulus (e.g., pérmit) among
two possibilities, visually presented. The experimental group’s training included six

sessions, with an average of 15 minutes each, completed in six days. In each training
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session, two of the six minimal-pairs were used. This meant that in the first three sessions
all six pairs of words were used, and the following three sessions consisted in the repetition
of the first three. For each pair of words, participants had to complete a multiple-step task.
First, they were presented with auditory tokens of a minimal pair and the corresponding
visual form, and could hear each token as many times as needed to recognize the
differences. They were then asked to listen to one of those tokens and identify it as noun
or a verb, verifying their choice with a pre-recorded answer (e.g., It’s a noun.). After, they
heard the same token and pronounced it at least once. Finally, they had to answer orally
to a pre-recorded question (e.g., The noun’s ), and check their answer by listening
to the correct token. The control group also received training, but not related to stress
perception. Results showed that the control group did not show changes from the pretest
to the post-test. As for the experimental group, two contradictory results emerged:
although a 33% improvement was observed in the rising intonation condition, in the falling
intonation condition results were worse in the post-test than in the pretest. The author
suggested that this decline in stress perception in the falling contour was due to an
adjustment, that is, learners were in the process of adjusting their perception of stress from
pitch to other acoustic cues, but they still couldn’t perform native-likely.

The last study we report here is from Brawerman-Albini (2012), who conducted a
perceptual/production training with native Brazilian speakers, learners of L2 English.*? In
the study, the author investigated if training would be effective in improving these learners’
ability to perceive and produce English preantepenultimate stress, uncommon in the L1 of
the learners. Although both the L1 and L2 have lexical contrastive stress, the authors
explain that since Brazilian speakers have rare access to preantepenultimate pattern in
their L1, training is needed to compensate the lacking input. Thirty students enrolled in a
course of Portuguese and English languages, at a Brazilian university, were recruited and
divided into two groups: the experimental group (n = 20) and the control group, who did

not received training (n = 10). The study lasted around three weeks, and included pretest,

42 This study was conducted for a PhD dissertation, and was after published in Brawerman-Albini et al. (2017).
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training, post-test, and generalization test.** Perceptual tasks were completed by the
participants in a computer laboratory room at the university. Stress perception was tested
by means of an identification task, with participants being asked to identify the stressed
syllable of real words. Stimuli included 40 words with preantepenultimate stress (e.g.,
fortunately ['fartfunatli]) and ten distractors (e.g., prejudicial [predza'difal]), all recorded by
five native American English speakers (male and female). Post-test included the repetition
of pretest trials and a generalization test, with new stimuli produced by new speakers. As
for training, this was administrated in five sessions, divided into six blocks, and sessions
lasted between 10 and 35 minutes. The first two sessions were conducted in two days in a
row (one in each day), then a pause of five days was introduced, followed by the remaining
three sessions, that were completed in three days (also one per day). Training tasks were
similar to test tasks, but in this case, feedback was provided, after each trial and at the end
of each block, and participants could hear the tokens as many times as necessary. Training
stimuli included preantepenultimate stressed words as well as distractors (with
antepenultimate or penultimate stress) and were produced by two of the American English
speakers. Statistical analysis revealed significant differences between the pretest and the
post-test, in the case of the experimental group, but not for the control group. However,
when comparing the pretest’s results with the generalization test’s results, the differences
were found not to be significant, that is, learning was not transferred for new words/new
talkers. The authors suggested that the absence of generalization of learning was possibly
due to the novel speakers, who, according to the participants, were more difficult to

understand.

1.5. Summary

In this chapter, we reviewed fundamental aspects of L2 speech perception, namely
that it is inherently an auditory, categorical and language-specific phenomenon. With

respect to L2 acquisition, the preservation of the L1 learning mechanisms in L2 — full access

43 The study also included a retention test for production, that was administrated two months after post-test.
Although the study of Brawerman-Albini et al. (2017) focus both perception and production, we will only
describe the information pertinent for perception.
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hypothesis — is nowadays a consensual assumption. However, this does not mean that
acquisition in L2 will be identical as in L1, since a multiplicity of factors have to be accounted
for the L2 context, differently than for L1, specifically when we refer to late learners.

One of the main factors that contributes to differences between L1 and L2
acquisition is input. The input the adult learner is exposed to is considerably different than
the L1 input, in terms of quality and quantity. Researchers agree that the distributional
learning observed in infants for the L1 is also the mechanism that leads the L2 learner to
optimal perception. Consequently, in order to subtract the L2 relative frequency
distributions, the learner needs long-term exposure to L2 input (which is also a
fundamental condition in L1 acquisition). Considering the key-role of input, when planning
a perceptual training, stimuli must be attentively designed. Although some mixed-results
emerged in studies investigating the most effective experimental stimuli, high variability
perceptual training has been established as the most adequate method for perceptual
training, as it is more likely to promote categorical learning over phonetic discrimination.
The question of including natural, synthetic and/or manipulated stimuli has also been
subject to empirical observations. However, evidence provided from studies is
inconclusive, with no clear proof of one being significantly more effective than the other.

With respect to cross-linguistic effects, and more specifically, the effect of L1 in L2
perception, several models have been proposed in the last three decades. In section 1.3.1
we described three models, SLM, PAM and the L2LP model. Although the three models
recognize the importance of L1 in L2 perception, they diverge in some key aspects. SLM
posits that L1 and L2 categories occupy one common phonological space, which entails an
L1-L2 bidirectional influence. As opposed to this, the L2LP model posits the existence of
separated phonological spaces and identifies mixed perceptions and/or productions as an
effect of a bilingual mode. Consequently, improvement in L2 perception does not affect L1
stability. SLM, PAM and the L2LP model also differ in their target subjects. While SLM is
particularly concerned with learners in naturalistic contexts, PAM observes naive
non-native listeners. As for L2LP model, it considers learners of different proficiency levels
and has been tested with subjects from formal contexts of L2 acquisition. Additionally,

these models also diverge on which L2 sounds are easier/more difficult to perceive. SLM
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posits that it is unlikely that the L2 learner changes his/her perception of L2 sounds that
are similar to L1 sounds and, conversely, new categories are more easily created for more
dissimilar sounds. By contrast, the L2LP model posits that learning tasks for new categories
are more demanding, since they involve not only perceptual learning but also changes in
representation. As for PAM, since it was originally developed for L2 perception on naive
listeners, the model is unclear on the acquisition of L2 sounds. Comparisons between the
three models must be made with caution, however, since they approach speech perception
in different ways. SLM posits an allophonic identification process between L1 and L2
sounds, and establishes comparisons between L1 and L2 segments. PAM investigates
perception of L2 contrasts from an articulatory perspective. As for the L2LP model, it also
compares L2 to L1 contrasts, however, as SLM, comparisons are based on acoustic analyses.
The divergencies between the three models summarized above are reflected in the
different methodologies used to test the models. For example, while PAM uses perceptual
identification tasks to establish the L2 contrasts’ assimilation types, and respective
predictions for discrimination, the L2LP model bases discrimination predictions on L1-L2
acoustic comparisons.

Apart from theoretical differences, there is a consensus on the importance of
considering perceptual overlap situations when accounting for L2 speech perception. As
explained in section 1.2, perceptual overlap can be determined using different methods.
However, studies’ results consistently demonstrated that the amount of perceptual
overlap between L2 and L1 segments is a reliable predictor in L2 perceptual discrimination
difficulties.

With respect to the learning process in L2 perception, we presented training studies
for vowel and for stress acquisition (sections 1.3.2 and 1.4.2, respectively). The studies on
L2 vowel acquisition we reported in this chapter present clear evidence of the positive
effect of training. These studies differ in some aspects, such as the L1 of the learners and
the target L2, the tasks and stimuli, and planned duration. However, independently of these
factors, training seems to lead to immediate improvement. In most of the studies reported,
learning was also generalized to new stimuli/speakers, although in Rato (2013) this was

only partially observed. It should also be pointed out that even in significant improvement
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cases with advanced learners of L2 (Aliaga-Garcia & Mora, 2009; Rato, 2013), students or
some of the students did not reach a native-like performance. The existence of individual
differences is pointed out as a possible explanation for differences in learners’
improvement, which emphasizes the need to look beyond group results. For example,
Grenon et al. (2019) observed that although improvement from the pretest to the post-test
was overall achieved by participants, analysis of cue-weighting tasks showed that only half
of the students were able to shift from durational to spectral cues.

The situation of L2 word stress acquisition is not as straightforward as for L2 vowel
acquisition. Not only fewer studies have been conducted, but also results are conflicting.
For example, Dupoux et al. (2008) compared French learners of Spanish of three levels
(Beginner, Intermediate and Advanced) and found no significant differences in stress
perception, which suggests a persistent stress ‘deafness’, even when students are explicitly
instructed about stress on class. Moreover, results also showed that there was no effect of
the size of the lexicon on stress perception. Schwab & Llisterri (2014) obtained a contrary
outcome in their study, conducted also with French learners of Spanish. As result of a
one-session training, the authors observed improvement, even in the native group (who
also completed the training). However, the effect of training was more related with
individuals’ learning abilities than training itself. Brawerman-Albini et al. (2017) and Ou
(2011) also found a significant effect of training in improvement of stress perception.
Interestingly, in both studies the effect was not generalized to new stimuli/new talkers.

Overall, the theoretical questions approached in this chapter provide us with a
useful insight on L2 speech perception. However, the issues here reported can only be
employed taking into account the specific L2 and L1, which we will describe in the next

chapter.
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CHAPTER 2

PHONETICS AND PHONOLOGY OF EUROPEAN PORTUGUESE AND HUNGARIAN






The aim of the present chapter is to describe the phonetics and phonology of the
target language (L2) in the present research, EP. However, given the potential importance
of the effect of the L1 in L2 acquisition, a description of the phonetics and phonology of the
L1 language relevant to the present research and its participants, Hungarian, is also
included.

In the present chapter, we will focus on the linguistic features pertinent to the
dissertation: the vowel systems (in the case of EP, with more detail for the reduced vowels
[e] and [#]), and word stress.

The description of EP phonetic and phonological system we present in this chapter,
as well as the examples, are based on “The Phonology of Portuguese” of the Oxford
University Press (Mateus & d’Andrade, 2000), “Gramdtica da Lingua Portuguesa” of
Editorial Caminho (Mateus et al., 2003), and “Gramatica do Portugués” of Fundacdo
Calouste Gulbenkian (Raposo et al., 2013a, 2013b, 2020). As for the description and
examples of Hungarian, they are based “Hangtan” (Markd, 2017) and on “The Phonology
of Hungarian” of the Oxford University Press (Siptar & Torkenczy, 2000). Information from

other sources will be specifically referenced.

2.1. Phonetics and phonology of European Portuguese

Portuguese is an Indo-European, Romance and Iberian language (llari, 2013). At the
time the present dissertation is written is reportedly spoken by over 230 million people,
from which only about ten and a half million are Portuguese living in Portugal, and
approximately five million are Portuguese emigrants living abroad. The remaining speakers
of Portuguese are spread throughout the former colonies, mainly in Brazil (around 210
million speakers). Other than Portuguese varieties overseas, Portuguese has also regional
dialects within Portuguese borders. These include continental dialects (northern, southern,
and central) and insular dialects (Azores and Madeira). Standard EP is spoken in the region
of Lisbon and Coimbra, and it is considered a subdialect of the southern and central variety,
referred to as the central-coast dialect. This dissertation will focus on this dialect, since it is
“accepted as a reference for teaching Portuguese as a second language” and it is “the most

commonly heard on radio and television” (Mateus & d’Andrade, 2000, p. 4).
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2.1.1. The vocalic system of European Portuguese

EP has a large vocalic inventory when compared with other Romance languages,
and has oral and nasal diphthongs, a rare feature among languages. The vocalic system of

EP consists of 14 vowels and 14 diphthongs:

(i) Oral vowels: [a], [e], [e], [e], [#], [i], [2], [0], and [u]

(ii) Nasal vowels: [E], [€], [i], [8], and [{]

(iii) Oral diphthongs: [aj], [ejl, [g]], [oj], [2]], [uj], [aw], [ew], [ew], and [iw]
(iv) Nasal diphthongs: [&j], [BW], [6]], and [{if]

Traditionally, EP oral vowels are classified according to tongue height and backness
(Figure 2.1), while the features length (long/short), tenseness (tense/lax), and lip rounding
(rounded/unrounded) are not used for their description, as these features play no role in

any phonological vowel contrasts in the language.

tongue position

front central  back & round
close [i] [#] [u]
2 mid-close [e] [o]
£ [e]
2 mid-open [€] [0]
open [a]

Figure 2.1. Phonetic oral vowel system of EP, adapted from Andrade (2020, p. 3255)

Although a lot of attention has been paid to describing the EP vowel system,
acoustic measurements are scarce. Figure 2.2 (next page) displays the EP oral vowel space

with the values calculated from Andrade (2020, p. 3251; see Appendix IV).
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Figure 2.2. EP production vowel space. Blue dots correspond to productions by female
speakers, green triangles to productions by male speakers

With respect to differences between female and male productions, Figure 2.2
confirms the observation of Escudero et al. (2009): female productions occupy a wider area
in the vowel space, considering both the first formant (F1) and the second formant (F2).4*
For both female and male productions, [e] seems to be positioned in a central place,
equidistant to [a], [€] and [4].

The high, central vowel [i] has the same level of tongue height as [i] and [u], but is
more fronted, closer to [i]. This contradicts other authors’ proposals. Delgado-Martins
(1986) assumes [i] as a schwa (<a>). However, Cruz-Ferreira (1999) observes that [i] does
not have the quality of a schwa. The author locates it near [u], proposing to classify it
instead as [w]. Finally, in an MRI study, Martins et al. (2008) found that [#] has the highest
tongue dorsum point among the central vowels, but it cannot be considered a high central
vowel. However, the results of this study are limited, since all acoustic data were collected
from the production of one single female speaker.

The controversy regarding [#] is a consequence of the instability of this vowel, since
its production can vary a lot, with frequent deletion in colloquial speech, as the term

“mute e”, traditionally used to name this vowel suggests. For instance, the word pequeno

4 These differences are probably observed in all languages as this is not the result of articulatory
characteristics but the result of short vocal tracts in females, compared to males (Whiteside, 2001).
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[pi'kenu] 'small' is produced in spontaneous speech as [p'kenu]). Furthermore, [i] may
function as an epenthetic vowel, for example in a very formal register in word-initial
position, if this starts with a fricative followed by consonant (e.g., espécie [ pesi] produced
as [ pesi] 'species'), or at the end of an intonational, interrogative sentence for emphasis
purposes (e.g., hipotecar? [iputi'kar] 'to mortgage?' produced as [iput kari]).

Contrary to [#], the vowel [e] can never be deleted, and it cannot function as an
epenthetic vowel either. However, we also observe a lot of variation in its production. As

explained by Andrade (2020):

[t]he use of [e] (and [8]) takes into consideration a whole literature tradition about
Portuguese. It must be understood as a symbol corresponding to an entire area of
considerable variation, in the acoustic space defined by F1 and F2, and that it
corresponds to sounds in which F1 can present a higher frequency than [g]
(p. 3255).4

The variability of [e] and [i] reported in the literature is consistent with the
variability in the stimuli recorded for the two studies included in the present dissertation
(see F1xF2 vowel spaces presented in Appendix VI).

With respect with phonological representations, the nine oral phones [a], [e], [€],
[e], [#], [i], [2], [0], and [u] correspond to seven phonemes: /a/, /€/, /e/, /i/, /3/, /o/, and
/u/.*® Figure 2.3 (next page) presents the correspondence between the mentioned phones
and phonemes, ruled by the process of unstressed vowel reduction. In this dissertation, the
term vowel reduction refers solely to the phonological process in which specific vowels are
subject to quality changes (centralization or/and raising) in unstressed position versus
stressed position and are assumed to be produced with less effort. Besides vowel reduction
induced by absence of stress, there are also cases of phonetic reduction, that is, changes in

the articulation of some vowels, or even deletion, that depend on the speed or informality

% |n the original: “A utilizacdo de [e] (e [8]) toma em consideracdo toda uma tradicdo de bibliografia sobre o
portugués. Deve ser entendido como um simbolo correspondente a toda uma d4rea de variagdo
consideravel no espago acustico definido por F1 e F2, que compreende sons cujo F1 pode ter uma
frequéncia mais alta do que de [€].” (Andrade, 2020, p. 3255)

46 Although a line of research proposes the existent of phonological /e/ and /i/ (Veloso, 2012), it is not within
the scope of this dissertation to discuss this approach in further detail.
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of speech. However, these cases are not within the scope of this dissertation.*” As
Figure 2.3 shows, vowel reduction results in a simplification of the vowel system at the

surface level: the seven categories are realized as only four phones, when unstressed.

il el fel fal L o/

VAN

i [e] [u]

Figure 2.3. Vowel reduction in EP

It must be mentioned that the process of vowel reduction is not homogeneous
(Figure 2.4). In EP, while /a/ undergoes raising into [e], the production of /¢/ and /e/ as [i]

entails first a change in tongue height, follow by centralization.

+high i » i u
A 44
+high
+low 2 =
e
A
+low € 2
a
-back +back

Figure 2.4. Vowel reduction processes in EP (Mateus, 2003)

Additionally, it’s important to note that while /i/ and /u/ do not undergo vowel
reduction in unstressed position, this does not mean that there are no quality changes
when stress is absent. However, these changes do not entail significant acoustic and

articulatory variation. The words in (1) exemplify the reduction of /a/, /¢/, and /e/, both in

4 The importance of this distinction between vowel reduction and phonetic reduction (in Portuguese: redugcéo
vocdlica and redugdo fonética, respectively) is attested by the mention of these phenomena, separately,
in the Portuguese version of the Common European Framework (Conselho da Europa, 2001), in the section
about Phonologic competence.
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pre- and post-stressed position. We will signal the stressed syllable in bold and underline

the vowel we wish to point out.*®

(1a) /a/ = [e] casa ['kaze] 'house’

casamento [keze' métu] 'marriage’

(1b) /e/ > [+] sede ['sedi] 'thirst’

sedento [si'détu] 'thirsty’

(1c) /e/ > [+#] célebre [ 'selibri] 'famous'

celebridade [silibri'dadi] 'celebrity'

We must add two further observations, regarding [e]. First, this vowel can also
result from an underlying /e/. This is due to a process of dissimilation before the coronal
vowel [i] or the coronal consonants [3], [[], n], and [A] (e.g., abelha [e'beAe] 'bee'). This
restriction is mainly observed in Standard EP (the central coast dialect). Second, [e] may
occur in stressed position when /a/ is placed before the nasal consonants [m], [n] or [n]
(e.g., cama ['keme] 'bed').*®

Before describing EP stress, a word on frequency and orthography. Figure 2.5 (next
page) shows the frequency of each EP phonetic vowel in stressed and unstressed positions
(Frota et al., 2010). As we can see, [e] is the most frequent vowel in EP, and it occurs mostly
in unstressed position. As for [#], this vowel can only occur in unstressed position.

As for orthography, previous studies place Portuguese in the center of the
orthographic depth spectrum, close to French and German (Justi et al., 2023; Seymour et
al., 2003). Concerning the target vowels of this dissertation, while [1] is represented as <e>
and, more rarely, as <i>, [e] can correspond to the graphemes <a>, <a> or <e>. It is worth
mentioning that, in EP, among all vocalic graphemes, <e> has the bigger number of possible

phonetic realizations (Figure 2.6, next page).

48 Henceforward in this chapter, we will use this convention.

9 This restriction is not observed in the 3™ person plural of simple past indicative, due to the need of lexical
contrast between this form and the 3™ person plural of the indicative present tense (e.g., falamos
[fa'lemu[] 'we speak'vs. faldmos [fa'lamuf] 'we spoke').
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18.1%

1.2%

0.3% 0.5% 0.7%
0.2% am
8.5% 2.1% 4.0% 41% | [15.2% |5.5% 2.2% = 2.1%
[a] [e] [e] [e] [ [i] [d] [o] [u]

Figure 2.5. Frequency of the oral vowels in EP speech, in stressed (in yellow) and
unstressed (in grey) position. Percentages were calculated from the total occurrences of
oral vowels, based on Frota et al. (2010)°°

[i]

real [ri'at] 'royal'

[e]

(€]
seca ['seke] 'drought ' '\ / seca ['seke] 'dry'
<e>\

(e] [#]

cereja [si'reze] 'cherry' memodria [mi'marje] 'memory'

Figure 2.6. EP phonetic realizations for the grapheme <e>

To complicate this picture, <e> is frequent in homographic words with the
pair/e/-/e/, as for example, sede: ['sedi] 'headquarters' vs. [ 'sedi] 'thirst’; este: [ 'fti] 'east’

vs. ['efti] 'this'; colher: [ku'Aer] 'spoon' vs. [ku'Aer] 'to collect'; acerto: [e'sertu] 'l adjust' vs.

[e'sertu] 'adjustment’.

50 The values displayed in the corpus FrePOP (Frota et al., 2010) were obtain from oral and written texts,

formal and informal productions.
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2.1.2. Word stress in European Portuguese

Latin was a weight-sensitive and fully predictable stress language, with stress falling
at the right edge of the words, without, however, being placed on the last syllable: Latin
polysyllabic words were paroxytonic or proparoxytonic, with only monosyllables being
oxytonic. In its evolution to Romance, several changes occurred. Among them was the loss
of vowel length contrasts and declensions, which implied a simplification of the word
structure and led to shorter words.”! Along these changes, new features of word stress
appeared, as for example, the emergence of oxytonic polysyllables. Similar to Spanish and
Italian, prosodic words in Portuguese can bear stress on three possible locations: last
syllable (oxytonic or acute words), penultimate syllable (paroxytonic or grave words) or
antepenultimate syllable (proparoxytonic words), as exemplified in (2a), (2b), and (2c),

respectively. This is known as the three-syllable window rule and is considered universal.

(2a) Oxytonics words:

café [ke'fe] 'coffee'; capataz [kepe'taf] 'foreman'; parti [per'ti] 'l left'

(2b) Paroxytonic words:

saco ['saku] 'bag'; rapazes [re'pazif] 'boys'; duvida [du'vide] 'he/she doubts'

(2c) Proparoxytonic words:

sdbado ['sabedu] 'Saturday'; dlcool ['alkuat] 'alcohol'; duvida['duvide] 'doubt’

proparoxytonic (2%)

oxytonics (23%)

paroxytonic (75%)

Figure 2.7. Distribution of EP word stress (Frota et al., 2010)

51 While Classical Latin was a synthetic language, Vulgar Latin tended to an analytic structure.
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Most Portuguese words are paroxytonic (stressed on the penultimate syllable) —
about 74%. Oxytonic words represent around 23% of the lexicon, and only 2% are
proparoxytonic (Frota et al., 2010; Figure 2.7, in the previous page).

EP stress is contrastive, that is, the position of stress determines or contributes to

meaning contrasts, as shown in (3)

(3a) tanel ['tunet] 'tunnel' vs. tonel [tu'net] 'barrel’

(3b) bambo ['bébu] 'lax' vs. bambu [b8'bu] 'bamboo'

EP primary stress is determined mainly by morphological and lexical aspects
(Castelo, 2005; Pereira, 2020; Vigario, 2003), and non-verbs and verbs must be described
separately: in the later, stress domain is the lexical word whereas in non-verbs words the
domain is the root.>> Morphologically, nouns and adjectives exhibit a structure of
[root]+[class marker]+[number].>3 In regular cases, stress falls on the last vowel of the root.
This is considered the ‘regular stress rule’ for EP, since the majority (about 80%) of
non-verbs concurs with it. The application of the regular stress rule may result in

paroxytonics or oxytonics words:

(i) non-verbs ending in <o0>, <a> or <e> (phonetically produced as [u], [e] or [i],

respectively) are paroxytonics (e.g., gato ['gatu] 'cat': gat]roor + O]cLass MARKER);

(i) non-verbs ending in consonant, except for the plural marker /s/, are usually
oxytonic. In these cases, an underlying class marker is assumed to exist, although
not phonetically realized in the singular form (e.g., animal [eni'mat] 'animal':

animal]root + _]cLass MARKER);

52 In studies on Portuguese stress, two approaches are debated: the morphology-based perspective and the
weight-sensitive algorithm. Both approaches present supporting evidence, and both have been debated
recently. However, for the purposes of the present dissertation, the morphological approach is adopted.
The reason for this choice is the fact that when instructions are provided in the classroom context, the
rules for Portuguese stress are usually supported by morphological explanations.

3 In Portuguese, /a/, /o/, and /e/ are the class markers. These are always unstressed, and surface as [e], [u],
and [#], respectively, or in @ (as zero). In general, [e] identifies feminine words, while [u], [f] and @ denote
masculine words. /s/ is the marker of plural, and it’s produced as [[], [3] or [s].
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(iii) non-verbs ending in oral or nasal diphthongs, or in full vowels, are usually
oxytonics. In these cases, it is assumed that no class marker exists (e.g., chaminés

[Jemi'ng[] 'chimneys': chaminélroot + _]cLass MARKER + S] NUMBER MARKER)-

In addition, loanwords are almost always adapted following the regular rule, a fact
that strengthens the idea of the regular stress pattern (e.g., estore ['[tor] 'roller blind',
adapted from the English word store; the Portuguese word follows the rule displayed in
(i)).

There are also less frequent cases of non-verbs which do not follow the regular
stress pattern. However, most of these words present an underlying rule: when the last
vowel of the root is marked as unstressed, then stress falls on the penultimate syllable of
the root (e.g., pldstico [ 'plaftiku] 'plastic': plasticlroor + 0] cLass marker). Non-verbs which do
not comply with this rule, nor with the regular EP stress, are rare, and native EP speakers
tend to attenuate their irregularity phonetically, producing them as paroxytonic (e.g.,
dlcool ['atkuat] 'alcohol' produced as ['atkat]: dlcool]roort).

With respect to verbs, stress is assigned depending on tense. Verbs are
morphologically structured as [root] + [theme vowel] + [tense/mode/aspect] +
[person/number].>* In past tenses, stress falls on the syllable of the theme vowel,
irrespective of its position (e.g., cantaste [k tafti] 'you sang': cant]r + a]Jtv + _]rma + stepn).>>
The infinitive, gerund, and participle also comply with this rule. In future and conditional
forms, stress falls on the tense marker (e.g., cantards [k&te'raf] 'you will sing': cant]r + a]rv
+raltma +sen). As for present tenses, it appears that in these cases stress is not linked to any
of the morphologic constituents, but rather falls on the penultimate syllable (e.g., cantas
['kBte[] 'you sing': cant]r + altv + _]tma +spn).>®

Whereas EP content words (nouns, verbs, adjectives, and some adverbs) are always

stressed, the majority of function words are unstressed (e.g., dd-me ['dami] 'give-me').

54 portuguese verbs are divided in three conjugational groups, according to the theme vowel: /a/ (cantar 'to
sing'), /e/ (bater 'to hit') and /i/ (partir 'to leave').

55 R =root, TV = theme vowel, TMA = time/mode/aspect marker, and PN = person/number marker.

%6 Since EP imperative conjugation derives from present indicative forms, it presents the same stress pattern.
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When function words are stressed, most of them comply with the regular stress rule (e.g.,
como ['komu] 'as').

As for the acoustic properties of stress, and as described in Chapter 1, in stress
languages, different cues may be used to signal differences between prominent and
non-prominent syllables: duration, intensity, pitch, and vowel quality. Despite the
importance of word stress in EP, very few authors have focused on the acoustic cues for
stress in this language.

The acoustic parameters of EP stress were empirically observed by Delgado-Martins
(1986), through an analysis of Portuguese real words in production. To determine EP stress
acoustic features, the author conducted acoustic analyses of EP triplets (examples in (4)),
each of them recorded by native Portuguese speakers in three conditions: isolation,
inserted in a fixed carrier sentence and inserted in a free sentence. For each syllable, values
of f0, duration, intensity, and energy were collected (where energy is the intensity over

time).

(4a) explicito [[ plisitu] 'explicit’
explicito [[pli'situ] 'l make explicit'

explicitou [[plisi'to] 'he/she made explicit'

(4b) exército [i'zersitu] 'army’
exercito [izir'situ] 'l exercise'

exercitou [izirsi'to] 'he/she exercised'

The author concluded that, when vowel reduction is absent, duration and energy
are the main acoustic cues for stress, but only when it falls on the antepenultimate or the
last syllable of the word (i.e., in case of irregular stress, the marked pattern). If stress falls
on the penultimate syllable (regular stress, unmarked pattern), there are no systematically
appearing acoustic cues. This indicates that the basic rule in EP is manifested in the acoustic
dimension, that is, stress is cued if the word does not comply with the regular stress pattern
(the marked case). Results of Delgado-Martins (1986) showed that vowel reduction is the
main cue for stress, with no need for other cues. Additionally, the author found that fO and

intensity are not cues to word stress, but rather operating at the phrase and sentence level.
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These EP stress parameters were later confirmed in perceptual experiments by the same
author.

Castelo (2005) investigated the role of lexical and morphological knowledge, as well
as the role of phonological cues (vowel reduction) in EP native speakers’ perception of
stress. In the study, the author presented an auditory corpus consisting of 100 real words.
To observe differences between non-verbs and verbs in the activation of stress cues, the
author included nouns and adjectives, as well as verbs. The stimuli were recorded by two
female speakers, one from the EP variety, and the other from the Brazilian Portuguese
variety.”’ Ten native Portuguese speakers were asked to identify stress. The results showed
that Portuguese native speakers could correctly identify stress location in most of the cases,
although they presented some difficulties with the Brazilian corpus. Regarding
morphological and lexical cues, the author concluded that “word primary stress is more
easily identified in words with a marked stress pattern or a suffix lexically marked for stress
(i.e. when the lexical exceptions override the morphological structure)” (Castelo, 2005,
p. 163). Results also emphasized the importance of vowel reduction in stress perception by
EP listeners: reduced vowels were mostly identified with the absence of stress, and, on the
contrary, full vowels were identified as being stressed.

The importance of vowel reduction for stress perception by EP native speakers was
also attested in a perceptual study by Correia et al. (2015). Three experiments were
conducted by the researchers: an AXB task and two sequence-recall tasks, with and without
vowel reduction. The authors used disyllabic and trisyllabic nonwords, recorded in citation
form and within a carrier sentence. Following previous cross-linguistic studies, phoneme

contrasts were used as control condition. Stimuli are exemplified in (5).

(5a)  stress contrast without vowel reduction: ['mipu]/[mi'pu];
['demitu]/[de'mitu], [de'mitu]/[demi tu]

(5b)  stress contrast with vowel reduction: ['nemi]/[ni mi]

(5c)  phonemic contrast: ['siru]/['seru]; ['mupe]/[' mune]

57 The author used tokens produced by the two varieties, since they differ in the way vowel reduction
operates. Additionally, from the 83 non-verbs forms used, 17 were compounds, which were included to
observe the effect of secondary stress.
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Results showed that, in the absence of vowel reduction, Portuguese native speakers
had difficulties discriminating stress contrasts, performing similarly to French speakers
(Dupoux et al., 1997, 2001; Peperkamp et al., 2010). By contrast, when vowel reduction
was present, Portuguese participants made significantly less errors. Overall, results suggest

that, in the absence of vowel reduction, Portuguese listeners display stress ‘deafness’.

2.2. Phonetics and phonology of Hungarian

Hungarian (“magyar”) is a Finno-Ugric language, spoken by over fourteen million
people: ten million within the Hungarian borders, three million living in the surrounding
countries as Hungarian speaking minorities, and more than a million in other countries all
over the world.

Hungarian vowel inventory comprises fourteen phones [o], [a:], [€], [e:], [i], [i:], [o],
[o:], [@], [@:], [u], [u:], [y], and [y:] (Figure 2.8). These phones correspond, respectively, to
the phonemes /o/, /a:/, [¢/, /e:/, [i], [i:/, [0/, o/, /8], [®:/, /u/, Ju:/, Iy/, and [y:/.

tongue position

front central back
unrounded rounded unrounded rounded
short long short long short long short long
close [ [i] [i1] lv] [yl [u] [u]
g close-mid le] (2] 2] [a] [o] [o]
qé open-mid [€]
open [a:] [o]

Figure 2.8. Phonetic vowel system of Hungarian, adapted from Marké (2017, p. 156)°8

In addition to the features that are traditionally used for classification/description
of vowels (tongue height, backness and lip position), in Hungarian, phonological length is
also distinctive (e.g., orul [ ' gryl] 'rejoiced' vs. 6riil ['@:ryl] 'getting crazy'). On this dimension,

we can readily observe five short-long pairs contrasting only in length (examplesin (6)), and

%8 The schwa ([3]) does not correspond to a phoneme and has no representation in the Hungarian
orthography, as the word gnu [ganu] 'gnu' exemplifies (Markd, 2017).
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two pairs contrasting in length but also in quality (examples in (7)) (Markd, 2017; Siptar &
Torkenczy, 2000; Szende, 1990).

(6a) [i]-[i:]: hidra ['hidro] 'beckon' vs. hidra ['hi:dro] 'to (the) bridge'

(6b) [0]-[0:]: koma ['komp] 'friend' vs. kéma ['ko:mp] 'coma’

(6¢) [@]-[@:]: nével ['ngvel] 'increases' vs. ndvel ['ng:vel] 'with (a) women'
(6d) [u]-[u:]: szurok ['surok] 'tar' vs. szurok ['su:rok] 'l stab'

(6€) [yl-ly:]: biintettek ['byntet:ek] 'they punished' vs. biintettek ['by:ntet:ek]
‘crimes’

(7a) [e:]-[€]: kéz ['ke:z] 'hand' vs. kezek ['kezek] 'hands'

(7b) [a:]-[p]: nydr ['pa:r] 'summer' vs. nyarak [ no:rok] 'summers'

Hungarian orthography is highly transparent (Borgwaldt et al., 2004), and even the
short-long vowel system is unambiguously represented in the orthographic system. Short
vowels may only be marked by overdot, umlaut or have no diacritics, while long vowels are

marked by acute or double acute diacritics (Table 2.1).

Table 2.1. Phone-grapheme correspondence in Hungarian, according to vowel length

short vowels long vowels

[o] <a> ] <a>
[e] <e> el <é>
[i] <i> [i] <i>
[o] <o> [o:] <6>
[u] <u> [u:] <G>
(2] <6> [2:] <6>
[yl <i> ly:] <l>

As for the frequency of occurrence (Figure 2.9, next page), [€] and [p] are the most
frequent vowels (above 20%), followed by [0], [i], [a:] and [e:] (between 7.3% and 11.9%).
The remaining vowels have a frequency lower than 3.3%. It is interesting to note that short

vowels are considerably more frequent than long vowels: 78.9% against 21.1%.
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26.7%

21.8%

11.2% 11.9%

8.2%
7.3%

21% 2:6% . 3.3% 0
il B s e I i,
I I = o7 o5
(] [0l [el [ex] [l [l [o] [o:] [o] [l [u] [w] vl Iy

Figure 2.9. Frequency of short vowels (in yellow) and long vowels (in green) in Hungarian
speech. Percentages calculated from the total occurrences of vowels, based on Gdésy
(2004, p. 89)°>°

Although not directly related to the topic of this dissertation, it should be
mentioned that Hungarian shows vowel harmony, since it is its most broadly debated
feature. In few words, in Hungarian, harmony refers to vowels in the stem agreeing in
backness. This harmonic behavior expands to the suffixes. Suffixes in Hungarian can
present two or three forms (e.g., -ban/-ben [bon]/[ben] 'in'; -hoz/-hez/-hoz
[hoz]/[hez]/[h@z] 'to'), and the selection of the form is governed by the last vowel of the
stem. In the case of three-form suffixes, roundness harmony is also at work. In most cases,
stems include only back or front vowels, and are suffixed accordingly, as the examples in
(8a) show. Stems that include both front and back vowels are suffixed according to the last
vowel in the stem (8b). Stems that include [i], [i:], [€], and [e:] in this last position may
induce back suffix selection, and for this reason they are considered to be
neutral/transparent: they do not themselves govern suffix selection, but they lend this role
to the vowel that precedes them (and if it is also neutral, to the vowel that precedes that

vowel and so on), as in example (8c).

(8a) tiikor)stemtdl ['tykerte:l] 'from the mirror'

vdros]stemtdl ['va:rofto:l] 'from the city'

% These values were calculated from a corpus consisting of monologues and dialogues (spontaneous speech),
produced by 12 Hungarian speakers.
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(8b) soférlstemtdl! ['Jofg:rtg:1] 'from the chauffeur'

(8c) kastély]stemtdl! [ 'ka:Jte:j:to:1] 'from the castle’

In citation form, and with very few exceptions (such as interjections), Hungarian
words are stressed in the first syllable, independently of being simple (9a), derived (9b) or

compound words (9c).

(9a) ember ['ember] 'man'
(9b) emberek ['emberek] 'men'

(9c¢) fiinyiré [ 'fy:pi:ro:] 'lawnmower'

Word stress is not contrastive in Hungarian, and studies have shown that Hungarian
listeners present a high level of stress ‘deafness’ when it comes to perception of stress
contrasts (Honbolygé et al., 2017; Peperkamp et al., 2010; Peperkamp & Dupoux, 2002).

Traditionally, fO and intensity are regarded as acoustic cues of stress in Hungarian
in production (Fénagy, 1958). In earlier studies these cues were also assumed to be the
most important in perception, but more recent studies point to a bigger role of fO than
intensity. It must be noted that in Hungarian, sentence level accent and words stress always
align (Szalontai et al., 2016), a fact that curtails the study of word stress on itself.

Finally, traditionally there is also a consensus that vowel quality does not undergo
variation as a result of present/absence of stress. However, Marké et al. (2019) alludes to

the absence of reliable studies on this matter.

2.3. Comparison between the Portuguese and Hungarian systems

In sum, both Hungarian and EP have a rich vowel system, but they present a
paramount difference. In EP, the quality of the vowel cues their stressed or unstressed
status: [a], [€], [2], and [o] are mostly perceived as stressed, [e] and [i] are perceived as
unstressed, and [i] and [u] are perceived as stressed or unstressed. By contrast, in
Hungarian, vowel quality do not relate to stress and vowels are contrastively divided into

short ([o], [€], [i], [o], [®], [u], [y]) and long vowels ([a:], [e:], [i], [o:], [®:], [u:], [y:]). Apart
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from a different pattern between the two vowel systems (stressed-unstressed in EP vs.
short-long in Hungarian), in the comparison between the two inventories we observe that
the EP vowels [e] and [i] are absent from the Hungarian inventory, and the Hungarian
vowels [@] and [y] are not available in EP.®°

As for word stress, it is not a contrastive feature in Hungarian, and consequently,
native speakers exhibit ‘deafness’ when it comes to the perception of stress contrasts. In
EP, word stress is not only lexically contrastive, but also impacts vowel quality (e.g., exército
[i'zersitu] 'army' vs. exercito [izir'situ] 'l exercise'). Furthermore, acquiring EP stress entails
morphological and lexical knowledge, which only comes with the expansion of vocabulary,
and it is also influenced by metalinguistic knowledge, as suggested by Castelo (2005).

We must mention the issue of duration. As we described, this acoustic cue is used
to signal EP stress only in marked cases (i.e., when stress does not follow the regular cases)
or/and if the word does not include reduced vowels (e.g., tunel ['tunet] 'tunnel'). Contrarily,
in Hungarian vowel length is contrastive (e.g., éril ['@ryl] 'rejoiced' vs. 6riil ['@:ryl] 'getting
crazy'). In order words, in EP, duration signals relevant contrasts at suprasegmental level
whereas in Hungarian, duration operates lexically at segmental level.

Finally, it is worth mentioning that as opposed to Hungarian, EP orthography is not
transparent. A vowel (but also many consonants) can be represented by different
graphemes (e.g., cereja [si'reze] 'cherry') and one grapheme may have different phonetic
realizations (e.g., sede ['sedi] 'thirst' or ['sedi] 'headquarters'). The rules behind the
phone-grapheme correspondence are phonological and dependent of the
presence/absence of stress, or, in some cases, are determined by etymological aspects.

Having described the phonetic and phonological relevant aspects of the L1 and the
L2 systems, and supported by the literature review presented in Chapter 1, we can now

establish the hypotheses for our work.

60 Recall that we only refer to standard EP, the norm to which learners of L2 Portuguese are more exposed.
[y] is present in the dialect of the island of Sdo Miguel (Azores), for example.
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CHAPTER 3

RESEARCH QUESTIONS AND HYPOTHESES






The review of the studies in L2 perception shows that some segmental and
suprasegmental features are easier to perceive than others. Findings strongly suggest that
acoustic (dis)similarity in vowels determines difficulty or ease in perception. The stress
parameter hypothesis (Peperkamp & Dupoux, 2002) predicts that speakers of languages
that encode stress as non-contrastive in L1 acquisition (e.g., Hungarians) will exhibit stress
‘deafness’ in L2 perception. While in the case of L2 vowels, research points to the positive
effects of training, findings for stress acquisition are less clear. Additionally, studies on L2
targeting languages which display variable stress and vowel reduction crucially exclude the
issue of vowel reduction.

As previously pointed out, in EP, word stress and vowel quality are connected, since
the latter (full vs. reduced vowels) is determined by the presence/absence of stress. To the
best of our knowledge, the question on how do speakers who have a different vowel
inventory, predictable stress (thus, expected to be stress ‘deafness’), and with no stress
induced vowel reduction acquire the phonology of an L2 which includes these features has
not yet been addressed in existing research.

In this dissertation, we aim at answering the above question by observing
Hungarian native speakers learning Portuguese. As described in Chapter 2, in the Hungarian
vowel inventory, the EP reduced vowels [e] and [i] are absent. As for word stress, while in
EP it is variable, in Hungarian is fixed (on the first syllable). Furthermore, EP word stress is
accompanied by stress-induced vowel reduction, whereas in Hungarian, it is not. In the
sections below, the research questions guiding this dissertation will be presented and

motivated.

3.1. How do Hungarian learners categorize the EP reduced vowels [e] and [], at

the onset of learning?

In Chapter 1 we reported cross-language models which posit that L2 perception is
modulated by the L1 phonological system, and that L2 sounds are perceived in relation to
the closest L1 categories. However, these models differ in their approach. While PAM
predicts L2 perception based on articulatory-phonetic similarity, SLM and the L2LP model

construct their frameworks on acoustic similarities/dissimilarities. Elvin et al. (2021) point
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out the close relationship between acoustics and articulation, suggesting that both
methods are equally pertinent. L1-L2 acoustic comparisons have been widely used to
predict and analyze how listeners map non-native sounds (Chladkovd & Podlipsky, 2011;
Elvin et al., 2014, 2021; Escudero & Vasiliev, 2011; Flege et al., 1994; Mayr & Escudero,
2010). Considering the above-mentioned reasons, we establish our predictions on
comparisons of the F1xF2 vowel space between the L1 (Hungarian) and the L2 (EP).

To conduct the acoustic comparison between the Hungarian and the EP vowel
spaces, we placed the EP target vowels, [e] and [#], in the Hungarian perceptual vowel map
(Figure 3.1). The values for the EP vowels were calculated from Andrade (2020, p. 3251),
and are reported in Appendix IV. The values for Hungarian data were retrieved from Kiss

(1985, p. 166) and modified according to Marko (2017).6*
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Figure 3.1. Location of EP [e] and [i] in the Hungarian perceptual vowel map

As shown in Figure 3.1., /¢/ is the closest Hungarian category to the EP vowel [e],
which can explain Hungarian learners’ tendency to write the reduced vowel [e] as <e>, a

grapheme that unequivocally represents /€/ in Hungarian, as previously explained. The next

61 Henceforward, when we mention the Hungarian perceptual map, we will refer to the vowel space with
values for Hungarian perception data retrieved from Kiss (1985, p. 166) and modified according to Markd
(2017). Additionally, references to standard EP vowels are always based on the values retrieved from
Andrade (2020, p. 3251), as reported in Appendix IV.
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closest categories are /e:/, /@¢/ and /a:/. Considering that the later differs from [e] in the
height of the tongue relative to the palate — [a:] is low, while /e:/and /@/ are mid vowels,
as [e] —, we expect Hungarian /e:/ and /@/ to be the alternate choices in the perception of
[e].

As for [i], this vowel is located in the space between /y/, /e:/, /e/ and /@/, therefore

we expect these categories to be used by Hungarian listeners.

Hypothesis 1
Hungarian learners of L2 Portuguese, at the onset of learning, categorize the EP [e]

into /¢/, /e:/ or /@/, and the EP [#] into /y/, /e:/, /e/ or /a/.

3.2. Does a perceptual training improve discrimination abilities with the reduced

vowels [e] and [{]?

The studies reviewed in section 1.3.2 demonstrate that L2 vowel perception
improves immediately after training. Therefore, we expect a similar outcome when training
Hungarian learners of EP, that is, we expect that Hungarian learners show improvement in
the perception of the EP vowels [e] and [i], after a training program. Moreover, according
to PAM-L2, the onset of learning is the ideal moment for phonetic attunement, since
vocabulary acquisition and morphosyntactic properties may curtail perceptual attunement
(Best & Tyler, 2007).

It is worth mentioning that phonetic attunement is not equivalent to phonological
acquisition, and that L2 segmental acquisition entails the perception of relevant lexical L2
contrasts (Best & Tyler, 2007). This assumption is shared by the L2LP model, in which it is
proposed that acquisition involves not only auditory-driven learning, but also
lexicon-driven learning. Thus, the advantage that learners may have in phonetic
attunement at the onset of learning is counterbalanced with the disadvantage of the none
or negligible amount of L2 word knowledge. The lack of a solid basic L2 lexicon in learners
affects the possibilities of the training itself. As mentioned in Chapter 1, studies have shown
that the combined use of identification and discrimination tasks is ideal to promote

learning. Moreover, the study of Carlet (2017) demonstrates that students who are trained
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with identification tasks achieve better scores in the generalization test for L2 vowel
perception than the students who train with discrimination tasks, which suggests that
identification tasks are more efficient in promoting long-term learning. However, in our
training, identification tasks cannot be included, since for these, a stable knowledge of a
minimum L2 lexicon is needed. This limitation in the training methodology may thus restrict
the level of improvement in the perception of the target EP vowels as well.

In Chapter 1 (section 1.3.1) we detailed three cross-language models which
establish predictions for the difficulty/ease for L2 vowel perception and acquisition, based
on the identification of the L2 segments into the L1 system. Both L2LP and PAM-L2 posit
that when learners map a pair of sounds that contrast in L2 into just one single L1 category
(the new scenario, in the L2LP model, or a single-category assimilation, in PAM), learners
present more difficulties in acquisition. According to the L2LP model, in this scenario,
learners have a perceptual task, but also must adjust the categories in terms of lexical
representations. A different learning path emerges when learners map the contrasting L2
sounds in more than two L1 categories. In the L2LP model, this corresponds to a subset
scenario, while in PAM, it is considered to be an uncategorized (focalized, clustered or
dispersed) assimilation. In this case, the degree of difficulty in acquisition depends on the
degree of perceptual overlap found for the sounds in question. The wider the overlap, the
more difficult it is for learners to adjust categorization of the L2 sounds. However, this
scenario should not be more difficult than the new scenario. Finally, both the L2LP model
and PAM propose that when the L2 contrast is perceived as an L1 contrast — a similar
scenario (L2LP) or two-categories assimilation (PAM) —, discrimination is not problematic,
and learning consist only of a perceptual adjustment task. The SLM presents different
predictions. Recall that the model approaches L2 perception from (dis)similarities between
L1 and L2 sounds, and not contrasts. According to SLM, new categories are more likely to
be created than similar categories. In sum, the three models propose different learning
paths while agreeing on the importance of the (dis)similarity between L1 and L2 segments
or contrasts in L2 speech perception. Another aspect to have in consideration is the target
population they were designed to account. Both SLM and the L2LP models propose to

explain L2 perception by L2 learners, while PAM focuses on non-native perception by naive
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listeners. However, the focus of SLM’s is the naturalistic learning process, whereas the L2LP
model is more concerned with formal learning contexts.

Considering that (1) studies provide strong evidence on the positive effect of
perceptual training in L2 vowel acquisition, (2) the low level of L2 knowledge limits the
training tasks that can be used, which can also limit the improvement in training, (3) models
on L2 perception differ in their approaches and in their predictions, and to date, no
conclusive findings were published in which model is more adequate to explain L2 speech
acquisition, and (4) observations in the classroom suggest a more persistent difficulty for

[e] than for [i] (described in Introduction), we propose the following hypothesis:

Hypothesis 2
A perceptual training focusing on vowel discrimination promotes the acquisition of
the EP vowels [e] and [#] by Hungarian learners, although to different extent for

each of the vowels.

3.3. Does a perceptual training improve discrimination abilities with word

stress?

With respect to L2 word stress acquisition, empirical evidence is scarce. In
Chapter 2, we reported that in EP, stress is distinctive, whereas in Hungarian, it does not
mark lexical contrasts. The consequence of this fact is that Hungarian speakers disregard
stress contrasts, thus presenting stress ‘deafness’. As reviewed in Chapter 1 (sections 1.4.1
and 1.4.2), results of perceptual experiments are conflicting. In studies with French
listeners (who, similar to Hungarian speakers, present stress ‘deafness’), researchers
obtained different outcomes. Dupoux et al. (2008) tested French learners of L2 Spanish and
did not find significant differences between learners with different levels of L2 knowledge.
A similar result was obtained in Honbolygd et al. (2017). In this study, no significant
differences in stress perception discrimination abilities were found between Hungarian
Beginner and Advanced learners of Germain. Michaux (2016) observed French learners of
Dutch L2 and found some evidence of learning. A comparison between results of the first

block and the last block of the experiment showed that the French participants improved
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in trials that included contrasts of pseudowords in which stress location was manipulated
(e.g., PAgina vs. *paGlna).®? Finally, Schwab & Llisterri (2014) also tested changes in the
perception of Spanish by French speakers, but in this case participants were naive listeners.
A single training session was conducted, and the results showed improvement. However, a
more extensive analysis suggested that progress was more dependent on individual
learning abilities than an effect of training. Finally, two studies conducted a longer training
program: Brawerman-Albini (2012) and Ou (2011). In Brawerman-Albini (2012) both
learners’ L1 (Brazilian Portuguese) and L2 (English) were variable stress languages. The
results show that although participants improved from the pretest to the post-test, no
generalization of learning was achieved. In the study of Ou (2011), with Chinese learners of
L2 English, improvement was observed only in one of the conditions (when rising intonation
cued word prominence). It must be pointed out that the participants in the studies of
Brawerman-Albini (2012) and Ou (2011) had an intermediate or advanced knowledge of
the L2. In sum, although empirical evidence is conflicting about the persistence of
‘deafness’ in perception of stress contrasts, the studies who included perceptual training
(Brawerman-Albini, 2012; Ou, 2011) presented positive results, that is, learners were able

to improve in stress perception. Considering this, we establish the following hypothesis:

Hypothesis 3
Hungarian learners benefit from perceptual training focusing on stress

discrimination to overcome stress ‘deafness’.

3.4. Is a perceptual training that combines word stress and vowels more
effective in improving discrimination abilities of reduced vowels and word stress

than a training that focuses on one of those features only?

62 The other tested condition included nonwords, created from real words, with low segmental variability
(e.g., *SAsasa vs. *saSAsa). According to the authors, the lack of phonotactic information might have
contributed to the poor results in this condition.
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As explained in Chapter 2, in EP, vowel reduction is a paramount feature, and stress
is intrinsically connected to it. In the absence of vowel reduction, Portuguese listeners
present ‘deafness’ in the perception of stress contrasts. Therefore, the link between stress
and vowel quality is significantly reflected in the EP vocabulary. Although Hungarian L2
Portuguese learners are exposed to a limited amount of input in the classroom (when
comparing with learners in a naturalistic context, for example), that input is, nevertheless,
representative of the Portuguese phonological system and, consequently, learners are
exposed to frequency and distributional patterns of EP stressed and unstressed vowels. We
assume that a training with stimuli designed to combine stress and vowel discrimination
will draw learners’ attention to these properties of the L2. Moreover, given the
above-mentioned link, reduced EP vowels cannot be acquired without mastering word

stress. Having these facts in consideration, we postulate the hypothesis below:

Hypothesis 4
Hungarian learners of L2 Portuguese benefit more from a perceptual training that
combines stress and vowel reduction than from a training focused on stress or

vowels only.

3.5. Is there a hierarchy in L2 acquisition between segmental features and

suprasegmental features?

The full access hypothesis posits that the mechanisms used for L1 acquisition are
available and adopted for L2 acquisition as well, even in L2 late learners (Flege, 2005;
Escudero & Boersma, 2004). Therefore, it seems legit to assume that a similar order of
acquisition can be observed for L1 and L2 at the onset of learning. If so, according to the
phonological bootstrapping hypothesis (Teixidd et al., 2018; van Heugten et al., 2014),
learners rely on prosodic information, such as rhythm, intonation, and stress, for L2 speech
segmentation, which will allow them to acquire L2 grammar and vocabulary. Although we
have to account for the influence of formal learning context in which our study is
conducted, the input provided in classroom reflects the properties of the L2, as already

mentioned. In the case of EP, stress is located in the right-edge of the prosodic word. To be
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able to extract words from the speech continuum, learners will have to identify word
boundaries, and word stress is a critical cue to it.

With this is consideration, we establish our 5" hypothesis:

Hypothesis 5
Hungarian learners of L2 Portuguese at the onset of learning focus first on the L2

suprasegmental features. Accordingly, stress precedes vowels in L2 acquisition.

In the present chapter we presented the hypotheses, grounded on the literature
review reported in Chapter 1 and Chapter 2, for the research questions that guide our
dissertation. Next, we will present Part || — Empirical studies, in which we described two
experiments designed to answer the research questions, and accordingly, corroborate or

refute the established hypotheses.
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PART 2

EMPIRICAL STUDIES






CHAPTER 4

PERCEPTION OF EUROPEAN PORTUGUESE ORAL VOWELS
BY HUNGARIAN NATIVE SPEAKERS






In Chapter 1, we described a selection of studies aimed at L2 vowel acquisition.
These studies present perceptual trainings designed to help learners overcome difficulties
previously observed. For example, in Aliaga-Garcia (2017) and Rato (2013), the authors
starting point were difficulties already attested in the perception of English vowel contrasts
(e.g., /i/-/1/). In the case of Hungarian learners of L2 Portuguese, to the best of our
knowledge, no perceptual study was yet published; therefore, we don’t have information
on the difficulties those learners display with the EP vowels. Consequently, we must
conduct a study to be able to collect the necessary data to design a perceptual training. The
experiment we report here was design to that purpose, and took place between April and
May 2021.%3

Based on a comparison of the F1xF2 vowel spaces of the L1 and the L2, we
established the following hypothesis for the perception of reduced vowels [e] or [i] by

Hungarian listeners (see Chapter 3):

Hungarian learners of L2 Portuguese, at the onset of learning, categorize the EP [e]

into /g/, /e:/ or /@/, and the EP [i] into /y/, /e:/, /€/ or /@/.

Although our aim is to observe the perception of the EP reduced vowels [e] and [#],
we decided to test all EP oral vowels, and thus have a complete picture of how Hungarian
listeners map the EP oral vowel system. Accordingly, we included the nine EP oral vowels:
[a], [e], [€], [e], [#], [i], [2], [0], [u]. As for the Hungarian categories, as reported in Chapter 2,
Hungarian system contains fourteen categories, seven long vowels and seven short vowels.
However, there are only nine different vocalic qualities. Since we aimed at investigating

perception on the basis of vowel quality, we only included the following Hungarian vowels:

/v/, [a:/, €], e/, i/, [o/, /8], /u/, and [y/.

Before reporting the study, a clarification is in order, regarding the terms
perception, identification, categorization, and assimilation. As described in the beginning

of Chapter 1, speech perception is inherently categorical, that is, speech sounds are

83 The preliminary results of this study were published in Tavares et al. (2022).
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perceived as linguistic categories. However, in this chapter, categorization will be used
strictly as proposed by PAM (Best, 1995). According to this model, a sound is classified as
assimilated (as speech sound) if it is identified above chance level, and it is classified as
categorized if it is identified above a specific categorization threshold. As for identification,
we will use this term to refer to results of the forced-choice identification task. In the
context of the present study, perception is, thus, a broader concept that includes

assimilation, identification and categorization.

4.1. Study design

To observe how Hungarian listeners map the Portuguese oral vowels in their L1
system, we designed a multiple forced-choice identification test with goodness-of-fit
rating, a task frequently used in perceptual categorization studies in L2 Phonology
(Bundgaard-Nielsen et al., 2011; Faris et al., 2018; Flege & Mackay, 2004; Mayr & Escudero,
2010). In these tasks, participants are first asked to match a non-native auditory stimulus
among different L1 or L2 alternatives, usually presented in orthographic form. Considering
that the target listeners of this study are naive speakers (i.e., with no knowledge of the L2),
it was only possible to present the answers to the participants in their L1. As for the
goodness-of-fit rating scale, although studies usually employ odd-scales (e.g.,
Bundgaard-Nielsen et al., 2011; Cebrian, 2010; Faris et al., 2016, 2018), in our experiment
we decided to use a four-point Likert scale (1 =very bad example, 2 = bad example,
3 = good example, 4 = very good example). This methodological decision was made to force
participants to express a clearly positive (3 and 4) or negative (1 and 2) judgment and avoid
the face-saving don’t know effect (Sturgis et al., 2014), that is, the expression of absence
of opinion rather than the expression of a neutral opinion. We are aware, however, that by
excluding a midpoint, we may be biasing results towards a positive or negative assessment
despite the fact that participants may have wanted to express neutral opinions.

Two groups of participants were recruited: a group of Hungarian native speakers
having no knowledge of the L2, the experimental group (Group EXP), and a group of

Portuguese native speakers, to control for stimuli nativeness (Baseline Group).
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The experiment was divided into four parts: (1) informed consent, (2) background
questionnaire and volume adjustment, (3) familiarization tasks, and (4) main trials.

The background information of the participants was collected at the beginning of
the experiment, and included questions about age, gender, and academic studies, as well
a section on L2 knowledge. Given the preliminary nature of this study, this section was
concise and presented in the form of a multichoice questionnaire. In the case of Group EXP,
we selected the languages most taught in Hungarian universities, in courses unrelated to
Languages Studies, which were English, Germain, Spanish, French, Italian and Russian. To
exclude participants with formal contact with Portuguese, we added Portuguese among
the choices. We also established the possibility of four levels: beginner, intermediate,
advanced, and native level. Participants could choose up to four L2, and when choosing an
L2, the indication of the proficiency level was mandatory. Appendix Il displays the
questionnaires.

The second part consisted of the familiarization trials. The purpose of this part was
to provide the participants the opportunity to get acquainted with the type of task they
would have to complete in the main trials. In the present experiment, two familiarization
tasks were created. The first task included forced-choice identification trials with feedback,
and the second included the same trials followed by goodness-of-fit rating and without
feedback. Each familiarization task included nine trials, randomly presented, with tokens
produced in the participants’ native language.

The third part of the experiment — the section containing the main trials — was
similar to the second familiarization task: forced-choice identification trials followed by
goodness-of-fit rating, without feedback. Auditory stimuli consisted of the nine EP vowels,
produced by three native female talkers®, in [gV] context, and the visual stimuli consisted
of nine real words of the L1, also starting with [gV]. The main test included, thus, 27 trials

(9 vowels x 3 talkers), which were randomized across participants.

4 In this dissertation, we will use the term ‘talker’ to refer to a speaker who produces tokens for the
experiments. We use ‘speaker’ in a broad sense (as talkers and listeners) and always referring to native
speakers. We also use it as a synonym for listeners (e.g., Hungarian speakers = Hungarian native speaking
listeners).
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We created two versions of the experiment, one for Group EXP (exp-HU) and one
for the Baseline Group (exp-PT). The two versions were structurally and graphically
identical, but instructions as well as the auditory stimuli for the familiarization tasks were
presented in the L1 of the target group (Hungarian for Group EXP and Portuguese for the
Baseline Group). As for the auditory stimuli of the main trials, they consisted of tokens in
EP (the target L2), in both groups. Regarding orthographic stimuli, they were always

presented in the respective L1. A summary of the two versions is displayed in Table 4.1.

Table 4.1. Overview of the experiment

language of the
experiment language of the orthographic  number
version section task auditory stimuli stimuli of trials

consent
background questionnaire

volume adjustment

exp-HU familiarization task 1  forced-choice identification (with feedback) Hungarian Hungarian 9
(EXP Group)

e forced-choice identification and . .
familiarization task 2 ) ) ) Hungarian Hungarian 9
goodness-of-fit rating (with no feedback)

main trials forced-choice identification and Ep Hungarian 27
goodness-of-fit rating (with no feedback) &

consent
background questionnaire

volume adjustment

exp-PT
(Baseline familiarization task 1  forced-choice identification (with feedback) EP EP 9
Group) _choice i i cati

familiarization task 2 forced-choice identification and Ep Ep g

goodness-of-fit rating (with no feedback)

main trials forced-choice identification and Ep Ep 27
goodness-of-fit rating (with no feedback)

Both versions were built in PsychoPy, version 2020.2.3 (Peirce et al., 2019) and
hosted by pavlovia.org. Results were downloaded from pavlovia.org in csv format and raw
data was prepared and analyzed in R (R Core Team, 2014).

Wilcoxon signed-rank tests were used to attest if identification means were
significantly different than chance level (i.e., the probability of each L2 vowel to be
identified as a specific L1 category) or significantly different than established

categorization’s thresholds. Additionally, we used Wilcoxon rank-sum tests to analyze
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goodness-of-fit ratings.®® To assess talker effects on the results, we used x? tests. We opted
to exclude reaction times from the analysis, since this variable can be difficult to control on
online tasks such as in this experiment, consequently presenting significant errors (Holden

et al,, 2019).

4.2, Participants

All participants were recruited online: a recruiting email with a link to the
experiment was shared with teachers and students at Hungarian universities, who were
asked to share it, in turn, with possible candidates. Participation criteria were: (1) to be
aged between 18 and 45, (2) to be a native speaker of Hungarian (Group EXP) or EP
(Baseline Group), and (3) to have access to a computer, internet, and headphones or
earbuds. In the case of Portuguese participants, they should be from the dialectal area of
Lisbon.

A total of 102 Hungarian native speakers completed the test. However, from these,
21 referred having previous or present contact with Portuguese through family, friends or
attending a course. These participants were excluded from the analysis. Three other
participants were not included due to incomplete or unclear background data (missing or
duplicated information regarding L2). As for the Baseline Group, initially, 31 Portuguese
speakers completed the task, but one reported an A2 proficiency level in Hungarian and
therefore was excluded.

The final data considered for this experiment comprehended results from 108
participants: 78 from Group EXP and 30 from the Baseline Group. Table 4.2 (next page) lists

the general information collected from the included participants.

8 Although previous studies used t-tests, individual Shapiro-Wilk tests showed that our data were not
normally distributed; therefore, we used Wilcoxon non-parametric tests.
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Table 4.2. Participants’ general information

Age group Gender Academic degree
secon-
18to 26to 31to 36to 4lto dary
25 30 35 40 45 male female other | studies BA MA PhD
Group EXP (n=78) 27 14 20 9 8 27 51 22 12 25 19
Baseline Group (n=30) 17 7 2 1 3 8 21 1 8 12 9 1

Data on L2 knowledge from Group EXP is presented in Table 4.3. All participants
reported English as L2, and the majority reported the advanced level. The second most
spoken L2 was German, but contrary to the case of English, most of the participants

reported only a beginner level.

Table 4.3. Reported spoken L2 in Group EXP

n. of responses

beginner level 4
English (n=78) intermediate level 29
advanced level 43
native level 2
beginner level 26
Germain (n=51) intermediate level 15
advanced level 10
beginner level
French (n=16) intermediate level
advanced level 3
beginner level 10
Italian (n=16) intermediate level 4
advanced level 2
beginner level 6
Spanish (n=15) intermediate level 5
advanced level 3
native level 1
beginner level 2
Russian (n=5) intermediate level 1
advanced level 2
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4.3. Materials

Forced-identification tasks require two sets of stimuli: one for the ‘question’ and
one for the ‘answer’. In the present experiment, we used auditory stimuli for the ‘question’
and visual (orthographic) stimuli for the ‘answer’.

In the case of the auditory stimuli, three sets were created: one for the main trials
for both groups, one for the practice trials of Group EXP, and one for the practice trials of
the Baseline Group.

As for the visual stimuli, it consisted of sets of nine real words, presented
orthographically. Four sets were created: one for the main trials of Group EXP, one for the
main trials of the Baseline Group, one for the practice trials of Group EXP, and one for the

practice trials of the Baseline Group. An overview of the stimuli is presented in Table 4.10.

4.3.1. Auditory stimuli

Following previous studies (Alispahic et al., 2017; Flege & Mackay, 2004), we used
monosyllabic nonwords. A CV structure was chosen, based on two reasons. First, vowels
are better perceived in consonantal context than in isolation (Deme, 2014; Rakerd, 1984).
Second, cross-linguistically, the CV structure is the most natural, that is the most
predictable, unmarked syllable (Rice, 2007; Maddieson 2013).

Considering that the auditory stimuli had to comply with phonotactic rules of both
the L1 and L2, a sequential procedure was followed to select the consonant for the CV
stimuli for the main trials. We started by looking for word-initial consonants common to
Hungarian and Portuguese. Table 4.4 displays the word-initial consonants for EP, retrieved
from Mateus & d’Andrade (2000), and for Hungarian, retrieved from Siptar & Toérkenczy
(2000). The common onset consonants, signaled by yellow shading, are /p/, /b/, /t/, /d/,
/K119l 18 N TsE 12, 10 131, Il Ind, T

Table 4.4. Word-initial consonants for EP and Hungarian

EP /o/ /b/ [t/ [d/ /K fol 151 LTS T2 T 13/ /m/ [nf V4 R/

Hungarian /p/ /b/ /t/ [d/ s/ I/ [ol [/ IN/ sl [/ /i N 13 fs) 1) 1ds/ fmf In/ inf Al T 1il
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Second, we selected the CV combinations that would entail the fewest meanings.
We first looked into Portuguese CV words (Table 4.5), and selected those which entailed

less meaningful possibilities: /bV/, /gV/, /fV/, /[V/ and /nV/.

Table 4.5. CV structured syllables with meanings as words in EP

Possible common word-initially consonants

p b t d k g f v s oz 3 m n I
[a] | [pa] [ta] [da] [ka] [fa] [va] [sa] (Jal [3a] [ma] (1a]
[e] [de] [me] [ne] [le]
. [e] | [pel] [fe] [se] [ze] [me]
g e] |[pel [be] [te] [de] [ke] [ge] [ve] [se] [ze] [e] [3el (le]
—; [#] [pi] [bi] [t [di] [kl [gf] [fi] [vi] [si] [zi] [ [z [mi] [ni] [H]
é (il [pi] [ai] [vil I[si] (3] [mi] [li]
[b] | [pa] [to] [dd] [vo] [s9] [39] [m2]
[o] [to] [do] [vo] [so] [30]
[u] [bu] [tu] [du] [ku] [su]l [zu] [3u] [mu] [nu]

The selected Portuguese CV combinations were then cross-checked with Hungarian
CV structured words and examined in terms of frequency (Table 4.6). To obtain this

information, we consulted the Hungarian corpus “Szészablya” (Halacsy et al., 2003).

Table 4.6. CV structured syllables with meanings in Hungarian

bV freq. gV freq. fv freq. v freq. nV freq.
[ba] 894
[be] 754961 [Jel 151473 [ne] 473047
[be] 640 [Je] 68 [ne] 367
[fi] 584 [ni] 1631
[f2] 29399 [na] 75179
[go] 66 [Jol 7141 [no] 39126
[bu] 370 [fu] 292

As we can see in Table 4.5, the syllables [bV], [gV], [fV], [JV] and [nV] have each
three meanings in Portuguese. As for these syllables in Hungarian (Table 4.6), [gV] is the

least frequent, and only [go] appears in the Hungarian corpus as a word, referring either to
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a board game or a programing language, in both cases, a loanword. As for [gV] meanings
in EP, [gi] is an abbreviation of Guilherme 'proper name' and [ge] the name of the letter
<g>. Although both [gi] and [ge] are used in EP, they are nonwords in Hungarian. This fact
combined with the rare occurrence of a [gV] word in Hungarian determined that this should
be the CV used in the experiment. The final stimuli were therefore [ga], [ge], [g¢€], [ge], [gi],
[9i], [92], [go], [gu].

For practice trials, a [tV] structure was selected for the auditory stimuli. The choice
of this consonant was due to its high frequency in both languages. For the experiment with
the Hungarian listeners, the stimuli were [ta], [te], [te], [ti], [t2], [to], [t@], [tu], and [ty], and
for the Portuguese group, [ta], [te], [te], [te], [ti], [ti], [t2], [to], [tu].

Recordings took place in two sessions, one in Budapest and one in Lisbon, between
January 2021 and March 2021. The lockdown restrictions imposed at that moment did not
allow us to record the auditory stimuli in sound attenuated rooms, therefore, all the
recordings had to be done individually, at each talker’s home.®®

We asked each talker to pay special attention to the recording conditions,
specifically, to record early in the morning or late in the evening to prevent background
noise, and preferably in a location where reverberation was the lowest possible.

Recordings in Lisbon involved five native Portuguese female talkers, all from the
standard dialectal area.®’” The equipment, a TASCAM DR-05 V2 digital recorder with a
Beyerdynamic MCE 85 BA condenser microphone, was provided by LabCC—Communication
Sciences Laboratory of the NOVA University Lisbon. The equipment was taken to each
talker’s home.

Recorder device settings were regulated and verified before each recording: file
format was set to wav, sampling frequency to 44100 Hz, mono, and 32-bit depth.

To provide an example to the talkers for the recordings, the first tokens were

recorded by a trained phonetician, the EP speaking supervisor of this dissertation. These

8 A preliminary session of recordings was held at the Department of Applied Linguistics and Phonetics of the
E6tvos Lorand University, in July 2020, with two Portuguese female talkers, using the equipment of the
MTA—ELTE Momentum Lingual Articulation Research Group. The purpose of this session was to test the
adequacy of the stimuli and to determine and test instructions for future recordings.

67 All the talkers reported living in Lisbon area at the moment of recruitment and for at least the previous 10
years.
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tokens were then edited and sent to the other talkers. Talkers were asked to listen carefully
to the guideline recording, and then, make their own recording, speaking at a normal
conversational rate.

The [gV] or [tV] stimuli were inserted in a carrier sentence, with an example of a
real word containing a target syllable, underlined, as exemplified below in (1). The purpose
was to control the quality of the vowels, and the intonation. Talkers were specifically

instructed to not delete [i], as usually occurs in EP speech.

(1a) GAVETA [ge]. Diga [ge], por favor: [ge]. 'DRAWER [ge]. Say [ge], please: [ge].'
(2a) TAREFA [te]. Diga [te], por favor: [te]. 'TASK [te]. Say [te], please: [te].'

Only tokens in boldface were retrieved for posterior selection. Appendix V presents
the complete list of carrier sentences.

Talkers recorded one token of each phrase. After each recording, the equipment
was collected, and the tokens transferred from the recorder’s SD card to a personal
computer. Tokens were verified and assessed by the author of the dissertation. If quality
criteria were not met, the talker was asked to repeat the recordings.

The recordings of the [tV] stimuli for Group EXP’s familiarization task were made in
Budapest. Three female native speakers of Hungarian (aged 28 to 45) were recruited for
this purpose. Recordings were also made individually at each talker’s home, with an
external sound card on a PC or laptop, and an omnidirectional condenser head-mounted
microphone. Since the three Hungarian talkers were trained phoneticians, and these
stimuli was created only for familiarization tasks, they were recorded in simple citation
form and in isolation.

Once all the recordings were concluded, a multiple-step selection and editing
procedure took place.

First, from the five Portuguese talkers, three were chosen, on the basis of the
following. We chose those that had the best (and similar) sound quality, which were

assessed to be homogenous with respect to intonation, and that showed homogeneity of
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speech tempo across tokens. The three female talkers — T1F, T2F and T3F —, were 46, 42 and
46 years old, respectively.

After selecting the talkers, the background noise was eliminated. Since recording
conditions differed from talker to talker, this procedure had to be done manually for each
token sequence, with Audacity (Audacity Team, 2020).

The full sound files were then segmented manually and saved as individual wav files
using a script in Praat (Boersma & Weenink, 2020). After this, new TextGrids were created
for each segment, where the author labelled the vocalic sections of the [gV] and [tV]
structures: vowel onset was identified at the first voicing bar of a complete formant
structure. We then proceeded with the acoustic measurements of the tokens, on the
vocalic sections, also with a script in Praat. We measured f0, frequency of F1 and F2, vowel
duration and maximum intensity. The values for fO, F1 and F2 were calculated from a
median of the values measured in a 10% window in the midsection of the vowel. We set
time step to 0.01 ms, number of formants below 5.5 kHz to 5, and window length to 25 ms.
For fO measurement, pitch floor was set to 100 Hz and ceiling to 500 Hz, as recommended
for female voices (Boersma & Weenink, 2020).

From these measurements and also from perceptual judgments of sound quality,
one token from the three stimuli retrieved from each carrier sentence was chosen for each
of the six talkers. EP and Hungarian tokens were verified by the author and the EP speaking
supervisor of the dissertation, and the Hungarian supervisor of the dissertation,
respectively. All selected tokens had a falling intonational contour. The final set included a
total of 81 tokens: 54 produced by Portuguese female talkers ((9 [gV] + 9 [tV]) x 3 talkers)
and 27 produced by Hungarian female talkers (9 [tV] x 3 talkers).

Once the tokens were selected, the final step was to normalize the duration and
intensity. Normalization of the duration was paramount, considering that Hungarian
listeners are sensitive to vowel length, and it was important to reduce the likelihood of
Hungarian participants base their decisions on this feature. To do so, we manipulated vowel
length manually when necessary, using Praat.

We equalized mean intensity across tokens to 70 dB, using a script written in Praat.

Finally, we inserted 200 ms of silence before and after each token, also with a Praat script.
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Table 4.7 presents a summary of the acoustic data for the stimuli used in the main trials

([gV]). Appendix VI reports the detailed acoustic measurements.

Table 4.7. Mean values of acoustic measures for the [gV] tokens’ vocalic segment

stimuli vowel
(syllable) | duration (ms)| intensity (db)|  fO (Hz) F1 (Hz) F2 (Hz)
[ga] 261 85 174 850 1543
[ge] 260 88 180 636 1967
[ge] 265 88 178 528 2450
[ge] 285 89 181 427 2749
[gi] 244 89 197 381 2236
[oi] 240 91 206 384 2841
[90] 275 89 186 590 1024
[go] 247 90 195 391 760
[gu] 261 90 203 350 718

4.3.2. Orthographic stimuli

In this experiment, speakers had to listen to an auditory stimulus from the L2, and
match it with a real word of their L1, presented visually in orthographic form. Contrary to
the auditory stimuli selection, low frequency was not a criterion for the orthographic
stimuli, but rather homogeneity of structure and frequency. To provide the best set of
existing Hungarian words, a multistep search was conducted. First, the adequate syntactic
category and syllabic structure was selected. Based on the collected data, a disyllabic
structure, preferably with nouns, was chosen. A new search revealed that the structure
CV.CVC was the most frequent.®®

One last query was run to select a set of real Hungarian words with the structure
[gV.CVC]. To ensure a similar degree of familiarity among words in Hungarian, we

conducted a familiarity questionnaire with 25 Hungarian native speakers (aged 18-45).

68 The Hungarian corpus Szdszablya (Halacsy et al., 2003) revealed the following CV-structure frequencies:
CvVvCCC=37, CVVCC=609, CVVC=2 486, CVCCV=54 673, CVCV=113 783, CVCCVC=156 633, CVCVC=173 717.
According to the Maximal Onset Principle, CV.CVC should be more frequent than CVC.VC, and thus
preferable to that.
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Participants were asked to rate the familiarity of different [gV.CVC] words on a scale from
1 (not at all familiar) to 4 (very familiar). The nine words we selected for the main test
showed similar familiarity ratings (median = 4). Regarding the orthographic stimuli for the
practice trials, a set of real words with the structure [tV.CVC] was selected. Table 4.8

displays the orthographic stimuli selected for the exp-HU version.

Table 4.8. Orthographic stimuli presented to Group EXP

vowel real word for main trials real word for familiarization trials
[o] GARAZS, ['gora:3], 'garage’ TANAR, ['tona:r], 'teacher'

[a:]  GABOR, ['ga:bor], 'proper name' TABOR, [ 'ta:bor], '‘camp'

[€] GERELY, ['gerej], 'javelin' TEREM, ['terem], 'room’

[e:] GEPESZ, ['ge:pe:s], 'machinist' TETEL, ['te:tel], 'item’

[i] GITAR, ['gita:r], 'guitar' TITOK, ['titok], 'secret

[o] GONOSZ, ['gonos], 'wicked' TOJAS, ['toja:]], 'egg'

(2] GORENY, ['ggre:n], ‘ferret’ TOMEG, ['tpmeg], 'mass'

[u] GULYAS, ['guja:]], 'goulash’ TUDAS, ['tuda:[], 'knowledge'
Iyl GUGYOG, ['gyjeq], 'to babble' TUKOR, ['tyker], 'mirror'

Table 4.9. Orthographic stimuli presented to the Baseline Group

vowel  real word for main trials real word for familiarization trials
[a] GATO, ['gatu], 'cat’ TAPA, ['tape], 'cover'
[e] GAVETA, [ge'vete], 'drawer’ TAREFA, [te'refe], 'task'
[€] GUERRA, ['gere], 'war' TELA, ['tele], 'canvas'
[e] GUE, ['ge], 'gee’ TEMA, ['teme], 'theme'
[#] GUERREAR, [giri'ar], 'to fight' TERROR, [ti'rRor], 'terror'
[i] GUITO, ['gitu], 'money’ TINA, ['tine], 'bow!'
[2] GOLA, ['gole], 'collar’ TOMA, ['tome], 'take'
[o] GOTA, ['gote], 'drop' TODA, ['tode], 'every'
[u] GULA, ['qule], 'gluttony' TUDO, ['tudu], 'everything'

With respect to the real words for the Baseline Group version, a less exhaustive
search was run, since the purpose of the tasks with this group was only to control for stimuli

nativeness. The guidelines for the selection were words with [gV] or [tV] as initial syllable,
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easily identifiable by Portuguese speakers. In some cases, a trisyllabic word was chosen
(Table 4.9, above).

Each of the four sets of words was placed in a 3x3 grid, written in capital letters and
with the first syllable ([gV] or [tV]) highlighted (Figure 4.1, in the next section).

Table 4.10 displays a summary of the auditory and orthographic stimuli.

Table 4.10. Summary of the stimuli. In green: stimuli identical in the two groups

experiment version/group task auditory stimuli orthographic stimuli

[tV], recorded by Hungarian Hungarian real words

familiarization task . . .
native talkers starting with [tV]

exp-HU (Group EXP)
[gV], recorded by Portuguese Hungarian [gV.CVC]

main test .
native talkers real words

[tV], recorded by Portuguese  Portuguese real words

familiarization task
native talkers starting with [tV]

exp-PT (Baseline group)
[gV], recorded by Portuguese  Portuguese real words

main test
native talkers starting with [gV]

4.4. Procedure

When accessing the experiment’s link, participants were asked to choose a
username, and after entering it, they had to read the consent form with general
information about the experiment and the inclusion criteria. After consenting on the
participation, they could start the experiment. If they did not agree with the terms, they
only needed to close the window of the experiment.

Following the informed consent, they were given some general instructions such as
the structure of the experiment. They were asked to use headphones or earbuds, and they
were also informed of the importance of running the experiment in a quiet environment
without disruptions, and with notifications turned off. They were then presented with the
background questionnaire.

Once the questionnaire was completed, participants were informed that the
experiment includes a short familiarization section with two tasks, followed by the main

test. They were instructed that they would have the opportunity to regulate the sound
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volume, but once they’ve done it, they should not change it for the entire duration of the
experiment. Participants were also asked to answer as quickly as possible, and never
interrupt the experiment.

No time limit was preset for the display of instructions, that is, participants could
familiarize themselves with them as long as they felt necessary. To move forward,
participants just had to enter the space bar. We also did not set a time limit for trial
completion. Upon completion of one trial, the experiment automatically moved forward to
the next trial.

For sound volume adjustment, participants were presented with several repetitions
of the token [te], produced by one of the L1 talkers. Participants were again warned that
volume must not be changed during the rest of the experiment.

Once the volume was set, participants received instructions for the first
familiarization task. It included a brief explanation of the task, with an image of the grid.
Participants were asked to pay attention to the image, since they would use it in the
following task. The image of the grid was always shown in the instructions, so that
participants could be familiarized with the words for the trials. Hungarian listeners were
particularly instructed to ignore vowel length and to focus on vowel quality exclusively. In
each trial, participants were presented with the grid containing the nine words selected for
the task. After hearing an auditory stimulus, participants had to match the syllable they
heard with the Hungarian syllables presented visually, by clicking on the chosen word that
included the chosen syllable. After each response, participants received feedback (in their
L1) — “Correct” or “Incorrect... try again!”. If the answer was correct, the following trial
began automatically. In case of an incorrect answer, participants were presented with the
same trial again immediately after the first presentation, as many times as needed until
they arrived at the correct answer. After successfully completing the first familiarization
part, participants received new instructions, this time for the second part of the
familiarization section. As before, instructions included a brief explanation of the task, with
the image of the grid (the same as presented before), and a reminder to ignore vowel
length, in the case of Hungarian listeners. The task consisted of the repetition of the trials

of the first part, but without feedback. Since trials were randomized, in the second part of
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the familiarization task stimuli were presented in a different order. After each
forced-choice identification trial, participants heard the same auditory token again and
were asked to evaluate how good the example of the previously heard syllable was of the
syllable in the chosen word of the grid, on a scale from 1to 4 (1 = very bad example, 2 = bad
example, 3 = good example, 4 = very good example).

The third section of the experiment — the section of the main trials — started
automatically after participants had completed the familiarization section. They were
informed that they would be presented with a task similar to the previous task (the second
familiarization task), but they would receive a new grid with a different set of words, and
different sounds too. However, they were not informed about the language of the sounds.
As before, Hungarian participants were asked to ignore vowel length. Figure 4.1 displays a

computer screen of the grid, as presented to Group Exp in the main trials.%°

GARAZS GABOR GERELY
GEPESZ GITAR GONOSZ
GORENY GULYAS GUGYOG

Most pedig értékelje:

inkabb rossz példa inkébb j6 példa

Figure 4.1. Computer screen of the main trials presented to Group EXP

Before activating the experiment, eight pilot sessions were conducted. Version
exp-HU was first piloted by the author and the Hungarian speaking supervisor of the
dissertation, and then by three other volunteers, Hungarian native speakers (two of them

working in phonetics, phonology, or psycholinguistics). Version exp-PT was piloted by the

%9 This computer screen is from the second part of each trial, the goodness-of-fit rating: below the grid, we
can see the rating options.

CHAPTER 4 | p. 124



author and the EP speaking supervisor of the dissertation, and by two other Portuguese
native speakers working in linguistics.

Piloting the Hungarian version took longer and involved more sessions, since it was the first
version created. The exp-PT version was created after the piloting of exp-HU was
completed, and it was adapted from the Hungarian final version. Piloting and adjustments
were done sequentially: after the first volunteer completed the experiment, corrections
and adjustments were made, and only after that the second volunteer was asked to pilot

the experiment, and so on.

4.5. Results

In total, 2916 answers were collected from the participants’ results in the main
trials: 2106 answers from Group EXP (78 participants x 9 vowels x 3 repetitions) and 810
answers from the Baseline group (30 participants x 9 vowels x 3 repetitions).

Tables 4.11 and 4.12 (next page) present the mean percent of identification of EP
stimuli into each specific L1 categories (rounded to the nearest decimal number) and the
median of goodness-of-fit ratings (in brackets). Orthographic stimuli presented in the grids
are marked by capital letters; above these, using IPA symbols, phonemic transcription of
the first syllable is shown. Table 4.11 presents results for the Baseline Group, with
rectangles with solid line edges marking the expected answer. Table 4.12 shows Group
EXP’s results, with rectangles with dashed line edges marking the predicted choices for
Hungarian listeners. Following previous studies (Bundgaard-Nielsen et al., 2011; Faris et al.,
2016, 2018), we will focus only on identifications above change level (11,1%), marked in

bold in both tables .’

70 Chance level was calculated by dividing one response by nine possible categories: 11.1%. The studies
mentioned assume that responses below chance level suggest random responding.
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Table 4.11. Results for the Baseline Group

Orthographic stimuli

/ga/ /ge/ /ge/ /ge/ /ai/ /gi/ /92/ /go/ /au/
GATO GAVETA GUERRA GUE GUERREAR GUITO GOLA GOTA GULA

[gal| 98.9% (4) 1.1% (2)

[ge]  2.2%(3) 95.6% (4) 2.2% (2.5)
[gel 90.0% (3) 8.9% (3) 1.1% (2)

E [ge] 4.4% (3) 87.8% (3) 5.6% (2) 2.2% (2)

% [gi] 22%(35)  56%(2) | 92.2% (3)

% [gi] 8.9% (2) 1.1% (2) 90.0% (3)
(9] 94.4% (4) | 5.6%(3)
[go] 1.1% (4) 22%(3) | 50.0% (4) | 46.7% (3)
f[gu]  1.1%(1) 1.1% (3) 44%(3) | 93.3% (3)

In the Baseline Group, except for [go], which fell between /go/ and /gu/, all the EP
vowels were identified as the expected EP category. x? tests revealed that the
misidentification of [go] was a consequence of a talker effect. A x? test run in both groups
pooled, showed that perception of [go] was affected by the identity of the talker
(x> =166.57, p < .001), and x? tests run on the two samples separately (Hungarian and
Portuguese listeners) revealed that this effect was present in both groups of participants

(Group EXP: x? = 122.7, p < .001; Baseline Group: x? = 45.07, p < .001).

Table 4.12. Results for Group EXP

Orthographic stimuli

/ga:/ /go/ /og/ /ge:/ /9i/ /go/ /o9/ /au/ /ay/
GABOR GARAZS GERELY GEPESZ GITAR GONOSZ GORENY GULYAS GUGYOG

[ga]l 97.4% (4) 2.6%(2.5)

I ——— e ——————— f————————

[ge]  0.9% (1.5) | 68.4%(3) | E | 29.9%(3) | 04%@)  04%(@)
[oe] 57.7%(2)  41.0%(2) e
E lge] 0.4% (3) 13%(3)  82.1%(3) 15.8% (2) 0.4% (2)
2 1ai C Timos | | 252% (2 |  73.1% (3 |
% w % e8s%E
[0o] 78.2% (3) 21.8% (2)
(go] 57.7% (3)  04%(3)  42.9% (3)
[gu] 11.5% (3) 88.5% (3)
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Table 4.12 shows that dispersion of responses was higher in Group EXP than in the
Baseline group. While Portuguese listeners matched the nine EP vowels among 10
categories, Hungarian participants used 16 categories.

In Group Exp, EP vowels [a], [e], [i] and [u] were systematically identified as /a:/,
/e:/, /i/, and /u/, respectively. Similar to what was observed in the Baseline Group’s results,
[o] was identified as /o/ (57.4%) or /u/ (42.2%). As for [2], identification of this stimulus fell
between /o/ (78.2%) and /o/ (21.8%). The vowel [e] was identified as /¢/ (68.4%) or /@/
(30.0%), but never as /e:/. Regarding [i], the identification of this vowel was split between
/y/ (73.4%) and /@/ (24.9%). |dentification as /e:/ was below chance level, and /¢/ received
no responses. It’s important to notice that Hungarian participants showed indecision when
identifying the Portuguese [€]: a Wilcoxon rank-sum test showed that the identification of
[€] as /e/ (57.7%) was not significantly different from the identification of [g] as /e:/ (41.0%).

Regarding the goodness-of-fit ratings, as previously mentioned, we displayed a
four-point Likert scale (1 = very bad example, 2 = bad example, 3 = good example, 4 = very
good example). All EP tokens were perceived by Portuguese participants as being a very
good example (4) or a good example (3) of the given category. As for Group EXP, most of
the stimulus vowels had a median value of 3, reflecting a positive fit of the category
(considering only identifications above chance levels). In the case of [e], [{] and [2], the
more systematic choice (respectively, /e:/, /y/, and /3/) was evaluated as a “good example”
(median = 3), while less systematic options (/i/, /8/, and /o/) had a negative rating
(median = 2). The cases of [a] and [€] were an exception: while the Portuguese [a] received
a very good rating (median = 4) by the majority of participants, [€] was perceived as “not a
good example” (median = 2) in both categories chosen (/g/, and /e:/).

In the following section, we will analyze specifically the perception of [e] and [#] by
the Hungarian participants. In line with the method that guided our predictions for the EP
vowel identifications and as advised by Colantoni et al. (2015), we will look into acoustic

information to provide an explanation for the results.
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4.5.1. Perception of [e]

In Hypothesis 1, we predicted that EP vowel [e] is perceived by Hungarian listeners
as the closest L1 categories: /¢/, /e:/, or /@/. Results showed that /e/ was the preferred
choice (68,4%), while /@/ was the second choice, with a considerably lower identification
rate (29.9%). However, no responses were registered for /e:/.

To account for these results, we plotted mean F1 and F2 formant frequency values
estimated in the [e] tokens for the three Portuguese talkers used in the experiment (T1F,

T2F, and T3F), on the Hungarian perceptual vowel map used for the predictions (Figure 4.2).

log F2 (Hz)
500
100
o | [ ] Yy
e U g
® e [ JN")] ® 0 '-5":,
[e]T3
£ ¥ [elT1 *D
°
[e]T2 .
o 2 1000

Figure 4.2. Hungarian perceptual vowel space with production data of the three [e]
tokens used in the experiment (in blue)”*

The proximity of the EP [e] tokens to the Hungarian /e¢/ explains the overall
preference for this category. However, it does not explain the 29.9% of the answers for /@/,
nor the lack of /e:/ responses.

We considered two possible explanations. Firstly, the characteristics of the EP
tokens used in the experiment could be deviant from the standard Portuguese [e] vowel.
To examine this possibility, we placed the standard Portuguese [e] produced by female
speakers (noted as e(f)), in the Hungarian perceptual map, along with the tokens we used

in the present experiment ([e]T1F, [e]T2F, and[e]T3F; Figure 4.3, next page). As we can see

71 For a clearer visualization, in the vowel space figures we omit ‘™ in the talkers’ notation.
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in Figure 4.3, the tokens used in the present experiment are close to the standard female

[e]. Therefore, this explanation does not hold for our results.

log F2 (Hz)
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100
® | o y
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[ ] [ ]
o2 elf) ,
° 2 1000

Figure 4.3. Hungarian perceptual vowel space with production data of the three [e]
tokens used in the experiment (in blue) and the standard EP [e] measured for Portuguese

female speakers (in green)

The second explanation lies in the Hungarian perceptual vowel map we used to

establish our predictions.

log F2 (Hz)
500
100
o | [ ] y
®u <}
oq
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[e]T3e €(M)
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e ©
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° 2 1000

Figure 4.4. Hungarian perceptual vowel space with production data of the three [e]
tokens used in the experiment (in blue), the standard EP [e] measured for Portuguese
female speakers (in green), and the standard EP [e] measured for Portuguese male
speakers (in red)
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If we place the standard EP [e] produced by Portuguese male speakers (noted as
e(m)) in the Hungarian vowel space, we are able to see that, while [e]T1F, [e]T2F, and [e]T3F,
and e(f) are placed in the bottom left side of the vowel map, near /¢/, e(m) is located
between /¢/ and /@/, and distant from /e:/ (Figure 4.4, previous page).

This suggest that the F1xF2 map from Kiss (1985) may be based on values for male
Hungarian speakers, with a larger vocal tract that results in lower formant frequencies. To
investigate this possibility, we calculated the formant dispersion metric, as an indicator of
body size (Fitch, 1997).”2 Our results supported this explanation. Figure 4.5 displays the
mean formant dispersion calculated for the tokens used in the present experiment as well
for Kiss’s perceptual study. Portuguese tokens’ formant dispersion (between 1138 Hz and
1282 Hz) was higher than that calculated for the Hungarian tokens of the perceptual study
of Kiss (1985) (1017 Hz).

T3F ——
T2F —
T1F —f—
HU data l—’—!
0 500 1000 1500

Formant dispersion (Hz)

Figure 4.5. Formant dispersion for the Portuguese female talkers, estimated from the
tokens used in the present experiment, for each talker individually (T1F, T2F and T3F), and
for Hungarian data, calculated from the perception data of the study of Kiss (1985, p. 166)

Three additional observations are important. As for the preference of /¢/, this could
have been a result of the frequency of [€] in Hungarian speech. According to Gdsy
(2004, p. 89), [€] has a frequency of 11.4%, while [¢], [#:], and [e:] have frequencies of only
1.1%, 0.6%, and 3.1%, respectively.”?

72 The formant dispersion metric consists of the “average distance between each adjacent pair of formants”
(Fitch, 1997, p. 1216).

3 1f we consider frequency only among vowels, [€] has a frequency of approximately 27.0% (Gdsy, 2004, p. 87;
see Figure 2.9 in Chapter 2 of this dissertation).
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The second additional observation is related to vowel length. As mentioned before,
vowel length is a contrastive feature in Hungarian, hence Hungarian listeners are sensitive
to the duration of the vowels. The EP tokens presented to the participants had they
duration equalized, to avoid responses based on vowel length differences. The
manipulation of token duration was made so that they would be perceived neither as short
nor long vowels. However, [e:] exists only as a long vowel and [€] as a short vowel.
According to Gésy (1997, p. 110), in stressed position the duration of [€] can vary between
78 to 220 ms, while [e:] ranges from 115 to 323 ms. Consequently, it’s possible that the
Portuguese [g] did not meet the duration criterion to be identified as a long [e:] by
Hungarian participants.’

Given the higher distance between the token [e]T2 from the two other tokens, we
decided to investigate the possibility of a talker effect in the results. Surprisingly, the results
show that the token [e] recorded by talker T3F was different: while this token was clearly
identified as /@/ (in 79.5% of all cases), the tokens [e] produced by Portuguese talkers T1F
and T2F were identified in a systematic way as /&/ (89.7% and 97.4% respectively) (Table
4.13).

Table 4.13. Identification scores and median of ratings for [e], according to talker

F F F

T1 T2 T3
[€] 89.7%(3)  97.4% (3) 17.9% (2)
[e:] - - -
(2] 10.3% (2) - 79.5% (3)
[a] 2.6% (1.5)
[yl 1.3% (4)
[u] 1.3% (2)

A x? test confirmed a talker effect in the responses (x? = 152.19; p < .001). Individual

X’ tests between talkers T1F and T2F, T2 and T3F, and T1F and T3F showed a significant talker

74 The mean duration of the tokens [€] recorded for the experiment was 265 ms, which is closer to duration
of the Hungarian [e:]. However, values calculated by Gdsy (2004) were collected from spontaneous speech,
whereas vowels used in our experiment were produced at a controlled speech rate.
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effect only when T3F was involved (x? = 79.85; p < .001 for T1F vs. T3F, and y? = 99.62;
p < .001 for T2F vs. T3F).

A possible explanation for the fact that participants identified the [e] produced by
talker T3 as [@] can be that there was an effect of f0. According to Traunmiiller (1981),
tonotopic distance between the first formant and f0O influences vowel openness’s
perception. To investigate this possibility, we calculated the tonotopic distances for the

three [e] tokens (Table 4.14).

Table 4.14. Tonotopic distances between F1 and fO for the tokens [e] produced by the
three Portuguese female talkers

[e]T1" [e]T2" [e]T3"
Hertz bark Hertz bark Hertz bark
fo 162.0 1.7 176.0 1.8 199.0 2.1
F1 6220 59 729.0 6.7 589.0 5.7
F1-f0 (bark): 4.2 4.9 3.6

As we can see from Table 4.14, the tonotopic distance between f0 and F1 in [e] is
smaller for talker T3F than for talkers T1F and T2F, which might have led participants to
perceive the token [e]T3F as less open than in the case of the other [e] tokens, and, thus,

closer to the Hungarian /g/.

4.5.2. Perception of [i]

With respect to [i], we predicted that this EP vowel would be identified as /y/, /e:/,
/e/, or /@/, which are the closest vocalic categories in the Hungarian vowel system.
Identification and goodness-of-fit ratings showed that /y/ was a more systematic choice
(73.4%, rating median = 3) than /g/ (24.9%, rating median = 2). /e:/ was identified below
chance level and /g/ was never chosen by the Hungarian participants.

We placed []T1F, [{]T2F, [{]T3 (the tokens used in the experiment), and i(f) and ¥{(m)

(EP standard female and male values, respectively) in the Hungarian perceptual map

7> Values in bark were calculated using Praat’s formula: bark = 7.0 * log (hertz/650 + sqrt (1 + (hertz/650)3).
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(Figure 4.6). As Figure 4.6 shows, stimuli used in the experiment were not deviant from the
EP standard female [#]. Figure 4.6 also shows that the standard male [4] is located between
the Hungarian /y/ and /@/. This fact and the results obtained for [e], thus confirm that the
Hungarian vowel map used for our predictions presents values that are most probably

representative of a male Hungarian speaker’s acoustic space for vowels.
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Figure 4.6. Hungarian perceptual vowel with production data of the three [i] tokens used
in the experiment (in blue), the standard EP [i{] measured for Portuguese female speakers
(in green), and the standard EP [#] measured for Portuguese male speakers (in red)

Similar to the analysis of [e], we further investigated possible talker effects in the
perception of [i]. Table 4.15 shows that while the tokens produced by talkers T1F and T3F
were systematically identified as the Hungarian /y/ (100% and 98.7%, respectively), the

token produced by talker T2F was mainly identified as /g¢/ (74.4%), although not in such a

systematic way.

Table 4.15. Identification scores and median of ratings for [i], according to talker

11 T2 T3
(2] 74.4% (2.5) 1.3% (2)
[yl 100% (4) 20.5% (2) 98.7% (3)
5.1% (1.5)

le]
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A pooled x? test confirmed a general effect of talker in the responses of Hungarian
participants (x? = 164.34; p < .001). Individual x? tests between talkers showed a significant
talker effect between T1F and T2F (¥*=99.60, p < .001) and between T2F and T3F (y° = 95.04,
p < .001), but not between T1F and T3\

However, data in Figure 4.6 does not explain why the token [i] produced by the
talker T2F was identified as /g/.

We calculated the tonotopic distance between the first formant and fO to look for
an effect of perceived openness (Table 4.16). The results show a higher value for talker T2,
which may explain the preference for the perception of [#]T2F as a more open category than

/y/, in this case, /@/.

Table 4.16. Tonotopic distances between F1 and fO for the tokens [i] produced by the
three Portuguese female talkers

[iT1° [ir2° [1713"
Hertz bark Hertz bark Hertz bark
fo 192.0 2.0 176.0 1.9 2250 24
F1 319.0 33 4340 4.4 433.0 4.4
F1-fO (bark): 1.3 2.5 2.0

The aim of this study was to observe the perception of EP vowels by Hungarian
listeners, in order to have an idea of the difficulties Hungarian learners of L2 Portuguese
will display at the onset of learning. Accordingly, the results of the identification
experiment allow us to put forward predictions for discrimination difficulties for those

learners, which we present and discuss next.

4.6. Predictions for discrimination

In Chapter 1, we described three cross-language models that provide theorical
frameworks for discrimination predictions for L2 sounds. For the present study, we will
outline our predictions based on the Perceptual Assimilation Model (Best, 1995). Although
other models equally contribute to understanding L2 perception, PAM has been primarily

tested with naive listeners, which form the target subjects of our experiment.
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In line with Best’s model, determining how L2 sounds are mapped into the L1 is a
fundamental step to define contrasts’ assimilation patterns, and in turn, discrimination
predictions. According to the model, non-native sounds can be categorized, uncategorized,
or not assimilated. To establish this classification, two thresholds are used: chance level
and categorization boundary. Chance level is defined as the probability of a specific
non-native sound being matched with one L1 category. In our study, as shown in Tables
4.11 and 4.12, this was calculated as 11,1%, since we had nine candidates (nine different
vocalic qualities in the Hungarian vowel system) for each EP vowel. According to PAM,
when a sound is identified below chance level, it is classified as not-assimilated, that is, not
perceived as speech a sound in the given language. If the sound is identified above chance
level, then it is said to be assimilated. As for the categorization threshold, and contrary to
chance level, there is no value unanimously defined. Previous perceptual assimilation
studies vary in the categorization criteria, from 50% (Faris et al., 2018) to 70% (Tyler et al.,
2014), or even 90% (Harnsberger, 2001). Table 4.17 displays the assimilation patterns
according to thresholds of 50%, 70%, and 90%.

Table 4.17. Assimilation patterns’ results according to different threshold criteria.
Between round brackets: top-ranked choices

L2 stimulus threshold: 50% threshold: 70% threshold: 90%
[a] Categorized (into /a/) Categorized (into /a/) Categorized (into /a/)
[e] Categorized (into /¢/) Uncategorized Uncategorized

(€]
[e]
[i]
[i]
[2]
[o]
[u]

Categorized (into /¢/)
Categorized (into /e:/)

Categorized (into /y/)
Categorized (into /i/)
Categorized (into /o/)
Categorized (into /o/)

Categorized (into /u/)

Uncategorized
Categorized (into /e:/)
Categorized (into /y/)
Categorized (into /i/)
Categorized (into /n/)

Uncategorized

Categorized (into /u/)

Uncategorized
Uncategorized
Uncategorized
Categorized (into /i/)
Uncategorized
Uncategorized

Categorized (into /u/)
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A one-sample Wilcoxon signed-rank test conducted to compared identification of
(€] as /e/ (57.7%) against the 50% threshold revealed no significant difference; therefore,
we considered [€] as categorized, for that threshold. Regarding categorization of [e] into
/e/ (68.4%) when a 70% threshold is established, the Wilcoxon test showed significant
difference (V = 889; p <.001), consequently, we consider the EP vowel as uncategorized at
a 70% threshold. Regarding the categorization of [u] (88.5%) at the 90% threshold, the
Wilcoxon test revealed no significant difference, that is, the EP [u] can be classified as
categorized into the Hungarian /u/ at the mentioned threshold.

The definition of the threshold usually depends on the aim of the study, and the
establishment of different categorization criterion can determine a different assimilation
pattern, and consequently, different discrimination predictions according to PAM. Looking,
for example, at the contrast [e]-[e] when both vowels are identified as /¢/, if we assume a
50% threshold, and both EP vowels equally fit the Hungarian /¢/, this contrast will be
classified as a single-category assimilation type (SC), with discrimination predicted to be
poor. However, if we consider the same threshold, but one of the EP vowels fits better the
Hungarian /g¢/ than the other, this contrast will be classified as a category-goodness
assimilation type (CG), with discrimination predicted to range from moderated to good.
Finally, if we consider the 70% or 90% thresholds, an uncategorized-uncategorized
assimilation type (UU) occurs. In such cases, PAM is less clear in the predictions, with
discrimination ranging from poor to very good, depending on the distance between the
two non-native contrasts, and between these and the L1 categories at hand.

In a study aiming at UC and UU assimilations, Faris et al. (2018) found that
perception of overlapping sounds can be a more accurate way of predicting discrimination
performances than the arbitrary establishment of a categorization threshold. To account
for overlap scores, three methods are proposed. Elvin et al. (2021) propose the acoustic
overlap method, in which overlap values are calculated from L1-L2 acoustic comparisons.
The classification overlap score, proposed by Flege & Mackay (2004), is calculated based on
scores of an identification task, and it includes all identification scores, even those below
chance level. Faris et al. (2018) use a similar method, however the authors suggest that

scores below chance level “constitute anything more systematic than random responding”
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(p. 4) and thus should not be considered. The authors proposed the phonological overlap
method, which focuses on the analysis of perceived overlap just for assimilated sounds. We
will consider this last method.

The results obtained in the present study show four EP contrasts that can be
perceived as overlapping (considering only identifications above chance-level): [e]-[g],
when the two vowels are identified as /¢/ (57.7% of overlap), [€]-[e], when the two vowels
are identified as /e:/ (41.0% of overlap), [e]-[i], when the two vowels are identified as /i/
(15.8% of overlap), and [e]-[t], when the two vowels are identified as the Hungarian /g/

(25.2% of overlap) (Table 4.18).7®

Table 4.18. Identification scores for the categories which present overlap

L1 categories

/e/ Je:/ /i/ /e/
le]| 684% 29,9%
_ [ s57.7% 41,0%
>
£ [ 82,1% 15,8%
N
[4] 25,2%
[i] 98,3%

Other than calculating the perceived overlapping scores, it is also important to
analyze the goodness-of-fit between sounds involved in those overlapping situations, that
is, to determine if both L2 sounds are either an equally good fit to the L1, an equally a poor
fit to the L1, or if one is a better fit than the other. To assess this, we run two-sample
Wilcoxon rank-sum tests on the goodness-of-fit ratings in the four contrasts mentioned
above.

In the case of the EP contrast [e]-[€], in 57.7% of the cases both vowels were
identified by the Hungarian participants as /e/. However, the Wilcoxon rank-sum test
showed that the Portuguese [e] (median = 3) was a significantly better fit to the Hungarian

/€/ than the Portuguese [g] (median = 2) (W= 15572, p < .001; Figure 4.7, next page).

76 We exclude overlaps in the identification of [u] and [0], since they are not involved in the perception of the
target vowels of the study, [e] and [€]. Moreover, no cases of complete overlap were found.
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Goodness rating

[e] [€]

Figure 4.7. Goodness-of-fit ratings for identification of EP [e] and [¢€] as the Hungarian /¢/

In 41.0% of the cases, both vowels of the EP contrast [€]-[e] were identified as /e:/,
but according to the Wilcoxon test, [e] was a better example of the Hungarian vowel

(median = 3), than [€] (median = 2) (W = 15368, p < .001; Figure 4.8).

|

Goodness rating

le] €]

Figure 4.8. Goodness-of-fit ratings for identification of EP [e] and [€] as the Hungarian /e:/

Regarding the contrast [e]-[i], in 15.8% of the times, both vowels were identified as
/i/. However, the test showed that [i] (median = 3) was a significant better fit for /i/ than

[e] (median =2) (W =1963, p <.001; Figure 4.9).

Goodness rating

(e] (i]

Figure 4.9. Goodness-of-fit ratings for identification of EP [e] and [i] as the Hungarian /i/
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Finally, in 25.2% of the trials, the vowels in the contrast [e]-[#] were both identified
as the Hungarian /@/. In this case we also found a significant difference in the
goodness-of-fit, with [e] (median = 3) being a better example of /g¢/ than [{] (median = 2),

although to a lower extent than the previous contrasts (W = 2578, p = .011; Figure 4.10).

Goodness rating

[e] [i

Figure 4.10. Goodness-of-fit ratings for identification of EP [e] and [#] as the Hungarian /g/

As mentioned earlier, to determine assimilation patterns of contrasts, we must first
define a categorization threshold. We opted for the 70% value, for two reasons. First, Table
4.14 shows that if we consider the 50% threshold, all EP vowels would be categorized by
the Hungarian listeners. Conversely, at a 90% threshold, only the vowels in the limit of the
vowel space triangle (/a/, /i/, and /u/) are categorized. A 70% categorization boundary is
probably a more suitable criterion for the uncategorized situations. Second, the 70%
threshold seems a proportional measure considering that in our study only nine L1
categories were available to identify the EP vowels.

After setting a 70% categorization threshold and determining the goodness-of-fits,
it is possible to establish assimilation types for the contrasts: [e]-[i] configures a CG type,
[e]-[e] and [e]-[#] form UC types, and the contrasts [e]-[€], a UU assimilation type. Both the

UC assimilations present partial overlap (Table 4.19, next page).”’

77 The acronyms mentioned here are explained in section 1.3.1, in the description of PAM.
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Table 4.19. Assimilation types for the target contrasts (‘P’ indicates partial overlapping)

contrast

convastcmegory_ poem
[e]-[e] /el uu-p
[e]-[e] e/ uc-p
[e]-[i] /i/ uc-p
le]-[i] 9/ CG

According to Faris et al. (2018), the following hierarchy for discrimination
performance should occur (from excellent to poor, ‘N’ indicates non-overlapping):
“{TC = UC-N = UU-N} > {CG = UC-P = UU-P} > {SC = UC-C = UU-C}" (p. 4). Applying this
proposal to our study, the four contrasts should present a similar difficulty in
discrimination: CG = UC-P = UU-P. However, this contradicts empirical evidence from the
classroom, since Hungarian learners struggle more with [e]-[€] than with other EP contrasts.

As mentioned in Chapter 1, some authors suggest that the perceived overlap score
might be a better predictor for discrimination performance than the arbitrary classification
of assimilation types (Faris et al., 2018; Tyler et al., 2014). Following this suggestion, we
would have (from better to poorer discrimination) /e/-/i/ > /e/-/i/ > [€/-/e/ > [e/-/€/.

To assess these predictions, we analyzed data collected at the beginning of the
perceptual training experiment (reported in the next chapter). Since the perceptual training
will be described in the next chapter, we will not include here methodological details of the
task. We used data collected in the pretest, from 50 Hungarian participants with no
previous or present contact with the Portuguese language.”® The participants mean age
was 21.5 years, 31 were female, and the majority (n = 41) was attending the first year of a
bachelor's degree. The task consisted of an oddity discrimination task with catch trials,
testing the following contrasts: [ge]-[ge], [ge]l-[ge], [gel-[gi], [ge]-[gi], [gel-[ga], [ge]-[ge],
and [ge]-[gi]. The mean percentage of error rate across contrasts was 27.3%. As we can see
in Table 4.20, the contrasts with an error rate above the mean (in grey) were those which

presented perceptual overlap in the identification experiment.

78 Some of the participants included in this analysis completed the pretest but not the training.
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Table 4.20. Mean error rates in percentage for vowel discrimination, retrieved from the
pretest of the training study

contrast ER sd se ci
[e]-[€] 49.4% 23.8% 3.4% 6.8%
[e]-[e] 47.7% 25.5% 3.6% 7.2%
[e]-[#] 32.3% 17.0% 2.4% 4.8%
[e]-[i] 29.1% 19.6% 2.8% 5.6%
[e]-[4] 13.7% 12.3% 1.7% 3.5%
[a]-[e] 10.3% 11.7% 1.7% 3.3%
[e]-[#] 8.6% 10.1% 1.4% 2.9%

Table 4.21 summarizes the results of the identification scores and phonological
overlap values obtain from the identification task (reported in the present chapter) and the
preliminary scores for the discrimination oddity task completed in the pretest of the

training (displayed in Table 4.20).

Table 4.21. Summary of the results from the identification task (present chapter) and the
preliminary results of the discrimination task (next chapter)

identification task
contrast's ER in the
assimilation discrimination
L2 contrast patern overlap score task
[e]-[e] UuU-P 57.7% 49.4%
[€]-[e] UcC-p 41% 47.7%
[e]-[4] uc-p 25.2% 32.3%
[e]-[i] CG 15.8% 29.1%

As we can see from the values in the last two columns, the results confirm that the

phonological overlap score is an effective predictor for discrimination in our experiment.
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4.7. Conclusion

This preliminary study was designed to answer to the question of how Hungarian
listeners map the EP oral vowels, and more specifically, the EP reduced [e] and [i], into their
L1 system. According to the assumption that listeners identify non-native sounds as the
closest category or categories of their L1, we expected the Hungarian listeners to identify
the EP [e] as /¢/, /e:/ or /@/, and the EP [4], as /y/, /@/, /€/ or [e:/.

The results partly corroborated these predictions: identification of [e] fell into /¢/
or /@¢/, and [#] was identified into /y/ or /@/. An explanation for these results may lay on the
Hungarian perceptual map we used to establish our predictions, which is likely to show
perceptual categories for male productions, while the tokens used in the experiment were
all produced by female talkers. This explanation suggests that acoustic comparisons may
be suitable to predict how speakers map L2 sounds in their L1, however, the L1 and L2
vowel spaces must be attentively selected considering the specific purpose of the
experiment. In other words, in our study, predictions should have been made considering
that we were using stimuli produced by female Portuguese speakers, and accordingly,
crossing these with F1 and F2 values for Hungarian female speakers.

Additionally, it must be mentioned that other factors may have also contributed to
the results, such as talker effects, vowel relative frequency, and vowel length. For example,
it would be interesting to compare the results of our experiment with a similar experiment,
but including the full Hungarian vowel inventory (i.e., short and long vowels).

Regarding perceptual overlap, we observed several situations, from which, the
most problematic case is [e]-[€]. Based in the results of our experiment, this EP contrast
presents 57.7% chances of being perceived by Hungarian listeners as a single category, /¢/,
with [e] being a better fit to it than [€]. Accordingly, this contrast will present the most
difficulties at discrimination level. This prediction was confirmed with preliminary results
of the discrimination task conducted in the pretest of the perceptual training, since in this
task, the contrast [e]-[€] obtain the highest mean error rate.

In respect to [i], results from the identification tasks suggest a less problematic

situation for perception of this vowel, since no conflict with Portuguese vowels emerged.
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That is, [#] was consistently identified as a vowel that does not exist in the EP system (/y/
and, to less extend, /a/).

Overall, the results suggest a higher level of difficulty in the perception of [e] than
of [#], which is in line with the observations in the classroom, described in Introduction. In
the next chapter, we will describe the perceptual training we designed to aid Hungarian

learners surpass, among others, the difficulties we observed in the present study.
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CHAPTER 5

ACQUISITION OF EP STRESS AND THE REDUCED VOWELS [e] AND [#] BY
HUNGARIAN LEARNERS OF EP: A PERCEPTUAL TRAINING STUDY






In the previous chapter, we described a perceptual experiment which provided us
with a picture on how Hungarian naive listeners map the EP oral vowels into their L1 vowel
system. As predicted, Hungarian participants identified the L2 vowels into the closest L1
categories.

The results showed a complex situation for the perception of [e], since both EP [e]
and [g] were identified by Hungarian listeners as /¢/ (in 68.4% and 57.7% of the cases,
respectively). Additionally, EP [g] also presented some difficulties to Hungarian
participants, since in 41.0% of the trials it was perceived by Hungarian listeners as /e:/. In
turn, EP [e] also displayed some problems in perception, although to a lesser extent: in
15.8% of the trials, a value that is slightly above chance level, this vowel was identified by
Hungarian participants as /i/. These results reveal a picture of the problems Hungarian
learners of EP face when acquiring [e]. With exception for the vowels in the limit of the
vowel space — [a] and [i] —, a perceptual conflict seems to arise with the mid-central and
mid-front EP vowels, [e], [€], and [e].”°

The perception of the EP vowel [t], however, seems to be less problematic to the
Hungarian listeners. Results of the identification experiment presented in Chapter 4
showed that, in 73.1% of the cases, this vowel was perceived as /y/ by the Hungarian
listeners, and in 25.2% of the cases as /@/. In both cases, no conflict with other EP vowels
arises, since neither [y] nor [@¢] are present in standard EP.

The acquisition of [e] and [#] will depend on changes in perception of specific EP
contrasts, by the learners. To acquire the vowel [e], Hungarian learners must create a new
category or split one existing category (/€/) into two. Moreover, EP vowels [e] and [g] must
be matched with separate perceptual categories and representations in the lexicon. This
learning process will not be independent of the perceptual adjustment of the contrasts
[e]-[e], [e]-[i], and [e]-[i].

Two aspects may hinder the learning tasks predicted above — the influence of
orthography, and the stress ‘deafness’ displayed by Hungarian speakers which is, in the

case of EP, not independent from the question of segment acquisition.

72 As previously mentioned, the back vowels are not within the scope of this dissertation, since no perceptual
conflict emerges between these vowels and the target vowels [e] and [4].
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Regarding the effect of orthography, we must point out the fact that our target
learners have contact with the L2 through formal learning; therefore, their attention is
explicitly drawn to written words and texts. As described in Chapter 2, grapheme-phoneme
correspondence in EP is not straightforward, a fact that may interfere with phonological
acquisition when learners are exposed to input from written sources. For example, the
grapheme <e> can phonetically be realized as [e], [€], [e], [#] or [i]. Phonetic realization is
determined by factors like presence/absence of stress, etymology, or phonological
constraints.

With respect to the influence of stress, in EP, with the exception of /i/ and /u/,
vowel quality depends mostly on the presence/absence of stress. Consequently, ‘deafness’
to stress contrasts displayed by Hungarian speakers adds a level of difficulty to the
acquisition of the EP vowels. Hungarian learners must match both the unstressed [e], and
the stressed [a] vowel phones with the phonemic category /a/. Similarly, learners will have
to match the unstressed [i], the stressed [€], and the stressed [e] all to one of two phonemic
categories, /¢/ or /e/. Moreover, along with the above interrelations, Hungarian learners
are also exposed to phonological constraints and lexical exceptions, that involve
circumstances in which, for example, [e] occurs in stressed position, or belongs to the
phonemic category of /e/, underlyingly (see 2.1.1).

In regard to EP stress, when vowel reduction is absent, duration and intensity are
the acoustic cues on which Portuguese listeners rely among all suprasegmental features.
However, on the production side, the modulation of duration, for example, is not
straightforward, that is, the durational ratio between the stressed syllable(s) and the
unstressed syllable(s) depends on the word. Specifically, the ratio is lower in unmarked
cases (when stress complies with the general rule) and higher in marked cases (when stress
does not follow the general rule). In sum, when planning the training of the suprasegmental
aspect of EP stress we had one purpose: to draw learners’ attention to the fact that,
contrary to their L1, stress is variable, that is, it may fall in different positions within a word.

Having the issues above stated in consideration, we designed a perceptual training
program that provides specific tasks to help learners improve their discrimination abilities

at both the segmental and suprasegmental levels of speech. The study included three
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training programs, each targeted to a different topic: (1) EP vowel perception, (2) EP stress
suprasegmental cues, and (3) EP stress and vowel reduction, combined. These
interventions were administered to three groups of Hungarian learners of L2 Portuguese,
respectively: Group Vowels, Group Stress, and Group Vowels & Stress.

A note is in order regarding the label ‘Group Stress’. Considering that EP stress is
signaled by suprasegmental features as well as by vowel reduction, ‘Group Stress:
suprasegmentals’ would be a more correct name for this group. However, for simplicity,
we opted to name it Group Stress. This is also in line with the use of the word ‘stress’
throughout this chapter, which refers only to prosodic features at word level (and only to
primary word stress).89 Accordingly, in this chapter, we use the expression ‘stress
discrimination’ to refer to discrimination of stress contrasts signaled by suprasegmental
cues, which, in the case of EP, are duration and energy, as shown by previous perceptual
studies (Delgado-Martins, 1986).

To the best of our knowledge, no perceptual training study has been published on
L2 stress acquisition by Hungarian learners. L2 vowel acquisition by Hungarian learners was
addressed by Peltola et al. (2014), in a study with Finish as L2. However, this study aimed
at pronunciation. Moreover, the few perceptual training studies on L2 stress described in
Chapter 1 are mostly focused on suprasegmental features and do not relate stress with the
acquisition of vowel reduction. Consequently, the design of our training task for stress
perception is built upon scarce methodological background.

In the following sections, we describe the design, structure, and timeline of the
study (tests and training) (section 5.1), the participants (section 5.2), and the materials
(questionnaires and stimuli) we used in the different tasks (section 5.3). This section is
followed by the description of the procedures for each phase of the auditory training
program (section 5.4). Regarding the results, we start by presenting the exploratory data
(section 5.5), and conclude this chapter with a summary and discussion of the results

(section 5.6).

8 When we specifically refer to EP stress, we are mentioning both segmental and suprasegmental features.
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5.1 Study design

The experiment we report on this chapter consisted of an intervention study
following previous studies (Aliaga-Garcia, 2017; Brawerman-Albini et al., 2017; Grenon et
al., 2019; Iverson & Evans, 2009; Kissling, 2015; Nobre-Oliveira, 2007; Ou, 2011; Rato,
2013).

Our study presented two originalities compared with the studies above-mentioned.
First, it recruited learners at the onset of the L2 acquisition process. As explained in
Introduction, we aimed at observing changes in perception in the first moments of contact
with the L2, which, according to Best & Tyler (2007), is the moment when phonetic
attunement is less restricted by other learning processes, such as morphosyntactic or
vocabulary acquisition. Second, the study was conducted online. The decision to do so was
imposed by the lockdown restrictions at that beginning of the present dissertation.

In line with previous perceptual trainings, our study includes three phases: pretest,
perceptual training, and post-test, consisting of a repetition of the pretest. To better assess
effectiveness of training, studies frequently include generalization and retention tests.
While the first ones are usually conducted along with the post-test or soon after, retention
tests are presented sometime after the post-test. Considering the duration of our training
program — ten weeks —, and the high rate of students who usually do not continue their
studies after one semester, we decided not to include a retention test, only generalization
trials. The aim of generalization trials is to evaluate the ability to transfer the acquired
knowledge to new contexts. To this purpose, different possibilities are available, such as
the use of new talkers, the inclusion of new stimuli, or even the addition of tasks of different
nature. Although some authors separate the repetition of pretest trials from the
generalization test (Brawerman-Albini et al., 2017; Rato, 2013), in the present study,
repeated trials and generalization trials were included in one post-test session for two
reasons. First, participants who completed the repeated pretest trials would forcefully have
to complete the generalization trials. Second, this study used different sets of stimuli, but
the same talkers, in the pretest and in the training sessions. The novel trials included new
stimuli produced by new talkers. Table 5.1 (next page) presents the distribution of stimuli

and talkers in testing and training.
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Table 5.1. Distribution of stimuli and talkers in the testing moments and in training

post-test
repeated trials novel trials
pretest training (post-test") (post-test")
stimulus set A stimulus set B stimulus set A stimulus set C
talker set 1 talker set 1 talker set 1 talker set 2

As we can see in Table 5.1, the repeated trials of the post-test included the same
talkers used in the training but different stimuli, which means that we introduced a degree
of generalization from training to the repeated trials (untrained stimuli). The novel trials,
however, introduced two levels of generalization: untrained stimuli and novel talkers,
different from both the pretest and the training. Therefore, we considered that both the
repeated trials as well as the novel trials of the post-test represented a generalization, and
thus, we opted to present both in one single session. Henceforward, we will use post-test?
to refer to the post-test trials which are repeated from the pretest, and post-test" to refer
to the novel trials.

The present study aimed at observing four issues, detailed in Chapter 3:

(i) Does a perceptual training improve discrimination abilities with the reduced

vowels [e] and [#]?
(ii) Does a perceptual training improve discrimination abilities with word stress?

(iii) Is a perceptual training that combines word stress and vowels more effective in
improving discrimination abilities of reduced vowels and word stress than a

training that focuses on those features separately?

(iv) Is there a hierarchy between segmental and suprasegmental acquisition in L27?

To this purpose, we designed three training regimens, one aimed at vowel
discrimination, the second aimed at stress discrimination, and the third aimed at vowel and
stress discrimination. The effectiveness of these regimens was assessed by comparing

results of the pretest and the post-tests, and with comparisons between groups’
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performances. Although we aimed at observing the effectiveness of training in the three
regimens above-referred, in the pretest and the post-test we only included vowel
discrimination and stress discrimination. Testing stress and vowel discrimination combined
would not allow us to determine which factor contributed to the improvement or decline
in the discrimination ability: changes in vowel discrimination, changes in stress
discrimination, or in both. In sum, vowel discrimination and stress discrimination were
tested and trained, while vowel and stress discrimination was only a training condition.

Vowel discrimination included contrasts in which, on the basis of the perception
study’s results we reported in Chapter 4, perceptual overlap may occur when Hungarian
listeners perceive EP vowels: [e]-[€], [€]-[e], [e]-[i], and [e]-[i]. Considering the importance
of vowel reduction in the L2, we judged necessary to include also stressed-unstressed
minimal pairs. To this purpose, three other contrasts were added, corresponding to /a/ and
/€/ in stressed-unstressed condition: [a]-[e], and [€]-[#] and [e]-[i], respectively.

Stress discrimination included pseudowords contrasting only in stress position. To
this purpose, and following Correia et al. (2015) and Dupoux et al. (1997), two conditions
were tested: 1%t syllable - 2" syllable contrast (e.g., ['dutiku]-[du'tiku]), and 2" syllable - 3@
syllable contrast (e.g., [du'tiku]-[duti'ku]).

Vowel and stress discrimination included pseudowords contrasting in stress location
and in vowels. To this purpose, we used disyllabic words contrasting in 1 syllable - 2"
syllable stress location and that included the same vowels as for vowel discrimination ([a],
[e], [€], [e], [1], and [i]). The choice of disyllabic pseudowords instead of trisyllabic was based
on the assumption that a trisyllabic contrast with vowel reduction would be too difficult for
the students. The target vowel contrasts were included in the 1%t syllable, the 2" syllable,
or in both syllables. Consequently, three cases of vowel reduction were included: (1)
contrasts in which vowel reduction only occurs on the first syllable (e.g., ['zazi]-[ze'zi]), (2)
contrasts in which vowel reduction only occurs on the second syllable (e.g., [zi'za]-[ zize]),
and (3) contrasts in which vowel reduction occurs on both syllables (e.g., ['zaze]-[ze'za]).

A summary of the conditions observed for vowel discrimination, stress

discrimination, and vowel and stress discrimination is presented in Table 5.2 (next page).
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Table 5.2. Conditions observed for vowel discrimination, stress discrimination, and vowel
and stress discrimination

vowel discrimination stress discrimination vowel and stress discrimination
1° syllable - 2™ syllable contrast
perceptual overlap contrasts | 1 syllable -2 syllable contrast with
stressed-unstressed contrasts | 2™ syllable - 3™ syllable contrast | vowel reduction on the 1 syllable

vowel reduction on the 2™ syllable

vowel reduction on both syllables

Regarding the selection of tasks, in perceptual training programs, two types of tasks
are commonly used for auditory testing and training: identification tasks and discrimination
tasks. These tasks complement each other, since the first aim at acquiring “distinctiveness”
and the second, “equivalence” (Pisoni & Lively, 1995, p. 445). However, identification tasks
can only be used when participants already have some knowledge of the L2, which is not
the case in the present study, since our goal is to observe the effect of training in the early
stages of L2 acquisition. Considering this, in the present study only discrimination tasks
were possible, even though they may be lead to a phonetic training rather than promote
phonological acquisition, as Pisoni & Lively (1995) point out.

To prevent participants from paying attention solely to phonetic differences, we
resorted to a longer ISl, since longer ISI promote phonemic processing. Based on previous
studies (Escudero & Wanrooij, 2010; Flege & Mackay, 2004; Mayr & Escudero, 2010), we
set the ISl in all trials — pretest, post-test, and training trials — to 1200 ms. Additionally, the
stimuli used in our study were recorded by different talkers, promoting phonetic variability,
which in turn also contributed to categorical processing.

Discrimination tasks differ in difficulty, increasing from AX to AXB, to oddity tasks
and to sequence recall tasks. In AX discrimination tasks, the listener must decide if the
second stimulus (X) is either of the same category of the first (A) or different. In AXB
discrimination tasks, participants are asked whether the second stimulus (X) is of the same
category as the first (A) or the third (B). Therefore, listeners must retain the three stimuli
in memory, before making their decision. In the three-stimuli oddity discrimination tasks,

participants hear a sequence of three stimulus and must decide which one is different (the
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first, the second, or the third). Typically, oddity tasks include catch trials as well, in which
all stimuli belong to the same category. Inclusion of catch trials induces more difficulty for
the listeners, since there is an additional task for them to do, which is to decide whether
the three stimuli are from the same category or not. In sequence recall tasks, participants
must recall a sequence of stimuli auditorily presented to them. Since the participants had
no knowledge or almost no knowledge of the L2 at hand, sequence recall tasks were judged
too difficult. Consequently, AX and AXB tasks were used for training, and three-stimuli
oddity tasks were used for testing. Table 5.3 gives an example of sequences for each

discrimination task type we included in this study.

Table 5.3. Tokens’ sequences for the contrast [e]-[€], as a function of type of task

task trial type example answer
AA [e]-[e] both tokens are of the same category
AB [e]-[€] the two tokens are of a different category
A BA [e]-[e] the two tokens are of a different category
BB [e]-[€] both tokens are of the same category
AAB [e]-[e]-[e] the 1° token is of the same category as X
B ABB [e]-[e]-[€] the 3" token is of the same category as X
BBA [€]-[e]-[e] the 1° token is of the same category as X
BAA [e]-[e]-[e] the 3 token is of the same category as X
ABB [e]-[e]-[€] the 1°* token is the odd
AAB [e]-[e]-[€] the 3" token is the odd
ABA [e]-[e]-[e] the 2" token is the odd
Oddity
with BBA [e]-[e]-[e] the 3" token is the odd
ca'tch BAB [e]-[e]-[€] the 2" token is the odd
trils BAA [e]-[e]-[e] the 1°" token is the odd
AAA [e]-[e]-[e] the three tokens are the of the same category
BBB [e]-[€]-[€] the three tokens are the of the same category
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Two principles guided the design of the stimuli. The first was phonetic variability,
previously reasoned. Phonetic variability may be achieved by different methods. It may be
included by using stimuli recorded by different L1 talkers. Second, it may be promoted with
the inclusion of stimuli different in nature: natural versus synthetic. Third, it may also refer
to the use of stimuli in which specific features were manipulated (e.g., duration). Since
studies demonstrated the positive effect of high variability in phonetic training with
different talkers (Lively et al., 1993, 1994; Wong, 2012), we opted to apply this method in
the present study. A total of seven EP talkers were used to record our stimuli: T1F, T2F, T3F,
T4M, T5F, Te6F, T7M.81

The second principle was to use pseudowords over real words. This decision was
based on the fact that participants were beginners, that is, at the early onset of the L2
acquisition process. Although beginners are expected to learn a significant amount of L2
vocabulary during one semester, they would probably not have acquired enough L2
vocabulary words, at least in the first training sessions. Furthermore, considering that the
recruited learners were majoring in very different fields (Linguistics, Medicine, Economics,
among others), there was also the probability that the purpose of the courses would
influence the vocabulary acquired in class.

All tasks (questionnaires, instructions, trials) were built and conducted with Gorilla
Experiment Builder (Anwyl-Irvine et al., 2018).82

The training program lasted twelve weeks, with recruitment included. Perceptual
trainings differ in intensity and length. While some researchers condense the training
length to a short period of time (Alves & Luchini, 2017; Bettoni-Techio, 2008; Schwab &
Llisterri, 2014), others spread the training for a longer period of time, with shorter training
sessions (Aliaga-Garcia, 2017; Kissling, 2015). We opted for the latter alternative, for two
reasons. First, most of the recruited participants were having Portuguese classes as an
optional subject and may had no interest in completing an intensive training on a topic that

is not central to their studies, particularly in the beginning of the academic semester.

81 The subscript ‘F’ and ‘M’ indicate the gender of the talker, female or male, respectively.
82 Access to this program was granted by LiFE group — Formal and Experimental Linguistics, of the Linguistics
Research Centre of NOVA University Lisbon (CLUNL).
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Second, it was expected that a combination of longer training and contact with EP in classes
would be advantageous for acquisition.

Regarding the number of training sessions, it was determined that at least six
sessions would be necessary to train all target contrasts. The six training sessions were
presented over six weeks, one session per week. Other than these six weeks, additional
time was planned for recruitment, pretest, and post-test. The timeline of the training

program, with the tasks carried out in each phase, is displayed below, in Table 5.4.

Table 5.4. Timeline of the training program

WEEK 1
recruitment
WEEK 2

pretest session 1: background questionnaire + vowel discrimination test
WEEK 3 PHASE 1

pretest session 2: stress discrimination test

WEEK 4 break
WEEK 5 training session 1
WEEK 6 training session 2
WEEK 7 training session 3
PHASE 2
WEEK 8 training session 4
WEEK 9 training session 5
WEEK 10 training session 6
WEEK 11 break

post-test session 1: follow-up questionnaire + vowel discrimination test
WEEK 12 PHASE 3

post-test session 2: stress discrimination test

Recruitment was conducted in the first two weeks. Once contact was made with
the students who volunteered to participate, they were given a week to complete the
pretest — Phase 1 — divided into two sessions. In the first session we administrated the
background questionnaire and the vowel discrimination test, and in the second session,

participants completed the stress discrimination test. After Phase 1, we collected
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information on the students and assigned them to a training group, and students were
given a weeklong break. From week five to ten, the training sessions were conducted —
Phase 2. Participants were given a week to complete each session, and they could only
access a new session after completing the previous one. Before Phase 3, another weeklong
break was made. Phase 3, —the post-test —, included three parts, which were presented in
two sessions. First, participants completed the follow-up questionnaire, and, in the same
session, the vowel discrimination test. Second, in a different session, participants were
presented with the stress discrimination test.

Students were recruited from different universities. To recruit a higher number of
students, the training program was repeated in three moments, at each time, including
new participants, all starting Beginner L2 Portuguese courses: in the first semester of the
2021/22 academic year, in the second semester of the same year, and in the first semester
of the 2022/23 academic year.

In the next sections we describe in more detail the design for test and training
sessions. The description is focused on the tasks presented to the intervention groups, that
is, the Hungarian participants. Although the Baseline group, which included Portuguese
participants, completed the same trials, the tasks we presented to this group were, to some
extent, different from the tasks presented to the intervention groups. We describe the

structure of the tasks completed by the Baseline group in 5.4.4.

5.1.1 Vowel discrimination tests

Vowel discrimination was assessed by means of oddity tasks. As mentioned above,
seven vocalic contrasts were tested in two conditions. In the first condition, vowels showed
perceptual overlap ([e]-[€], [€]-[e], [e]-[i], and [e]-[#]), while in the second condition, vowels
were contrasted in stressed vs. unstressed pairs ([a]-[e], [€]-[e], and [e]-[#]). This resulted in
a total of 42 change oddity trials: 7 contrasts x 3 order possibilities (AAB/ABA/AAB) x 2 odd
targets (A or B). The tests also included 6 catch trials, with the vowels [a], [e], [€], [e], [i],
and [1]. Thus, each participant completed 48 trials altogether.

Pretest stimuli consisted of the [gV] tokens we used for the categorization

experiment reported in Chapter 4. The post-test included the repetition of the pretest trials
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(post-test®) as well as novel trials (post-testN). For the novel trial we chose a syllable type
that is frequent in EP speech: [sV]. As a result, vowel discrimination post-test consisted of
96 trials: 84 change trials (7 contrasts x 2 contexts ([gV] or [sV]) x 3 order possibilities
(AAB/ABA/BBA) x 2 odd targets (A or B)) and 12 catch trials (6 vowels ([al, [e], [€], [e], [i]
and [#]) x 2 contexts ([gV] or [sV])). For familiarization tasks in the pretest and the post-test,
we used the [tV] tokens recorded for the identification experiment (see Chapter 4).

Although in the pretest vowel discrimination was assessed with female talkers only,
in the novel trials a male voice was also included to add phonetic variability. The order of
talkers was the same in all trials: T1F-T2F-T3F, in the pretest and the post-test®, and
T5F-T6F-T7M, in the post-testN.

Both the pretest and the post-test were designed with the same structure: (1)
informed consent, (2) introduction, (3) familiarization task, and (4) main task. The
introduction presented general instructions about the test, as well as the opportunity to
adjust the sound volume. For volume adjustment, three tokens, produced by three
Hungarian female talkers, were selected from the familiarization stimuli — [ta], [te], and [ti]
—, which the participant could listen to as many times as needed.

Familiarization consisted of instructions for the task followed by eight trials with
immediate feedback. This number of trials was decided taking into consideration that it
was the minimum for understanding the task without causing fatigue or boredom.
Familiarization included two trials for each possible answer (1%t is the odd, 2" is the odd,
3djsthe odd, or the three are identical). The familiarization trials included easier sequences
to discriminate (e.g., [to]-[ti]-[to]) along with sequences acoustically more similar (e.g.,
[te]-[te]-[te]). Feedback was provided in written form (“Correct!” or “Incorrect... try again”),
in Hungarian, and no limit for try outs were set.

The main task of the pretest included instructions followed by 48 trials, presented
in a single block. As for the post-test, the 96 trials were equally divided into three blocks
and separated by 30-second pauses. In the main trials, no feedback was provided to the
participants.

In Appendix VII, we list the trials created for vowel discrimination tests.
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5.1.2. Stress discrimination tests

Stress discrimination was also evaluated with oddity tasks, using pseudowords
contrasting only in stress position. To this purpose, we use a set of tokens created from
nine trisyllabic pseudowords, retrieved from Correia et al. (2015), and contrasting in
adjacent stress position (15-2" syllable and 2"-3" syllable). The pseudowords included the
vowels [i] and [u], exclusively, which are the only EP vowels not prone to quality change
due to the absence of stress. Furthermore, the results of the identification experiment
(Chapter 4) showed that Hungarian listeners have no problems in the perception of these

two vowels. Table 5.5 displays the trisyllabic contrasts used for stress discrimination.

Table 5.5. Tokens used for stress discrimination assessment

contrasts

pseudoword 1-2" syllable 2"-3" syllable experimental task
Jtudiki/ ['tudiki]-[tu'diki] [tu'diki]-[tudi'ki] pretest
/kiruli/ ['kirufi]-[ki'rufi] [ki'rufi]-[kiru'[i] pretest and post-test®
/dutiku/ ['dutiku]-[du'tiku] [du'tiku]-[duti'ku]  pretest and post-test®
Jtuduri/ ['tuduri]-[tu'duri] [tu'duri]-[tudu'ri]  pretest and post-test®
[tikuru/ ['tikuru]-[ti'kuru] [ti'kuru]-[tiku'ru]  pretestand post-test®
/kitumi/ ['kitumi]-[ki'tumi] [ki'tumi]-[kitu'mi]  post-test"
/lutinu/ ['lutinu]-[lu'tinu] [lu'tinu]-[luti'nu] post-test"

/bikulu/ ['bikulu]-[bi'kulu] [bi'kulu]-[biku'lu]  post-test"

/mudini/ ['mudini]-[mu'dini] [mu'dini]-[mudi'ni]  post-test"

In the pretest, five pseudowords were used and participants had to complete 75
trials: 60 change trials (5 pseudowords x 2 stress contrasts (15-2"? syllable and 2"-3@
syllable) x 3 order possibilities (AAB/ABA/BBA) x 2 odd targets (A or B)) and 15 catch trials
(5 pseudowords x 3 stress positions (15t syllable, 2" syllable, and 3™ syllable)). In the
post-test, we selected 4 pseudowords used in the pretest, and added 4 novel words,
resulting in a total of 120 trials: 96 change trials (8 pseudowords x 2 stress contrasts
(15t-2"d syllable and 2"9-3" syllable) x 3 order possibilities (AAB/ABA/AAB) x 2 odd targets
(A or B)), and 24 catch trials (8 pseudowords x 3 stress positions (1 syllable, 2™ syllable,
and 3syllable)).
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As in Correia et al. (2015), two female talkers and one male talker recorded the
stimuli, and a unique order of talkers was included: T1F-T2F-T4M, in the pretest and the
post-test®, and T5F-T6F-T7M, in the post-testN.

Following Correia et al. (2015), Dupoux et al. (1997, 2001, 2008), Honbolygé et al.
(2017), and Peperkamp et al. (2010), perception of consonant contrasts was also tested, as
a control condition. The aim of including phoneme contrasts is to observe if listeners are
able to perceive speech differences at segmental level, while exhibiting difficulties in
discriminating contrasts at suprasegmental level. Stimuli consisted of CVCVCV
pseudowords, stressed on the second syllable (e.g., [bu'pili]/[bu'[ili]; Table 5.6). Stimuli
stressed on the second syllable was judged to be the most suitable, since this is the
unmarked case in EP, therefore, acoustic differences between the syllables within a
stimulus are less prominent. We also intended to make participants aware of the fact that
they were listening to non-native words, since in Hungarian stress is fixed on the 1t syllable.
The pairs of pseudowords used included the contrast [[]-[p], [f]-[m], [b]-[p], [b]-[f], [b]-[V],
and [m]-[n]. In total, 48 trials were created for consonant contrast: 36 change trials (6 pairs
of pseudowords x 3 order possibilities (AAB/ABA/BBA) x 2 odd targets (A or B)) and 12

catch trials (12 pseudowords).

Table 5.6. Contrasts and respective tokens used for consonant discrimination assessment

consonant contrast tokens
[1-p] [bu'fili]-[bu’pili]
[f]-[m] [ku'fitu]-[ku ' mitu]
(b]-[p] [di"buki]-[di"puki]
[b]-[/] [ti"buri]-[ti' furi]
[b]-[v] [ti'fubi]-[ti'vubi]
[m]-[n] [zu'mitu]-[zu’nitu]

Stress discrimination tests were designed with a structure similar to that of the
vowel discrimination tests: (1) informed consent, (2) introduction, (3) familiarization task,

(4) main task. In the introduction we presented general instructions followed by sound
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volume adjustment. For this, three tokens were selected from the familiarization stimuli:
alma ['nlmo] 'apple’, cékla ['tse:klo] 'beetroot', and hintd ['hinto:] 'carriage’. Each token
was produced by a different Hungarian talker, the first two tokens were produced by two
female talkers, while the third token was produced by a male talker, so that the
familiarization task was consistent with the main task. Familiarization task had the same
structure as the familiarization task for vowel discrimination tests: task explanation
followed by eight trials (2 for each possible answer), with immediate feedback. As it will be
detailed in section 5.3.2, we used sequences of real words, with different degrees of
similarity.

Main trials of the pretest consisted of two blocks, separated by a 30-second pause.
The first block included the 75 trials for stress discrimination, and the second block the 48
trials for consonant discrimination. Regarding the post-test main task, it consisted of 120
trials equally distributed for four blocks, with 30-second pauses in between. Consonant
contrasts were not included in the post-test phase, since pretest results showed that
Hungarian speakers easily perceive these contrasts (10.7% of error rate, 3.3% above the
Baseline group).®3

In Appendix VII all the trials created for stress and consonant discrimination tests

are listed.

5.1.3. Training sessions

The six training sessions created for each group were designed so that they increase
in difficulty from the first to the last session. In the first four sessions, participants
completed AX discrimination tasks, and each contrast to be trained was presented in a
separated block, that is, if four contrasts were trained in one session, four blocks of trials
were created, one for each contrast. The 5™ and 6% sessions aimed at practicing all the
contrasts trained before, and in AXB discrimination tasks, which represented an increase in
difficulty from the AX tasks. In the 5t" session, each contrast was trained in a separate block,

and in the last session, trials were randomized across contrasts. This randomization was

8 Detailed results are displayed in Appendix X.
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performed once before uploading the tasks to the experiment platform, so all participants
who completed the task received the same order of trials. Every session included 48 trials,
to achieve balance between sessions, as well as in the time devoted to the training by each
group.

Talkers in the training sessions were the same as in the pretest. However, the
distribution of talkers in the training tasks varied. In the AXB tasks (5™ and 6™ sessions), we
follow the same method as for the oddity tasks in testing, that is, the order of the talkers
in the trials remained the same throughout the trials (e.g., T1F-T2F-T3F). AX tasks (1% to 4t
sessions) presented different sequences of talkers, in order to achieve 48 trials for each
session. A special attention was given to the equal distribution of the talkers. For example,
for the contrast ['bifufi]-[bi'fufi] presented in the 15t session to Group Stress, we use the
sequences T1F-T2F, T2F-T4M, T4M-T1F). With a balanced inclusion of talkers, we aimed at
avoiding participants being more exposed to a particular talker, thus getting more
familiarized with one voice. Table 5.7 displays the distribution of talkers by the type of

training task, and intervention group.

Table 5.7. Distribution of talkers by training tasks, for each intervention

intervention groups talkers in AX sessions (1 to 4“') talkers in AXB sessions (5th and 6th)
Group Vowels TlF, T2F, T3 , in alternate order order: T1F - T2F - 73F
Group Stress T1F, TZF, T4M, in alternate order order: T1" - 12" - T4V
Group Vowels & Stress  T1", T27, T3', in alternate order order: T17 - T2F - 13°

Participants were given a week to complete each session. To reduce participant
attrition, in the end of each training session participants could complete a ludic task on
Portuguese idiomatic expressions or popular sayings. This is referred to as the bonus task
(see Appendix XlI).

All sessions were structured in the same way: (1) informed consent, (2) instructions,
(3) training trials, and (4) bonus task. Informed consent was the same as for the tests.

Instructions included interactive examples, in which participants could try out the task,
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while reading the instructions. In AX sessions, we included two examples, and in AXB
sessions, five. The main task always included 48 trials, with immediate feedback, equally
divided into two parts, with a 30-second pause between them. In the end of the main trials,
participants could exit the session, or continue to the bonus task.

After the first four sessions, we looked into the results, for the three groups, in order
to decide if it was necessary to equally include in the last two sessions all contrasts

previously trained, or if we should focus in some contrasts more than others.®*

5.1.3.1. Training regimen for Group Vowels

Training for Group Vowels addressed discrimination of perceptual overlap and
stressed-unstressed vowel contrasts ([e]-[€], [€]-[e], [e]-[i], [e]-[i], and [a]-[e], [€]-[i], [e]-[4],
respectively). To this purpose, target vowels were inserted in a [zV] context. This context
was selected to match partially with the stimuli for Group Vowels & Stress, which consisted
of [zVzV] pseudowords. Furthermore, [zV] is a structure with low occurrence in Hungarian
(Halacsy et al., 2003), which avoids prominence of certain stimuli during training. All tokens
were produced by talkers T1F, T2F, and T3F.

The seven minimal pairs were trained in increasingly difficult order. In the first two
sessions, we provided training for the pairs [a]-[e], [€]-[#] and [e]-[#], corresponding to the
stressed-unstressed condition. We considered these contrasts less difficult for the learners,
since no perceptual overlap was observed for them in the identification experiment
(Chapter 4). To achieve the 48 trials, a filler contrast was included, [2]/[0], in the second
session. The 3" and 4t sessions included the contrast of the vowels that showed perceptual
overlap: [e]-[e] and [e]-[i], in the 3™ session, and [€]-[e] and [e]-[i] in the in the 4t session.
As explained before, the 5" and 6% sessions were used to practice all contrasts (excluding
fillers). However, before creating the tasks for these sessions, we looked at the preliminary

results of the training obtained in the first four sessions (Table 5.8, next page).

84 These results were preliminary and aimed only at giving us a general idea of the results of the training. They
were collected in November 2021.

CHAPTER 5 | p. 163



Table 5.8. Preliminary results for the AX tasks (1% to 4™ sessions), for Group Vowels

change trials catch trials
vowel contrast ER vowel ER

[e]-[i] 50.0% [e] 82.0%
[e]-[e]  50.0% [e] 58.0%
e]-[+ 38.0% i 52.0%
[e]-[#] [#]

[e]-[e]  20.0% [i] 40.0%
al-le 12.0% € 28.0%

[a]-[e] (€]

[e]-[#] 12.0% [a] 4.0%

[e]-[#] 6.0%

As we can see in Table 5.8, [a]-[e], [€]-[#], and [e]-[{] display low error rates.

However, in the catch trials, the vowel [e] presented the higher error rate. Therefore, in

the 5™ and 6% sessions, the contrast [a]-[e] was included in an equal number of trials as the

more problematic contrasts. On the other way around, [€]-[#] and [e]-[] were trained in

fewer trials.

Table 5.9 summarizes the training regimen for Group Vowels, and in Appendix VII,

we list the trials used in each session of this training.

Table 5.9. Training regimen for Group Vowels

Session 1
AX task

stressed-unstressed condition
[ze]-[zi], [ze]-[z4]
24 trials for each contrast, presented in separated blocks

Session 2
AX task

stressed-unstressed condition
[za]-[ze], [z0]-[z0] (filler)
24 trials for each contrast, presented in separated blocks

Session 3
AX task

perceptual overlap condition
[ze]-[zi], [ze]-[ze]

24 trials for each contrast, presented in separated blocks

Session 4
AX task

perceptual overlap condition
[ze]-[ze], [ze]-[zi]
24 trials for each contrast, presented in separated blocks
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contrasts [a]-[e], [e] [g], [€] [e], [e] [i], and [e] [i]: 8 trials each
Session 5

AXB task contrasts [€]-[#] and [e]-[i]: 4 trials each

each contrast presented in a separated block

contrasts [a]-[e], [e] [g], [€] [e], [e] [i], and [e] [i]: 8 trials each
Session 6

AXB task contrasts [g]-[#] and [e]-[4]: 4 trials each

all trials presented in one block, randomized

5.1.3.2. Training regimen for Group Stress

With respect to the training for Group Stress, the goal for this group was to improve
discrimination of word stress, at suprasegmental level. Accordingly, stimuli for this task
could only include the vowels [i] and [u], since in EP these are the only vowels that do not
undergo unstressed vowel reduction. To train stress discrimination, a similar set of
pseudowords used in testing was used in the training. The CVCVCV pseudowords for the

training were: /vumipi/, /filuvi/, /bifufi/, /mupifu/, /3urigu/, and /zituli/ (Table 5.10).

Table 5.10. Tokens used for stress discrimination training

contrasts

pseudoword 1"-2" syllable 2"-3"syllable
/vumipi/ ['vumipi]-[vu'mipi] [vu'mipi]-[vumi'pi]
[filuvi/ ['filuvi]-[fi'luvi] [fi'luvi]-[filu'vi]
/bifufi/ ['bifufi]-[bi'fufi] [bi'fufi]-[bifu'fi]
/mupifu/ ['mipifu]-[mu’pifu] [mi’pifu]-[mupi’fu]
/3urigu/ ['3urigu]-[3u’rigu] [3u'rigu]-[3uri'gu]
/zituli/ ['zituli]-[zi'tuli] [zi'tuli]-[zitu'li]

In the first session, we trained the stress contrast that we expected to be easier to
Hungarian speakers, 15:-2"? syllable contrast, since this is a familiar vs. unfamiliar stressed
location contrast.®® In the second session, we trained the 2"9-3" syllable contrasts, which

corresponded to a contrast between two pseudowords with unfamiliar stress location. The

8 Since word stress in Hungarian is fixed on the 1 syllable, we considered this as a familiar case, and words
stressed on the 2™ syllable or on the 3™ syllable as unfamiliar cases.
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3" and 4™ sessions aimed at training both conditions, and we divided our stimuli set into

the two sessions. Similar to the other training groups, the 5t and 6™ sessions were aimed

at training all contrasts and, before creating the tasks, we inspected the preliminary results

from the training obtained in the first four sessions (Table 5.11).

Table 5.11. Preliminary results for the AX tasks (1% to 4t sessions), for Group Stress

trial type stress contrast; stress location mean error rate

change 1°%-2" syllables 84.3%
2""-3" syllables 70.0%

1°" syllable 33.2%

catch 2" syllable 66.9%
3" syllable 40.4%

Catch trials with stress located in the 1% syllable achieved the highest accuracy, as

expected, but stress contrasts between the 1%t and 2"? syllables were problematic and had

the highest error rate, contrary to what we predicted. Therefore, it was decided that both

contrasts (15t - 2" syllable and 2" - 3" syllable) should be equally trained in the 5" and 6%

sessions. Table 5.12 summarizes the training regimen for Group Stress, and, in Appendix

VII, we list the trials prepared for these sessions.

Table 5.12. Training regimen for Group Stress

1% 2 syligble condition

Session 1
:;S;:k ["bifuil-[bi'fufil, ['vumipil-fvu'mipil, ['filuvil-{fi luvil, [ mupiful-imu’pifu]
12 trials for each contrast, presented in separated blocks
Session 2 2" -3" syllable condition
AX task [bi'fufi]-[bifu'fi], [vu'mipi]-[vumi'pi], [fi'luvi]-[filu'vil, [mu’pifu]-[mupi'[u]
12 trials for each contrast, presented in separated blocks
Session 3 1%-2" syliable condition and 2"-3" syllable condition
AX task ['vumipi]-[vu'mipi], [vu'mipil-[vumi’pil, [ 'mupifu]-[mu’pifu], [mu'piful-[mupi'fu]
12 trials for each contrast, presented in separated blocks
Session 4 1.2 syllable condition and 2"™-3" syllable condition
AX task ['bifufi]-[bi'fufi], [bi'fufil-[bifu'fil, ['filuvil-[fi'luvi], [fi' luvi]-[filu'vi]

12 trials for each contrast, presented in separated blocks
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Session 5
AXB task

all contrasts previoulsy trained + ['3urigu]-[3u'rigu], [3u'rigu]-[3uri'gu], ['zitulil-[zi'tuli], [zi'tuli]-[zitu'li]
4 trials for each contrast, presented in separated blocks

Session 6
AXB task

all contrasts previoulsy trained + ['zurigu]-[3u'rigu], [3u'rigu]-[3uri'gu], ['zitulil-[zi'tuli], [zi tuli]-[zitu'li]
4 trials for each contrast, all trials presented in one block, randomized

5.1.3.3. Training regimen for Group Vowels & Stress

Finally, Group Vowels & Stress was targeted at training both vowel quality contrasts

and stress contrasts. To this purpose, disyllabic pseudowords that included /a/, /e/ and /e/

were used. Recall that in EP, these vowels are produced as [a], [€] or [e] in stressed position,

and [e] and [#] in unstressed position. A [zVzV] structure was selected based on two reasons.

First, it contains only one consonant, [z], which contributes to control consonantal effects.

Second, words resulting from this structure had no meaning, thus configuring

pseudowords.8 From the [zVzV] structure we created a series of pseudowords complying

with the three conditions: vowel reduction on the first syllable, vowel reduction on the

second syllable, and vowel reduction on both syllables. Table 5.13 presents the set of

pseudowords and respective contrasts, used in this training.

Table 5.13. Pseudowords and contrasts created for training of Group Vowels & Stress

vowel reduction location pseudoword contrast

/zazi/ ['zazi]-[ze'zi]
/zezi/ ['zezi]-[zi'zi]
1** syllable
[zezi/ ['zezi]-[zi'zi]
/2ozi/ ['zozi]-[zu'zi] (filler)
/ziza/ ['zize]-[zi'za]
. /zize/ ['zizi]-[zi'ze]
2" syllable
/zize/ ['zizi]-[zi'ze]
/zizo/ ['zizu]-[zi'z2] (filler)

8 The word ['zpzi] (phonetically close to the EP ['zozi]) appears in Hungarian as a proper female first name.

However, it is a loanword, with rare presence in Hungarian speech (Oravecz et al., 2014). Furthermore, in

this study, this word is only used as a filler.
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[zaza/  ['zaze]-[ze'za]
[zaze/ ['zazi]-[ze'ze]
[zaze/ ['zazi]-[ze'ze]
[zeza/ ['zeze]-[zi'za]
both syllables

Jzeze/  ['zezi]-[zi'ze]

[zeze/ ['zezi]-[zi'ze]
Jzazd/ ['zazu]-[ze'z2] (filler)

[ze20/ ['zezu]-[zi'22] (filler)

To comply with the method of increasing difficulty adopted for training, 15 and 2"
sessions comprised contrasts in which only one syllable included vowel reduction, and
stimuli used the 3™ and 4t sessions consisted of the pseudowords in which both syllables
in the pseudowords of the contrasts included EP vowels that undergo reduction. In order
to achieve 48 trials in each session, we created fillers that complied with the conditions
trained in each session. For example, in the sessions aimed at vowel reduction on the 2™
syllable we included the filler /ziza/ ['zizu]-[zi'z2]. Fillers were not included, however, in the
5th and 6t sessions. Before creating the tasks for these two last sessions, we collected and

analyzed the preliminary results (Table 5.14).

Table 5.14. Preliminary results for the AX tasks (1% to 4™ sessions),
for Group Vowels & Stress

trial type vowel reduction location mean error rate
vowel reduction on the 1°* syllable 43.1%
change vowel reduction on the 2" syllable 58.8%
vowel reduction on both syllables 14.7%
stress on the 1° syllable 29.1%
catch g
stress on the 2" syllable 39.6%

The error rate in conditions with vowel reduction on only one of the syllables was
considerably higher than in the condition vowel reduction on both syllables. While in the
latter, two vowels are contrasting (e.g., [ 'zazi]-[ze zg]), vowel reduction on only one of the

syllables included pseudowords that contrast in one vowel only (e.g., ['zazi]-[ze'zi]). Even if
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stress contrast is not perceived, the presence of two different vowels makes the words
more dissimilar. As for contrasts with only one contrasting vowel, it’s possible that
student’s attention was not directed solely or mainly to the vowels, but also to durational
differences (e.g., in ['zazi]-[ze'zi], [i] changes mainly in duration). Taking this into
consideration, we decided that the three conditions should be equally trained in the last
two sessions. Table 5.15 presents the training regimen for Group Vowels & Stress, and

Appendix VIl displays the trials used in each session.

Table 5.15. Training regimen for Group Vowels & Stress

vowel reduction on the 2™ syllable conditon

Session1l N R e " . :
AX task ['zizel-[zi'za], ['zizi]-[zi'ze], ['zizi]-[zi'ze], and ['zizu]-[zi'zD] (filler)
12 trials for each contrast, presented in separated blocks
. vowel reduction on the 1 syllable conditon
Session2 - L -
AX task ['zazi]-[ze'zi], ['zezil-[zi'zi], [ zezi]-[zi'zi], and ['z2zi]-[zu'zi] (filler)
12 trials for each contrast, presented in separated blocks
. vowel reduction on both syllables conditon
Session3 | . N . N . . : .
AX task [‘'zaze]-[ze'za], [ zazi]-[ze'ze], [ zazil-[ze'ze], and [ zazu]-[ze'z2] (filler)
12 trials for each contrast, presented in separated blocks
. vowel reduction on both syllables conditon
Session4 | i o ot . - )
AX task [‘zezel-[zi'za), [ zezi]-[zt 'z€], [ zezi]-[zi ze], and ['zezu]-[zi 2] (filler)

12 trials for each contrast, presented in separated blocks

Session 5 all contrasts previoulsy trained (except fillers)
AXB task 4 trials for each contrast, presented in separated blocks

Session 6 all contrasts previoulsy trained (except fillers)
AXB task 4 trials for each contrast, all trials presented in one block, randomized

5.2, Participants

To conduct the study, we recruited Hungarian speakers enrolled in EP courses for
Beginners, in Hungary. As previously mentioned, participants were divided into three
groups: Group Vowels, Group Stress, and Group Vowels & Stress. A Baseline group with EP
native speakers was used to validate the stimuli of both the tests and the training sessions.

Additionally, we also recruited Portuguese native speakers and Hungarian native speakers
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to record the stimuli. The profile of these speakers (talkers) will be briefly described in the
section “Stimuli design and preparation” (5.3.2).

By means of questionnaires, we collected information on participants’ age, gender,
academic qualifications, L1, and knowledge and frequency of use of L2. In the case of the
Hungarian participants, we also requested information about previous and present contact
with Portuguese, as well as about the reasons for attending a Portuguese language course.
Additionally, Hungarian students had to complete a follow-up questionnaire, focused on
the perceptual training (motivation in the program, concentration during the tasks,

self-evaluation of the progress, among others).

5.2.1. Hungarian participants

The Hungarian learners were recruited from L2 Portuguese Beginner courses
offered in nine Hungarian universities: Budapest Business School, Budapest Metropolitan
University, Corvinus University of Budapest, E6tvos Lordand University (Budapest), Karoli
Gdaspar University of the Reformed Church in Hungary (Budapest), University of Debrecen,
University of Pécs, University of Public Service Ludovika (Budapest), and University of
Szeged. From these institutions, E6tvos Lorand University offers two Portuguese courses:
Portuguese as major and Portuguese as minor. Considering the differences in nature and
class load between these two courses, in the present study, they were considered as two
separate affiliations (ELTEBA and ELTEMI, respectively). The Portuguese courses in the
other universities are optional subjects, in some cases hosting external students. Other
than having enrolled in a L2 Portuguese Beginner course, the inclusion criteria included
being a native speaker of Hungarian, and being aged between 18 and 45.

Recruitment was done with the consent and assistance of the teacher responsible
for each course. In some cases, the teachers requested a presentation of the study to the
university in written form. A personal visit by the author of the dissertation to each class
was organized with the help of the teachers, in the first week of the course. When the visit
could not be done in person, an online appearance in the class was set. Before the visit, the
responsible teachers for each course were given more detailed information, and they were

given the possibility to try out a task, but they were asked not to give any information to
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students, but rather wait for the author of the dissertation to do it. After the visit, teachers
were only occasionally contacted, to collect some extra information on the course or about
students. Teachers were encouraged to give extra marks, if possible, to the students who
completed the training, to avoid attrition. The importance of these extra marks, however,
was decided by each responsible teacher.

During the above-mentioned visit, the general purpose of the study was explained
to the students. Information about the phases and estimated duration of tasks and training
were described. The students were informed that participation required good internet
connection and a computer or laptop, as well as headphones or earbuds. No detailed
description of the aim of the experiment was given to the students, but there was a brief
mention to the focus on auditory abilities in EP. Also, the students were informed that the
data collected during the training would not be shared with any third parties and would be
used solely for the purpose of this study. It was clearly mentioned that no financial reward
would be provided. However, they were further informed that, upon completion of the
training, they would receive a certificate of participation from CLUNL — Linguistics Research
Centre of NOVA University Lisbon, and the Department of Applied Linguistics and Phonetics
of E6tvos Lordnd University, the host institutions for the project (see Appendix Ill). Names
and email addresses of the students who volunteered were provided later by the teacher
of each course.?”

As mentioned earlier, the training program was repeated in three semesters: the
first and the second semesters of 2021/22, and the first semester of 2022/23. In the three
semesters, the program was conducted with Hungarian students enrolled in EP Beginner
courses, that is, with participants with no previous formal learning of EP. Between these
three semesters, no changes occurred regarding the teachers responsible for the courses,
the aim of the courses, or the main textbooks chosen by the teachers. Thus, the courses
conditions between the three moments did not differ substantially.

In total, 129 students were recruited and started the training, of which only 79

completed it. From the 79 participants, 13 were excluded for the following reasons: four

87 The collecting of the volunteers’ contacts was done in the absence of the author of the dissertation, so that
students would feel more comfortable to decide if they wanted to participate or not.
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quit the Portuguese course in the beginning or middle of the training (but completed the
training), six were aged above 45, two were Germain-Hungarian early bilinguals, and one
participant was born in Portugal. For analysis of the results, and hence forward, only 66
Hungarian participants will be considered: 20 allocated to Group Vowels, 22 to Group
Stress, and 24 to Group Vowels & Stress. Table 5.16 lists the number of participants by

affiliation and by intervention group.

Table 5.16. Distribution of participants by affiliation and intervention group

affiliation (institution, course load, n. of participants) n. of participants by group

Budapest Business School
(180'/week, 3 participants)

Vowels (n =1)
Stress (n =2)

Corvinus University of Budapest
(180'/week, 17 participants)

Vowels (n = 4)
Stress (n =6)
Vowels & Stress (n =7)

E6tvos Lordnd University: PLE as major
(270'/week, 12 participants)

Vowels (n =3)
Stress (n =4)
Vowels & Stress (n =5)

E6tvos Lorand University: PLE as minor
(180'/week, 13 participants)

Vowels (n = 4)
Stress (n =4)
Vowels & Stress (n =5)

Kéroly Gaspar University of the Reformed Church in Hungary
(180'/week, 3 participants)

Vowels (n =1)
Stress (n=1)
Vowels & Stress (n =1)

Budapest Metropolitan University
(180'/week, 4 participants)

Vowels (n =2)
Stress (n=1)
Vowels & Stress (n =1)

University of Public Service Ludovika
(180'/week, 4 participants)

Vowels (n =1)
Stress (n=1)
Vowels & Stress (n =2)

University of Debrecen
(90'/week, 2 participants)

Vowels (n =1)
Vowels & Stress (n =1)

University of Pécs
(90'/week, 3 participants)

Vowels (n =2)
Stress (n=1)

University of Szeged
(90'/week, 5 participants)

Vowels (n =1)
Stress (n =3)
Vowels & Stress (n =1)
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Participants mean age was 22 (range: 18 to 44), 51 were female speakers and 15
male speakers. The majority (n =52) were attending bachelor's degree programs. Forty-two
participants reported having had previous contact with the Portuguese language, mainly
during vacations or through friends. However, nine of them reported a stronger contact.
These participants either had lived 2 to 5 months in Portugal (with an Erasmus program,
for example), or previously studied Portuguese in the secondary school or university
(started the course but quitting), or had a close relationship with a Portuguese native
speaker. As described in the exploratory data (5.5.9), however, previous contact with
Portuguese had no significant effect on the results in the pretest.

All the participants were asked about possible auditory and/or respiratory
problems, temporary or chronic. One Hungarian participant reported to have a mild cold,
during the first part of the pretest. After a personal contact with this participant and
considering that the results of her pretest did not deviate from the general results, it was
decided to include this participant in the study.

Finally, information about other L2 knowledge (level and frequency of use) was also
collected in the background questionnaire. All students reported knowledge of English, on
levels B1 (n=3), B2 (n=23),C1(n=37),and C2 (n = 3). After English, Spanish was the most
reported L2 (n = 20), followed by Italian (n = 12), and German (n = 12). Other L2 were French
(n = 4), Romanian (n = 3), Serbian, Slovak, Catalan, and Dutch (each reported by one

participant).88

5.2.2. Portuguese participants

The Portuguese native speakers who tested the stimuli —the Baseline group — were
recruited via internet, through a google form. The request for participation was mainly
shared in courses of the School of Social Sciences and Humanities of NOVA University
Lisbon, and with the assistance of CLUNL — Linguistics Research Centre of NOVA University
Lisbon. The inclusion criteria were to be aged between 18 and 45, and to be a monolingual

native speaker of EP. For some of the tasks, the dialectal area of the participant was also

8 Languages reported bellow B1 level or ‘rarely’ or ‘never’ spoken were not included in this description.
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taken into consideration. The 45 participants included in the Baseline group were aged
between 18 and 45 (mean = 28), 31 were female speakers, 13 male speakers, and one
reported “other” for gender.

Baseline participants performed one of two tasks: test stimuli validation (n = 15) or
training stimuli validation (n = 30).

The group who completed the tests stimuli validation was presented with three
tests: vowel discrimination, stress discrimination and consonant discrimination. As will be
described in section “Stimuli validation”, the three tests were completed in a sequential
manner (vowels = stress - consonants), and of the 15 participants who completed the
first part, only 12 completed the second part, and 11 the last part. Additionally, two
participants were not from the standard dialectal area, for which reason their results were
excluded from vowel discrimination analysis. As a result, the number of participants
considered for test stimuli validation was 13 for vowel discrimination, 12 for stress
discrimination, and 11 for consonant discrimination.

Regarding Portuguese speakers who completed the training tasks, given the
extension of the training trials, the 30 participants were equally divided into five groups,
each one completed a part of the trials. Therefore, the number of participants testing each

training trial was six.

5.3. Materials

In this section, we will provide detailed information about the material prepared
and used for the tests and training sessions. It starts with a brief description of the
guestionnaires administered to the participants and follows with a section on recording,

selection, and preparation of the stimuli.

5.3.1. Questionnaires

Two types of questionnaires were included in the study: a language background
guestionnaire, administered to all participants, and a follow-up questionnaire,
administered to the Hungarian participants. These questionnaires were conducted to

assess the adequacy of the participants to the study, and to collect information for data
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analysis. Whenever possible, questions were presented in multiple-choice form, to
standardize the measurements.

In the case of the Hungarian students, the language background questionnaire was
administrated in the session of the pretest, in the L1 of the participants (Hungarian), and it
contained three blocks. In the first block, name (first and family names), age, gender,
academic qualifications, and affiliation (university/course) were asked. The names of the
participants were necessary for communication throughout the training program. Once
data collection was complete, names were deleted from the database. In the end of the
first block, participants were asked about possible auditory and/or respiratory problems,
temporary or chronic. The second block of the questionnaire covered language knowledge.
First, participants were asked about L1 knowledge (3 options were given), and after that,
about L2 knowledge: language, proficiency level, and frequency of use. For language
proficiency, six levels were presented (‘breakthrough - A1’, ‘waystage - A2’, ‘threshold - B1’,
‘vantage - B2’, ‘advanced - C1’, and ‘mastery - C2’), corresponding to the levels of the
Common European Framework of Reference for Languages. Participants were advised to
read information about these levels, if necessary, for which purpose, we provided them a
link to a relevant site.®? For frequency of use, the following options were given: ‘daily’,
‘weekly’, ‘monthly’, ‘sometimes in a year’, ‘rarely’, and ‘never’. The third block of the
questionnaire requested information on contact with Portuguese (past and present) and
on the motivation to have enrolled in a Portuguese course.

The language background questionnaire presented to the Portuguese participants
was similar to the one presented to the Hungarian students, with the difference that the
guestions regarding name of the participants, affiliation, previous contact with Portuguese
and motivation for learning Portuguese were not presented. However, we request the

address (city) in the last 10 years, to control for dialectal differences.

8 They were given the following option to examine proficiency levels in the Common European Framework
of Reference for Languages:
https://hu.wikipedia.org/wiki/K%C3%B62%C3%B6s_Eur%C3%B3pai_Referenciakeret
In the questionnaire presented to the Portuguese participants, the link was the following:
https://pt.wikipedia.org/wiki/Quadro_Europeu_Comum_de_Refer%C3%AAncia_para_as_L%C3%ADnguas
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The follow-up questionnaire was administered to the Hungarian participants who
completed all the training sessions, as it was included in the post-test. As in the background
questionnaire, participants were asked about possible auditory and/or respiratory
problems. Next, they were asked to provide information about the number of hours
attended in the Portuguese course during our training program, and about changes in the
contact with the Portuguese language, outside the classes. The second block of the
qguestionnaire included six close-ended questions to assess the following aspects:
motivation to participate in the program, attention during the tasks and fatigue at the end
of each task, as well as comments on the adequacy of the duration of the tasks, sufficiency
to achieve progress, and whether the tasks were interesting. The last block included two
open questions about how participants judged the effect of the training on their auditory
abilities and pronunciation abilities. The questionnaire concluded with an open question
for other comments.

Appendix Il displays the three questionnaires described above, as well as

translations into English of open-questions’ answers.

5.3.2. Stimuli design and preparation

In the section “Study design” we referred to different sets of stimuli created for
testing and training: monosyllabic ([gV], [sV], [zV]), disyllabic ([zVzV]), and trisyllabic tokens
(cvevey, with [i] or [u] as vowels). Table 5.17 summarizes the stimuli (for main trials) and

corresponding tasks and talkers.

Table 5.17. Summary of the stimuli used in the study

stimuli
testing/training parameters experimental task structure example talkers
pretest and post-test” CV(gV) [ge]-[ge] T1F, 127, T3F
vowel discrimination post-test" CV (sV) [sel-[sg] T5°, 76", T7M
training CV (zV) [ze]-[zg] T1F, 127, T3F
vowel and stress discrimination  training CVCV (zVzV) ['zazi]-[ze'zi] T1F, 127, T3F
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pretest and post-test” ['dutiku]-[dutiku] T1F, 12, T4

stress discrimination post-test" CVCVCV ['lutinu]-[lu'tinu] 5%, 167, T7V
training (V=lilor [ul)  ['vumipi]-[vu'mipi] T1°, 727, T4
consonant contrast pretest [zu'mitu]-[zu'nitu] T1%, 2%, T4

Other than the stimuli mentioned above, we also created stimuli for the
familiarization tasks. For vowel discrimination, we use the tokens created for the
perceptual study reported in Chapter 4 ([tV] syllables). For stress discrimination tasks, and
vowels and stress discrimination tasks, we opted for real words of the L1. Considering that
Hungarian speakers are supposedly stress ‘deaf’, it would be impossible to create a
familiarization task with tokens contrasting in stress location. We opted to use real words
of the L1 for the following reasons. First, using real words would prepare participants for a
‘speech mode’, that is, it would predispose them to perceive the sounds of the main trials
as speech and, second, the real words selected were polysyllabic words, which would
prepare participants to be tested in more complex words than the monosyllables they were
presented to in the vowel discrimination tests.

Each familiarization stimuli set included tokens that varied in acoustic similarity:
some were more different (e.g., [to]-[ti], ['hinto]-['tse:klo], ['galu]-['mase]) and others
more similar (e.g., [te]-[te], ['hinto]-['hinto:], ['galu]-['gatu]). Tokens were produced by
female and male native speakers (Hungarian and Portuguese). We selected talkers for the
familiarization tasks on the basis of the main trials. If in the main trials we presented
productions by three female talkers (as for vowel discrimination and vowel and stress
discrimination), then familiarization tasks also included productions by female talkers. If
the main trials presented productions of two female and one male talkers (as for stress
discrimination), then the familiarization trials also included productions of two female and

a male talker. Table 5.18 (next page) lists the stimuli used in the familiarization tasks.
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Table 5.18. Stimuli used in the familiarization trials (testing and training tasks)

stimuli for familiarization tasks conducted with the Hungarian participants

[tv] [ta]; [ta]; [te]; [te]; [ti]; [to]; [te]; [tu]

real alma ['olmp] 'apple’; cékla ['se:klo] 'beetroot’; hinta ['hinto] 'swing'; hintd ['hinto:] 'carriage’;

polysyllabic  kutya ['kuco] 'dog'; macska ['motko] 'cat’; paripa ['poripo] 'steed'’; pdnild ['po:nilo:] 'pony’;

words répa ['re:pn] 'carrot’; Sdndor ['fa:ndor] 'proper noun'; siksag ['fi-kfa:g] 'plain’
stimuli for familiarization tasks conducted with the Portuguese participants
[tv] [tal; [te]; [to]; [to]; [tel; [ti]; [te]; [ti]; [tu]

real amanha [e'mene] 'he/she prepares'; homem ['om&j] 'men’; caro ['karu] 'expensive'; carro ['karu] 'car’;

polysyllabic  galo ['galu] 'rooster’; gato [gatu] 'cat’; macd [me'sE] 'apple'; massa ['mase] 'dough’;

words oi¢o ['ojsu] 'l listen'; ougo ['owsu] 'l listen'; sede ['sedi] 'headquarters'; sede ['sedi] 'thirst'

Regarding recording of the testing and training stimuli, due to the pandemic
restrictions, recordings were conducted individually at each talkers’” home, and in three
different moments. In the beginning of 2021, recordings of stimuli for the pretest were
made. Later, in August 2021, stimuli for the training were recorded, and in November, the
last recording session took place for the stimuli of the novel trials of the post-test. In the
first and second sessions, a TASCAM DR-05 V2 digital recorder with a Beyerdynamic MCE
85 BA shotgun condenser microphone was used. In the last session, recordings were made
with a TASCAM DR-22WL digital recorder with a BEYERDYNAMIC MCE 86 shotgun
condenser microphone. All the equipment was provided by the LabCC—Communication
Sciences Laboratory of NOVA University Lisbon.

Recording settings were fixed to wav file format, 44.100 Hz sampling frequency,
mono, and 32-bit depth. For each set of stimuli, the first recording was made by the EP
speaking supervisor of this dissertation. These tokens were then selected and edited, to
provide an example to the other talkers®®, who were asked to hear them carefully. Along
with the examples, they were instructed to make the recordings at an early or late hour,

when background noise is reduced, and on a location judged to have low reverberation.

9% These tokens were also used as stimuli for the study. The author of this dissertation was excluded from the
recordings due to the fact that some participants had classes with her, thus they would be more
familiarized with her voice than the other participants.
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They were instructed to listen to the examples, and then record their own stimuli, at a
normal conversational rate.

The stimuli were inserted in a carrier sentence, to control for intonation. In the
cases of the monosyllables, an example of a real word containing a target syllable,
underlined, was presented to the talkers, to control for vowel quality (1). In the case of the
disyllabic and trisyllabic tokens ((2) and (3)), the orthographic forms indicated the stressed
syllable, as well as vowel quality. To avoid stress misplacement, the stressed syllables were
also underlined in the target words. Talkers were asked to record one token of each
sentence. In (1), (2), and (3), examples of the carrier sentences for the monosyllables,
disyllables, and trisyllables are presented. From the carrier sentences, we extracted tokens

in boldface for further selection. The full list of carrier sentences is presented in Appendix V.

(1) (GAVETA) [ge]. Diga [ge], por favor: [ge].
'(DRAWER) [ge]. Say [ge], please: [ge].'

(2a) ZAZA. Diga ZAZA, por favor: ZAZA.
'ZAZA. Say ZAZA, please: ZAZA.'

(2b) ZAZA. Diga ZAZA, por favor: ZAZA.
'ZAZA. Say ZAZA, please: ZAZA.'

(3a) DUTICO. Diga DUTICO, por favor: DUTICO.
'DUTICO. Say DUTICO, please: DUTICO.'

(3b) DUTICO. Diga DUTICO, por favor: DUTICO.
'DUTICO. Say DUTICO, please: DUTICO.'

(3C) DUTICU. Diga DUTICU, por favor: DUTICU.
'DUTICU. Say DUTICU, please: DUTICU."?

91 According to EP orthographic rules, when stress falls on the penultimate syllable, with few exceptions, no
diacritic is needed to signal the stressed syllable, since this is not the marked case (e.g., <dutico> [du tiku]).
When stress falls on the antepenultimate syllable, a diacritic is always needed to signal stress (e.g.,
<dutico> ['dutiku]). When stress falls on the last syllable and the word ends with <u>, no diacritic is needed
to signal stress location (e.g., <duticu> [duti'ku]). These rules are implicitly known by EP native speakers.
It was interesting to notice that the trisyllabic stimuli —in which no vowel reduction is present — displayed
more difficulties in the recordings than the disyllabic tokens — that included vowel reduction —, which is in
line with the importance vowel reduction in EP stress (Correia et al., 2015; Delgado-Martins, 1986).
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Portuguese tokens were recorded by a total of twelve Portuguese native talkers,
eight female and four male. These speakers were recruited through CLUNL — Linguistics
Research Centre of NOVA University Lisbon, or directly by the author of the dissertation.
However, only the recordings of five of the female talkers and of two of the male talkers
were evaluated as having good sound quality, similar speech rate, and appropriate
intonation across tokens. This evaluation was made by two trained phoneticians, the
author and the EP speaking supervisor of this dissertation. All selected talkers were from

the region of Lisbon and were aged between 41 and 48 (Table 5.19).

Table 5.19. Portuguese native speakers selected for the study

talker gender age adress in the last 10 years
T1 female 46 Lisboa

T2F female 42 Lisboa

T3F female 46 Lisboa

TaM male 42 Lisboa

Ts female 48 Loures

T6" female 41 Vila Franca de Xira, Lisboa
7V male 45 Lisboa

Stimuli for the familiarization tasks presented to the Hungarian participants
(Hungarian real words), were produced by five native-speakers of Hungarian (aged 28 to
45), four female and one male. Since all five Hungarian speakers were trained phoneticians,
tokens were recorded in simple citation form and in isolation. The recordings were made
using an external sound card attached to a PC or laptop, and an omnidirectional condenser
head-mounted microphone. The external sound card and microphone were provided by
MTA—ELTE “Lenddlet” Lingual Articulation Research Group, Hungary.

After each recording — both in the case of stimuli for main trials as for familiarization
trials —, the tokens were transferred as wav sound files from the digital recorder’s SD card
to a laptop computer. All tokens were then checked by the author of the dissertation and
the EP speaking supervisor, and a repetition of the recording was asked, whenever judged

necessary.
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After the recordings were made, preparation of the stimuli was conducted in
sequential steps. First, we eliminated background noise with Audacity software (Audacity
Team, 2020). This procedure was manually done, since recording conditions varied across
talkers. After this, all sound sequences were segmented manually and the target tokens
(three repetitions of each stimulus, in bold in the carrier sentences) were extracted as
individual wav files, using TextGrids and a Praat script.

From each talker we selected one token of each item. The selection of the final
tokens produced by the Portuguese talkers was different for monosyllables and
polysyllables. Selection of the [gV] and [tV] tokens was as reported in Chapter 4: based on
measurements of the vocalic sections’ duration and perceptual judgments of intonation
and sound quality. As for the polysyllabic stimuli, these were selected on the basis of
perceptual judgments made by the author and the EP speaking supervisor of this
dissertation, and, when needed, based on acoustic properties of the syllable or the vowels.
Acoustic measures were obtained with two types of labeling for each token, conducted in
Praat. In one tier we segmented syllables, while in another, vowels within these syllables.
The vocalic sections’ boundaries were identified as the first and last voice bar of the section
where the complete formant structure could be observed. If the vowel was preceded or
followed by a nasal consonant (e.g., /kitumi/), and the vowel was completely nasalized,
that is, there was no clear boundary between the vowel and the consonant, the boundary
was set in the middle of the syllable, and acoustic measures for the vocalic section were
conducted only on the mid-section of the first or second half of the vowel. With a script in
Praat, we extract syllables’ duration, and, on the vocalic sections, we measured vowel
duration, f0, F1, F2, and maximum intensity. fO, F1 and F2 values were calculated from a
median of the values measured in a 10% window in the midsection of the vowel. Time step
was set to 0.01 ms, number of formants below 5.5 kHz to 5, and window length to 25 ms.

Pitch floor was set to 100 Hz or 75 Hz and ceiling to 500 Hz or 300 Hz, for female and male
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talkers, respectively, as recommended by Praat (Boersma & Weenink, 2020). Acoustic
measurements carried out on the stimuli are reported in Appendix VI.%?

The selection of the stimuli produced by the Hungarian talkers for the
familiarization trials with Hungarian participants was made having in consideration quality
judgements by the Hungarian speaking co-supervisor and the author of this dissertation.

Regarding monosyllabic stimuli, as reported in Chapter 4, vowel length of some of
the tokens was manually manipulated, with Praat, to guarantee a similar vowel duration
across tokens.

Mean intensity was equalized across all tokens to 70 dB, using a Praat script, and
1200 ms of silence was inserted before each token (corresponding to the ISI), also with a

Praat script.

5.4. Procedure

Once the structure of the tests and the training regiments was decided, and stimuli
were recorded and prepared, we proceeded to the creation of the tasks in Gorilla. A similar
design was kept throughout the different test and training tasks, so participants get
familiarized early on with the appearance of the tasks, and that the task design did not
draw their attention from the task itself. Written instructions for the tests, training sessions
and questionnaires were presented in the L1 of the participants (Hungarian or EP).
Familiarization stimuli were also in the L1 of participants, given that the aim of the
familiarization trials was to give the participants the opportunity to practice the
experimental tasks, so that potential difficulties in the test trials would be a result of
difficulties in discrimination, and not of problems in understanding the task.

Randomization was set to be performed between participants by Gorilla, but only
for the test tasks (pretest, post-test® and post-testN). As for familiarization trials and
training sessions trials, they were manually randomized before uploaded to Gorilla, so that

the order presented to participants would be the same.

92 Although we performed measurements for all the tokens used in this study, these measurements were
only aimed for consultation in case of doubts in the selection of the tokens. We did not conduct an analysis
on these measurements.
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After creating the tasks in Gorilla, the following step was to pilot them. Testing tasks
were all tested first by the author of the dissertation, and then piloted by three Hungarian
native speakers: the co-supervisor of this dissertation, a Hungarian teacher of EP, and a
Hungarian speaker with no studies in Linguistics. Piloting was sequential: after the first
speaker completed the task, changes were made and only after we presented to the second
speaker the modified version of the task. The same method was followed for the second
revision. In the end, a final pilot session was carried out with the first speaker. As for the
training tasks, they were also firstly tested by this dissertation’ author and after, only tasks
for the 1t sessions (AX task) and the 5% sessions (AXB) for each group were piloted by one
of the Hungarian speakers who piloted the tests. The tasks created for EP native speakers
were piloted by the first supervisor of the dissertation and a master student of Linguistics.
Piloting of these tasks followed an identical sequential procedure as the one conducted for
the tasks for the Hungarian participants.

With the tasks tested and corrected, we then proceeded to our perceptual training
program.

Once the names and email addresses of the recruited students were collected, two
steps followed. First, a participant identification number (ID) was assigned by the author of
the dissertation and associated with a given email of each participant. The list of email
addresses and ID was uploaded to the tasks, in Gorilla. Second, an email was sent to the
participants, which included the information given during the visit. It also included the
instructions for the first session of the pretest, with an indication that they would receive
an email from Gorilla with an access link and a participant ID.?> Each email sent to
Hungarian participants included instructions in writing and in a video. Written instructions
were presented in Hungarian, translated by a native Hungarian speaker, while the video,
made by the author of this dissertation, was in English.

During the training program, monitorization of students’ progress in each task was

based on the information provided by Gorilla: in each task, the indication of ‘Pending’,

9 Upon activating the participant ID in each task, in the experiment platform, an automatic message was sent
by the program to each student, with a unique link to access the task.

CHAPTER 5 | p. 183



‘Live’, or ‘Completed’ was shown for each participant ID in the platform. When necessary,
a reminder email was sent to the participants.

The tasks could only be accessed after participants provided their consent. After
consenting, the first information displayed was always that the task consisted of an
auditory exercise, and therefore use of headphones or earbuds was compulsory.

The participant's answers in the trials could only be given by left clicking the mouse
or touch pad. To ensure each participant the possibility of reading the instructions at
his/her own pace, no time limit was defined in the instruction screen. Instead, a ‘Continue’
button was provided: by clicking on it, participants could step to the next screen.

When judged necessary, we inserted a 30-second pause in a session. In these
pauses, participants were asked not to leave the side of the computer or laptop, and not
to interrupt the experiment. After the pauses, the trials always restarted automatically.

Next, we will detail the procedure in each phase of the program, and, in

Appendix XI, we present computer screens of different moments of the tasks.

5.4.1. Pretest

After accessing the link provided by Gorilla and by entering their unique ID,
participants were presented the consent form. Only by clicking ‘I accept the above terms
and wish to participate in the experiment’, followed by ‘Next’, the participants accessed
the first task: the background questionnaire.

Once this task was completed, participants were automatically redirected to the
vowel discrimination test. This test included an introduction, a volume adjustment screen,
the familiarization task, and the main task. The introduction included the structure of the
test, and the information that an opportunity to adjust the volume would be provided, and
that it was an important step to complete the test. It also included a request not to
interrupt the test, and to answer as fast as possible, since no time limit was set for
answering.

The next section was volume adjustment. Participants were shown three sounds,
which they could hear repeatedly until they reached a comfortable sound volume. They

were informed that once the volume was set, they should not change it throughout the
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experiment. After this, participants would step to the next section — the familiarization
task —, by clicking ‘Continue’.

The first part of the familiarization task included interactive instructions, that is, the
participants could try out each step of a trial, while reading the instructions. The second
part included a sequence of eight oddity trials with feedback. After each answer,
participants received a written message: ‘Correct!” or ‘Incorrect... try again!’. If the answer
was correct, they would automatically step onto the next trial. If the answer was incorrect,
they were presented with the same trial immediately, and had as many tryouts as needed.
Once the familiarization section was completed, a message appeared (‘End of the
familiarization task. Please do not quit the experiment.’), and the main task began.

The main task started with written instructions. Participants were not explicitly
informed that the sounds were produced by Portuguese native speakers, but since they
were informed of the general topic of the study, they were expected to be aware of this.
Instructions also warned participants that the test would end with the message ‘End of the
experiment.’, and that until then, they could not interrupt the session. The instructions
were followed by the oddity trials, without pause. In each trial, when participants clicked
on the answer rectangle, the following trial would start automatically.

At the end of the main task, participants received the message ‘End of experiment.
Thank you for participating.” with an open question for optional comments. They would
end the test by clicking the button ‘Conclusion’.

When participants were assigned a ‘Completed’ status in the vowel discrimination
pretest, a new email with general instructions for the second session of the pretest was
individually sent, along with an automatic email from Gorilla with a new link. Participant ID
remained the same throughout the entire study.

Stress discrimination test followed a similar procedure as the vowel discrimination
test.

Participants took around 15 minutes to complete the first session of the pretest
(background questionnaire and vowel discrimination test), and 25 minutes to complete the
second session of the pretest (stress discrimination).

Figure 5.1 (next page) displays a computer screen of one trial.
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Mindegyik felvételen ugyanazt hallja?
Ha nem, melyik a kiilonb6z&?

Figure 5.1. Computer screen of the main trials of the vowel discrimination pretest.
('Do you hear the same in each of the recordings? If not, which one is different?’)

5.4.2. Training sessions

After participants completed the pretest phase, they were assigned to one of the
three groups: Group Vowels, Group Stress, or Group Vowels & Stress. The assignment of
students to intervention groups was only partly randomized. Specifically, in order to have
approximately the same number of students from each affiliation in each training group,
we randomly assigned students from each course into three groups.®*

Once groups were formed, an email with instructions about the training was sent
to each participant. This message consisted of an explicit explanation of the linguistic
feature the training was focused on, which was presented in a language accessible to
speakers with no or little knowledge in phonetics and phonology (see Appendix VIII). Along
with the written instructions in Hungarian, a video with the same instructions in English,
recorded by the author of the dissertation, was also included.

Immediately after receiving the email with the instructions for the training,
participants also received an automatic email from Gorilla, with the link for the first session.
When accessing the link, participants were asked to accept the informed consent, after
which they started the training. All sessions followed the same procedure. Instructions

were presented only in the beginning®®, and included the number of the session, a warning

9 At the end of the study, this balance was not completely achieved, due to student attrition, as shown in
Table 5.16.
% In the tests, instructions were presented before the familiarization tasks as well as before the main tasks.
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to use headphones, and interactive examples of the tasks. Main training trials would start
automatically after the examples.

Once the training trials were completed, participants were given two choices: exit
the session, or continue to the bonus task.

As previously explained, participants had one week to complete each training
session, and they would only receive the link to a new session, after completing the
previous one.

Excluding the time for the bonus task, participants took 8 to 15 minutes to complete
each of the first four sessions (the AX discrimination tasks), and 10 to 18 minutes in the
case of sessions 5 and 6 (the AXB discrimination tasks).

Figure 5.2 displays a computer screen of one AX trial, for Group Vowels.

A két szotag ugyanaz vagy eltérg?

UGYANAZ ELTERO

Figure 5.2. Computer screen of the main trials of an AX task for Group Vowels.
(‘Are the two syllables identical or different?')

5.4.3. Post-test

Once the six training sessions were completed, a one-week break was made, after
which, a new email was sent to the students, with instructions for the post-test, similar to
those sent in the pretest phase. The post-test procedure was also similar to the pretest,
with the difference that instead of the background questionnaire, participants were

presented with a follow-up questionnaire before the vowel discrimination test.
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Participants took approximately 22 minutes to complete the follow-up
guestionnaire and the vowel discrimination test, and 20 minutes to complete the stress
discrimination test.

Students who completed the training were given a certificate of participation,
signed by the project host institutions, as mentioned previously. Additionally, after the
conclusion of the training program (post-test phase included), they were given the
opportunity to complete the other two trainings. For example, if a participant had
completed the training for Group Vowels, he/she could receive a link from Gorilla for
training sessions of Groups Stress and Vowels & Stress. This possibility, however, was only

provided upon participants’ request.

5.4.4. Stimuli validation

To validate the stimuli used in the study, we had Portuguese native speakers (the
Baseline group) completing the same trials presented to the intervention groups. However,
the procedure was different, hence we describe it here, separately. As explained in section
5.2.2, Baseline participants were divided into two groups: one to validate test stimuli, and
the other to validate training stimuli.

The Portuguese participants who validated test stimuli had to completed four tasks
in three sessions. The first session included a background questionnaire (see Appendix Il)
and the vowel discrimination test trials. This test consisted of the [gV] and [sV] trials
(n=96), equally divided into three blocks, separated by 30-second pauses. The second
session included the stress discrimination test trials (n = 135). These trials were divided into
5 blocks, each containing 27 trials, separated by 30-second pauses. The third session
included the trials for consonant discrimination (n =48), divided into two blocks, and
separated by a 30-second pause. All the trials in each session were randomized across
blocks, and between participants, by Gorilla.

The procedure for the tasks for test stimuli validation was the following: after
collecting the email addresses of the volunteers, an individual participant ID was created
for each, and written instructions were sent, by email, as well as the link to access the first

part. Once participants had completed one part, a new link for the following task was sent.
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Validation of the training stimuli was more complex due to the elevated number of
trials of the training tasks (n = 600). These trials were divided into five sets, and each set
included one block with [zV] trials, one block with [zVzV] trials, and one block with trisyllabic
training trials (for the structure, see Appendix IX). Each set was completed by six native
speakers of EP, that is, in total 30 speakers were needed to complete the training stimuli
validation. Similar to test stimuli validation, all trials were randomized across the blocks,
and between participants. Other than the discrimination tasks, participants were also
presented with a background questionnaire in the beginning.

The procedure for training stimuli validation was different than that for test stimuli
validation in one aspect. While in the latter case three different links were provided for
each of the three tests, in the training stimuli validation tests we provided one single link,
with a pause between each section. Participants were able to quit the test and resume it
later in these pauses, if they felt necessary, or they could complete two or three parts in
one go.

The design for both test stimuli and training stimuli validation was similar to the
tasks presented to the Hungarian participants, with the difference that all the written
instructions and familiarization stimuli were presented in EP.

The structure of the task for test stimuli validation and for training stimuli validation

are displayed in Appendix IX.

5.5. Results: exploratory data

In this section we present the exploratory analysis conducted on the data collected
from the different experimental tasks — pretest, post-test, and training sessions — as well
as from the questionnaires. This is an important step of the study, since exploring the data
visually and with descriptive statistics allows us to have different perspectives of the
results, which in turn, is essential to understand the outcomes and draw conclusions. The
aim of this section is not to discuss the results (Discussion is presented in 5.6), but rather
to investigate the data in order to find patterns in the results.

Data was downloaded from Gorilla in csv format. Raw data was processed and

analyzed with the software R (R Core Team, 2014). Statistical analysis was performed by
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fitting linear mixed-effects logistic regression models with the GLMER function from the
Ime4 package (Bates et al. 2015), and pairwise comparisons of least-squared means were
conducted with the LSMEANS function from the Ismeans package (Length, 2018). For the
testing and training tasks, we collected participants’ responses, the dependent variable,
coded as 1 or 0 (1 = incorrect, 0 = correct). Regarding reaction times, we opted to exclude
this parameter from the analysis due to the difficulties in controlling this variable on online
tasks (Holden et al., 2019). The predictors of the model (the independent variables) were
all effect-coded. These variables as well as the statistical models’ formulas are reported for
each analysis, in the beginning of each subsection. The independent variables were
inserted in the models as fixed effects, with the exception of participant, which was
inserted as random effect.

The statistical models were run by creating subsets of the main data. This procedure
was necessary for two reasons. First, some predictors were only observed for some
features. For example, stress location (15t-2" syllable vs. 2"-3" syllable) was a predictor for
stress discrimination but not for vowel discrimination. By contrast, vowel contrast type
(perceptual overlap vs. stressed-unstressed) was observed only for vowel discrimination,
but not in stress discrimination. Accordingly, we analyzed a vowel discrimination subset
data and a stress discrimination subset data separately. Second, in some cases the model
would fail due to its complexity (e.g., test (3 levels) * group (4 levels) * vowel contrast (7
levels)).

Statistical summaries of the results — count, mean error rate, standard deviation,
standard error of the mean, and confidence interval (at 95% significance level) — were
calculated using the function summarySE (Wang, n. d.). These summaries were used for
the graphs, in which we display mean error rate and standard error of the mean
(represented in the error bars). Tables with the summaries are presented in Appendix X.

Our first step in exploring the data was to look at the results for the Baseline group
(5.5.1). After, we looked at the results for consonant contrasts and catch trials for the
Hungarian participants (5.5.2 and 5.5.3), both operating as control conditions for
discrimination abilities. We then proceeded to the results for vowel discrimination (5.5.4

and 5.5.5) and for stress discrimination (5.5.6 and 5.5.7). These sections are organized as
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follows. First, we analyzed the results for each test — pretest, post-test® and post-testN,
comparing the behavior between intervention groups, as well as their performance with
that of the Baseline group. In these analyses we first plotted individual mean error rates,
to observe individual variability. Other than investigating the overall results in each test,
we also analyzed the results considering the conditions (e.g., perceptual overlap vowel
contrasts vs. stressed-unstressed vowel contrasts). Having investigated the results for each
test, we then looked at progress of the intervention groups, from the pretest to the
post-test® and from the pretest to the post-test™. In the analyses of progress, the Baseline
group was not included. We also analyzed the results of the training sessions, for each
intervention group (5.5.8). Finally, we concluded by briefly observing the effect of

nonlinguistic factors in individual progress achieved with the training program (5.5.9).

5.5.1. Stimuli validation

Previous studies approach validation of stimuli by native speakers in two ways.
Some researchers set a minimum threshold of accuracy — usually 90% or 95% — in order to
include the stimuli (Rato, 2013; Ylinen et al., 2010). In other studies, no threshold is defined,
and researchers rather compare the behavior of native speakers with the behavior of
non-native speakers, by looking at the differences in the results for each group (Correia et
al., 2015; Grenon et al., 2019). We opted for the last method, on the grounds of the
following reasons. First, in the case of stimuli for stress discrimination without vowel
reduction we could not expect a high accuracy by the Portuguese listeners since previous
studies indicate that Portuguese native speakers show stress ‘deafness’, with error rate
values of around 20% (Correia et al., 2015).°®6 Second, we have no data on EP vowel
perception by Portuguese native speakers that allow us to determine the threshold for
excluding stimuli. Comparisons between the intervention groups’ results and the Baseline
group results are presented in sections 5.5.4 and 5.5.6.

Other than the above-mentioned comparisons, we also looked separately at the

results obtained for the Baseline group, for test stimuli validation and training stimuli

% This value is for AXB trials that included disyllabic and trisyllabic non-words. In the second experiment of
this study, a sequence recall task, mean error rate was above 75%.
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validation. The aim of this analysis was to investigate if there were significant differences
in discrimination within each type of stimuli included in test and training tasks:
monosyllabic stimuli, disyllabic stimuli, and trisyllabic stimuli. Specifically, we aimed at
confirming that differences observed in the results for the Hungarian participants between,
for example, trials with stimuli used in the post-test® and trials with stimuli used in the
post-testN were not due to deviant stimuli.

For each type of stimuli, we looked separately at testing stimuli (presented in oddity

tasks) and training stimuli (presented in AX and AXB tasks).

5.5.1.1. Monosyllabic stimuli validation

Three sets of monosyllabic stimuli were used in the study: [gV] (in oddity tasks, in
the pretest and the post-test®), [sV] (also in oddity tasks, in the post-testV), and [zV] (in AX
and AXB tasks, in training). Table 5.20 displays the independent variables and the statistical

models’ formulas for the analysis of the monosyllabic stimuli used in the tests.

Table 5.20. Independent variables and mixed-effect models’ formulas for the analysis of
the monosyllabic testing stimuli validation

independent variables levels
participant 13 levels: PT003', 'PT005', 'PTO06', etc.
stimuli set 2 levels: '[gV]', "[sV]'
trial type 2 levels: 'change’, 'catch’
vowel contrast 13 levels: '[e]-[€]', '[e]-[e], '[e]-[i]', '[e]-[#]', '[a]-[e]’, '[e]-[4]', [e]-[+],

'[al’, '[e]", '[e]", 'el", T3, '[i*
GLMER models (family = binominal)

null model answer ~ 1 + (1| participant)
model 1 answer ~ stimuli set + (1| participant)
model 2 answer ~ trial type + (1| participant)
model 3 answer ~ vowel contrast + (1| participant)

Results from the ANOVA between the null model and each of the models displayed

in Table 5.19 (next page) were as follows. Stimuli set ([gV] vs. [sV]) did not affect results,
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nor trial type (change vs. catch). However, we found a significant effect of vowel contrast

in the discrimination (x?(14, N = 12) = 107.99, p < .001; Figure 5.3).
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Figure 5.3. Mean error rates as a function of vowel contrast, for the Baseline group, for
trials with monosyllabic testing stimuli

Pairwise comparisons showed that discrimination of [€]-[e] and [e]-[i] posed more
difficulty than the other contrasts ([€]-[e] vs. [e]-[€], p < .001; [€]-[e] vs. [e]-[i], p = .02; [€]-[e]
vs. [e]-[], p <.001; [€]-[e] vs. [a]-[e], p < .001; [€]-[e] vs. [€]-[i], p < .001; [€]-[e] vs. [e]-[1],
p <.001).

This difficulty was also observed in the trials with the monosyllabic training stimuli

([zV]). The models and variables for the analysis of the results for these trials are displayed

in Table 5.21.

Table 5.21. Independent variables and mixed-effect models’ formulas for analysis of the
monosyllabic training stimuli validation

independent variables levels
participant 30 levels: PT033','PT034', 'PTO35', etc.
task type 2 levels: 'AX', 'AXB'
vowel contrast 7 levels: '[e]-[e], '[e]-[e]', '[e]-[i]', '[e]-[4]', '[a]-[e]’, '[e]-[i]', '[e]-[4]'
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GLMER models (family = binominal)

null model answer ~ 1 + (1| participant)
model 1 answer ~ task + (1| participant)
model 2 answer ~ vowel contrast + (1| participant)

In these trials, vowel contrast also affected significantly the results
(x¥?(6, N = 8) = 71.73, p <.001; [g]-[e] vs. [e]-[€], p = .004; [g]-[e] vs. [e]-[i], p < .001; [€]-[e]
vs. [a]-[e], p= .001; [€]-[e] vs. [€]-[i], p < .001; [€]-[e] vs. [e]-[i], p = .01; [e]-[i] vs. [e]-[g],
p < .001; [e]-[i] vs. [e]-[1], p < .001; [e]-[i] vs. [a]-[e], p < .001; [e]-[i] vs. [€]-[i], p < .001; [e]-[i]
vs. [e]-[#], p < .001; [€]-[e] vs. [e]-[i], p = .003). No significant effect of task type (AX vs. AXB)

was found. Figure 5.4 displays the results by vowel contrast.
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Figure 5.4. Mean error rates as a function of vowel contrast, for the Baseline group, for
trials with training stimuli

5.5.1.2. Disyllabic stimuli validation

Disyllabic stimuli consisted of the [zVzV] pseudowords presented to Group
Vowels & Stress in the training trials. Recall that these stimuli included three conditions:
vowel reduction on the 1% syllable (e.g., ['zazi]-[ze'zi]), vowel reduction on the 2" syllable
(e.g., [zi'za]-[ zize]), and vowel reduction on both syllables (e.g., [ zaze]-[ze'za]). Table 5.22

presents the independent variables and models run to analyze trials with these stimuli.
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Table 5.22. Independent variables and mixed-effect models’ formulas for analysis of the
disyllabic training stimuli validation

independent variables levels
participant 30 levels: PT033','PT034', 'PT035', etc.
task type 2 levels: 'AX', 'AXB'
vowel reduction 3 levels: 'reduction on the 1°" syllable', 'reduction on the 2" syllable'

'reduction on both syllables'

GLMER models (family = binominal)

null model answer ~ 1 + (1| participant)
model 1 answer ~ task + (1| participant)
model 2 answer ~ vowel reduction + (1| participant)

Portuguese native speakers achieved very low mean error rates (Figure 5.5), and

neither task type nor vowel reduction placement affected the results.
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Figure 5.5. Mean error rates as a function of vowel reduction location, for the Baseline
group

5.5.1.3. Trisyllabic stimuli validation

Trisyllabic stimuli consisted of CVCVCV pseudowords, contrasting in stress location
or in consonant (e.g., ['tudiki]-[tu'diki] or [ku'fitu]-[ku'mitu], respectively). All the
pseudowords included only the vowels [i] and [u], to exclude vowel reduction.

Stimuli contrasting in consonant was used only as a control condition. Thus, we
looked only into the mean error rate, which was 7.4% across contrasts ([p]-[[]: 4.5%, [m]-[f]:

5.1%, [b]-[J]: 6.1%, [f]-[v]: 7.1%, [n]-[m]: 9.1%, [p]-[b]: 12.6%).
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Regarding discrimination of stress contrasts, similar to the monosyllabic stimuli
validation (5.5.1.1), we analyzed separately testing stimuli and training stimuli. Table 5.23
presents the independent variables and mixed-effect models used for the testing stimuli

analysis.

Table 5.23. Independent variables and mixed-effect models’ formulas for analysis of the
trisyllabic testing stimuli validation

independent variables levels
participant 12 levels: PT0O05', 'PTO06', 'PT007', etc.
stimuli set 2 levels: 'pretest’, 'novel'
trial type 2 levels: 'catch’, 'change’
contrast location 5 levels: '1°:-2" syllable’, '2"%-3" syllable’, '1°" syllable', 2" syllable’,
'3 syllable'
GLMER models (family = binominal)
null model answer ~ 1+ (1|participant)
model 1 answer ~ stimuli set + (1| participant)
model 2 answer "~ trial type + (1| participant)
model 3 answer ~ contrast location + (1| participant)

No significant differences were found between results for trials with pretest (and
post-test®) stimuli and results that included post-testN stimuli, but change trials and catch
trials’ results differed significantly (Figure 5.6, next page).

As we can see in Figure 5.6, there were significant differences between the results
achieved for 15t-2"? syllable contrast trials and the other conditions (15-2"¢ syllable vs.
2md-3 syllable, p <.001; 15-2" syllable vs. 15t syllable, p = .003; 15t-2"? syllable vs.
2" syllable, p = .02; 15t-2" syllable vs. 3 syllable, p < .001; Figure 5.6).
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Figure 5.6. Mean error rates as a function of stress contrast location, for the Baseline
group, for trials with trisyllabic testing stimuli

With respect to training stimuli validation, the independent variables and models

used in the analysis are displayed below, in Table 5.24.

Table 5.24. Independent variables and mixed-effect models’ formulas for analysis of the
trisyllabic training stimuli validation

independent variables levels
participant 30 levels: PT033', 'PT034', 'PTO35', etc.
task type 2 levels: 'AX', 'AXB'
contrast location 2 levels: '1°-2" syllable', '2"*-3" syllable'

GLMER models (family = binominal)

null model answer ~ 1 + (1] participant)
model 1 answer ~ task + (1| participant)
model 2 answer ~ contrast location + (1| participant)

The higher mean error rate in the 15t-2"? syllable contrasts observed for testing
stimuli was also present in the results of the training trials. In these trials, contrast location
was a significant factor (x?(1, N = 3) = 40.267, p < .001; Figure 5.7, next page). Task type did

not affect significantly the results.
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Figure 5.7. Mean error rates as a function of stress contrast location, for the Baseline
group, for trials with trisyllabic training stimuli

Having analyzed the results for the Baseline group, we will now turn our attention

to the intervention groups.

5.5.2. Consonant versus stress discrimination by the intervention groups

In the pretest session, we presented the participants a task for consonant contrast
discrimination (e.g., [ku fitu]-[ku'mitu]). These trials were included as control condition for
stress perception. Overall, discrimination of consonant contrast did not pose a problem to
the participants (mean error rate across groups: 10.7%). To compare consonant and stress

discrimination, we run the models displayed in Table 5.25 (next page).

Table 5.25. Independent variables and mixed-effect models’ formulas for analysis of
consonant versus stress discrimination

independent variables levels
participant 66 levels: 'BGEO3', 'ELTEBA12', 'CORV04', etc.
group 3 levels: 'Vowels', 'Stress', 'Vowels & Stress'
condition 2 levels: 'stress discrimination', 'consonant discrimination'
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GLMER models (family = binominal)

null model answer ~ 1 + (1| participant)
model 1 answer ~ condition + (1| participant)
model 2 answer ~ condition*group + (1| participant)

As expected, we observed a significant difference between discrimination of
consonant contrasts and stress contrast (x’(1, N = 4) = 207.23, p < .001; Figure 5.8).

Moreover, this effect was observed across intervention groups.
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Figure 5.8. Mean error rates for stress and consonant discrimination in pretest, for the
intervention groups

5.5.3. Catch trials’ results for the intervention groups

Catch trials were included also as a control condition. With the results from these
trials, we aimed at observing if Hungarian learners could identify tokens as belonging to the
same category. Table 5.26 displays the independent variables and mixed-effect models for

the analysis we conducted on the results of the catch trials for vowel discrimination, in the

pretest.
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Table 5.26. Independent variables and mixed-effect models’ formulas for analysis of the
catch trials for vowel discrimination in pretest

independent variables levels
participant 66 levels: 'BGEO3', 'ELTEBA12', 'CORV04', etc.
group 3 levels: 'Vowels', 'Stress', 'Vowels & Stress'
vowel 6 levels: '[a]', '[e]’, '[€]", '[e]", '[+]", '[i]'
GLMER models (family = binominal)
null model answer ~ 1 + (1| participant)
model 1 answer ~ vowel + (1| participant)
model 2 answer ~ vowel*group + (1|participant)

In vowel discrimination, we found an effect of vowel (x?(5, N = 7) = 92.56, p < .001),
but not of vowel*group, that is, the three groups exhibited a similar behavior in the
perception of the vowels. As Figure 5.9 shows, discrimination of the unknown vowels [e]
and [i] posed more problems than other EP vowels, specially [#] ([e]-[a]: p = .027; [i] vs. all

other contrasts: p <.001).
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a] el [e] [e] [ i

Figure 5.9. Mean error rate for the catch trials for vowel discrimination in pretest, for the
intervention groups

This suggests that Hungarian learners were able to identify sequences of tokens as

belonging to the same category, although phonetically different, with exception for the two

unknown vowels, [e] and [i].
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Regarding the results of catch trials for stress discrimination, in the pretest, Table

5.27 displays the independent variables and fixed-effect models used for the analysis of

these trials.

Table 5.27. Independent variables and mixed-effect models’ formulas for analysis of the
catch trials for stress discrimination in pretest

independent variables levels
participant 66 levels: 'BGEO3', 'ELTEBA12', 'CORV04', etc.
group 3 levels: 'Vowels', 'Stress', 'Vowels & Stress'
stress location 6 levels: '1°' syllable', '2" syllable', '3" syllable’

GLMER models (family = binominal)

null model answer ~ 1 + (1| participant)
model 1 answer ~ stress location + (1| participant)
model 2 answer ~ stress location*group + (1| participant)

We found an effect of stress location (x?(2, N = 4) = 84.01, p < .001; Figure 5.10), but

not of stress location*group, which suggests that the three groups displayed a similar

behavior on the discrimination of stress, in these trials.
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Figure 5.10. Mean error rate for the catch trials for stress discrimination in pretest, for
the intervention groups
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As we can see in Figure 5.10, discrimination of pseudowords with stress located in
the 2" syllable was more problematic than the other conditions (1% syllable vs. 2™ syllable:
p < .001; 2" syllable vs. 3™ syllable: p < .001). No significant differences were found
between discrimination of pseudowords stressed on the 1%t syllable and pseudowords
stressed on the 3" syllable.

Having looked at our control conditions — consonant discrimination and catch trials
results — we proceed to investigate the results for the change trials, for vowel

discrimination and stress discrimination.

5.5.4. Vowel discrimination: tests’ results

In this section, we look at the results for each test separately (pretest, post-testR,
and post-testN), comparing the results between the Baseline group and the intervention
groups, as well as observing differences between the intervention groups. Recall that in
each test we observed discrimination of 7 contrasts, 4 of them in the perceptual overlap

condition, and 3 of them in the stressed-unstressed condition (Figure 5.11).

vowel discrimination

T

perceptual overlap stressed-unstressed
[el-[e]  [e]-[e] [e]-[i] [e]-[i] [a]-[e] [e]-[] [e]-[i]

Figure 5.11. Vowel contrasts and respective conditions observed in vowel discrimination

For the analyses, we created three subsets of the data, each including the results
for each test (pretest, post-test®, post-testN). Table 5.28 displays the independent variables

and fixed-effect models run for each data subset.
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Table 5.28. Independent variables and mixed-effect models’ formulas for analysis of the
change trials for vowel discrimination

independent variables levels
participant 79 levels: 'BGE03', 'ELTEBA12', 'PT014', etc.
group 4 levels: 'Vowels', 'Stress', 'Vowels & Stress', 'Baseline'
contrast type 2 levels: 'perceptual overlap', 'stressed-unstressed'
vowel contrast 7 levels: '[e]-[e], '[e]-[e]’, '[e]-[i]', '[e]-[4]', '[a]-[e]’, '[€]-[4]', '[e]-[4]'

GLMER models (family = binominal)

null model answer ~ 1+ (1| participant)
model 1 answer ~ group + (1| participant)
model 2 answer ~ contrast type + (1| participant)
model 3 answer ~ contrast type*group + (1| participant)
model 4 answer ~ vowel contrast + (1| participant)
model 5 answer ~ vowel contrast*group + (1| participant)

5.5.4.1. Vowel discrimination results in the pretest

In the pretest, each participant completed 42 change trials, six for each contrast
([e]-[€], [e]-[e], [e)-]i], [e]-[i], [al-[e], [€]-[i], and [e]-[t]). These contrasts were included in
one of two conditions: perceptual overlap or stressed-unstressed contrasts.

Figure 5.12 (next page) displays individual mean error rates (dots) and group mean
error rates (dashed lines). The three intervention groups showed a similar individual
dispersion (28.2% for Group Vowels and Group Vowels & Stress; 26.2% for Group Stress).%’
Moreover, the dispersion in the three intervention groups ranged within approximately
similar lowest and highest values. The Baseline group also showed individual dispersion
(23.8%), but ranging within lower values.

We found an effect of group (¥?(3, N = 5) = 84.204, p < .001), and pairwise
comparisons showed that all the intervention groups performed significantly worse than
the Baseline group, but no significant differences were found between the intervention
groups (Group Vowels vs. Baseline group, p < .001; Group Stress vs. Baseline group, p < .001;

Group Vowels & Stress vs. Baseline group, p < .001).

97 These dispersion values were calculated by subtracting the lowest individual mean error rate from the
highest individual mean error rate.

CHAPTER 5 | p. 203



Vowels .

Stress D
Vowels & Stress I:‘
- SD.D% Baseline D
=
i) N
© (]
. . [} L
g 27% ° ‘"
e __wetfh e
@ L]
c e o .
T e [ ] L
@ [
E N

Figure 5.12. Individual and groups’ mean error rates for vowel discrimination in pretest

We then investigate differences considering the type of contrast: perceptual

overlap contrasts and stressed-unstressed contrasts (Figure 5.13).
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Figure 5.13. Groups’ mean error rates for vowel discrimination in pretest, as a function of
contrast type

We found a significant effect of the interaction contrast type*group (x?(6, N = 9) =
104.99, p <.001), with pairwise comparisons showing the following results. First, Hungarian
students performed significantly worse in the perceptual overlap contrasts than in the
stressed-unstressed contrasts (all p values of the comparisons between

stressed-unstressed and perceptual overlap scores, in each intervention group, were lower
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than .001). Second, the three intervention groups displayed significantly higher mean error
rates than the Baseline group in perceptual overlap contrasts (p <.001 in each comparison).
However, this was not observed in the stressed-unstressed contrasts. Third, differences
between the intervention groups did not reach the level of significance, not in the case of
perceptual overlap contrasts, nor for stressed-unstressed contrasts.

Finally, we analyzed differences considering vowel contrast (Figure 5.14). We found

a significant effect of the interaction vowel contrast*group (x?(21, N=29) = 147.39,
p <.001).

Vowel:
. owels .
o | Stress D
80 cLs M Vowels & Stress D
s |
ek Baseline D
80 {‘ %

mean error rate (%)

I i 1

(e]-[€] [e]-[e] le]-i] (e]-[i] (a]-[e] (e]-[3] [e]-[+]

Figure 5.14. Groups’ mean error rates for vowel discrimination in pretest, as a function of
vowel contrast

Pairwise comparisons showed no significant differences between the three
intervention groups. Regarding comparisons with the Baseline group, differences in the
perceptual overlap contrasts were more prominent than for stressed-unstressed contrasts,
although they reached significance levels only for the contrasts [e]-[€] and [€]-[e] (in the
first case, Group Vowels vs. Baseline group, p <.001; Group Stress vs. Baseline group,
p <.001; Group Vowels & Stress vs. Baseline group, p = .002; in the second case: Group

Vowels vs. Baseline group, p < .001; Group Stress vs. Baseline group, p <.001; Group Vowels

& Stress vs. Baseline group, p < .001).
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5.5.4.2. Vowel discrimination results in the post-test®

In the post-test®, dispersion of individual mean error rates was higher than in the
pretest (35.7%, 31.0%, and 42.9%, for Group Vowels, Group Stress, and Group Vowels &

Stress, respectively), although the lowest values were lower than in the pretest

(Figure 5.15°).

Vowels .

Stress

Baseline

]
Vowels & Stress D
[]

mean error rate (%)

Figure 5.15. Individual and groups’ mean error rates for vowel discrimination in post-test®

Group was a significant factor (y2(3, N =5) =45.175, p < .001). Pairwise comparisons
showed that error rates for the three intervention groups performance were significantly
higher compared to the Baseline group (in the three cases, p <.001), but no significant
differences between the intervention groups were found.

The interaction contrast type*group was also significant (x2(6, N = 9) = 71.266,
p < .001; Figure 5.16, next page). Pairwise comparisons showed a similar scenario as in the
pretest. In the perceptual overlap contrasts, the Baseline group outperformed significantly
each of the three intervention groups (p < .001 in each case), and the intervention groups
displayed mean error rates significantly higher in the perceptual overlap condition than in

the stressed-unstressed condition (p < .001 for each intervention group).

%8 Results here displayed for the Baseline Group are those for the pretest, since the post-testM consisted of
the repetition of the pretest trials.
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Figure 5.16. Groups’ mean error rates for vowel discrimination in post-test®, as a function
of contrast type

Similar as in the pretest, we found a significant effect of the interaction vowel

contrast*group (x?(21, N = 29) = 118.56, p < .001; Figure 5.17).
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Figure 5.17. Groups’ mean error rates for vowel discrimination in post-test®, as a function
of vowel contrast

Although, differences were less prominent in the post-test® than in the pretest, the
three intervention groups still exhibit significantly higher mean error rates than the
Baseline group in the contrasts [e]-[e] (Group Vowels vs. Baseline group, p = .001; Group
Stress vs. Baseline group, p = .008; Group Vowels & Stress vs. Baseline group, p = .008) and

[e]-[e] (Group Vowels vs. Baseline group, p < .001; Group Stress vs. Baseline group, p = .05;
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Group Vowels & Stress vs. Baseline group, p < .001). No significant differences were found

between the three intervention groups’ results.

5.5.4.3. Vowel discrimination results in the post-testM

The novel trials for vowel discrimination included the same contrasts tested in the
previous tests, but in a novel context [sV], produced by novel talkers. In this test, Hungarian
participants mean error means ranged within higher lowest and highest values, although
dispersion values were similar as the previous tests (31,0% for Group Vowels, 33.3% for

Group Stress, and 35.7% for Group Vowels & Stress).
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Figure 5.18. Individual and groups’ mean error rates for vowel discrimination in post-testM

As we can see in Figure 5.18, the gap between native speakers and students
increased for all intervention groups. The mixed-effect model showed that group was a
significant factor in the results (x?(3, N = 5) = 88.314, p < .001). Pairwise comparisons
showed significant differences between each intervention group and the Baseline group
(p <.001 in the three cases). No significant differences between intervention groups were
found.

The interaction contrast type*group (x?(6, N = 9) = 90.30, p < .001; Figure 5.19, next
page) was significant. However, we observed some differences between the novel trials’
results and the pretest and the repeated trials’ results. Looking at the intervention groups,

the gap between discrimination of perceptual overlap contrasts and stressed-unstressed
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contrasts decreased, due to the higher mean error rates in the three intervention groups,
in trials for stressed-unstressed condition. In the case of Group Vowels & Stress, differences
are no longer significant (for Group Vowels and Group Stress, p values in perceptual overlap
vs. stressed-unstressed contrasts were <.001). The higher mean error rate in the
stressed-unstressed conditions compared to the pretest and the post-test® entailed a bigger
difference between intervention groups and Baseline group in this condition. The pairwise
comparisons showed that in these contrasts, differences between each intervention group

and the Baseline group were significant (p < .001 in each case).
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Figure 5.19. Groups’ mean error rates for vowel discrimination in post-testV, as a function
of contrast type

Vowel contrast*group interaction was significant (y?(21, N = 29) = 153.05, p < .001).
Pairwise comparisons showed that differences between each intervention groups and
Baseline group in contrasts [€]-[€] and [€]-[e] were not significant with exception of Group
Vowels & Stress, for the latter (p = .001). Additionally, in the contrasts [e]-[i] and [e]-[#] the
gap between the intervention groups and the Baseline group increased, and mean error
rate for each intervention group was significantly higher than for the Baseline group (in the
first contrast, p values between the Baseline group and each intervention group were
<.001; in the second contrast: Group Vowels vs. Baseline group, p < .001; Group Stress vs.

Baseline group, p = .014; Group Vowels & Stress vs. Baseline group, p = .001). Moreover,

CHAPTER 5 | p. 209



we found a significant difference between Group Vowels and Group Stress in the contrast

[a]-[e] (p = .044). Figure 5.20 displays these results.
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Figure 5.20. Groups’ mean error rates for vowel discrimination in post-testV, as a function
of vowel contrast

5.5.5. Vowel discrimination: progress from the pretest to the post-test

Having looked at results in each test and compared performances between
intervention groups, and between these and the Baseline group, we then analyzed the
progress from the pretest to the post-test phase, thus considering only the three
intervention groups. We examine progress from the pretest to the post-test® and progress
from the pretest to the post-testM separately. To this purpose, we created two subsets of
the data collected for vowel discrimination, one with the results for the pretest and the
post-test® and another with the results for the pretest and the post-testN. For the statistical

analysis, we used the independent variables and models displayed in Table 5.29 (next

page).
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Table 5.29. Independent variables and mixed-effect models’ formulas for analysis of
progress in vowel discrimination, from pretest to post-test

independent variables levels
participant 66 levels: 'BGEO3', 'ELTEBA12', 'CORVO01', etc.
group 3 levels: 'Vowels', 'Stress', 'Vowels & Stress'
contrast type 2 levels: 'perceptual overlap', 'stressed-unstressed'
vowel contrast 7 levels: '[e]-[€]', '[e]-[e]', '[e]-[i]', '[e]-[4]', '[a]-[e]’, '[€]-[#]', '[e]-[4]'
test 2 levels: 'pretest’, 'post-test repeated trials'
or

'pretest’, 'post-test novel trials'

GLMER models (family = binominal)

null model answer ~ 1 + (1| participant)
model 1 answer ~ test + (1| participant)
model 2 answer ~ test*group + (1| participant)
model 3 answer ~ contrast type*test + (1| participant)
model 4 answer ~ contrast type*test*group + (1| participant)
model 5 answer ~ vowel contrast*test + (1|participant)
model 6 answer ~ vowel contrast*test*group + (1| participant)

5.5.5.1. Vowel discrimination: progress from the pretest to the post-test®

Although in general there was a significant improvement® from the pretest to the
repeated trials (that is, a significant effect of test: y?(1, N = 3) = 12.78, p <.001), no
significant interaction test*group was found (Figure 5.21, next page, on the left side of the
dashed line). We found a significant test*contrast type*group effect (x?(8, N = 13) = 19.78,
p =.01) (Figure 5.21, on the right side of the dashed line). However, pairwise comparisons
showed that only Group Stress improvement in perceptual overlap contrasts reached a

significant level (p = .03).

% We use ‘improvement’ to refer to decrease in mean error rates from the pretest to the post-test® or the
post-testN. Conversely, we use ‘decline’ when we observe an increase in mean error rates from the pretest
to the post-test® or the post-test™.
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Figure 5.21. Progress in vowel discrimination from pretest to post-test®, by intervention
group: overall results, and results as a function of contrast type

We decided to investigate if, at vowel contrast level, the scenario would be
consistent with the one presented above. Although we found a significant interaction effect
of test*vowel contrast*group (x?(28, N = 43) = 45.29, p =.02), pairwise comparisons
showed no significant differences between groups’ results for each vowel contrast.
Nevertheless, when visualizing the results in graphs, we found different scenarios worth
mentioning.

In the case of stressed-unstressed contrasts (Figure 5.22, next page) the picture for
each contrast was consistent with that seen in Figure 5.21, that is, low mean error rates
and mild differences between the pretest and the post-test®.

As for the perceptual overlap contrasts, however, as Figure 5.23 (next page) shows,
two scenarios were observed: in the contrasts [e]-[€] and [e]-[#] the three groups displayed
an improvement, but in the remaining two contrasts no similar behavior is observed
between groups. In the contrast [€]-[e], Group Vowels presented a very slight decline in the
results, Group Stress, improvement, and Group Vowels & Stress also a decline, more
pronounced than for Group Vowels. As for [e]-[i], Groups Vowels and Vowels & Stress

displayed a very slight decline, and Group Stress, a slight improvement.

CHAPTER 5 | p. 212



Vowels .

Stress D
80 Vowels & Stress D
g 60
Q
© . .
. [a]-[e] [e]-[#] [e]-[#]
5 40
c
[17]
Q
£
20
pretest post-testR pretest post-testR pretest post-testR

Figure 5.22. Progress from pretest to post-test® for stressed-unstressed contrasts, by
intervention group
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Figure 5.23. Progress from pretest to post-test® for [e]-[€], [e]-[i], [€]-[e], and [e]-[i], by
intervention group

5.5.5.2. Vowel discrimination: progress from the pretest to the post-test™

Contrary to the progress from the pretest to the repeated trials in the post-test, in
the novel trials all groups presented a general decline in the results (Figure 5.24, next page,
on the left side of the dashed line). Although a significant effect of test was found (¥?(1,

N =3) =32.20, p <.001), no significant test*group interaction effect was found, that is, the

three group displayed the same behavior.
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Contrast type had a significant effect on the results (y?(2, N = 5) = 447.9, p < .001),
but the interaction effect of contrast type*group was not significant. As we can see in
Figure 5.24, the decline in the results in the novel trials was due to problems in the
stressed-unstressed contrasts, that were not observed in the post-test®, nor in the pretest.
This difficulty was present in the three intervention groups (all relevant pairwise
comparisons showed p <.001). As for perceptual overlap contrasts, no progress or only

mild progress was observed.
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Figure 5.24. Progress in vowel discrimination from pretest to post-testV, by intervention
group: overall results, and results as a function of contrast type

We found a significant interaction test*vowel  contrast*group
(x¥?(28, N = 43) =56.56, p = .001). Looking at the pairwise comparisons and the graphs for
each vowel contrast, we observed a chaotic picture, with three different scenarios. First, in
the contrast [e]-[e] (Figure 5.25, next page), all groups displayed an expressive

improvement. However, improvement reaches significance only for Group Stress (p = .001).
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Figure 5.25. Progress from pretest to post-test™ for [e]-[€], by intervention group

Second, in the contrasts [e]-[i], [e]-[#], and [€]-[+#] (Figure 5.26), mean error rate

increased in the three groups.
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Figure 5.26. Progress from pretest to post-test™ for [e]-[i], [e]-[t], and [g]-[i], by
intervention group

Pairwise comparisons showed the following results when comparing the pretest
and the post-testN results. For [e]-[i], for Group Vowels, p < .001, and for Group Vowels &

Stress, p =.003. In the case of the contrast for [e]-[i], for Groups Vowels and Vowels &
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Stress, p <.001, and for Group Stress, p =.002. In the contrast [€]-[i], the three groups
exhibited a similar decline in the results.

Third, in the remaining contrasts the three groups did not evolve in the same way
(Figure 5.27). In the contrast [a]-[e], Groups Stress and Vowels & Stress showed a decline
in the results and Group Vowels improved. In the contrast [e]-[i], we observe that Groups
Stress and Vowels & Stress performed very similar as in the pretest, while Group Stress
displayed a slight improvement in the results. Finally, in the case of the contrast [g]-[e],
Group Vowels and Group Stress maintained the same level of performance as in the

pretest, whereas Group Vowels & Stress showed a decline in the results.
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Figure 5.27. Progress from pretest to post-test for [a]-[e], [e]-[], and [g]-[i], by
intervention group

5.5.6. Stress discrimination: tests’ results

In this section, we look at the results of stress discrimination tests. Similar to the
analysis of vowel discrimination, we started by analyzing the results for each test separately
(pretest, post-test?, and post-testN). For each test, we compared the results between the
Baseline group and the intervention groups, and between intervention groups.

Three subsets of the main database were created, one for each test. The analysis

conducted included the independent variables and mixed-effect models displayed in

Table 5.30 (next page).
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Table 5.30. Independent variables and mixed-effect models’ formulas for analysis of the
change trials for stress discrimination

independent variables levels
participant 79 levels: 'BGE03', 'ELTEBA12', 'PT014', etc.
group 4 levels: 'Vowels', 'Stress', 'Vowels & Stress', 'Baseline'
contrast location 2 levels: '1°-2" syllable', '2"*-3" syllable'
GLMER models (family = binominal)
null model answer ~ 1 + (1| participant)
model 1 answer ~ group + (1| participant)
model 2 answer ~ contrast location + (1| participant)
model 3 answer ~ contrast location*group + (1| participant)

5.5.6.1. Stress discrimination results in the pretest

In the pretest, each participant completed 60 change trials, and two conditions
were tested: 15t-2"? syllable contrasts (30 trials) and 2"-3 syllable contrasts (30 trials).
With respect to individual performances dispersion (Figure 5.28), all the groups displayed
a similar high dispersion regarding individual mean error rates, slightly lower for Group
Vowels & Stress (71.6% for Group Vowels, 70.0% for Group Stress, and 71.7% for Baseline
group; Group Vowels & Stress dispersion was 60%). However, Hungarian participants

dispersion ranged within higher lowest and highest values than the Baseline participants.
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Figure 5.28. Individual and groups’ mean error rate for stress discrimination in pretest
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We found a significant effect of group (x*(3, N =5) = 19.68, p < .001) and pairwise
comparisons showed that each intervention group performed significantly different than
the Baseline group (in the three cases, p < .001), but they did not differ from each other.

Regarding the location of the stress contrast (Figure 5.29), the interaction contrast
location*group was significant (y?(6, N=9) = 22.39, p=.001). Pairwise comparisons
showed that results in 15:-2"? syllable and in 2"%-3" syllable contrasts for each intervention
group were significantly different (worse) than results for the Baseline group, but not
between each other (15%-2" syllable: Group Vowels vs. Baseline group, p =.001; Group
Stress vs. Baseline group, p = .002; Group Vowels & Stress vs. Baseline group, p = .03; 2"-3r
syllable: Group Vowels vs. Baseline group, p <.001; Group Stress vs. Baseline group,
p =.001; Group Vowels & Stress vs. Baseline group, p = .004). Furthermore, in all groups we
found significant differences between 15-2" syllable and 2"-3" syllable contrasts, even in
the Baseline group (15t-2" syllable vs. 2"-3"? syllable, for Group Vowels and for Group

Stress, p < .001; for Group Vowel & Stress, p = .005; for Baseline group, p = .001).
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Figure 5.29. Groups’ mean error rates for stress discrimination in pretest, as a function of
stress contrast location

5.5.6.2. Stress discrimination results in the post-test®

Repetition of the pretest trials for stress discrimination included only 48 of the 60

trials from the pretest, 24 for 1:-2"? syllable contrasts, and 24 for 2"%-3"? syllable contrasts.
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Similar to the pretest, in the post-test® we also found high individual dispersion (79.2% for
Group Vowels, 68.8% for Group Stress, 68.8% for Group Vowels & Stress, and 75% for the
Baseline group; Figure 5.30).

o
100% o Vowels .

Stress

Vowels & Stress D

Buseline

mean error rate (%)
[ )

®
20.8%

Figure 5.30. Individual and groups’ mean error rates for stress discrimination in post-test®?

Although group significantly affected the results, (x°(3, N = 5) = 13.67, p =.003),
pairwise comparisons showed that differences between mean error rates for the Baseline
group and Group Stress were not significant. As for Groups Vowels and Vowels & Stress,
although these groups’ mean error rate decreased compared to the pretest, they still
differed significantly from the Baseline group (p = .002 and p = .02, respectively).

The interaction contrast location*group was significant (x2(6, N = 9) = 24.10,
p < .001). However, we observed some changes, comparing to pretest results. First, as we
can see in Figure 5.31 (next page), only in 2"-3? syllable contrasts significant differences
emerged between intervention groups and the Baseline group, and only for two groups:
Vowels and Vowels & Stress (p = .003 and p = .03, respectively). Second, when comparing
discrimination of 1%-2"? syllable with 2"-3" syllable contrasts, only for Group Stress, Group
Vowels & Stress, and Baseline group differences reached the level of significance (p < .001,

p =.014, p =.007, respectively). In Group Vowels, the difference in results between 1%-2nd

syllable and 2"-3" syllable contrasts was not significant.
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Figure 5.31. Groups’ mean error rates for stress discrimination in post-test®, as a function
of stress contrast location

5.5.6.3. Stress discrimination results in the post-test"

Finally, we investigated the results for the novel trials in the post-test. When looking
at individual dispersion and group means (Figure 5.32), we observe that this was high in
the four groups (70.8% for Group Vowels, 62.4% for Group Stress, 64.6% for Group Vowels

& Stress, and 79.2% for the Baseline group), although Baseline group ranged at lower

values.
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Figure 5.32. Individual and groups’ mean error rates for stress discrimination in post-testN
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Pairwise comparisons between groups showed that each intervention group were
significantly outperformed by the Baseline group (Group Vowels vs. Baseline group,
p <.001; Group Stress vs. Baseline group, p =.003; Group Vowels & Stress vs. Baseline
group, p <.001), but no significant differences were found between the intervention
groups.

Similar to the previous tests, we found a significant effect of contrast
location*group on the novel trials of the post-test (x2(6, N = 9) = 25.54, p < .001). Pairwise
comparisons showed similarities to pretest results, since all intervention groups performed
significantly different from the Baseline group, and in both contrast locations (15t-2"
syllable: Group Vowels vs. Baseline group, p < .001; Group Stress vs. Baseline group, p = .05;
Group Vowels & Stress vs. Baseline group, p =.002; 2"-3" syllable: Group Vowels vs.
Baseline group, p < .001; Group Stress vs. Baseline group, p =.02; Group Vowels & Stress
vs. Baseline group, p <.001). However, only for Group Stress and the Baseline group
differences between 1°-2"? syllable and 2"9-3" syllable contrasts reached the level of

significance (p = .006 and p = .04, respectively). Figure 5.33 displays these results.

F%

100

—_ *

Be 80 *k% *k%

et

o Vowels .
E % Stress I:‘
[ =

g 60 E3 Vowels & Stress D
@) E .

% Baseline I:‘
@ 40

&

20

1%L.2M gyliable 2" _3"5yi1able

Figure 5.33. Groups’ mean error rates for stress discrimination in post-testV, as a function
of stress contrast location
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5.5.7. Stress discrimination: progress from the pretest to the post-test

Once we had looked at results for each testing phase for stress discrimination, we
then investigated progress between these phases, specifically, between the pretest and the
post-test® and the pretest and the post-testN. Similar to the analysis of progress for vowel
discrimination, we excluded comparisons with the Baseline group. The independent
variables and mixed-effect models’ formulas used for these analyses are displayed in Table

5.31 below.

Table 5.31. Independent variables and mixed-effect models’ formulas for analysis of
progress in stress discrimination, from pretest to post-test

independent variables levels
participant 66 levels: 'BGEO3', 'ELTEBA12', 'CORVO01', etc.
group 3 levels: 'Vowels', 'Stress', 'Vowels & Stress'
contrast location 2 levels: '1°%-2" syllable’, '2"%-3" syllable’
test 2 levels: 'pretest’, 'post-test repeated trials'
or

'pretest’, 'post-test novel trials'

GLMER models (family = binominal)

null model answer ~ 1+ (1| participant)
model 1 answer ~ test + (1| participant)
model 2 answer ~ test*group + (1| participant)
model 3 answer ~ contrast location*test + (1| participant)
model 4 answer ~ contrast location*test*group + (1| participant)

5.5.7.1. Stress discrimination: progress from the pretest to the post-test®

We found a significant interaction of test*group (x?(4, N = 7) = 32.07, p < .001).
Pairwise comparisons showed that improvement reach significance level only in the case
of Groups Stress and Vowels & Stress (p < .001 in both cases; Figure 5.34, next page, on the
left side of the dashed line). Regarding the effect of stress contrast location (Figure 5.34,
on the right), the interaction contrast location*group was significant (x?(8, N = 13) = 42.80,
p < .001). Pairwise comparisons showed that only Group Stress presented significant

improvement, and in both contrasts (p < .001 in both cases).
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Figure 5.34. Progress in stress discrimination from pretest to post-test®, by intervention
group: overall results, and results as a function of stress contrast location

5.5.7.2. Stress discrimination: progress from the pretest to the post-test™

Contrary to progress to the post-test®, with the exception of Group Stress, in the
novel trials, we observed a decline in the results (Figure 5.35, next page, left side of the
dashed line). Test*group (x?(4, N = 7) = 28.41, p <.001) was significant. The pairwise
comparisons showed that differences between the pretest and the post-testN results were
significant for Groups Vowels and Vowels & Stress (p < .001 in both cases). As for Group
Stress, although a mild improvement was found, it did not reach significance level.
Regarding contrast location effect, the interaction contrast location*group was significant
(x?(8, N =13) =30.69, p <.001). The pairwise comparisons showed that the increase of
error rate was significant for 2"9-3" syllable contrasts, for Groups Vowels and Vowels &

Stress (p < .001 and p = .025, respectively). Figure 5.35 (next page) displays these results.
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Figure 5.35. Progress in stress discrimination from pretest to post-testV, by intervention
group: overall results, and results as a function of stress contrast location

5.5.8. Training sessions’ results

In order to investigate the results of the training sessions, we were compelled to
use a different method from the tests, since in training trials there was no limit to tryouts.
Here, we calculated the percentage of correct answers in the first attempt, considering the
total number of trials. For example, in session 1 of Group Vowels’ training, in 960 trials (48
trials x 20 participants) we calculated that in 93.6% of the trials, students answered
correctly at the first attempt, and they only needed to repeat the trial in 6.4% of the times.
Although in some cases participants needed to repeat more than once the same trial, this
was a rare situation; therefore, we simplified the results to two outcomes: percentages of
correct answers at the first attempt vs. percentages of correct answers with repeated trials.
In the graphs for training progress, we represent in axis Y the percentage of correct answers
at the first attempt.

Recall that in each training regimen, each contrast or condition was first trained in
AX tasks (in sessions 1, 2, 3, and 4), and reviewed in two AXB tasks (in sessions 5 and 6). In
the AXB of session 5, contrasts were trained in separated blocks, and in the AXB task of
session 6, trials were randomized across contrasts. We analyzed differences in results
between each of the 6 sessions, for each trained contrast. To this purpose, we created

subsets of the data collected for each contrast. For example, we created a subset data for
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the contrast [e]-[€], and then analyzed differences between each session results for this
contrast. Analysis for each feature was run with the formula answer ~ session +

(1/participant). Fillers were excluded from the analyses.

5.5.8.1. Training sessions’ results for Group Vowels

Group Vowels training was focused on seven vowel contrasts, from which four were
perceptual overlap contrasts ([e]-[e], [e]-[], [g]-[e], and [e]-[i]])] and three,
stressed-unstressed contrasts ([a]-[e], [€]-[i], and [e]-[#]). Each vowel contrast was trained
three times, once in an AX task and twice in AXB tasks, in the 5" and 6™ sessions (see
Table 5.9). We analyzed each vowel contrast, and found significant effects of training only
in the contrasts [e]-[+] (x?(2, N =4)=7.90, p =.019) and [e]-[i] (¥?(2, N = 4) = 8.49, p = .014).
Figure 5.36 and Figure 5.37 (next page) display the results for the perceptual overlap

contrasts and the stressed-unstressed contrasts, respectively.

— L
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20 [e]-[€] [e]-[e] [e]-[i] [e]-[i]

% of correct answers at the first attempt

AX  AXBM*  AXBR AX  AXB“  aAxBR AX  AXB"®  AXBR AX  AXBM™®  AxBR

Figure 5.36. Progress observed between training sessions in perceptual overlap contrasts,
for Group Vowels. \R = not randomized trials ® = randomized trials

Pairwise comparisons showed that learners exhibited a significant improvement for

[e]-[#], from the AX session to the first AXB session (p = .04).
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Figure 5.37. Progress observed between training sessions in stressed-unstressed
contrasts, for Group Vowels. "? = not randomized trials ® = randomized trials

As for the contrast [e]-[], the analysis showed that learners had significantly worse

results in the second AXB session than in the AX task (p = .007).

5.5.8.2. Training sessions’ results for Group Stress

Regarding Group Stress, participants trained stress discrimination in two conditions:
15t-27 syllable contrast and 2"-3? syllable contrast. Each condition was trained in five
sessions: three with AX tasks and two with AXB tasks (see Table 5.12). We analyzed
progress in each condition (Figure 5.38, next page) and found that training sessions was a
significant factor for 1t-2"? syllable trials (x?(4, N = 6) = 11.10, p = .025) and for 2"9-37¢
syllable trials (x’(4, N = 6) = 51.82, p < .001). However, pairwise comparisons showed
significant differences only between sessions of the 2"%-3" syllable trials (15t AX session vs.
15t AXB session, p < .001; 15t AX session vs. 2" AXB session, p < .001; 2"4 AX session vs. 1%
AXB session, p <.001; 2"4 AX session vs. 2"4 AXB session, p <.001).
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Figure 5.38. Progress observed in Group Stress between training sessions, as a function of
stress contrast location. ¥/2/3/4 = session number; "R = not randomized trials
R = randomized trials

5.5.8.3. Training sessions’ results for Group Vowels & Stress

Finally, training for Group Vowels & Stress included contrasts in three conditions:
vowel reduction on the 2" syllable, vowel reduction on the 15 syllable, and vowel reduction
on both syllables. Vowel reduction on the 2" syllable and vowel reduction on the 1%t syllable
were each trained in one session with AX trials and two sessions with AXB trials. Vowel
reduction on both syllables was trained in two sessions with AX trials and two sessions with
AXB trials (see Table 5.15). Figure 5.39 (next page) displays the progress between sessions
for each condition. In the three cases we can see an improvement from the beginning of
the training to the last sessions. The statistical model for the trials with vowel reduction on
the 1% syllable showed a significant effect of session (y?(2, N =4) = 8.87, p = .012). However,
pairwise comparisons did not reveal significant differences between each of the three
sessions. In the case of vowel reduction on the 2™ syllable, training was also a significant
factor (x°(2, N = 4) =43.976, p < .001), and pairwise comparisons showed that between the
AX session and the 15t AXB session, and between the AX session and the 2" AXB session,
participants significantly improved (for both cases, p <.001). Finally, the training of vowel
reduction on both syllables had a significant effect (y?(3, N = 5) = 53.782, p < .001), with a

significant improvement from the 3" AX session to the 4" AX session (p <.001), from the
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34 AX session to the 15t AXB session (p < .001), and from the 3™ AX session to the 2" AXB

session (p < .001).
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Figure 5.39. Progress observed in Group Vowels & Stress, between training sessions, as a
function of vowel reduction location. ¥/2/3/4 = session number; "R = not randomized trials
R = randomized trials

5.5.9. Nonlinguistic factors and individual progress

In the background and follow-up questionnaires, we collected data that allowed us
to observe factors that are not related to the L2 linguistic features but may affect the results
at the individual level. Considering that an analysis of individual variability is a complex task,
and it is not directly the target of our study, we will look only at some factors.

Before approaching individual progress, we investigated if previous contact with EP
that participants may had have affected the results at the pretest. Based on the description
provided by the participants (see Appendix Il), we categorized previous contact with EP in
three levels: none, weak, or strong. We ran two logistic mixed-effect analyses, with the
formula answer ~ previous contact with EP + (1[participant), one for the results in vowel
discrimination and the other for the results in stress discrimination. Both models showed
that previous contact with Portuguese did not significantly affect pretest results, neither

for vowel perception, nor for stress perception.
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In the follow-up questionnaire we collected individual information about aspects
such as motivation or self-evaluation of the progress in perception. Table 5.32 presents a

summary of the questions presented to the participants for evaluation of some aspects of

the training program.

Table 5.32. Medians of responses to the evaluation of training

how interesting the task was

duration of tasks

fatigue

1 =not at all interesting
2= not very interesting

1= toolong
2 = adequate duration

1 = not tired at all
2 = a little bit tired

3 =interesting 3 =too short 3 = very tired

4 = very interesting

median=3 median =2 median =2
motivation concentration lengh of training

1 = not motivated at all

2 = not feel very motivated
3 = motivated

4 = very motivated

1 = not concentrated at all
2 = not very concentrated
3 = concentrated

4 = very concentrated

1 = not at all sufficient

2 = more or less sufficient
3 = sufficient

4 = more than sufficient

median =3

median =3

median=2

In general, participants had a positive opinion of the training, with the exception of
the length, in which most of the students found that it was not enough long. Two other
important close-ended questions were presented to the participants: “Do you think the
training contributed to improve your auditory perception of Portuguese language?” and
“Do you think the training contributed to improve your pronunciation of Portuguese
language?” In the first question, only four students replied “no”, the remaining 62
answered positively. As for the second question, in this case 22 participants answered “yes”
and 44 answered “no”. Appendix Il presents further commentaries from the participants
collected in the follow-up questionnaire.

Next, we looked for factors (other than the training) that could have affected
individual progress from the pretest to the post-test, such as the contact with EP outside
the classroom, the affiliation (university/course in which they are enrolled), and courseload
— which varied between institutions. Other than these factors, one question particularly

interested us: is there a relation between discrimination abilities exhibited in training and
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in the tests? That is, the learners who showed improvement during the training sessions
were also the learners who showed improvement from the pretest to the post-test? If so,
then improvement may be related to a more general learning ability, as suggested in
Schwab & Llisterri (2014). To answer this question, we plotted the progress between the
pretest and the post-test, and combined this visually with the progress in training.
Regarding progress from the pretest to the post-test, considering that in general no
significant improvement was observed from the pretest to the post-testN, neither for vowel
nor for stress discrimination, we looked only at progress from the pretest to the repeated
trials of the post-test. As for progress in training, we looked only into differences from the
5t session to the 6th sessions, since these were the only sessions in which all
contrasts/conditions were trained, in the three groups.

In Figure 5.40, in the columns we represented three possibilities of progress: (1)
general improvement (i.e., improvement in both vowel and stress discrimination), (2)

partial improvement (i.e., in vowel or in stress discrimination), or (3) no improvement.

40

20 —

number of participants

-

general partial no
improvement improvement improvement

Figure 5.40. Relationship between progress in discrimination from pretest to post-test®
and progress from the 5% to the 6™ training sessions

Thirty-seven students showed general improvement, 26 students showed partial
improvement, and three students showed no improvement. The three colors — green, grey,

and yellow —, represent progress in the training. The green color indicates the number of
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students who improved in the training, grey signals the students who did not improve or
receded, and yellow signals participants who exhibited regression in training results. As
visible in the figure, no relation between improvement during the training sessions and
improvement from the pretest to the post-test? was revealed. In the three columns in
Figure 5.40 we observe that there were students who improved in the training, students
who maintained their abilities, and students who showed a regression during the training.

We then ran fixed-effect logistic regressions, to confirm the above-mentioned
observations, as well as investigating if there was an effect of contact with EP, affiliation,
or course load in general progress. General progress was calculated as ‘result in the
post-test® minus results in the pretest’. If positive, it was coded positive, otherwise it was
coded as none or negative. Progress in training was calculated as ‘result of the 6™ session
minus result of the 5™ session’, and it was also coded as positive or none or negative.
Affiliation consisted of ten levels, corresponding to the ten EP courses. Regarding
courseload, the EP courses included three different courseloads: 90 minutes/week, 180
minutes/week, and 270 minutes/week. As for the contact with Portuguese, this
information was collected in the follow-up questionnaire, in a similar way as the
information about previous contact with Portuguese (see Appendix Il). We grouped
students into two levels: students with no contact with EP outside the classroom (n = 45)
and students with normal (expected) contact with EP outside the classroom (n = 21).

For these analyses, we used the function GLM (R Core Team, 2014). Levels and

models’ formulas are displayed in Table 5.33.

Table 5.33. Independent variables and fixed-effect models’ formulas for analysis of
effects of nonlinguistic factors

independent variables levels
participant 66 levels: 'BGEO3', 'ELTEBA12', 'METO6', etc.
progress in training 3 levels: 'positive', 'none or negative'
affiliation 10 levels: 'BGE', 'CORV', 'ELETEBA', etc.
contact with EP 2 levels: 'none', 'normal’
weekly course load 3 levels: '270', 180", '90'
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GLM models (family = binominal)

null model improvement ~ 1
model 1 improvement ~ progress in training
model 2 improvement ~ affiliation
model 3 improvement ~ contact with EP
model 4 improvement ~ weekly course load

The outcome of the statistical models showed that none of these factors affected
improvement from the pretest to the post-test® significantly.
The analyses reported in this section of exploratory data will be reviewed and

commented on in the next section.

5.6. Summary and discussion of the results

In this chapter, we reported a study conducted with Hungarian learners of
L2 Portuguese, designed to investigate if changes in perception can be promoted by a
perceptual training. A ten-week program was created, which included the pretest and the
post-test, and in between, three training regimens, separately conducted with three
intervention groups. In the previous section we explored the results collected from the
experimental tasks completed by the participants. In this section we will summarize and
discuss those results.

Before approaching the results for the learners, we must comment on the
performance of the Baseline group.

In the vowel discrimination tasks, we observed that Portuguese listeners exhibited
an unexpected difficulty with the discrimination of [€]-[e] and [e]-[i]. This difficulty occurred
across the different tasks (oddity, AXB and AX) and across contexts ([gV], [sV], and [zV]).
Correia et al. (2023) observed a similar problem in the discrimination of [g]-[e]. In their
study, the researchers designed a perceptual training with English native speakers with no
contact with Portuguese. The L2 target segments were the EP contrasts /g/-/e/, /2/-/0/,
/n/-/n/, and /I/-/A/. Preliminary results for the baseline group, with Portuguese native
speakers, showed a 71.8% of accuracy for the contrast /¢/-/e/, by the Portuguese listeners.

This result is in line with our results for the contrast [€]-[e] (30.7% mean error rate). We
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suggest two possible explanations for this difficulty. First, it may be the case that
Portuguese listeners need to access lexical representations to discriminate this contrast
(e.g., sede ['sedi] 'headquarters' vs. sede [sedi] 'thirst'). Recall that in the experiment
reported in Chapter 4, Portuguese participants did not display difficulties when they were
asked to identify [ge] and [ge] (the same tokens as the ones we used in the present
perceptual training study) in real words. Second, it is possible that orthography interfered
with the response for discrimination, since <e> is the only orthographic form for both [€]
and [e].

Regarding stress discrimination, the results obtained with our Baseline group are in
line with the results in Correia et al. (2015), confirming that Portuguese native speakers
exhibit stress ‘deafness’ in the absence of vowel reduction. The importance of vowel
reduction in stress perception to EP listeners is also attested by the lower error rates in the
perception of the [zVzV] tokens, observed in the disyllabic stimuli validation trials. As for
the higher difficulty in the perception of 15-2" syllable contrasts compared to 2m-3
syllable contrasts, a possible explanation is the pattern of prominence of the stressed
syllable in EP. Assuming that the stimuli we used in our study were not deviant from the
standard EP productions, our CV'CVCV pseudowords complied with the regular EP stress
pattern (the unmarked pattern), consequently, the stressed syllable (the 2"9) does not need
to be signaled with significantly more prominent acoustic cues than the unstressed
syllables. On the contrary, in the 'CVCVCV and CVCV'CV pseudowords, stressed syllables
(15t or 3) were signaled with extra prominence, since these pseudowords do not obey the
regular EP stress pattern. However, the prominence is not equal for the 15t and 3" stressed
syllables, due to the fact that the last syllable of a word in citation is usually longer. In Table
5.34 (next page) we provide an example, with the duration for the syllables of the token
/filuvi/ produced by talker T1F. As we can see in this table, the last syllable is always longer

than the others, even when unstressed.
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Table 5.34. Syllable duration for the tokens created for /filuvi/ produced by talker T1F

fi lu Vi
["filuvi] 245 ms 170 ms 293 ms

[fi'luvi] 240 ms 219 ms 312 ms
[filu'vi] 218 ms 177 ms 360 ms

We now turn our attention to the results for the learners.

At the onset of training, which coincided with the onset of L2 learning in the case of
the participants of the present study, we observed homogeneity between the three
interventional groups. This homogeneity was assessed by comparing pretest results: for
both stress and vowel discrimination, mean error rates in the pretest were not significantly
different between the three groups. Furthermore, all experimental groups exhibited
significantly higher mean error rates than the Baseline group. Given the fact that some
learners reported a previous contact with EP, we also investigated if this factor had
significantly affected participants’ performances in the pretest, but found no evidence for
this effect.

It must be pointed out that homogeneity between groups does not necessarily
entail homogeneity between learners. In Figures 5.12 and 5.28, we reported individual
mean error rates for vowel and stress discrimination in the pretest, respectively. In these
images, individual variability is clearly visible, within and across groups. It is also present in
the Baseline group results, which suggests that individual variability occurs independently
of language knowledge. Moreover, this variability was present throughout the study.
Individual variability is difficult to assess, due to the multitude of factors involved (see
section 1.2, in Chapter 1), and such a complex analysis was not in the scope of our work.
Nevertheless, in section 5.5.9, we investigated some nonlinguistic factors which might have
contributed to the variability between learners in the progress during the study.
Specifically, we investigated if the ability to improve during training sessions was related to
the ability to improve from the pretest to the post-test. We also looked at the effects of (1)

affiliation (EP course), (2) contact with EP outside the classroom, and (3) course load, in
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individual improvement from the pretest to the post-testR. The results of the statistical
models showed that none of these factors did explain the variability of the results.

Before discussing in detail vowel discrimination and stress discrimination results,
we need to make a note on generalization. As described in 5.1 (see Table 5.1), post-test
trials involved two degrees of generalization, when comparing to training items. The
post-test® consisted of the repetition of the pretest trials. These included untrained stimuli,
but produced by the same talkers as the stimuli in the training sessions. The post-test"
included untrained stimuli, produced by novel talkers. Post-test results showed a similar
picture for both vowel and stress discrimination. With rare exceptions, from the pretest to
the post-test® there was a general improvement in the results. However, from the pretest
to the post testN, we observed a decline in the results. Even in the case of progress in stress
acquisition for Group Stress, which was the only group presenting a significant
improvement from the pretest to the post-test®, between the pretest and the post-testN
this group exhibited only a mild improvement (considering the three groups progress). We
can thus conclude that there was some generalization of learning — since learners were
able to improve to untrained tokens — but this generalization was limited, since it was not
observed when we included more phonetic variability (novel talkers).

Next, we review and discuss the results for vowel and stress discrimination
(separately). In both cases, we start by overviewing the results at the onset of the training
program (in the pretest), followed by the discussion of the progress from the pretest to the

post-test.

5.6.1. Vowel discrimination

The results in the pretest for vowel discrimination showed that Hungarian learners
exhibited significantly more difficulties in discriminating EP vowel contrasts than
Portuguese speakers, particularly in the contrasts were the two segments perceptually
overlap each other: [e]-[€], [€]-[e], [e]-[i], and [e]-[i{] (see Chapter 4). The effect of
perceptual overlap in contrast discrimination was attested in previous L2 perceptual
studies (Elvin et al., 2021; Faris et al., 2018; Flege & Mackay, 2004; Tyler et al., 2014).

Additionally, based on the results for the catch trials in the pretest, we also observed that
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Hungarian learners were able to identify tokens from the same category but phonetically
different as belonging to one category only for the familiar vowels, that is, the vowels
existing in their L1 ([a], [€], [e] and [i]). In trials with sequences of [e] or [{] — vowels absent
from the Hungarian inventory — participants showed high error rates.

Regarding progress from the pretest to the post-test?, results across contrasts
showed a mild improvement in the three groups. The improvement was observed in both
perceptual overlap contrasts and stressed-unstressed contrasts, but was slightly more
visible in the perceptual overlap condition. In stressed-unstressed contrasts ([a]-[e], [€]-[#],
and [e]-[#]), we observed only slight differences between the pretest and the post-test®
and, in both tests, error rates were low. In contrasts with perceptual overlap ([€]-[e], [e]-[&],
[e]-[i], and [e]-[i]), we observed two outcomes. In the contrasts with the unfamiliar vowels,
[e]-[€] and [e]-[#], participants exhibited improvement. As for the contrasts [€]-[e] and
[e]-[i], the groups which trainings included these vowels (Group Vowels and Group Vowels
& Stress) exhibit a slight decline in the results. By contrast, Group Stress (whose training
included only the vowels [i] and [u]) displayed improvement in the discrimination of both
contrasts. These results suggest two conclusions. First, learners had less problems in
improving their perception of contrasts with unfamiliar vowels ([e]-[€] and [e]-[#]). Second,
training may had had a negative effect on the perceptual adjustment of the contrasts
involving the mid-front vowels ([€]-[e] and [e]-[i]).

Regarding progress from the pretest to the post-testV, overall, we observed an
increase in the error rates. This increase is more pronounced, and significant for all groups,
in stressed-unstressed contrasts. When we investigated the results for each vowel contrast,
we obtained a chaotic picture. We must first highlight the case of the contrast [e]-[€], which
presented a substantial improvement for the three groups (although, comparatively, only
significant for Group Stress). This result is contrary to the changes we observed for the
remaining contrasts, among which, the more problematic cases were the contrasts [e]-[i]
and [e]-[#]. In these two contrasts, the three groups exhibited a very pronounced decline in
discrimination. An increase in mean error rates was also observed for [g]-[i], but less
prominent. As for [€]-[e], no changes in the results were observed for Group Vowels, nor

for Group Stress, but in Group Vowels & Stress error rate increased from the pretest to the
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post-testN. Finally, in the contrast [a]-[e], with exception of Group Vowels, which presented
some improvement, we also observed a decline in the results. It must also be noted, that
in the contrast [e]-[1], Group Vowels also outstands form the others with its improvement.

The different results between the contrasts in progress from the pretest to the
post-test suggest that the learning path is not similar between those contrasts. The
improvement observed in the contrast [e]-[e] stands out from the other contrasts,
suggesting that in this contrast, learners were more successful in overcoming
discrimination problems. Although less expressive, improvement in discrimination of [e]-[]
was also achieved.

By contrast, problems with the vowels [€], [e], and [i] seem to persist, or even
aggravate. One possible explanation is that the acoustic/articulatory proximity between
these phones — all front vowels — may curtail perceptual adjustments. This may explain, for
example, the decline in the results observed from the pretest to the post-testN for the
contrast [e]-[i], a contrast between a mid-close front and a close front vowel. The three
groups also showed a decline from the pretest to the post-testN for the contrast [g]-[e]
(mid-open front vs. a close front vowel). However, the increase of error rate for this
contrast was not so high as for [e]-[i]. Interestingly, from the pretest to the post-testN we
also observed a pronounced decline in discrimination for the contrast [e]-[#] (mid-close
front vs. close central vowels). This suggests that perceptual tunning between mid-close
and close vowels was more difficult than between mid-open and close vowels. As for the
contrast [e]-[#], although this configures a contrast between two central vowels (mid and
close, respectively), the fact that both sounds are unfamiliar to the learners, may have

drawn more their attention to the differences between these two vowels.

5.6.2. Stress discrimination

Results for the pretest confirmed the previously reported high degree of stress
‘deafness’ in Hungarian speakers (Dupoux et al., 2008; Honbolygd, Kdbor, et al., 2017;
Peperkamp & Dupoux, 2002). We obtained a mean error rate of 57.6% in discrimination of
stress contrasts across the intervention groups, 25.2% higher than the Baseline group.

Additionally, the mean error rates for stress contrast perception for the Hungarian listeners
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were significantly higher than for consonant contrasts, which is also in line with the
above-mentioned studies. These studies, however, used CVCV pseudowords exclusively
and only 15:-2"? syllable contrasts were investigated. In our study, other than 15-2"? syllable
and 2"-3" syllable contrasts, we also obtained data for perception of stress located on the
15t syllable, on the 2™ syllable, and on the 3™ syllable. The stress contrast conditions
(15- 2" syllable and 2"?-3rd syllable) were investigated in the change trials, and perception
of stress on the 15t syllable, 2™ syllable, and 3™ syllable was tested in the catch trials.
Regarding the results of catch trials, Hungarian participants displayed the lowest error rate
in discrimination of sequences with pseudowords stressed on the 1t syllable, as expected,
since this is consistent with the Hungarian stress pattern. However, this value was not
significantly different from the mean error rate for perception of stimuli exhibiting stress
on their 3 syllable. By contrast, performance in trials with stimuli stressed on the 2™
syllable was significantly higher than in the conditions 15t syllable and 2" syllable. As for
the stress contrast conditions, we expected that Hungarian participants display better
discrimination in the condition 15t-2"? syllable than in the condition 27-3 syllable, since
the first consists of a contrast between a familiar and an unfamiliar stress location, whereas
2md-3 syllable stimuli includes two unfamiliar stress locations. However, results showed
that the Hungarian learners exhibited more difficulties in the 1°-2" syllable condition than
in the 2"9-3" syllable condition, and the difference between these two conditions was
significant. We must point out that a similar result was observed with the Baseline group.
Although this group, in general, exhibited lower error rates than Hungarian learners, it also
displayed more difficulties in the discrimination of 15t-2"? syllable contrasts than in the
condition 2"-3 syllable. The explanation proposed for the outcome of trials with the
Portuguese listeners can be applied to the results of the Hungarian learners, both in the
case of catch trials as well as for the change trials: the EP stress pattern assigns stress
prominence in marked cases ('CVCVCV or CVCV'CV) but not in unmarked cases (CV'CVCV).
Consequently, considering that the last syllable of the word (in isolation and falling
intonation) is naturally prolonged, durational differences in 2"9-3 syllable contrasts are

more prominent than in 15t-2" syllable contrasts.
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Regarding changes in stress contrasts’ perception, here we observe a different
picture than that for the EP vowel contrasts.

From the pretest to the post-testR, overall, the three groups exhibited improvement
in the results, although not significant for Group Vowels. When we look at each stress
contrast location (15t-2"? syllable and 2"?-3rd syllable), we have a similar picture, although
the statistical analysis showed that only Group Stress improved significantly in both
conditions. Furthermore, in the pretest, differences between perception of 15-2nd syllable
contrasts and perception of 2"-3" syllable contrasts were significant for all intervention
groups. However, this was not the case in the post-test®, for Group Stress. Moreover, in
this test, in the 15t-2nd syllable contrast trials, results of Group Stress were not significantly
different from results of the Baseline group.

Regarding progress in discrimination from the pretest to the post-testV, we
observed that Groups Vowels and Vowels & Stress exhibited more difficulties in the
post-testN than in the pretest. By contrast, Group Stress displayed a mild improvement,
although it did not reach significance.

These results suggest that both trainings focused on stress perception (Groups
Stress and Vowels & Stress) had a positive effect, although more visible for the training

focused solely on stress contrasts (Group Stress).

Overall, the study we reported in this chapter provided us with important insights
on changes in the discrimination of EP vowels and stress that occur during the first
moments of L2 acquisition. The results and issues presented in this last section will be
resumed and further discussed, in light of our Hypotheses and considering some literature

presented in Chapter 1, next, in General Discussion.
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General Discussion

The present work aimed at investigating how L2 learners acquire non-native vowels
absent from the L1 considering that (1) those vowels are unstressed and reduced, and (2)
those learners are insensitive (‘deaf’) to word stress contrasts. Thus, this dissertation
explored the acquisition of both segmental and suprasegmental L2 features.

Research in L2 phonology is a growing area, and the last two decades have
witnessed an increasing number of studies investigating a variety of factors — linguistic and
nonlinguistic — that contribute to L2 speech perception. This dissertation approaches L2
speech perception from a cross-linguistic point of view and observes the influence of the
relation between L1 and L2 in the acquisition of L2 Portuguese.

From the review of studies undertaken in Chapter 1, two observations stood out.
First, L2 speech research has been more focused on investigating the perception (and
production) of segmental features than of suprasegmental aspects. Second, results from
studies on the L2 acquisition of vowels point to the benefit of perceptual training, whereas
results on L2 stress acquisition are conflicting regarding the effectiveness of such training.
Suprasegmental features such as word stress inspire more caution among researchers for
several reasons. While segments involve fine-grained spectral changes, word stress
depends on the interaction of diverse global acoustic cues — pitch, duration, and intensity
— which are used not only for stress but also for other prosodic functions (Dupoux et
al., 2008). Moreover, that interaction is not straightforward. For example, in EP word
stress, Portuguese speakers resort to modulations in duration and energy only in the
absence of vowel reduction and only if the word does not comply with the regular stress
pattern (Delgado-Martins, 1986). Specifically, in words that do not comply with the EP
regular stress pattern (and do not include reduced vowels) stressed syllables are more
prominent than unstressed syllables. This is not observed in words that obey the regular
stress pattern, in which stressed syllables are not significantly more salient than unstressed
syllables. Such language-specific patterns are not widely studied among languages, and
even less so in L2 acquisition (Chrabaszcz et al., 2014). To these aspects related to word

stress, there are conflicting results in studies on L2 stress perception/acquisition.
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Specifically, while some studies indicate that stress ‘deafness’ cannot be surpassed, others
show that this problem is not necessarily persistent. The consequence to this is that,
although researchers point out the importance of studying L2 acquisition of word stress
(Field, 2005; Hahn, 2004), to date, very few studies have focused on this topic.

The present dissertation investigated the acquisition of reduced EP vowels — [e] and
[#] —, as well as EP word stress by Hungarian learners of L2 Portuguese at the onset of
learning. To this purpose, we conducted two studies.

The first study (Chapter 4) was designed to observe how Hungarian speakers map
EP vowels into their L1 system. The aim of this study was to identify the difficulties
Hungarian learners may encounter in the perception of [e] and [i] when they start learning
Portuguese, and thus design a perceptual training aimed at those difficulties. The study
consisted of a forced-choice identification task with goodness-of-fit ratings. Based on
comparisons between the Hungarian and the EP F1xF2 vowel spaces, we hypothesized that
Hungarian learners of L2 Portuguese, at the onset of learning, categorize the EP [e] into /g/,
/e:/ or /@/, and the EP [i] into /y/, /e /, /€/ or /@/.

The results partially support this hypothesis. Hungarian listeners identified [e] firstly
as /e/ and secondly as /@/, and [#] firstly as /y/ and secondly as /@/. However, the vowel [e]
was never identified as /e:/, [t] was never identified as /¢/ and its identification as /e:/ was
below chance level.

This entails a perceptual problem for [e] and [g], since both are perceived as /¢/ in
most of the cases, which means that Hungarian speakers are not able to perceive the
contrast [e]-[€]. Furthermore, Hungarian speakers rated the EP [e] as a better fit to the
Hungarian /g/ than the EP [€]. These results support and explain the observation in the
classroom about [e] reported in the Introduction: Hungarian learners exhibit a strong
tendency to transcribe [e] as <e>, which in Hungarian corresponds unequivocally to /¢/. As
for [i], results showed that no perceptual identification with EP vowels occurs.

Although the aim of the identification experiment was to observe the perception of
[e] and [i], we tested the nine EP oral vowels: [a], [e], [€], [e], [#], [i], [2], [o], and [u]. The
results revealed several cases of perceptual overlap involving directly or indirectly our

target vowels (Figure 6.1, next page).
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EP phone Hungarian category

a] ———— /ai/
] <« /¢/
[e] ==———=<———» /e
le] s /o/

fl =———<—> /v/

[l —— /i/

Figure 6.1. Perception of the EP front and central vowels by Hungarian native listeners
(Chapter 4). Continuous lines: top-ranked choice; dashed lines: second-ranked choice;
black lines: identifications above 90%; green lines: identifications above 70%; blue lines:
identifications below 70%

As shown in Figure 6.1, the perception of [e] and [i] is entangled with the perception
of the EP mid-front vowels [€] and [e], and in turn, a perceptual overlap between [e] and [i]
is observed. Consequently, in order to acquire [e] and [#], learners must be provided with
tasks that help them adjusting the perceptual boundaries between [e], [i], [€], [e], and [i],
which is the aim of the study reported in Chapter 5.

Portuguese listeners perceive their L1 vowels as stressed ([a], [¢], [e], [i], [2], [0], [u])
or unstressed ([e], [#], [i], [u]). The full-reduced pattern emerges from the presence or
absence of variable word stress. Acquisition of reduced EP vowels is, thus, dependent on
the acquisition of stress. Crucially, stress in Hungarian is fixed in the 1t syllable, not lexically
contrastive, and Hungarian listeners exhibit stress ‘deafness’ (Dupoux et al., 2008;
Honbolygé et al., 2017; Peperkamp & Dupoux, 2002). In order to acquire and use the EP
vowel system, Hungarian learners must therefore overcome stress ‘deafness’ and acquire
EP word stress.

Considering the important relation between vowels and word stress in EP, the
difficulties with EP vowels exhibited by Hungarian speakers and the ‘stress’ deafness
attested in those speakers, we developed an online high variability phonetic training to

investigate (1) if perceptual training promotes the acquisition of the vowels [e] and [#], and
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word stress, and (2) which training focus is more effective: one that focuses on vowels and
word stress separately, or one that combines vowels and stress. Furthermore, with the
results of the study we also aim at observing if there is a hierarchy in acquisition between
segmental features and suprasegmental features in L2.

The Hungarian learners of L2 Portuguese who took part in the study were enrolled
in a Portuguese language Beginner course. Although some participants reported having had
previous contact with Portuguese, the statistical analysis revealed that this contact did not
significantly affect the results in the pretest. The participants were divided into three
intervention groups. Group Vowels (n = 20) received training in [zV] monosyllables which
included the contrasts with perceptual overlap: [e]-[€], [€]-[e], [e]-[i], and [e]-[i] (Figure 6.1.)
To these contrasts, we added [a]-[e], [€]-[t], and [e]-[i]. The inclusion of these three
contrasts aimed at promoting the distinction between stressed-unstressed for our target
vowels. Group Stress (n = 22) received training in word stress contrasts, with trisyllabic
pseudowords contrasting in 1%t vs. 2" syllable (e.g., ['lutinu]-[lu'tinu]) and in 2" vs. 3
syllable ([lu'tinu]-[luti'nu). The pseudowords included the vowels [i] and [u] only, to
exclude vowel reduction. Finally, Group Vowels & Stress (n = 24) was trained with disyllabic
pseudowords ([zVzV]) that included 15t vs. 2" syllable stress contrasts, and contrasts of
vowel reduction on the first syllable (e.g., ['zazi]-[ze'zi]), on the second syllable (e.g.,
[zi'za]-['zize]), or on both syllables (e.g., ['zaze]-[ze'za]). These pseudowords included the
vowels trained by Group Vowels.

Training lasted for six weeks, with one session of about 10-15 minutes per week, in
which participants were presented with AX or AXB tasks. Before and after this six-week
training, we assessed vowel and stress discrimination, separately. Students completed a
pretest and a post-test, both consisting of oddity discrimination tasks with catch trials.
Pseudowords in the tests were different but complied with the structure of those used in
the training sessions and were produced by the same talkers used in the training tasks.
Besides the repetition of the pretest trials after training (post-test?), the post-test included
trials with novel stimuli, that is, new tokens with the same structure of the remaining
stimuli, but produced by novel talkers (post-testN). To comply with the HVPT method,

stimuli were produced by different Portuguese talkers.
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The results for vowel perception showed that Hungarian learners exhibit more
difficulties in the perception of EP vowel contrasts than the Baseline group of Portuguese
native speakers (31.4% against 9.2%). Additionally, we confirmed the prediction
established with the results of the forced-choice identification task, according to which the
higher the perceptual overlap the more discrimination difficulties are exhibited. In the
pretest, mean error rates for contrasts with vowels with perceptual overlap were higher
than for the stressed-unstressed contrasts (45.3% against 12.8%). This result is in line with
previous studies, in which discrimination difficulties in L2 vowel contrast have been
associated to perceptual overlap (Elvin et al., 2021; Faris et al., 2018; Flege & Mackay, 2004;
Tyler et al., 2014).

When we compared the results between the pretest and the post-test for vowel
discrimination, we observed a general improvement, but only from the pretest to the
post-test®. This improvement was similar across the three intervention groups. The results
from the pretest to the post-testN show a decline in the performance and, as from the
pretest to the post-test®, similarity across groups.

However, a closer look at the results reveals that participants exhibit different
progress in learning for each contrast. The contrast [e]-[€] stands out among the others,
since it showed improvement not only from the pretest to the post-test® but also to the
post-testN. The contrast [e]-[i] also showed a similar improvement from the pretest to the
post-test?, but not to the post-testV. In the remaining contrasts, we observed no
improvement or only a small improvement, from the pretest to the post-test®, and mainly
a decline in the results from the pretest to the post-test. To account for these results, we
discuss the L2 crosslinguistic models described in Chapter 1 — SLM, PAM, and the L2LP
model.

PAM was originally targeted at observing non-native perception and not L2
learning. Although this model was later adapted to L2, studies on PAM-L2 focus on the
effect of L2 vocabulary in perceptual tunning. Specifically, those studies observe how the
increase in the L2 vocabulary size may benefit learning for some L2 contrasting segments
while inhibiting learning in other contrasts (Bundgaard-Nielsen et al., 2011). These studies

observe differences in perception between participants with different levels of L2
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vocabulary knowledge, therefore, they are not in line with our research. Contrary to PAM,
SLM was originally proposed for L2 learning. Studies on this model observe acquisition of
new categories in contrast with acquisition of similar categories.’® Considering that both
target vowels in this study, [e] and [i], are new to Hungarian learners, this model does not
provide much insight on possible differences between the acquisition of these two new
categories. As for the L2LP model, although not restricted to formal learning, research on
the model has been more focused on this context. Moreover, this model provides a more
detailed acquisition path for L2 segments, proposing four learning scenarios: new, subset
easy, subset difficult, and similar. Considering this, we investigated if this model provides
explanations for our results.

When Hungarian listeners are exposed to the contrast [e]-[€], the results of the
identification task (Chapter 4) revealed that, in most of the cases, both vowels are
identified as /e/. This means that the listeners do not perceive a contrast. According to the
L2LP model, this contrast configures a new scenario, since learners will have to create a
new category (or split the existing one) for the [e] vowel. The learning path to change this
situation is assumed to be the most difficult one, since it entails learning tasks of different
nature: perceptual and representational. Also in line with the L2LP model, the contrasts
[e]-[e] and [e]-[t] configure a subset scenario, since the vowels in each contrast were
identified as more than two L1 vowels. The segments [g] and [e] were identified by
Hungarian listeners as three different Hungarian categories: /¢/, /e:/, and /e:/, /i/,
respectively. A similar situation was observed in the case of the contrast [e]-[i], as [e] and
[{] were respectively identified as /¢/, /8/, and /y/, /8/, to varying degrees. However,
according to Elvin et al. (2021), subset scenarios include a wide range of situations, with
varying degrees of difficulty. To determine the degree of difficulty of these scenarios, we
must take into account the degree of perceptual overlap. Considering that in the contrast
[e]-[e] there was a 41.0% of perceptual overlap, and in the perception of [e]-[i] there was
only 25.2%, the first is presumably considered a subset difficult and the latter a subset easy

scenario. The L2LP model predicts that for subset scenarios, learners also have perceptual

100 studies on SLM investigate a wide range of factors other than the issue of (dis)similarity between L1 and
L2 segments, such as age of acquisition, age of arrival, and input.
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and representational learning tasks; however, difficulty level is expected to be lower than
in the new scenario. With respect to the EP vowels [e] and [i], these were perceived, in
most of the cases, as the Hungarian /e:/ and /i/, respectively. According to the L2LP model,
this configures a similar scenario. The model predicts that in such a situation, learners only
have a perceptual task, since they only need to adjust the perceptual boundaries of each
category. Accordingly, this is the easiest learning scenario.

Figure 6.2 summarizes the learning scenarios implicated in the acquisition of EP [e]

and [#] in Hungarian learners of EP, at the onset of learning, as predicted by the L2LP model.

MORE DIFFICULT — — —> EASIER
new subset difficult subset easy similar
L2 L1 L2 L1 L2 L1 L2 L1
EP Hungarian EP Hungarian EP Hungarian EP Hungarian

€

<e; e =" P e e

57.7% perceptual overlap 41.0% perceptual overlap 25.2% perceptual overlap 15.8% perceptual overlap

Figure 6.2. Learning scenarios for the EP contrasts [e]-[€], [€]-[e], [e]-[1], and [e]-[i] in
Hungarian learners of EP, according to the L2LP model. Blue lines: top-ranked choice; grey
lines: second-ranked choice

In sum, applying the L2LP model framework to our case, we observe four different
scenarios with varying difficulty (from more difficult to easier): New: [e]-[€] > subset
difficult: [€]-[e] > subset easy: [e]-[t] > similar scenario: [e]-[i]. However, our results were
not consistent with these predictions, since learners exhibit greater improvement exactly
for the contrast [e]-[e]. Additionally, [e]-[i]] was the most problematic contrast, with
learners exhibiting more difficulties in the post-test than in the pretest. According to our
results, the sequence of learning difficulty was (from more difficult to easier): [e]-[i] >
[e]-[e] > [e]-[1] > [e]-[€]. The outcomes in our study suggest that learners adjust first their
perception of contrast with unfamiliar vowels — [e]-[#] and [e]-[€] —, while they have more
difficulties in contrasts with vowels existing in their L1 — [e]-[i] and [€]-[e]. This is in line with

the SLM framework, which posits that the greater the perceptual dissimilarity between L1
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and L2 sounds, the higher the probabilities of a new category creation. However,
comparisons between our results and results of studies on SLM must be interpreted with
caution, since our participants are acquiring the L2 in a formal learning context and SLM
observes learners in naturalistic learning context and with higher control over the L2.
Moreover, SLM does not observe (dis)similarities between contrasts, but rather segments.
In other words, we do not posit that our results support the SLM predictions.

Two other factors may have hindered changes in perception for the EP [€], [e] and
[i]. First, the high frequency of [€] in Hungarian speech may have paradoxically contributed
to the difficulties with the EP contrast [€]-[e]. The learners from our study are in contact
with the target language mostly in the classroom (in Hungary), and are thus much more
exposed to the Hungarian productions of [€], than to EP productions of the same vowel.
Moreover, despite the fact that both EP and Hungarian [€] are represented by the same
symbol of the International Phonetic Alphabet, their quality is not necessarily identical. In
the identification experiment reported in Chapter 4, the EP [€] was identified as a poor fit
to the Hungarian /¢/ or /e:/ (in both cases, mean goodness-of-fit was 2 = bad example).1°*
It is possible that the improvement observed for [e], which indicates the successful
perceptual adjustment for this EP vowel, may have been partially at the expense of a
regression in the perception of the EP [€]. Second, orthography may have also difficulted
the tunning in perception of contrasts with [€], [e] and [i]. Hungarian orthography is
transparent, and in this language, these vowels correspond to three distinct graphemes:
<e>, <é> and <i>, respectively. However, in EP, both [€] and [e] have only one orthographic
form, <e>, and [i] is also frequently represented by <e>.102

Other than the perceptual overlap contrasts above discussed, we also observed
stressed-unstressed minimal pairs: [a]-[e], [€]-[#], and [e]-[i]. The purpose of including these
contrasts was to draw learners’ attention to the EP stressed-unstressed patterns,
complementing the perceptual and representational tasks involved in the acquisition of
contrasts with perceptual overlap. In other words, we aimed at promoting the task of

matching [e] with /a/, and [i] with /&/ or /e/. Discrimination in these three contrasts was

101 Recall that the EP [e] was considered a better fit to the Hungarian /¢/ than the EP [e].
102 For example: selo ['selu] 'l stamp', selo ['selu] 'stamp', and exame [i'zemi] 'exam'.
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not expected to be problematic, since no perceptual overlap was observed between these
vowels in the identification experiment reported in Chapter 4. Although in the pretest and
the post-test® we obtained low mean error rates for these vowels, in the post-testN we
observed significantly higher error rates than in the pretest, for the three groups. This
decline in perception was more pronounced for [e]-[1]. This may be due to, first, the
learning process, that is, learners are in the process of adjusting their perception and
representations of the L2 vowels, but they still did not reach the end-state and, thus, were
not able to generalize learning to the post-testN, as observed in Ou (2011). Second, the
difficulties observed for the contrasts [€]-[i], [e]-[t], and [e]-[i] in the post-testN may be
related with acoustic similarity/proximity. When more phonetic variability was introduced
in the novel trials, which included stimuli produced by unfamiliar talkers, we observed more
problems between the mid-close front and the close central vowel ([e]-[i]) than between
the mid-open front and the close central vowels ([€]-[#]). Moreover, the more problematic
contrast was [e]-[i], a contrast between mid-close and close front vowels.

With respect to the effectiveness of training, as previously mentioned, when
comparing the progress of the groups whose training included EP vowel contrasts — Group
Vowels and Group Vowels & Stress — with the results for Group Stress, we did not find
significant improvement in EP vowel discrimination. In general, we observed a similar
learning path in the three groups. With this in consideration, Hypothesis 2: A perceptual
training focusing on vowel discrimination promotes the acquisition of the EP vowels [e] and
[i] by Hungarian learners, although to different extent for each of the vowels is refuted.

Two comments must be added. First, the differences in progress observed between
each vowel contrast shows that vowel learning is not a homogenous process. Second,
although the results point to the unsuccess of perceptual training focused on vowels, in the
contrasts [a]-[e] and [e]-[#] Group Vowels displayed a visible improvement, contrary to the
other groups. The fact that this improvement did not reach significance level suggests that
training length or intensity was perhaps insufficient.

With respect to stress discrimination at the onset of learning, the Hungarian
students displayed ‘deafness’, as attested in previous studies (Dupoux et al., 2008;

Honbolygé et al., 2017; Peperkamp & Dupoux, 2002). Interestingly, participants performed
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significantly better in the contrasts between the 2" and the 3™ syllables (e.g.,
[du'tiku]-[duti'ku]) than in the contrasts between the 1%t and the 2™ syllables (e.g.,
['dutiku]-[du'tiku]). The explanation for this result may be found in the relative prominence
of acoustic cues in EP stress pattern. As explained in 5.6.2, the last syllable of a word in
citation form is by nature longer, whereas the second syllable, even if stressed, does not
receive extra durational prominence.'%3 The durational difference between the 2" and the
3" stressed syllables is, in normal cases, higher than between the 15t and the 2" stressed
syllables. Salsignac (1998) observed the influence of prominence of stress, concluding that
when stress is more prominent, listeners relied first on acoustic cues, and, by contrast,
when it is less salient, they resorted to their L1 stress patterns.

As for the progress in learning, we observed an effect of training from the pretest
to the post-test?, but not to the post-testN. Specifically, results showed that from the
pretest to the post-test?, both Groups Stress and Vowels & Stress improved significantly,
but not Group Vowels. These results support Hypothesis 3: Hungarian learners benefit from
perceptual training focusing on stress discrimination to overcome stress ‘deafness’.
However, we must point out that improvement was observed only to some extent by Group
Stress (since progress from the pretest to the post-test™ did not reach the significance level)
and by Group Vowels & Stress (since it displayed a decline from the pretest to the
post-testN).

The improvement observed in the discrimination of stress contrasts contradicts the
assumption of stress deafness being a persistent state, as observed by Dupoux et al. (2008)
and Honbolygd et al. (2017), and is in line with the results of the studies of
Brawerman-Albini (2012) and Ou (2011). An important difference between the four studies
is that, while the first two studies test stress discrimination in learners with different L2
proficiency, Brawerman-Albini (2012) and Ou (2011) conducted perceptual interventions.
This supports the idea that perceptual training is effective to overcome problems in stress

discrimination and, eventually, other suprasegmental features.

103 \We assume, as previously mentioned, that our stimuli were not deviant from the standard EP speech, and
accordingly, presented the suprasegmental patterns described in Delgado-Martins (1986).
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The comparison of the results collected in the three intervention groups, for vowel
and stress discrimination, allows us to answer the important question of whether auditory
tasks should focus on vowel and word stress separately or combine both features. In vowel
discrimination, we observed that neither training focused on vowels, nor the training
focused on vowels and stress combined had a significant effect on perceptual learning.
Consequently, our data did not provide us with the necessary information to conclude
which training is more beneficial for L2 vowel discrimination: a training focusing only on
vowels, or a training focusing on vowels and stress. However, we must point out that in the
post-testN, in the contrasts [a]-[e], [e]-[#] and [g]-[e], Group Vowels & Stress displayed worse
results than Group Vowels, although differences between the groups’ progress did not
reach significance level.

As for stress discrimination, we observed that, overall, both Group Stress and
Group Vowels & Stress exhibited significant improvement (from the pretest to the
post-testR). However, in general, Group Stress displayed better results than Group Vowels
& Stress'%, The difference between the two groups performance is observable when we
analyzed separately each condition (15%-2" syllable contrast and 2"%-3"? syllable contrast):
Group Stress significantly improved from the pretest to the post-test®, in both conditions,
whereas Group Vowels & Stress improvement did not reach significance level. Moreover,
Group Stress improved from the pretest to the post-test (although not significantly), but
Group Vowels & Stress displayed an increase of mean error rate. This fact suggests that a
training focused on stress discrimination may be more effective for stress acquisition than
a training that combines stress and vowel contrasts.

With the above observations in consideration, Hypothesis 4: Hungarian learners of
L2 Portuguese benefit more from a perceptual training that combines stress and vowel
reduction than from a training focused on stress or vowels only was refuted.

A comment must be added on the possible effect of the stimuli on the results.
Regarding vowel discrimination, in the contrast [€]-[e], for example, from the pretest to the
post-testN we observed more difficulties in Group Vowels & Stress than in Group Vowels

(orin Group Stress). The explanation may lie in the stimuli provided in the training sessions.

104 Group Stress improved from the pretest to the post-test", but Group Vowels & Stress no.
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While Group Vowels was presented with the contrast [€]-[e] in the same sequences (e.g.,
[ze]-[ze]), this was not the case for the stimuli presented to Group Vowels & Stress. In this
group, the vowels [€] and [e] were presented in different sequences, that is, they did not
contrast with each other (e.g., ['zezi]-[zi'zi] in a sequence, and ['zezi]-[zi'zi] in a different
sequence).

In respect to stress discrimination, Group Stress displayed better results than Group
Vowels & Stress. However, it is worth mentioning that while Group Stress was trained in
two conditions (15-2"? syllable and 2"?-3" syllable contrasts), Group Vowels & Stress was
only presented with stimuli contrasting in 15t-2" syllable. The inclusion of two contrasts
(15t-2"4 and 29-3" syllables) in the regimen for Group Stress may explain the better results
for this group, as compared to the performance of Group Vowels & Stress. Additionally, the
stimuli presented to Group Stress in the training sessions included only two vowels ([i] and
[u]) but it contained varied consonants, all present in the learners’ L1, whereas stimuli for
the regimen of Group Vowels & Stress included only the consonant [z]. According to
Michaux (2016), absence of phonotactic information can negatively impact improvement
in stress perception.

The last hypothesis put forth in this dissertation aimed at testing whether there is
a hierarchy in L2 acquisition between segmental and suprasegmental properties. As
previously reported, training regimens for Groups Vowels and Vowels & Stress had no effect
in vowel discrimination, whereas training for Group Stress significantly contributed to
improvement in stress discrimination. These results support Hypothesis 5: Hungarian
learners of L2 Portuguese at the onset of learning focus first on the L2 suprasegmental
features. Accordingly, stress precedes vowels in L2 acquisition.

In order words, results suggest a similar learning sequence for L1 and L2, with a
focus on prosodic features first, in order to extract the boundaries between words and thus
begin vocabulary acquisition. If so, the differences between L1 and L2 acquisition seem to
be fewer than previously thought, and the L1 learning mechanisms are also available for L2
acquisition in adult learners, as posited by the full access hypothesis (Flege 2005; Escudero

& Boersma, 2004). However, the interpretation of these results must be taken with caution.
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The effectiveness of the training regimen focusing on stress contrasts may be
related to the design of the training itself. The six training sessions for Group Stress included
only two contrasts (15:-2"? syllable and 2"?-3" syllable stress contrasts) whereas Group
Vowels trained seven vowel contrasts.% As for Group Vowels & Stress, it combined three
conditions of vowel reduction (on the 1t syllable, on the 2™ syllable, and on both syllables),
with 15t-2"? syllable contrast, and with several vowel contrasts. In other words, the training
of Group Stress was less varied than the other two trainings. The fact that this group was
asked to focus on fewer conditions may have led to its better results.

One must also mention the fact that training for Group Stress focused on a
perceptual cue that exists in the L1 of the participants — duration. Vowel length is
contrastive in Hungarian; therefore, Hungarian listeners use durational contrasts at the
segmental level. Stimuli used in the training for Group Stress included contrasts of
prominence achieved by modulation of duration and energy at suprasegmental level. One
may suggest that learners in Group Stress had only to ‘adjust’ perception of durational
contrasts from segmental to suprasegmental level.

Finally, one should also mention that the previous knowledge of L2 English by the
participants of our study, mostly at B2 or C1 level, may have had an impact on the results
obtained in Group Stress. English is also a lexically contrastive stress language, and learners
may have transferred the word stress knowledge from English to EP. However, although
English displays vowel reduction (thus, reduced vowels), neither [e] nor [i] are present in
the English vowel inventory.

Therefore, the conclusion that suprasegmental precedes segmental features in L2
acquisition and perception must be approached with caution, since the results may have
been influenced by the training design, language-specific features of the L1, and previous
knowledge of L2 English.

In the next chapter we will present a summary of the studies conducted in this
dissertation and discuss the implications of our findings to the development of materials

for L2 Portuguese, as well as make propositions for future research.

105 Furthermore, in Group Stress regimen, each contrast was trained in 96 AX trials and 48 AXB trials. As for
Group Vowels, each contrast was trained in 24 AX trials and in 8 or 16 AXB trials.
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Conclusion

In this dissertation, we investigated the acquisition of two features of EP — the
reduced vowels [e] and [#], and word stress — by Hungarian learners.

As far as word accent is concerned, native Hungarian speakers exhibit stress
‘deafness’, that is, insensitivity in discriminating word accent contrasts (Dupoux et al., 2008;
Honbolygé et al., 2017; Peperkamp & Dupoux, 2002). Regarding the perception of the two
target vowels, to the best of our knowledge, no study on this topic has been carried out
with native Hungarian speakers. Consequently, a first experiment (Chapter 4) — a
forced-choice identification task with goodness-of-fit rating — was carried out to investigate
this issue. The results showed that, in most cases, Hungarian listeners categorize the
Portuguese vowel [e] as /¢/ and the vowel [i] as /y/ in their L1. The data collected also
revealed that, other than the perceptual conflicts directly involving the target vowels, cases
of perceptual overlap were also displayed between [€] and [e], and between [e] and [i].

Considering the results of this experiment, as well as the stress ‘deafness’ attested
in previous studies, we designed a perceptual training program (Chapter 5) with the aim of
helping Hungarian learners of L2 Portuguese overcome their difficulties with the target
features.

Contrary to previous studies, we aimed at observing changes in perception of L2
speech in the early stages of contact with the target language. To this purpose, we recruited
66 Hungarian learners of L2 Portuguese at the onset of learning, and conducted a six-week
training program, preceded by a pretest and followed by a post-test. The training aimed at
observing the effectiveness of (1) a training focused on vowel discrimination ([e] and [#]),
(2) a training focused on word stress discrimination, and (3) a training that combined both
vowels and stress. The training for vowels included monosyllabic pseudowords ('CV), thus
with no stress modulations. The training for stress included trisyllabic pseudowords with
the vowels [i] and [u] only, to exclude reduced vowels. These stimuli presented two
possible stress contrasts: 15t vs. 2™ syllable ('CVCVCV-CV'CVCV) or 2™ vs. 3 syllable
(CV'CVCV-CVCV'CV). The third training comprised dissyllabic pseudowords which included

the same vowels of the first training and 1%t vs. 2" syllable stress contrasts ('CVCV-CV'CV).
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The three trainings were administered to three intervention groups: Group Vowels (n = 20),
Group Stress (n = 22), and Group Vowels & Stress (n = 24), respectively.

Before and after the training, learners were tested by means of an oddity
discrimination task. The training sessions consisted of AX and AXB tasks and were
administered to participants once a week, tooking about 10 or 15 minutes each. In the
post-test, participants were presented with the same trials as in the pretest and additional
trials with stimuli produced by novel talkers. The training program — questionnaires, tests,
and training sessions — was conducted online with Gorilla Experimental Builder.

The results showed that, overall, the groups which followed the training regimens
Vowels or Vowels & Stress did not improve significantly, when compared to group Stress,
in the EP vowel contrasts. A more detailed analysis showed improvement in the
performance by the three groups in the contrast [e]-[€], and partly in the contrast [e]-[i].
The remaining contrasts displayed conflicting results. In the acquisition of word stress, both
Group Stress and Group Vowels & Stress exhibited a significant improvement, but it was
not generalized to novel talkers. Furthermore, Group Stress displayed better results than
Group Vowels & Stress in both post-tests.

Based on the results found, the following conclusions can be drawn. First, learners
do not display a similar learning path in the acquisition of the EP vowels, since they
improved in the discrimination of some contrasts, but exhibited difficulties in the remaining
contrasts. Specifically, they exhibited a significant improvement in [e]-[€], a contrast
particularly difficult for Hungarian learners since they perceive both EP vowels as a sole
Hungarian category: /¢/. Contrarily, contrasts between the mid-front vowels [€] and [e],
and between these and the close-central [i] and the close-front [i] were problematic.
Moreover, we did not find evidence of effectiveness of training focused on vowels.

Second, improvement in stress contrast discrimination suggests that stress
‘deafness’ is not persistent in Hungarian learners, and that with adequate perceptual
training it can be overcome. Effectiveness of training was observed both for stress contrasts
between 15t and 2" syllables, as for stress contrasts between 2" and 3™ syllables.

Third, a perceptual training that combines vowels and word stress is not more

effective in the acquisition of these features than a training program that focuses on vowels
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and word stress separately. However, we did not find evidence that the training regimen
that combined vowels and stress was significantly less effective than the training focusing
on vowels, or than a training focusing on stress.

Lastly, although we found evidence that Hungarian learners at the onset of the L2
acquisition are able to benefit from training perception at a suprasegmental level (word
stress) but not at a segmental level (vowels), suggesting that similar to L1, in L2
suprasegmental properties are first acquired, this conclusion must be interpreted with
caution. The reason is twofold. First, the design of the training sessions may have been
more adequate in the training focusing on stress perception than on the training focusing
on vowel perception or on vowel and stress perception. Second, suprasegmental cues of
EP stress involve an acoustic cue familiar to Hungarian learners — duration —, whereas the
target segmental features — the vowels [e] and [{] — are absent from the Hungarian system.

In the next paragraphs, the implications of our findings to development of materials
for L2 Portuguese will be discussed, considering the target features of this research: [e] and

[], and word stress.

Pedagogical implications

The perceptual study reported in this dissertation provided us some experience for
future research, as well as for the design of didactic online material, to be implemented in
the classroom or for autonomous learning for the L2 Portuguese learner. We must,
however, point out some methodological issues to be taken into consideration in the
design of such material.

The results for vowel discrimination suggest that the input received in the
classroom promotes discrimination between the EP vowels [e] and [g] in Hungarian
learners. We infer this from the fact that the three groups displayed a similar and
considerable improvement for [e]-[€]. Recall that, at the onset of learning, both vowels are
perceived by Hungarian learners as /€/, and in order to split this category into two different
categories, learners have to adjust their perception of the two vowels. Improvement in the
discrimination of [e] and [€] must be combined with tasks that help learners to match [e]

with the category /a/, since this learning step is important to form a long-term category for
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[e]. Observations in class showed that this learning step occurs late in EP acquisition by
Hungarian learners, since they show a persistent tendency to transcribe this vowel as <e>,
even in more advanced proficiency levels. To this purpose, we also included discrimination
between [a] and [e] in the training, which proved relatively successful. With respect to [i],
the case is not as straightforward as for [e], since that vowel is very frequently deleted in
production and, in classroom, learners seem to capture this regularity of the language
easily. However, error rates in the post-testN for the contrast [e]-[{] were significantly
higher than in the pretest, which indicates that learners may have problems with this vowel
when it is phonetically realized. In the case of Hungarian learners, we observed some
perceptual overlap within [€] and [e]. Acquisition of [i] entails adjustment of the perceptual
boundaries between these vowels, while learning the stressed-unstressed link that
connects [€]-[t] and [e]-[i]. To fulfill this goal, our perceptual training was not effective.

In what concerns the acquisition of word stress, results showed that perceptual
training focusing on stress contrasts at suprasegmental level is effective to overcome stress
‘deafness’. However, one must point out that EP stress induces vowel reduction. In other
words, for Hungarian learners, acquiring EP phonology entails overcoming stress ‘deafness’
and acquiring reduced vowels that are a result of the absence of stress. The training
regimen of Group Vowels & Stress was not successful in the discrimination of EP vowels
contrasts, nor it was more successful than Group Stress in the discrimination of word stress.
However, as previously suggested, these results may have been due to the complexity of
the training design and stimuli presented to Group Vowels & Stress, compared to those
presented to Group Stress.

Finally, it must be pointed out that our perceptual training study was original in
observing learners at the onset of the L2 acquisition process. As previously explained, this
entails advantages and disadvantages. Specifically, the onset of learning may be the ideal
moment for perceptual tunning, since it is not constrained by morphosyntax or vocabulary
knowledge (Best & Tyler, 2007). In contrast, the lack of knowledge in the L2 necessarily
restricts the methodology of the training, since only a few types of tasks can be presented

to the learners.
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With the above reflections in mind, we make the following suggestions for the
design of auditory perceptual tasks for didactic purposes, for Portuguese L2 speech

acquisition:

(i) perceptual tasks can be administered from the onset of learning. However,
considering that the learning path is not identical to all L2 features, that is, some
speech features are more difficult to acquire than others, this fact should be
taken into consideration when designing auditory exercises for different
features. For example, Hungarian learners need to devote more time to the

perceptual adjustment of EP front vowels than of EP central vowels.

(ii) Reduced vowels and word stress should be trained both separately and in
combination. Considering that Hungarian learners were able to improve in word
stress perception after six short training sessions, we suggest starting a training
with this feature. Once acquainted with the variable nature of EP stress, learners
can be trained in vowels combined with stress, to promote the link between full

and reduced vowels and the presence or absence of stress.

(iii) Discrimination tasks should be combined with other types of tasks, so that the
boost in perceptual tunning of phonetic features is combined with the creation
of representational categories. This can be achieved in different ways. For
example, using not only pseudowords but also real words, such as the ones used
in Oliveira (2006; e.g., pedra [ pedre] 'stone' vs. pedrinha [pi'dripe] 'small stone').
Other than promoting the creation of lexically functional representations and the
link stress-reduced vowels, the use of real words, with the possibility of
expanding L2 vocabulary, may be more appealing to learners. Also, identification
tasks have been shown to promote L2 speech features at representational level
(Carlet, 2017). When learners already control at least some L2 vocabulary, this
type of task can be introduced. Moreover, tasks should include multimodal
information, with auditory stimuli complemented with visual information too, as

advised by some researchers (Hazan et al., 2005; Kuhl et al., 2008).
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The proposals above mentioned are evidence-based and aimed at providing
relevant information for the development of online tasks that can help learners in L2
Portuguese phonological acquisition. Considering that the EP features investigated in this
dissertation — the vowels [e] and [#], and word stress — are absent in languages other than
Hungarian, such material could be used for learners of other L1. Crucially, more research
in L2 Portuguese speech perception, specifically in the features mentioned above, would

decisively contribute to more learning developments.

Considerations for future research

Before concluding this dissertation, one would like to present suggestions for future
research. These come out as a result of an honest reflection on what can be done in the
future, based on what has been done in the past. It is useful (and motivating) that some
aspects remained unexplored or that some steps carried out in this research could have
been taken differently.

As mentioned in the Introduction, research in L2 Portuguese phonology is still
scarce (at least when compared to the productivity of studies on L2 Portuguese syntax,
morphosyntax and didactics, for instance), and so it is the research on L2 with Hungarian
learners. In order words, the list of topics which need to be or can be investigated is
extensive. Therefore, the suggestions made here will be limited to matters related to the
two studies reported in this dissertation.

In the forced-choice identification experiment reported in Chapter 4, the EP oral
vowels were presented to the Hungarian listeners, which they identified among nine
Hungarian vowels. However, although Hungarian vowel inventory presents nine vowel
qualities, it includes 14 vowels in total: [p], [a:], [€], [e:], [i], [i:], [o], [0:], [®], [®:], [u], [u:],
[y], and [y:]. Considering that vowel length is contrastive in Hungarian, a similar experiment
should be conducted presenting Hungarian participants with those 14 vowels as options
for the identification of the EP vowels. Furthermore, considering the effect of consonant
contrast in vowel perception (Bohn & Steinlen, 2003), EP stimuli should include

monosyllables with different consonants too.
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One of the constraints experienced in the experiments reported in this dissertation
was the scarcity of studies in Portuguese phonetics and phonology concerning vowels and
stress production and perception by Portuguese native speakers. For example, for
measurements of the acoustic features of EP stress, the only data available are the one
collected and analyzed by Delgado-Martins (1986). In our study, we collected two types of
results. We observed perception of EP vowels and stress by Portuguese, as well as
conducted measurements for the stimuli recorded with Portuguese speakers. Both data is
worth to be further analyzed.

The perceptual training study reported in Chapter 5 involved a great number of
variables related to stress and to vowel discrimination, and would need further analyses.
The training of Group Vowels & Stress included not only the three conditions analyzed
(vowel reduction on the 1% syllable, vowel reduction on the 2™ syllable, vowel reduction on
both syllables), but also different L2 vowel contrasts, which were not analyzed individually.

Regardless of the limitations described above, the present dissertation provides an
insight on different issues in L2 speech acquisition, such as the perception of non-native
vowels and the effectiveness of perceptual training in learners at the onset of the L2
acquisition. It also adds empirical evidence supporting the idea that stress ‘deafness’ is not
necessarily persistent, and that there appears to be a hierarchy in L2 acquisition between
segmentals and suprasegmentals, suggesting a similarity between L1 and L2.

With the results of the studies reported in this dissertation, we provided empirical
evidence that we hope can contribute to a better understanding of L2 speech perception
and acquisition. Furthermore, we aimed at developing research in L2 Portuguese and
provide evidence-based knowledge that helps designing scientifically attested auditory

tasks for L2 teaching and learning.
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Conclusao [Portuguese]

Na presente tese, investigdmos a aquisicao de duas caracteristicas do portugués
europeu (PE) — as vogais reduzidas [e] e [#], e o acento de palavra — por aprendentes
hdngaros.

No que diz respeito ao acento de palavra, os falantes nativos hungaros exibem
‘surdez acentual’, ou seja, insensibilidade na discriminacdao de contrastes de acento de
palavra (Dupoux et al., 2008; Honbolygd et al., 2017; Peperkamp & Dupoux, 2002).
Relativamente a percecdo das duas vogais-alvo, tanto quanto sabemos, ndo foi realizado
qualquer estudo neste tépico com falantes nativos de hungaro. Consequentemente,
realizdmos uma primeira experiéncia (Capitulo 4) —um teste de identificacdo (forced-choice
identification task with goodness-of-fit rating) — para investigar esta questao. Os resultados
mostraram que, na maioria dos casos, os ouvintes hldngaros categorizam a vogal
portuguesa [e] como /¢/ e a vogal [i] como /y/, na sua L1. Os dados recolhidos mostraram
ainda outros casos de sobreposicdo percetiva (perceptual overlap): entre [€] e [e], e entre
[e] e [i].

Tendo em conta os resultados desta experiéncia, assim como a ‘surdez acentual’
atestada em estudos anteriores, desenhamos um treino percetivo (Capitulo 5) com o
objetivo de auxiliar os aprendentes hungaros de Portugués L2 (PL2) a ultrapassar as
dificuldades na percecao das vogais reduzidas [e] e [#], e do acento de palavra.

Ao contrario de estudos anteriores, o nosso objetivo foi observar as mudancas na
percecdo de fala em L2 nas fases iniciais de contacto com a lingua-alvo. Para o efeito,
recrutamos 66 aprendentes hungaros de PL2 no inicio do processo de aprendizagem e
realizdmos um programa de treino percetivo de seis semanas, precedido de um pré-teste
e seguido de um pds-teste. O programa visou observar a eficdcia de (1) um treino focado
na discriminacdo de vogais, (2) um treino focado na discriminacdo do acento de palavra, e
(3) um treino que combinava vogais e acento de palavra. Para investigar estas questdes,
desenhamos trés intervengdes, conduzidas paralelamente em trés grupos. A primeira,
focada nas vogais orais do PE, incluiu monossilabos ('CV), ou seja, estimulos sem contrastes

de acento de palavra. Os estimulos consistiram nas vogais vogais-alvo [e] e [#], bem como

CONCLUSAO [PORTUGUESE] | p. 263



[e], [e] e [i], na perce¢cdo das quais os ouvintes hungaros apresentam sobreposicao
percetiva. A segunda intervengdao incluiu pseudopalavras trissildbicas (CVCVCV),
exclusivamente com as vogais [i] e [u], as Unicas vogais portuguesas que ndo sofrem
reducdo em contexto atono. Estas pseudopalavras apresentavam dois contrastes de
acento: 12 vs. 22 silaba ('CVCVCV- CV'CVCV), e 22 vs. 32 silaba (CV'CVCV- CVCV'CV). A
terceira intervencao incluiu pseudopalavras dissilabicas. Este estimulo incluiu as mesmas
vogais presentes na primeira intervengao, e contrastes de acento entre a 12 e a 22 silaba
(‘cvev-cv'ev).

Os participantes foram divididos em trés grupos, um para cada intervencao,
respetivamente: Grupo Vowels (n = 20), Grupo Stress (n = 22) e Grupo Vowels & Stress
(n =24). Antes e apds o treino, testdmos os participantes em discriminagdo de contrastes
de vogais ([e]-[€], [e]-[1], [e]-[e], [e]-[i], [a]-[e], [€]-[t] e [e]-[t]) e de acento de palavra (12 vs.
22 silaba e 22 vs. 32 silaba). O pré-teste e o pds-teste incluiram testes de intruso (oddity
tasks). O pos-teste consistiu na repeticdo dos exercicios do pré-teste, assim como
exercicios adicionais com novos estimulos produzidos por novos falantes. As sessdes de
treino consistiram em tarefas de discriminagdo auditiva AX e AXB. As intervengdes foram
administradas durante seis sessGes, uma sessdao por semana, com a dura¢ao de cerca de
10 ou 15 minutos cada. Todas as atividades do estudo foram criadas e apresentadas aos
participantes em formato online com o programa Gorilla Experiment Builder (Anwyl-Irvine
et al.,, 2018).

Os resultados mostraram que, no geral, os grupos que seguiram os regimes de
treino Vowels ou Vowels & Stress ndao melhoraram significativamente, quando comparados
com o Grupo Stress, nos contrastes de vogais do PE. Uma analise mais detalhada mostrou
uma melhoria no desempenho dos trés grupos no contraste [e]-[€], e parcialmente no
contraste [e]-[i]. Os restantes contrastes apresentaram resultados contraditérios. Na
aquisicao do acento de palavra, tanto o Grupo Stress como o Grupo Vowels & Stress
apresentaram uma melhoria significativa, comparando com o Grupo Vowels, mas esta ndo
foi generalizada para os novos estimulos produzidos por novos falantes. E de referir
também que o Grupo Stress apresentou melhores resultados do que o Grupo Vowels &

Stress em ambos os pds-testes.
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Com base nos resultados encontrados, apresentamos as seguintes conclusdes.

Em primeiro lugar, os aprendentes ndao exibem uma trajetéria de aprendizagem
semelhante na aquisicdo das vogais do PE, uma vez que melhoraram na discriminacdo de
alguns contrastes, mas exibiram dificuldades nos restantes contrastes. Especificamente, os
aprendentes melhoraram significativamente na discriminacdo de [e]-[€], um contraste
particularmente dificil, uma vez que os falantes hingaros percecionam ambas as vogais do
PE como uma Unica categoria hungara: /€/. Pelo contrério, os contrastes entre as vogais [€]
e [e], e entre estas e [i] ou [i] revelaram-se problematicos para os aprendentes. De referir
ainda que ndo encontramos evidéncia de eficdcia de um treino percetivo focado em
contrastes vocalicos.

Em segundo lugar, os grupos cujo treino focou a discriminacao de contrastes de
acento de palavra — Grupo Stress e Grupo Vowels & Stress — revelou-se eficaz. A eficacia do
treino foi observada, no Grupo Stress, tanto para contrastes de acento entre a 12 e a 22
silabas, como para contrastes entre a 22 e a 32 silabas. Este resultado sugere que a ‘surdez’
na discriminacao de contrastes de acento de palavra ndo é persistente nos aprendentes
hungaros e que, com um treino percetivo adequado, pode ser ultrapassada.

Em terceiro lugar, um treino percetivo que combine vogais e acento de palavra
(regime do Grupo Vowels & Stress) ndo é mais eficaz na aquisicdo destas caracteristicas do
que um programa de treino que se concentre em vogais e no acento de palavra
separadamente. No entanto, ndo encontramos evidéncias de que o regime de treino que
combinou vogais e acento foi significativamente menos eficaz do que o treino centrado nas
vogais, ou do que um treino centrado no acento de palavra.

Por ultimo, embora os resultados indiqguem que os aprendentes hungaros no
estdgio inicial de aprendizagem sdo capazes de beneficiar de treino percetivo a nivel
suprassegmental (acento de palavra), mas ndo a nivel segmental (vogais), sugerindo que, a
semelhanca da L1, na L2 as propriedades suprassegmentais sdao adquiridas em primeiro
lugar, esta conclusdo deve ser interpretada com cautela. Em primeiro lugar, o desenho das
sessoes de treino pode ter sido mais adequado no regime de treino centrado na percecdo
do acento do que no regime de treino centrado na percecao das vogais ou na percecado das

vogais e do acento. Em segundo lugar, as caracteristicas suprassegmentais do acento de
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palavra do PE envolvem pistas acusticas familiares aos aprendentes hingaros — duracao e
energia —, a0 passo que as caracteristicas segmentais alvo — as vogais [e] e [i] — estdo
ausentes do sistema hungaro.

Nos pardgrafos seguintes, serdo discutidas as implicagdes dos resultados para o
desenvolvimento de materiais para o PL2, considerando os tracos-alvo desta pesquisa: [e]

e [#], e o acento de palavra.

Implicagdes pedagdgicas

O estudo percetivo relatado nesta tese proporcionou-nos alguma experiéncia para
futuras investigacdes, bem como para a concecdo de material diddtico online a ser
implementado na sala de aula ou para a aprendizagem auténoma do aprendente de PL2.
Devemos, no entanto, apontar algumas questdes metodoldgicas a serem levadas em
consideragao na elaboragao desse material.

Os resultados relativos a discriminacdo de vogais sugerem que o input recebido em
sala de aula promove a discriminag¢ao entre as vogais do PE [e] e [€] em aprendentes de
hidngaro. Inferimos isto a partir de o facto de os trés grupos terem apresentado uma
melhoria semelhante para [e]-[€], mesmo o Grupo Stress, cujo treino ndo incluia estas
vogais. Recorde-se que, no inicio da aprendizagem, ambas as vogais sao percecionadas
pelos aprendentes hingaros como /¢/, e, para dividir esta categoria em duas, terdo de
ajustar a sua percecao das duas vogais. A melhoria na discriminacdo de [e]-[€] deve ser
combinada com tarefas que ajudem os aprendentes a fazer a correspondéncia entre o fone
[e] e o fonema /a/, uma vez que este passo de aprendizagem é importante para formar
uma categoria de longo prazo para [e]. Observacdes em sala de aula mostram que esta
etapa ocorre tardiamente na aquisicao do PE pelos aprendizes hungaros, uma vez que estes
mostram uma tendéncia persistente em transcrever essa vogal como <e>, mesmo em
niveis de proficiéncia mais avancados. Para promover a relacao [a]-[e], incluimos também
no treino este contraste, o que se revelou relativamente bem-sucedido. Relativamente a
[], o caso ndo é tdo linear como o de [e], uma vez que esta vogal é frequentemente apagada
em producdo e, em sala de aula, os aprendentes parecem captar facilmente esta

regularidade da lingua. No entanto, as taxas de erro nos exercicios do pds-teste com novos

CONCLUSAO [PORTUGUESE] | p. 266



estimulos/falantes para o contraste [e]-[t] foram significativamente mais elevadas do que
no pré-teste, o que indica que os aprendentes podem ter problemas com esta vogal quando
realizada foneticamente. No caso dos falantes de hingaro, na experiéncia de identificacdo
foi observada alguma sobreposicdo percetiva entre [€] e [e]. A aquisicdo de [i] implica o
ajustamento das fronteiras percetivas entre [€] e [e], e paralelamente a aquisicdo das
relagdes tonico-dtono [€]-[1] e [e]-[]. Para tal, estes contrastes também foram incluidos no
treino de vogais, a semelhanca de [a]-[e]. No entanto, neste caso o treino percetivo nao se
revelou eficaz.

No que diz respeito a aquisicdo do acento de palavra, os resultados mostraram que
um treino percetivo centrado em contrastes de acento a nivel suprassegmental é eficaz
para ultrapassar a ‘surdez acentual’ inicialmente apresentada pelos aprendentes hungaros.
No entanto, é preciso salientar que o acento do PE induz reducdo vocalica. Por outras
palavras, para estes aprendentes, a aquisicdo da fonologia do PE implica que, além de
terem de superar a ‘surdez acentual’, é necessario adquirirem as vogais reduzidas que
resultam da auséncia de acento. O regime de treino do Grupo Vowels & Stress nao foi
bem-sucedido na discriminac¢do dos contrastes das vogais do PE, nem foi mais eficaz do que
o Grupo Stress na discrimina¢do do acento de palavra. No entanto, como sugerido no
capitulo “General Discussion”, esses resultados podem ter sido devidos a complexidade do
desenho do treino e dos estimulos apresentados ao Grupo Vowels & Stress, em
comparacdo com os apresentados ao Grupo Stress.

Por ultimo, é de salientar que o nosso estudo de treino percetivo foi original ao
observar aprendentes no inicio do processo de aquisicdo de uma L2. Como explicamos
anteriormente, este facto apresenta vantagens e desvantagens. Especificamente, o inicio
da aprendizagem pode ser o momento ideal para a afinacao percetiva (perceptual tunning),
uma vez que ndo é restringido por conhecimentos de morfossintaxe ou de vocabuldrio
(Best & Tyler, 2007). Em contrapartida, a falta de dominio na L2 limita necessariamente a
metodologia do treino, uma vez que apenas alguns tipos de tarefas podem ser

apresentados aos aprendentes.
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Tendo em conta as reflexdes anteriores, apresentamos as seguintes sugestdes para
a concecgao de tarefas percetivas auditivas com fins didaticos, para a aquisicao da percec¢ao

de fala em PL2:

(i) as tarefas percetivas podem ser administradas desde o inicio da aprendizagem.
No entanto, tendo em conta que o percurso de aprendizagem ndo é idéntico
para todas as caracteristicas da L2, ou seja, algumas caracteristicas sdo mais
dificeis de adquirir do que outras, este facto deve ser tido em consideracdo na
elaboracdo de exercicios auditivos. Por exemplo, os aprendentes de hingaro
precisam de dedicar mais tempo ao ajuste percetivo das vogais anteriores do

gue das vogais centrais do PE.

(ii) As vogais reduzidas e o acento de palavra devem ser treinados separadamente
e em combinacdo. Tendo em conta que os aprendentes hingaros conseguiram
melhorar a perce¢do do acento de palavra a nivel suprassegmental apds seis
curtas sessGes de treino, sugerimos que se inicie um treino focado nesta
carateristica. Quando os aprendentes estiverem familiarizados com a natureza
varidvel do acento do PE, podem ser treinados em vogais combinadas com
acento, para promover a relagao entre vogais tdnicas e dtonas e a presenga ou

auséncia de acento de palavra.

(iii) Os exercicios de discriminagao auditiva devem ser combinados com outros tipos
de tarefas, de modo a promover nao sé a afinagao percetiva das caracteristicas
fonéticas, mas também a criacdo de categorias representacionais. Tal objetivo
pode ser conseguido de diferentes formas, por exemplo, recorrendo ndo sé a
pseudopalavras mas também a palavras reais, como as utilizadas em Oliveira
(2006; e.g., pedra ['pedre] vs. pedrinha [pi'dripe]). Para além de promover a
criacdo de representacdes lexicalmente funcionais e a relacdo entre vogais
ténicas e atonas, o uso de palavras reais, com a possibilidade de expandir o
vocabuldrio da L2, pode ser mais apelativo para os aprendentes. Além disso,
estudos anteriores demonstram que tarefas de identificagdo promovem a
aquisicdo fonoldgica da L2 a nivel representacional (Carlet, 2017). Quando os

aprendentes ja controlarem algum vocabulario da L2, este tipo de tarefa pode
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ser introduzido. Por ultimo, as tarefas devem incluir informacdo multimodal,
com estimulos auditivos complementados com informacgao visual, tal como

recomendado por alguns investigadores (Hazan et al., 2005; Kuhl et al., 2008).

As propostas acima mencionadas sdo baseadas em evidéncias empiricas e tém
como objetivo fornecer informagdes relevantes para o desenvolvimento de tarefas online
gue possam auxiliar os aprendentes na aquisi¢cao fonolégica do PL2. Tendo em conta que
as caracteristicas do PE investigadas nesta tese — as vogais [e] e [i], e 0 acento de palavra —
estdo ausentes noutras linguas para além do hungaro, este material podera ser utilizado
por aprendentes de outras L1. Mais investigacdo sobre a percecdao da fala em PL2,
especificamente sobre as caracteristicas acima mencionadas contribuiria decisivamente

para mais desenvolvimentos no ensino/aprendizagem.

Consideragoes para futura investigacao

Antes de concluir esta tese, gostariamos de apresentar sugestdes para investigacdo
futura. Estas surgem como resultado de uma reflexdo honesta sobre o que pode ser feito
no futuro, com base no que foi feito no passado. E util (e motivador) que alguns aspetos
tenham ficado por explorar ou que alguns passos dados nesta investigacao pudessem ter
sido dados de forma diferente.

Como foi referido na Introducgao, a investigacdao em fonologia do PL2 é ainda escassa
(quando comparada com a produtividade dos estudos sobre sintaxe, morfossintaxe e
didatica do PL2, por exemplo), e 0 mesmo acontece com a investigacdo em L2 com
aprendentes hungaros. Por outras palavras, a lista de tdpicos que precisam de ser ou
podem ser investigados é extensa. Tendo este facto em consideracdo, as sugestdes aqui
apresentadas limitar-se-3o a questdes relacionadas com os dois estudos relatados nesta
tese.

Na experiéncia de identificacdo relatada no Capitulo 4, as vogais orais do PE foram
apresentadas aos ouvintes hingaros, que as identificaram entre nove vogais hungaras. No
entanto, apesar de o inventdrio de vogais do hungaro apresentar nove qualidades

vocalicas, inclui 14 vogais no total: [o], [a:], [€], [e:], [i], [i:], [o], [0:], [®], [®:], [u], [u:], [y] e
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[y:]. Considerando que a duracdo vocalica é contrastiva em hilngaro, uma experiéncia
semelhante deveria ser realizada apresentando aos participantes hungaros as 14 vogais da
L1 como opgdes para a identificagao das vogais do PE. Além disso, tendo em conta o efeito
do contexto consonantico na percecao de vogais (Bohn & Steinlen, 2003), os estimulos
auditivos deveriam incluir diferentes consoantes.

Um dos constrangimentos verificados nas experiéncias relatadas nesta tese foi a
escassez de estudos em fonética e fonologia do PE relativos a producdo e percecdo das
vogais e do acento de palavra por falantes nativos do portugués. Por exemplo, para a
medicdo das caracteristicas acusticas do acento de palavra em PE, os Unicos dados
disponiveis sdo os recolhidos e analisados por Delgado-Martins (1986). No nosso estudo,
recolhemos dois tipos de resultados: observamos a percec¢do das vogais orais e do acento
de palavra do PE por falantes nativos e realizdmos medi¢des para os estimulos gravados
com falantes de portugués. Ambos os dados merecem uma andlise mais aprofundada.

O estudo de treino percetivo relatado no Capitulo 5 envolveu um grande ndmero
de varidveis relacionadas com o acento de palavra e com a discrimina¢dao de vogais, €
necessitaria de mais andlises estatisticas. A titulo de exemplo: o treino do Grupo Vowels &
Stress incluiu ndo so as trés condicdes analisadas (reducdo vocdlica na 12 silaba, reducao
vocdlica na 22 silaba, reducdo vocalica em ambas as silabas), mas também diferentes
contrastes de vogais da L2, que ndo foram analisados individualmente.

Apesar das limitacbes descritas acima, a presente tese fornece uma visao sobre
diferentes questdes na aquisicdo fonolégica em L2, tais como a percecdo de vogais ndo
nativas e a eficacia do treino percetivo em aprendizes no inicio da aquisicdo da L2. Também
acrescenta evidéncias empiricas que apoiam a ideia de que a ‘surdez acentual’ ndo é
necessariamente persistente, e que parece haver uma hierarquia na aquisicao da L2 entre
caracteristicas segmentais e suprassegmentais, sugerindo uma semelhanga entrea Ll e a
L2.

Com os resultados dos estudos relatados nesta tese, fornecemos evidéncias
empiricas que esperamos vir a contribuir para uma melhor compreensao da percecdo e

aquisi¢ao da fala em L2. Além disso, esperamos também promover a investigacdo em PL2
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e fornecer conhecimentos baseados em evidéncias que ajudem a conceber tarefas

auditivas cientificamente comprovadas para o ensino e a aprendizagem de L2.
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Consent forms






A. Consent screen presented to the Hungarian participants in the identification
experiment (Chapter 4)

Udvozoljiik a kisérletiink feliletén!

Ez a kisérlet egy doktori kutatds része, amely a NOVA Lisszaboni Egyetem
Tarsadalom- és Bolcsészettudomanyi Karan, valamint az E&tvos Lorand

Tudomanyegyetem Bolcsészettudomanyi Karan készil.

Az On adatét titkositva kezeljiik, és kizarélag ebben a projektben hasznaljuk fel.

Személyes adatokat nem kértink a kisérletben.

Az "elfogadom" gomb megnyomasaval On a kévetkezé nyilatkozatokat teszi:
a) elmultam 18 éves,
b) énkéntesen veszek részt a kisérletben, és
c) engedélyezem, hogy az adataimat a fenti kisérlethez felhasznaljék.

Elfogadom a fenti tajékoztatot és szeretnék részt venni a kisérletben.

B. Consent screen presented to the Portuguese participants in the identification
experiment (Chapter 4)

Bem-vind@ a plataforma desta experiéncia.

Esta experiéncia esta enquadrada num projeto de doutoramento, desenvolvido
em associagdo com a NOVA FCSH e a Faculdade de Letras da Universidade
E6tvos Lordnd de Budapeste.

Os seus dados pessoais ndo serdo solicitados. Os dados que fornecer serdo
tratados de forma confidencial e utilizados apenas no ambito deste projeto.

Ao clicar em 'Dou 0 meu consentimento’, estara a reconhecer que tem 18 anos
ou mais, que a sua participagdo neste estudo é voluntaria e que autoriza a
recolha e tratamento de dados no &mbito deste projeto.

Se ndo desejar participar nesta experiéncia, clique em 'Esc' e automaticamente
saird desta plataforma.

Dou 0 meu consentimento informado e desejo iniciar a minha participagdo neste estudo.
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C. Consent screen presented to the Hungarian participants in the beginning of each task
of the perceptual training study (Chapter 5)

Hozzajarulas
Udvezéljik a kisérletiink felliletén! Ez a kisérlet egy doktori kutatas része, amely a

NOVA Lisszaboni Egyetem Tarsadalom- és Bolcsészettudomanyi Karan, valamint az
E6tvds Lorand Tudomanyegyetem Bolcsészettudomanyi Karan készdl.

Az On adatait titkositva kezeljiik, és kizarélag ebben a projektben hasznaljuk fel.

Kérjuk pipalja ki az ,,Elfogadom...” jeldldnégyzetet, és nyomja meg a "Next"
gombot a tovabblépéshez. Ezzel On a kévetkezd nyilatkozatokat teszi:

a) elmultam 18 éves,
b) dnkéntesen veszek részt a kisérlethen, és
c) engedélyezem, hogy az adataimat a fenti kisérlethez felhasznaljak.

(J Elfogadom a fenti tajékoztatdt és szeretnék részt venni a kisérletben.

Nem fogadom el és kilépek a kisérletbdl.

N[

C. Consent screen presented to the Portuguese participants in the beginning of each
task of the perceptual training study (Chapter 5)

Consentimento

Bem-vind@ & plataforma desta experiéncia.

Esta experiéncia esta enquadrada num projeto de doutoramento, desenvolvido em
associacdo com a NOVA FCSH e a Faculdade de Letras da Universidade EGtvos
Lorand de Budapeste.

Os dados que fornecer serdo tratados de forma confidencial e utilizados apenas no
ambito deste projeto. Ao clicar em "Dou 0 meu consentimento”, estara a reconhecer
que tem 18 anos ou mais, que a sua participacdo neste estudo é voluntaria e que
autoriza a recolha e tratamento de dados no ambito deste projeto.

Se deseja participar, clique em "Dou o0 meu consentimento” e depois em
'Continuar'.

[J Dou o meu consentimento informado e desejo iniciar a minha participacao
neste estudo.

N3o dou o meu consentimento.

Next
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Appendix I

Questionnaires






A. Translation of the background questionnaire presented to the Hungarian and
Portuguese participants in the identification experiment (Chapter 4)

Choose an option:

a) Age
18-25 / 26-30 / 31-40 / 41-45

b) Gender
female / male / other

c) Academic studies completed
secondary studies bachelor / master / doctorate

Is your mother language Hungarian/Portuguese?!
yes / no

Choose one language:

(Description: To the Hungarian participants, seven languages were presented (English,
Germain, Spanish, French, Italian, Portuguese, and Russian), each with four levels (native,
basic, intermediate, advanced). To the Portuguese participants, Russian was not included,
and instead of Portuguese, Hungarian was included. In both cases, the option “neither one”
was presented. The options were presented in a grid (see below)).

B. Computer screen of the grid for L2 knowledge, presented to the Hungarian participants
in the identification experiment (Chapter 4)

Mas beszélt nyelv (1)
Valasszon ki egy nyelvet!

| Angol (anyanyelv) | | Angol (alap) ‘ ‘ Angol (kéizép) | ‘ Angol (felsd) ‘
| Német (anyanyelv) | | Német (alap) ‘ ‘ Német (kozép) | ‘ Német (felsd) ‘
| Spanyal (anyanyelv) | | Spanyol (alap) ‘ ‘ Spanyal (kézép) | ‘ Spanyol (felsd) ‘
| Francia (anyanyelv) | | Francia (alap}) ‘ ‘ Francia (kézép) | ‘ Francia {felsd) ‘
| Olasz (anyanyelv) | | Olasz (alap} ‘ ‘ Olasz (kézép) | ‘ Olasz (felsd) ‘
| Portugdl (anyanyelv) | | Portugdl (alap) ‘ ‘ Portugal (kézép) | ‘ Portugdl (felsd) ‘
| Orosz (anyanyelv) | | Orosz (alap) ‘ ‘ Orosz (kbzép) | ‘ Orosz {felsd) ‘

! The first option was presented to the Hungarian participants, and the second, to the Portuguese
participants.
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9.

. Translation of the background questionnaire presented to the Hungarian participants

in the perceptual training study (Chapter 5)

. Name (Surname, First name)

Age

. Gender (Female, Male, Other)
. Academic studies completed (Secondary studies, Bachelor, Master, Doctorate)

. In which university are you studying? (Write the name of the university/faculty, course,

and year)

. Do you have any acute or chronic hearing problems (example: cold, asthma, Reinke’s

edema, vocal cord nodules, polyp)?
a) Yes. Please, describe it. If you received treatment, describe it also, briefly.
b) No

. First language(s)?

. Second language (If you don’t speak (other) second languages, click on the 'Continue’

button)?
8.1 Language

8.2. Level (If you are uncertain of your level, consult the following page, where the
levels are described:
https://hu.wikipedia.org/wiki/K%C3%B62%C3%B6s_Eur%C3%B3pai_Referenciakeret

a) Breakthrough - Al
b) Waystage - A2

c) Threshold - B1

d) Vantage - B2

e) Advanced - C1

f) Mastery - C2

8.3. How frequently do you use this language?
a) daily
b) weekly
c) monthly
d) annually
e) rarely
f) never

Previous contact with the Portuguese language: Think about where you met/hear? the
Portuguese language before (e.g., tv programs, films, meeting with Portuguese native
speakers, a Portuguese course in the past, etc.) Did you have contact with the
Portuguese language before starting the Portuguese course you presently attend?

2 Three options were given, the first was compulsory.
3 This section was presented five times, that is, participants were given the opportunity to report five L2.
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a) Yes. Briefly describe under which conditions you had contact with Portuguese
(when, where, for how long, etc.).
b) No
10. Presently, do you have contact with the Portuguese language outside the Portuguese
classes?
a) Yes. Briefly describe under which conditions (when, where, for how long, etc.).
b) No

11. Why do study Portuguese (motivation/reason)?

D. Translation of the follow-up questionnaire presented to the Hungarian participants in
the perceptual training study (Chapter 5)

1. Do you have any acute or chronic hearing problems (example: cold, asthma, Reinke’s
edema, vocal cord nodules, polyp)?
a) Yes. Please, describe it. If you received treatment, describe it also, briefly.
b) No
2. Approximately, how many 60 minutes classes have you attended since September?

3. Since September, the nature and amount of contact with the Portuguese language
a) didn’t change
b) change (describe briefly how)
4. Which of the following statements is true for you? In your opinion, the training
a) was not at all interesting
b) was not very interesting
c) was interesting
d) was very interesting

5. Which of the following statements is true for you? In your opinion, the training tasks
a) were too long
b) had the adequate duration
c) were too short

6. Which of the following statements is true for you? In your opinion, in the end of the
training tasks
a) you didn’t feel tired at all
b) you felt a little bit tired
c) you felt very tired

7. Which of the following statements is true for you? In your opinion, during the training
tasks
a) you didn’t feel motivated at all
b) you didn’t feel very motivated
c) you felt motivated
d) you felt very motivated
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8. Which of the following statements is true for you? In your opinion, during the training

tasks

a) you didn’t feel concentrated at all
b) you didn’t feel very concentrated
c) you felt concentrated

d) you felt very concentrated

9. Which of the following statements is true for you? In your opinion, the six training

10.

11.

12.

m

vk W e

sessions,

a) were not at all sufficient

b) were more or less sufficient
c) were sufficient

d) were more than sufficient

Do you think the training contributed to improve your auditory perception of
Portuguese language?

a) Yes. Describe briefly why.

b) No
Do you think the training contributed to improve your pronunciation of Portuguese
language?

Yes

No

Describe briefly why.
Other comments (optional)

. Translation of the background questionnaire presented to the Portuguese participants
in the perceptual training study (Chapter 5)

Age

Gender Gender (Female, Male, Other)

Academic studies completed (Secondary studies, Bachelor, Master, Doctorate)
Occupation (if you are a student, indicate the university/faculty, course, and year)

Do you have any problem, temporary or chronic, that affects your hearing abilities?

a) yes
b) no
If you answer 'yes', indicate which (example: cold, otitis, influenza, asthma)

6.1. Is European Portuguese your mother language?

a) yes
b) no

6.2. Do you speak another variety of Portuguese as your mother language?

a) yes
b) no
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If you speak another variety of Portuguese, indicate which (example:
Mozambican Portuguese)

6.3. Write where did you have lived in the last 10 years and in the present.

6.4. Do you speak Hungarian?
a) yes
b) no
6.5. Do you have other mother languages besides Portuguese?
a) yes
b) no
If you answer 'yes', indicate which.
7. Second language (If you don’t speak (other) second languages, click on the 'Continue’
button)*

7.1. Language

7.2 Level (If you are uncertain of your level, consult the following page, where the
levels are described:
https://hu.wikipedia.org/wiki/K%C3%B62%C3%B6s_Eur%C3%B3pai_Referenciakeret

a) Breakthrough - Al
b) Waystage - A2
c) Threshold - B1
d) Vantage - B2
e) Advanced - C1
f) Mastery - C2
How frequently do you use this language?
a) daily
b) weekly
¢) monthly
d) annually
e) rarely

F. Translation of participants responses to the question “Briefly describe under which
conditions you had contact with Portuguese (when, where, for how long, etc.)”,
presented in the background questionnaire in the perceptual training experiment
(Chapter 5)

participant ID response
BGEO4 Listening to Latin-American songs, for 2-3 years constantly.
BGEOS Listening to Portuguese/Brazilian music.
CORVO02 Travelling abroad.

CORVO04 | saw a movie in Portuguese a few weeks ago, and a video of a girl who speaks
several languages talking in Portuguese.

4 This section was presented five times.

APPENDIX Il | p. 11


https://hu.wikipedia.org/wiki/K%C3%B6z%C3%B6s_Eur%C3%B3pai_Referenciakeret

CORVO05 Brazil in 2014 and Portugal in 2019.
CORVO06 During travelling in 2019.
CORVO0S8 In movies, TV shows, in interviews, once a week or month.

CORV14 During a 4- or 5-days visit to Portugal. Moreover, | listened to a few Portuguese
videos.

CORV16 | spent last semester in Spain on Erasmus, where | got some Portuguese friends.
CORV19 On Erasmus + on an exchange program, and when | was on vacation in Portugal.
CORV32 On vacation in Portugal 5 years ago.

DEBO6 My husband speaks Portuguese, also in the summer of 2021 and 2022 | spent
some weeks in Portugal.

ELTEBAO2 2-3 years ago, in high school | was in a Portuguese elective coursefor about half a
year.

ELTEBAO4 Series that I've watched in Portuguese with English subtitles.
ELTEBAO6 In Portugal, 4 years ago.
ELTEBA18 In Portugal, in the summer of 2022.

ELTEBA24 Yes, I've had previous contact with the Portuguese language before. In the last
few months, I've became friends with Brazilians studying here and with whom |
practiced Portuguese.

ELTEBA26 Autonomous language learning in the past few years.
ELTEBA27 This year I've studied by myself, online, on a basic level.
ELTEMIO2 By listening to Fado.

ELTEMIO7 TV series (1 year ago), Brazilian friend (currently).
ELTEMIOS8 | like to listen and to sing Portuguese songs.

ELTEMIQ9 Through my partner who is Portuguese, | was in Portugal (Algarve) for 2 weeks
about 3 months ago, where they spoke in Portuguese in their family.

ELTEMI14 In 2014 | was in Portugal.
ELTEMI16 In the university as my minor.
ELTEMI17 In high school | had it as my elective course, until half a year ago.

ELTEMI36 Travelling to Portugal. In the hotel where | work, | meet Portuguese guests as
well.

ELTEMI38 I've watched a Portuguese series in Portuguese, with Hungarian subtitles. On
Instagram I've seen several times Portuguese content.

KAROL10 In 2022 spring | attended a two weeklong intensive language course (40 hours in
total) in Lisbon.

KAROL13 For a few months | followed the program called "Portuguese with Carla - The
Journey" and also watched Portuguese videos on YouTube.

METO1 | lived for two months in Portugal, this year's April and May. | communicated in
English, but | heard Portuguese on a daily basis.

METO2 Listening to music.

METO3 | spent my Erasmus in Lisbon from 25.09.2021 until 02.07.2022. I've learned
Portuguese there a little (beginning of Al).
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METO6 Brazilian-Portuguese course half a year ago.
NKEO1 I've watched YouTube videos during the summer.
NKEO8 Brazilian movie on Netflix.

PECS13 In the summer of 2021, | spent 3,5 weeks in Portugal and although |
communicated in English, | heard people in my surrounding talking in
Portuguese.

SZEGEDO1 | was on vacation in Portugal for a month, my Hungarian friend taught me some
things.

SZEGEDO2 I've had minimal previous contact with Portuguese, my friends talk in Portuguese
between themselves.

SZEGEDO4 During a Portuguese journey in 2016.

SZEGED 07 During my university studies, my department organized different programs with
the Portuguese lecturer and the students.

G. Translation of participants responses to the question “Briefly describe under which
conditions (when, where, for how long, etc.) [you have presently contact with the
Portuguese language outside the Portuguese classes”, presented in the background
questionnaire in the perceptual training experiment (Chapter 5)

participant ID response
BGEO3 By watching series and listening to music.
BGEOS8 By listening to music.
CORVO02 | watch movies in Portuguese or with Portuguese subtitles.
CORVO08 On the internet.

CORV14 Sometimes | watch or listen to Portuguese videos. As the course goes, | want to
do this even more often.

CORV18 On the internet, watching videos.
CORV19 Series on Netflix (although | think that is Brazilian accent).
CORV32 Music and series.
DEBO4 In the university, in the class.
ELTEBAO3 Watching series, using web applications.
ELTEBAO7 I’'m following more and more Portuguese sites.

ELTEBA24 Yes, | have present contact with Portuguese. | try to meet up at least once a
week with my Brazilian friends, moreover | watch Portuguese content on the
internet every day, on different sites (Youtube, Google, Instagram, etc.)

ELTEMIO8 Also with music.
ELTEMIO9 We practice it with my partner, which mainly helps with the pronunciation.
ELTEMI16 Also in the university, twice a week on the lesson.

KAROL13 | listen to "Mia Esmeriz Academy — Destination: Portugal" course, also
Portuguese language learning videos on YouTube.
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METO1 In the university’s class, Duolingo (Brazilian Portuguese).

METO02 Music.

METO06 With Brazilian friends.

NKEOS8 Listening to Portuguese music (also mostly Brazilian).
SZEGEDO4 By listening to music.

H. Translation of participants responses to the question “Why do study Portuguese
(motivation/reason)?”, presented in the background questionnaire in the perceptual
training experiment (Chapter 5)

participant ID translation

BGEO3 I've always wanted to learn Portuguese or a similar language. | like it a lot, it is
completely different than the languages I've learnt so far.

BGEO4 | like to study unique languages.

BGEO8 To move to Brazil.
CORVO01 | wanted to learn a Latin language and | liked Portuguese the most.
CORV02 Because of Erasmus.

CORVO04 I'm learning Portuguese because not a lot of people study it as foreign language,
therefore it could be very useful in the future if | have this language skill.

CORVO5 | like the language and the culture; | would like to learn something new.
CORVO06 | want to be able to speak Portuguese when | go back to Portugal.
CORVO07 For Erasmus, improving my language knowledge.

CORVO08 | find it to be one of the most beautiful languages, it has been my goal for a long
time to study Portuguese after Spanish.

CORVO09 | will be in Portugal in the next semester, on Erasmus.

CORV10 I'm going to live in Portugal, and | would like to learn the language more or less
before that.

CORV12 Next semester | will be in Lisbon on Erasmus.

CORV14 Firstly, because I'm interested in the language, the country, the culture,
secondly, it will be useful in my career.

CORV16 It's similar to Spanish, therefore | expect that | can learn it easily. Moreover, | like
new Latin languages and cultures.

CORV17 | find it a beautiful language and | would like to travel to Portugal, where it is
useful to speak the language.

CORV18 For fun.

CORV19 Because | like the language, Portugal and Brazil are both wonderful, and because
| am interested in the culture. | would like to live there, even just for a bit.

CORV32 | like the language and the culture.

CORV34 | would like to learn as many languages as possible and Portuguese was the one |
liked the most from the options.
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DEBO6 To expand my knowledge with this language, and also because | like the country
and the culture.

DEB12 Exploring a new language area, gaining more interest in it.

ELTEBAO1 Next to Spanish learning another new Latin language, | like the Portuguese
language and the culture.

ELTEBAO2 I've always liked learning languages and | was already interested in portuguese in
high school. Since I've been in Portugal my interest in the culture and the
language grew even more and that is the reason why | chose this course in
university.

ELTEBAO3 I like to study languages; | want to learn as many as possible including
Portuguese.

ELTEBAO4 | like the language.
ELTEBAO6 I'm interested in new Latin languages.

ELTEBAO7 | wanted to learn a Latin language, moreover | want to learn as many languages
as possible.

ELTEBA12 I'm interested in it.

ELTEBA18 Because it is a unique language which is in part of a language family with a lot of
others, and | want to learn as many as possible.

ELTEBA24 I'm obsessed with different sounds, and | tend to think it is possible to learn
them well. | became interested in Portuguese by the Portuguese phonology. |
find it very nice and it is like an instrument | want to learn to play.

ELTEBA26 I'm interested in the new Latin linguistics since high school.

ELTEBA27 It sounds very nice, and | would like to be able to speak it. The culture of
Portuguese speaking countries stands very close to me.

ELTEBA28 The language is very interesting.
ELTEMIO1 The Portuguese language and Portugal's particularity.

ELTEMIO2 | started to like Fado and its atmosphere, and | would like to speak the language,
to get to know the people who can convey these emotions through the music.

ELTEMIOA4 | like how it sounds.

ELTEMIO7 | want to learn a language that's similar to Spanish and I'm also interested in the
Portuguese/Brazilian culture, | want to visit the country.

ELTEMIO8 | want to sing the Portuguese songs with also a good pronunciation and
understanding the lyrics. The country and Lisbon is really appealing.

ELTEMIO9 I really like it, | like how it sounds, a lot of people use it, and | want to understand
my partner's surroundings.

ELTEMI10 I've heard stories from my high school lecturer of the time she lived in Brazil and
Portugal. She suggested | have Portuguese as a minor in university.

ELTEMI13 | like the language.

ELTEMI14 | wanted to learn language as a minor and Portuguese was the most appealing to
me of the languages that we can learn from the basics.

ELTEMI16 | was advised to learn it next to Spanish, advantageous combination.
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ELTEMI17 | found the culture interesting and now | can imagine moving there in the future,
or going on Erasmus there and for that learning the language is essential.

ELTEMI36 In any case | wanted to choose a new Latin language as a minor, and this was the
language which didn't require previous knowledge.

ELTEMI38 From the new Latin languages, | want to learn as many as possible. I've already
had Italian and Spanish, so now it's time for French and Portuguese.
KAROLO8 | wanted to get to know another language.

KAROL10 | find Portugal stunningly beautiful, as a country and the people living there. It is

hard for me to learn languages, but | feel strongly intrigued by Portuguese
language.

KAROL13 | have some Portuguese friends and by learning the language | want to develop
our friendship, for travelling and self-improvement, and in the hope of future job
opportunities (translation, interpreting).

METO1 | would like to go back on Erasmus.
METO2 | was interested in this language.

METO3 Because | started and want to keep up/improve the level of my knowledge. Also,

because | miss Lisbon and it takes me back to that wonderful period of my life
that | spent there.

METO6 It could be useful in the future, sport journalism.

NKEO1 After Spanish | wanted to learn another new Latin language and | found them to
be similar, so it could be useful.

NKEO2 I'm interested in the countries of Latin America and since Brazil is an important

country among them, | want to learn Portuguese and after that Brazilian
Portuguese.

NKEO4 In the future | would like to live in a Portuguese speech country, therefore | find
it important to know the language.

NKEO8 The priority for me was to study a Latin language and it was not possible to have
Spanish as my course.

PECS11 Learning languages is my passion and | want to take advantage of the

opportunity of Portuguese learning courses in the university and obtain a
language exam.

PECS13 | decided | want to learn Portuguese during my stay in Algarve in the summer,
because | fell in love with the country, and | really want to go back there in the
future with the ability to communicate in Portuguese.

PECS30 To broaden my horizons, plus after Spanish it's easier.
SZEGEDO1 | want to move to Portugal.
SZEGEDO02 My best friend's wife and child is Portuguese, | want to keep in touch with them.

SZEGEDO4 I've been interested in Portuguese culture and history for a long time, moreover,

| have several friends living in Portugal, and I'd like to keep in touch with them in
their mother tongue.

SZEGEDOG It was possible to fit the lesson in my timetable, it sounds interesting.
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SZEGEDO7 Since Portuguese is also a new Latin language, my knowledge of Spanish and
Catalan helps me to learn this language. | like to study languages, get to know
cultures, use the languages I've learnt in general and during travelling.

I. Translation of participants responses to the question “Do you think the training
contributed to improve your auditory perception of Portuguese language? Describe
briefly why”, presented in the follow-questionnaire, in the perceptual training
experiment (Chapter 5)

participant ID translation
comments for the answer "no"
CORV18 | do not hear out better the differences than before the training.

ELTEBA18 | don't know. It depends on the person talking how obvious is the difference in
the sounds.

ELTEMIO4 No.
comments for the answer "yes"

BGEO3 The exercises after listening are getting easier for me, also | understand more
words from the film than before.

BGEO4 | hear out the differences easier.

BGEO8 The training helped but because of the short time it could not help as much as |
expected. 1 test per week which are 10 minutes long, therefore it did not have
much success for me.

CORVO1 | hear out the word stress in the words better.
CORVO02 | pay more attention how to pronounce each sound.

CORVO04 Differentiating the sounds helped me to write down even words | did not know
in Portuguese.

CORVO5 | can recognize easier the syllables which sound similar.
CORVO06 It helped me to distinguish the different sounds.

CORVO7? | feel like | can tell apart easier similar sounds that | have had thought to be the
same in the beginning of the training.

CORVO08 It helped a lot in recognizing, differentiating the sounds.
CORVO09 | realized the significance of the difference in sounds.
CORV10 | memorized the pronunciation of a lot of Portuguese sounds.
CORV12 | hear out the word stress a bit better now.

CORV14 It enabled me to differentiate better on which syllable is the word stress in a
certain word.

CORV16 Yes, | think it will help in the future so | can recognize better the words in the
listening exercises.

CORV17 Yes.

CORV19 | recognized that by the end | could differentiate much better the two versions
of pronouncing "a". In the beginning | could not hear any difference.
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CORV32
CORV34

DEBO6
DEB12
ELTEBAO1
ELTEBAO2

ELTEBAO3
ELTEBAO4

ELTEBAOG6
ELTEBAO7
ELTEBA12
ELTEBA24
ELTEBA26

ELTEBA27
ELTEBA28
ELTEMIO1
ELTEMIO2

ELTEMIO7
ELTEMIOS8
ELTEMIOS
ELTEMI10

ELTEMI13
ELTEMI14
ELTEMI16
ELTEMI17
ELTEMI36

ELTEMI38

KAROLOS8
KAROL10
KAROL13

METO1

| can differentiate better sounds.

The words do not sound so unfamiliar, and | can distinguish them easier in my
head.

It is easier now to tell apart similar sounding words.
| got to know better the Portuguese sound system.
| can tell apart easier the different Portuguese vowels.

| feel that | improved in the listening exercises. | can understand better what
they are talking about.

| understand better the texts that | am reading.

| cannot really tell in what way it helped exactly but the exercises are easier now
for me.

| can pay more attention to the differences in pronunciation.

| paid more attention to the sounds.

| got more used to the language.

Yes, it contributed because it helped to differentiate the different phonemes.

To listen several times from several people the same thing helped to distinguish
similar syllables in other languages too.

It helped to recognize the words.
| could distinguish easier the differences in the sounds.
| can hear out better the small differences.

It helped to recognize the word stress learned on the course in the text we were
listening to.

| can hear out the small differences as well.
| felt that | can tell apart easier the differences during the exercise.
It contributed in a way that | can hear now how close certain sounds are.

The training exercises helped in a way that | could recognize sounds better and |
could differentiate them.

| feel it is a bit better now.

It helped me to concentrate better on the text we are listening to.
Understanding the text after listening is easier now.

My pronunciation and understanding after listening is better.

It made me realize to be more open to Portuguese language and to be able to
associate to words.

| don't know, but I've improved for sure - the exercises after listening might be
easier now for me.

We just listened to combinations of sounds, no full words.
| can understand a bit better Portuguese texts.
With the bonus tasks | got to know numerous useful words, expressions.

Maybe yes but | cannot tell actually. | have been hearing Portuguese from other
places as well, | don't know how much exactly the training helped in it.
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METO02

METO3
METO6
NKEO1
NKEO2

NKEO4

NKEO8
PECS11

PECS13
PECS30
SZEGEDO1
SZEGEDO2

SZEGEDO4
SZEGEDO6
SZEGEDO7

Yes, it was good to hear how they pronounce the words and what is the correct
word stress.

Maybe | can hear out better the small differences.
It helped to improve.
| can recognize the sounds better; it does not seem all so incomprehensible.

The word stress has great importance in the difference between words,
therefore the training was useful for me.

From my point of view, the biggest difficulty in Portuguese language is the
pronunciation, and | could improve exactly in that during the training.

| can hear out the similar pronunciation.

| think I can tell apart easier the sounds and understand the authentic
Portuguese language.

It helped in differentiating certain sounds.
Yes, | can recognize easier the words.
| know much better where the word stress in a word is.

It was easier to distinguish the differences which are not recognizable in
Hungarian language.

It made the differentiating between vowels in Portuguese easier.
I've learned the importance of the word stress in a certain word.

For sure. It's very difficult to separate words from each other, and that |
understand the different consonants and syllables.

J. Translation of participants responses to the question “Do you think the training
contributed to improve your pronunciation in Portuguese language? Describe briefly
why”, presented in the follow-questionnaire, in the perceptual training experiment

(Chapter 5)

participant ID translation

BGEO8

CORVO1

CORV02
CORV04

CORVO5
CORVO7

CORV12

comments for the answer "no"

Because to learn to pronunciation after listening is quite difficult and for that
the exercises were not enough.

It did not use real words and the same words came up repeatedly over the
weeks.

It mostly helped in the listening; | felt the bigger difference in that.

In my opinion, listening is not enough for the pronunciation, we should repeat
the words out loud.

As | did not see the syllables written, it did not help a lot in the pronunciation.

There were only listening tasks and | feel like | could not use the sounds that
appeared in those correctly. As the recordings were short, | could not really
connect them to exact words that they could appear in.

| was listening to non-existent words, so it didn't help in my pronunciation.
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CORV18 Because we did not have to talk during the training, only understand what we
are listening to.

CORV19 Until now I cannot feel that it helped. On the Portuguese lessons the teacher
still has to correct me, it helped mostly in understanding after listening.

CORV32 |do not feel that | improved in my pronunciation greatly.
CORV34 As | only listened, | don't think my pronunciation got better.
ELTEBAO7 Because there were sounds.

ELTEMIO2 Forming the words that do not exist in Hungarian is mostly the difficulty for me
in pronunciation of Portuguese, which the course did not help.

ELTEMIO4 No.
ELTEMIO7 Because they showed non-existent words.

ELTEMIO9 As the syllables we were hearing were not written, | could not associate the
sounds to anything to learn.

ELTEMI16 |don't have a broad vocabulary yet, so the improvement is not visible.

ELTEMI36 | cannot tell that yet.

ELTEMI38 Unfortunately, Portuguese pronunciation is still quite hard for me.
METO6 As there was only listening and understanding, | don't think so.

NKEO2 No, because | cannot write down the words by only listening to them, even if
they are not real words.

SZEGEDO6 In listening | can tell the words apart easier, but the pronunciation is harder.
comments for the answer "yes"
BGEO3 | can read and talk smoother and with less mistakes.
BGEO4 It is easier to pronounce the words.

CORVO06 | can memorize easier the pronunciation of certain sounds after listening to
them more times.

CORVO08 Yes, the listening of the pronunciation of the syllables definitely helped.

CORV09 | started to pay more attention on the lessons to learn the pronunciation more
properly.
CORV10 After listening to it repeatedly it was easier to imitate.

CORV14 Probably only a bit. | learned to pronounce better the words that appeared in
the exercises.

CORV16 Yes, because I've heard a lot of times syllables and sounds that do not exist in
Hungarian.

CORV17 My pronunciation improved.
DEBO6 | pay more attention in the pronunciation of the sounds.

DEB12 During the bonus exercises | got to know various new language elements,
which extended my knowledge.

ELTEBAO1 | pay more attention to the pronunciation of Portuguese syllables.

ELTEBAO2 | observed a bit of change in my pronunciation. And | pronounce the words
more bravely now.

ELTEBAO3 | try to distinguish where the word stress is in each word.
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ELTEBAO4

ELTEBAO6

ELTEBA12
ELTEBA18
ELTEBA24

ELTEBA26

ELTEBA27
ELTEBA28
ELTEMIO1

ELTEMIOS8
ELTEMI10

ELTEMI13
ELTEMI14
ELTEMI17

KAROLOS8
KAROL10
KAROL13
METO1
METO02

METO3

NKEO1
NKEO4
NKEO8
PECS11
PECS13
PECS30
SZEGEDO1

The pronunciation is a critical point in Portuguese language, how | speak
evolved a lot during these few months, the words come more naturally for me.

| can understand the intonation/pronunciation much better and the
differences in these.

| could distinguish easier the differences in the sounds.
| am more conscious about emphasizing the differences in the pronunciation.

Although it helped me to differentiate/recognize the different phonemes, it
was not that helpful to reproduce these. It would have been great if we would
have got more practical tips.

As in other languages more times, from different people hearing the same
helped to distinguish the similar syllables, and it got more and more fixed in
my mind.

It became helpful in the pronunciation of words.

| can pronounce the words better.

Words that were hard for me until now also appeared in the exercises. After
multiple tasks, hearing them multiple times it is easier now to pronounce
them.

A bit, but yes, all practicing helps and improves.

The pronunciation for me is easier after listening. Although we did not hear
existent words in the exercises, pronouncing the syllables we listened to
helped to improve my pronunciation overall.

| feel it is a bit better.

| pay more attention to the word stress since then.

| can tell the pronunciation of "e" and
word stress.

sounds apart, and how to use the

| can already distinguish sometimes the similar sounding sound scales.
| hope so.

The "word" that we listened to | repeated to myself.

| can feel better where to put the word stress.

Yes, it contributed, it helped a lot in the more playful part when the word was
written and there was a recording to listen to as well.

| see more clearly the particularities of the pronunciation and by that | can
possibly recognize better in the future the mass of sounds coming to my ear.

It helped to see more into the language, what are its characteristics.

It definitely helped to differentiate between the various ways of pronunciation.
By seeing and hearing the words in the bonus exercises.

| can distinguish the sounds better and | can probably even repeat them.

It helped in differentiating the sounds.

It is easier to acquire the pronunciation after listening.

It made me conscious about the importance of word stress, therefore | also try
to do that well now.
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SZEGEDO2 After starting to understand the differences between the sounds, learning the
words and the pronunciation got less hard than in the beginning.

SZEGEDO04 We could notice well the pronunciation in the bonus exercises.

SZEGEDO7 Yes, definitely. As | knew already that the use of word stress is especially
important in the neo-Latin languages, | reckon that the training helped that my
pronunciation in Portuguese can be even better in the future.

K. Translation of participants responses to the question “Other comments”, presented in
the follow-questionnaire, in the perceptual training experiment (Chapter 5)

participant ID translation

BGEO3 | really liked this work together, would be glad to participate another time as
well. ;)

CORVO07 The bonus tasks were amusing and interesting.
CORV18 The bonus tasks were interesting.

CORV19 Although its much clearer now to me how certain sounds are in Portuguese, |
think the training could be a bit longer. What | mean is that there could be more

parts and modules for the improvement, not that these modules should be
longer.

DEBO6 The bonus tasks were very interesting and useful. :)

DEB12 The assignments were really interesting, | hope the investigation will be
successful.

ELTEBA24 | am satisfied with it. :)
ELTEBA26 In my opinion there could have been twice this number of assignments too.

ELTEMI38 When | made a mistake in an assignment, it was too obvious for me that if for
instance, if the square in the right is not the right answer, then it is the left one.

METO1 The bonus tasks are really good. :)

NKEO4 Although the length of the assignments is okay to solve, towards the end my
concentration started to ease down, and | started to get confused in the sense
that | had difficulty in make difference between the words.
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Certificates for the perceptual training study (Chapter 5)
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=CLUNL

Department of

Applied Llngmstlcs and Phonetics Linguistics Research Centre of NOVA University Lisbon
Eotvos Lorand University, Faculty of Humanities NOVA University Lisbon, School of Social Sciences and Humanities
H-1088 Budapest, Mozeum krt. 4/A Colégio Almada Negreiros, gabinete 343, 1099-032 Lisboa
(36-1) 411-6500 / 5099, 5353 | mnyfi@btk.elte.hu (+351) 217908309 | Ext.: 40325 | sec.clunl@fcsh.unl.pt

CERTIFICATE OF PARTICIPATION

We hereby certify that NAME has completed an auditory perceptual training in
Portuguese as Foreign Language, in the context of a research conducted by CLUNL -
Linguistics Research Centre of NOVA University Lisbon, in collaboration with the
Department of Applied Linguistics and Phonetics of the Faculty of Humanities of E6tvos
Lorand University of Budapest. The specific focus of the training was European Portuguese
phonetics and phonology.

The training took place between (month) and (month) (year).

cans Gy « P | T

CLUNL - Linguistics Research Centre of NOVA University Lisbon Department of Applied Linguistics and Phonetics of ELTE University
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Department of

Applied Llngmstlcs and Phonetics Linguistics Research Centre of NOVA University Lisbon
Eotvos Lorand University, Faculty of Humanities NOVA University Lisbon, School of Social Sciences and Humanities
H-1088 Budapest, Mozeum krt. 4/A Colégio Almada Negreiros, gabinete 343, 1099-032 Lisboa
(36-1) 411-6500 / 5099, 5353 | mnyfi@btk.elte.hu (+351) 217908309 | Ext.: 40325 | sec.clunl@fcsh.unl.pt

CERTIFICATE OF PARTICIPATION

We hereby certify that NAME has participated in the project “Percecdo de acento e
redugdo vocalica na aquisi¢gdo fonolégica em PL2. Implicagbes para a pratica
pedagodgica com aprendentes hungaros”. This research is conducted by CLUNL -
Linguistics Research Centre of NOVA University Lisbon, in collaboration with the
Department of Applied Linguistics and Phonetics of the Faculty of Humanities of E6tvos
Lorand University of Budapest. This research project has received a grant from the Portuguese

Foundation for Science and Technology (2020.05740.BD).

Date,

cane Gy e, G

CLUNL - Linguistics Research Centre of NOVA University Lisbon Department of Applied Linguistics and Phonetics of ELTE University


mailto:sec.clunl@fcsh.unl.pt

Appendix IV

Acoustic values for standard EP vowels






A. EP oral vowel space, for native male productions (on the left) and native female
productions (on the right), retrived from Andrade (2020, p. 3251)
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B. F1 and F2 values for the EP oral vowels, calculated from the graphics above

MALE SPEAKERS FEMALE SPEAKERS

F1 F2 F1 F2
[a] 772 1369 [a] 1023 1468
[e] 508 1630 [e] 725 1816
[e] 440 1931 [e] 566 2376
[e] 332 2011 [e] 420 2550
[#] 292 1687 [i] 395 1974
[i] 232 2137 [i] 348 2645
[5] 519 825 [5] 663 884
[o] 365 697 [0] 478 726
[u] 282 697 [u] 389 687
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Appendix V

Carrier sentences for stimuli recordings






A. Carrier sentences for monosyllabic stimuli

(GATO) [ga] .
(GAVETA) [ge] .
(GUERRA) [ge] .

(GUE) [ge] .
(GUERREAR) [gi]
(GUITO) [gi]

(GOLA) [go] .

(GOLO) [go] .

(GULA) [gu] .

(SATO) [sa] .
(SAPATO) [se] .
(SETA) [sg]
(SEDA) [se] .
(SENAO) [s#]
(SICAL) [si]

(CASACO) [za] .
(CASA) [ze] .
(JOSE) [ze]

(AZEDO) [ze] .
(ALISE) [z4]
(ASILO) [zi]

(CASOTA) [22]
(ZONA) [z0] .

(CASUAL) [zu] .

(TAPA) [ta]
(TAREFA) [te]
(TELA) [te]
(TEMA) [te]
(TERROR) [ti]
(TINA) [ti]
(TOMA) [to]
(TODA) [to]
(TUDO) [tu]

Diga [ga], por favor:

Diga
Diga
Diga

. Diga
. Diga

Diga
Diga
Diga

Diga
Diga

. Diga

Diga

. Diga
. Diga

Diga
Diga

. Diga

Diga

. Diga
. Diga
. Diga

Diga
Diga

. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga

[ge], por favor:
[g€], por favor:
[ge], por favor:
[gi] , por favor:
[gi] , por favor:
[ga], por favor:
[go], por favor:

[gu], por favor:

[sa] , por favor:
[se] , por favor:
[s€] , por favor:
[se], por favor:
[s#] , por favor:

[si] , por favor:

[za] , por favor:
[ze] , por favor:
[z€] , por favor:
[ze] , por favor:
[z#] , por favor:
[zi] , por favor:
[22] , por favor:
[zo] , por favor:

[zu] , por favor:

[ta] , por favor:
[te] , por favor:
[te] , por favor:
[te] , por favor:
[ti] , por favor:
[ti] , por favor:
[to] , por favor:
[to] , por favor:

[tu] , por favor:

[ga] .
[ge] .
[ge] .
[ge] .
[gi] .
[ai] .
[90] .
[go] .
[gu].

[sa] .
[se] .
[se] .
[se] .
[st] .
[si] .

[za] .
[ze] .
[ze] .
[ze] .
[z] .
[zi] .
[22] .
[z0] .

[zu] .

[ta] .
[te] .
[te] .
[te] .
[ti] .
[ti] .
[ta] .
[to] .
[tu] .
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B. Carrier sentences for dissyllabic stimuli

(ZAZA) ['zaze] . Diga ['zaze] , por favor: ['zaze] .
(ZAZA) [ze'za] . Diga [ze'za] , por favor: [ze'za] .
(ZAZE) ['zazi] . Diga ['zazi] , porfavor: ['zazi] .
(ZAZE) [ze'ze] . Diga [ze'ze] , por favor: [ze'ze] .
(ZAZE) [ze'ze] . Diga [ze'ze] , por favor: [ze'ze] .
(ZAZ1) [ze'zi] . Diga [ze'zi] , porfavor: [ze'zi] .
(ZAZl) ['zazi] . Diga ['zazi] , porfavor: ['zazi] .
(ZAz0) ['zazu] . Diga ['zazu] , por favor: ['zazu] .
(ZAZO) [ze'zd] . Diga [ze'za] , por favor: [ze'zd] .
(ZEZA) ['zeze] . Diga ['zeze] , por favor: ['zeze] .
(ZEZA) [zi'za] . Diga [zi'za] , porfavor: [zi'za] .
(ZEZE) ['zezi] . Diga ['zezi] , por favor: ['zezi] .
(ZEZE) [zi'ze] . Diga [zi'ze] , por favor: [zi'ze] .
(ZEZE) ['zezi] . Diga ['zezi] , por favor: ['zezi] .
(ZEZE) [zi'ze] . Diga [zi'ze] , porfavor: [zi'ze] .
(ZEZI) ['zezi] . Diga ['zezi] , por favor: ['zezi] .
(ZEZI) ['zezi] . Diga ['zezi] , por favor: ['zezi] .
(ZEZI) [z#'zi] . Diga [zi'zi] , porfavor: [zi'zi] .
(ZEZU) ['zezu] . Diga ['zezu] , por favor: ['zezu] .
(2ZEZO) [zi'zd] . Diga [zi'zd] , porfavor: [zi'zo] .
(Z1ZA) ['zize] . Diga ['zize] , porfavor: ['zize] .
(2I1ZA) [zi'za] . Diga [zi'za] , por favor: [zi'za] .
(ZI1ZE) ['zizi] . Diga ['ziz#] , porfavor: ['zizi] .
(ZIZE) [zi'ze] . Diga [zi'ze] , porfavor: [zi'ze] .
(ZI1ZE) [zi'ze] . Diga [zi'ze] , porfavor: [zi'ze] .
(21ZO) ['zizu] . Diga ['zizu] , porfavor: ['zizu] .
(2120) [zi'zd] . Diga [zi'zd] , por favor: [zi'zd] .
(2071) ['zazi] . Diga ['zozi] , por favor: ['zozi] .
(zOZl) [zu'zi] . Diga [zu'zi] , porfavor: [zu'zi] .

C. Carrier sentences for trisyllabic stimuli

['bikulu] BICULO .Diga BICULO |, porfavor: BICULO
[bi'kulu] BICULO .Diga BICULO ,porfavor: BICULO
[biku'lu] BICULU .Diga BICULU ,porfavor: BICULU

['bifufi] BIFUCHI .Diga BIFUCHI ,porfavor: BIFUCHI
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[bi'fufi] BIFUCHI
[bifu'fi] BIFUCHI
['dutiku] DUTICO
[du'tiku] DUTICO
[duti'ku] DUTICU
['filuvi]  FILUVI
[fi'luvi]  FILUVI
[filu'vi] FILUVI
['3urigu] JURIGO
[3u'rigu] JURIGO
[3uri'gu] JURIGU
['kitumi] QUITUMI
[ki'tumi] QUITUMI
[kitu'mi] QUITUMI
['lutinu] LUTINO
[lu'tinu] LUTINO
[luti'nu] LUTINU
['mudini] MUDINI
[mu'dini] MUDINI
[mudi'ni] MUDINI
['mupifu] MUPICHO
[mu'pifu] MUPICHO
[mupi'fu] MUPICHU
['kirufi] QUIRUCHI
[ki'rufi] QUIRUCHI
[kiru'fil QUIRUCHI
['tikuru] TICURO
[ti'kuru] TICURO
[tiku'ru] TICURU
['tudiki] TUDIQUI
[tu'diki] TUDIQUI
[tudi'ki] TUDIQUI
['tuduri] TUDURI
[tu'duri] TUDURI
[tudu'ri] TUDURI
['vumipi] VUMIPI
[vu'mipi] VUMIPI
[vumi'pi] VUMIPI
['zituli]  ZITULI

. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga

BIFUCHI , por favor:
BIFUCHI , por favor:
DUTICO |, por favor:
DUTICO |, por favor:
DUTICU |, por favor:
FILUVI , por favor:
FILUVI , por favor:
FILUVI , por favor:
JURIGO |, por favor:
JURIGO |, por favor:
JURIGU , por favor:
QUITUMI , por favor:
QUITUMI , por favor:
QUITUMI , por favor:
LUTINO , por favor:
LUTINO , por favor:
LUTINU , por favor:
MUDINI , por favor:
MUDINI , por favor:
MUDINI , por favor:
MUPICHO , por favor:
MUPICHO , por favor:
MUPICHU |, por favor:
QUIRUCHI , por favor:
QUIRUCHI , por favor:
QUIRUCHI , por favor:
TICURO , por favor:
TICURO , por favor:
TICURU |, por favor:
TUDIQUI |, por favor:
TUDIQUI |, por favor:
TUDIQUI |, por favor:
TUDURI |, por favor:
TUDURI , por favor:
TUDURI , por favor:
VUMIPI , por favor:
VUMIPI , por favor:
VUMIPI , por favor:
ZITULI , por favor:
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BIFUCHI
BIFUCHI
DUTICO
DUTICO
DUTICU
FILUVI
FILUVI
FILUVI
JURIGO
JURIGO
JURIGU
QUITUMI .
QUITUMI .
QUITUMI .
LUTINO
LUTINO
LUTINU
MUDINI
MUDINI
MUDINI
MUPICHO .
MUPICHO .
MUPICHU .
QUIRUCHI .
QUIRUCHI .
QUIRUCHI .
TICURO
TICURO
TICURU
TUDIQUI
TUDIQUI
TuDIQUI
TUDURI
TUDURI
TUDURI
VUMIPI
VUMIPI
VUMIPI
ZITULI



[zi'tuli]
[zitu'li]
[bu'pili]
[bu'fili]
[ti'fubi]
[ti'vubi]
[ti'buri]
[ti'furi]
[ku'mitu]
[ku'fitu]
[di'puki]
[di'buki]
[zu'mitu]

[zu'nitu]

ZITULl
ZITuLl
BUPILI

BUCHILI
TIFUBI
TIVUBI
TIBURI

TICHURI

CUMITO
CUFITO

DIPUQUI

DIBUQUI

ZUMITO

ZUNITO

. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga
. Diga

ZITULl , por favor:
ZITULl , por favor:
BUPILI , por favor:
BUCHILI , por favor:
TIFUBI , por favor:
TIVUBI , por favor:
TIBURI , por favor:
TICHURI , por favor:
CUMITO |, por favor:
CUFITO , por favor:
DIPUQUI , por favor:
DIBUQUI , por favor:
ZUMITO , por favor:
ZUNITO , por favor:
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ZITULI
ZITuLl
BUPILI

BUCHILI
TIFUBI
TIVUBI
TIBURI

TICHURI

CUMITO
CUFITO

DIPUQUI

DIBUQUI

ZUMITO

ZUNITO



Appendix VI

Acoustic measurements






A. Screenshot of the labbeling in Praat for the token [si] produced by talker T5F

| ‘ [“M )

il

: 170
AT ‘Ht‘r“
NI v e
A, Ao
N :l,h',‘»l'?l"‘l.<r"4 I 'flf‘; "i;‘,"1"3""'""?“”'01""“
[#]
[st]
B. Acoustic measurements for the monosyllabic stimuli
syllable vowel
duration | duration Intensity
tokens (ms) (ms) Pitch (Hz)  F1 (Hz) F2 (Hz) F3 (Hz) F4 (Hz) (db)
[ga] T1F 314 266 154 853 1645 2646 3593 83
[ga] T2F 304 266 166 856 1487 2568 4388 87
[ga] T3F 299 252 201 840 1497 2864 4227 85
[ge] T1F 339 273 162 593 1960 2187 2940 85
[ge] T2F 334 262 176 743 2040 2866 4249 88
[ge] T3F 293 243 202 573 1901 2907 4304 91
[ge] T1F 308 249 155 499 2373 2869 3954 88
[ge] T2F 334 292 169 574 2601 3097 4506 87
[ge] T3F 298 254 211 510 2375 2728 4282 90
[ge] T1F 347 259 188 399 2692 3300 4560 88
[ge] T2F 402 305 157 485 2756 3117 4586 88
[ge] T3F 336 289 199 398 2798 3173 4529 90
[gi] T1F 318 255 192 302 2256 2635 4227 91
[gi] T2F 374 250 176 437 2358 2789 4312 88
[gi] T3F 282 229 225 404 2093 2815 4728 89
[gi] T2F 327 250 200 310 2718 3540 4563 93
[gi] T2F 333 214 188 449 2941 3460 4806 88
gi
[gi] T3F 293 256 232 393 2863 3664 4784 91
[go] T1F 325 277 169 569 995 2616 3804 88
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[go] T2F
- 2 352 295
7] T3F
3 294 o
[go] T1F o >
- o 1037
[gO]TZF = o 2869
: = o 3840
[go] T3F o 5 . :
: w o 4029
[gu] T1F o w 2571 89
: o o 3719
[gu] T2F o 2 . :
: . i 3924
[gu] T3F s » - :
: = - 4327
i : - 2222 91
: = i 3653
e = o 2618 89
= o i 3863
i z — 2920 91
: : - 4196
[se] T5F o . : :
: < o 4239
t = o 3116 74
: - . 4417
[se] T7M . o . 73
: = oy 3869
- - o 2615 73
= o 1509 o
[se] T6F . . : :
: i o 4105
[se] T7M o . : 73
: - o 3775
[se] T5F . » - :
: < . 4635
E w - 2968 75
: = o 4452
o - o 2467 72
: = o 3748
[s#] T5F . . e 76
: o i 4714
[si] T6F o - E :
. = - 2309 o
[s| T7M - 3 : :
: = o 4193
[si] T5F - 371 E :
: o s 4655
i = - 3181 72
: i o 4353
[si] T7M o s . 75
: » - 4035
[za] T1F o = . :
o o 2959 o
[za] T2F e z . 72
: o o 4401
[za] T3F o = : 72
- o 1563 o
b = o 2670 73
: . e 4083
[ze] T2F - - : :
e o 1496 s
i = o 2854 79
: o o 4024
: . o4 1930 76
“ o 1896 s
[ze] T2F . 507 . :
: o o 4243
[ze] T3F - - . :
: g o 4640
[ze] T1F . . : :
: . o 4216
[ze] T2F . s . :
: . o 4421
[Ze]T3F 341 . 2847 79
: o > 4042
i i . 3203 79
: = o 4147
> - 2860 .
- 2778 o
> 3246 78
. 4821
2818 .
4511
77
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[zi] T2F
[z#] T3F
[zi] T1F
[zi] T2F
[zi] T3F
[z0] T1F
[20] T2F
[z0] T3F
[zo] T1F
[zo] T2F
[zo] T3F
[zu] T1F
[zu] T2F
[zu] T3F

587
557
450
580
504
419
485
524
517
607
506
474
531
498

361
280
264
358
253
237
321
251
257
401
242
245
316
209

162
173
145
161
186
145
152
174
141
158
160
157
166
164

459
372
331
397
378
555
631
518
364
459
412
296
418
386

2001
1920
2756
2883
2881
1080
1114
1163
799
947
826
602
861
793

2768
3028
3495
3213
3757
2702
2731
3033
2672
2697
3026
2681
2690
3018

4485
4806
4634
4840
4861
3576
3891
3876
3926
3643
4040
3527
4026
4260

78
78
77
77
76
80
78
78
76
76
76
79
79
79

C. Screenshot of the labbeling in Praat for the token ['zazi] produced by talker T1F

['za]

[i]

D. Acoustic measurements for the disyllabic stimuli

location of | syllable vowel
the measured|duration|duration Intensity
token vowel (ms) (ms) Pitch(Hz) F1(Hz) F2(Hz) F3(Hz) F4(Hz) (db)
['zaze] T1F| 1%t syllable 369 164 163 751 1597 2854 4329 79
['zaze] T1F| 2" syllable | 378 236 124 517 1736 2987 4147 70
['zaze] T2F| 1% syllable 380 209 198 891 1442 2647 2790 80
['zaze] T2F| 2" syllable | 502 357 160 746 1696 2948 4115 69
['zaze] T3F| 1%t syllable 428 195 206 818 1462 2931 4564 78
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['zaze] T3F
['zazi] T1F
['zazi] T1F
['zazi] T2F
['zazi] T2F
['zazi] T3F
['zazi] T3F
['zazi] T1F
['zazi] T1F
['zazi] T2F
['zazi] T2F
['zazi] T3F
['zazi] T3F
[ze'za] T1F
[ze'za] T1F
[ze'za] T2F
[ze'za] T2F
[ze'za] T3F
[ze'za] T3F
[ze'ze] TAF
[ze'ze] TAF
[ze'ze] T2F
[ze'ze] T2F
[ze'ze] T3F
[ze'ze] T3F
[ze'ze] T2F
[ze'ze] T2F
[ze'ze] T2F
[ze'ze] T2F
[ze'ze] T3F
[ze'ze] T3F
[ze'zi] T1F
[ze'zi] T1F
[ze'zi] T2F
[ze'zi] T2F
[ze'zi] T3F
[ze'zi] T3F
['zezi] T1F
['zezi] T1F

2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1% syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1%t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1t syllable
2" syllable
1%t syllable
2" syllable

363
369
298
374
428
472
403
295
263
334
424
448
333
305
390
302
479
300
381
252
457
299
382
324
396
320
397
334
544
314
372
303
403
286
511
333
366
347
325

200
172
169
198
311
224
202
128
96
181
259
217
173
93
277
140
384
92
254
87
331
155
288
136
258
92
276
123
401
120
241
88
261
120
398
115
208
128
159

148
154
123
198
148
199
undefined
152
171
198
149
199
149
172
126
214
159
244
149
217
132
230
154
245
162
181
131
227
151
274
157
207
130
208
160
241
154
182
127

299
821
178
897
444
675
843
702
264
866
424
763
349
484
885
609
911
463
544
441
491
527
577
479
453
469
376
508
451
531
406
414
304
516
374
479
340
432
467
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1770
1591
1507
1606
1563
1544
1770
1588
2658
1608
2651
1411
2853
1768
1639
1503
1486
1701
1445
1736
2318
1831
2328
1816
2407
1953
2621
1829
2571
1832
2729
1856
2766
1864
2891
1705
2894
2364
1825

2933
2889
2451
2472
2681
2974
3143
2716
3168
2449
2996
2785
3314
3017
2855
2679
2669
3151
2935
2275
2845
2878
2862
3255
2953
2947
3168
2836
2873
3097
3115
2765
3560
2843
3235
3084
3428
3038
3032

4317
4637
3625
2933
4330
4774
4096
3466
4784
3920
4743
4055
4629
4599
4176
2860
3850
4794
4071
3035
4164
4256
4387
4884
4341
4740
4449
4246
4495
4744
4163
2988
4734
4259
4708
4902
4143
4627
4605

67
78
69
79
67
77
56
80
70
79
69
76
68
77
75
78
76
77
72
80
75
79
75
76
74
79
75
78
73
76
76
81
68
79
72
79
71
79
68



['zezi] T2F
['zezi] T2F
['zezi] T3F
['zezi] T3F
['zezi] T1F
['zezi] T1F
['zezi] T2F
['zezi] T2F
['zezi] T3F
['zezi] T3F
['zeze] T1F
['zeze] T1F
['zeze] T2F
['zeze] T2F
['zeze] T3F
['zeze] T3F
['zezi] T1F
['zezi] T1F
['zezi] T2F
['zezi] T2F
['zezi] T3F
['zezi] T3F
['zezi] T1F
['zezi] T1F
['zezi] T2F
['zezi] T2F
['zezi] T3F
['zezi] T3F
['zezu] T1F
['zezu] T1F
['zezu] T2F
['zezu] T2F
['zezu] T3F
['zezu] T3F
[zi'za] T1F
[zi'za] T1F
[zi'za] T2F
[zi'za] T2F
[zi'za] T3F

1%t syllable
2" syllable
1*t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1*t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1*t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1%t syllable

346
425
445
357
339
328
401
408
435
355
330
332
366
465
454
359
343
311
422
499
438
313
321
342
293
380
447
347
319
349
374
456
487
356
333
371
332
554
345

176
244
193
180
141
185
208
297
213
179
137
214
208
372
240
211
160
165
225
325
227
159
144
195
177
273
247
199
133
208
208
333
233
187
70
249
104
430
105

191
157
225
152
204
129
198
171
233
167
160
123
188
158
205
156
178
131
189
158
210
152
191
135
181
157
211
160
188
137
194
161
215
159
215
130
219
159
242

453
333
445
248
402
237
455
415
465
371
535
1556
596
632
570
352
527
231
604
191
619
418
549
251
562
426
519
415
551
333
580
247
501
326
390
1008
437
896
451
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2250
1669
2568
1879
2469
2641
2363
2652
2605
2800
2077
1756
2024
1680
2227
1787
2124
1733
2124
1717
2210
1851
2189
2629
2285
2689
2333
2702
2059
1875
2237
962
2248
1152
1801
1613
1751
1555
1703

2691
2911
3121
3166
3005
3336
2895
3094
3104
3251
2832
3230
2233
2907
2939
3026
2707
3085
2466
2922
3084
3172
2947
3281
2780
3018
2972
3168
2819
3185
2798
2634
2962
3308
3025
2952
2843
2740
3094

4316
3856
4359
4972
4724
4679
4466
4664
4630
4590
4471
4207
2800
4084
4585
4911
4359
4437
2826
4066
4444
5113
4348
4845
3084
4690
4635
4468
4273
4007
4199
4116
4756
3732
4583
4237
4380
4050
4791

79
68
76
65
78
66
81
69
77
68
79
70
78
73
76
68
79
69
78
68
75
67
78
66
79
71
77
69
79
70
79
71
78
68
78
75
78
75
76



[zi'za] T3F
[zi'ze] T1F
[zi'ze] T1F
[zi'ze] T2F
[zi'ze] T2F
[zi'ze] T3F
[zi'ze] T3F
[zi'ze] T1F
[zi'ze] T1F
[zi'ze] T2F
[zi'ze] T2F
[zi'ze] T3F
[zi'ze] T3F
[zi'zi] T1F
[zi'zi] T1F
[zi'zi] T2F
[zi'zi] T2F
[zi'zi] T3F
[zi'zi] T3F
['zize] T2F
['zize] T2F
['zize] T2F
['zize] T2F
['zize] T3F
['zize] T3F
['zizi] T1F
['zizi] T1F
['zizi] T2F
['zizi] T2F
['zizi] T3F
['zizi] T3F
[zi'za] T1F
[zi'za] T1F
[zi'za] T2F
[zi'za] T2F
[zi'za] T3F
[zi'za] T3F
[zi'ze] T1F
[zi'ze] T1F

2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1% syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1%t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1t syllable
2" syllable
1%t syllable
2" syllable

439
282
465
312
497
351
427
286
400
305
387
408
423
313
367
312
521
375
410
327
354
309
500
460
403
359
323
375
434
472
402
267
379
288
462
336
418
324
369

248
62
307
110
370
126
240
61
243
123
284
163
252
66
204
138
359
105
213
96
203
138
355
177
231
108
162
182
284
182
227
72
269
135
355
110
267
98
251

154
196
128
235
147
254
162
226
125
253
158
253
156
229
123
247
160
262
161
198
127
222
158
208
148
204
126
229
155
213
159
190
140
225
144
231
154
206
137

482
300
506
453
541
496
438
292
376
481
461
308
413
292
258
470
368
328
338
354
886
440
661
356
569
335
359
427
457
291
427
318
987
440
843
430
863
355
494
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1417
1899
2401
1798
2330
1793
2453
1832
2642
1844
2389
1734
2674
1870
2804
1933
2867
1737
2854
2575
1862
2637
1797
2757
1791
2642
1891
2595
1903
2795
1928
2282
1738
2613
1624
2717
1659
2665
2424

2839
2983
2914
2007
2821
3088
2855
2926
3183
2420
2817
3052
3110
2934
3501
2746
3248
3028
3334
3202
3030
3038
2976
3251
3025
3054
3280
2973
2730
3512
3236
3019
2769
3074
2583
3177
2971
3151
2943

4308
4577
4239
2751
4292
4974
4259
4494
4633
2785
4467
4517
4361
4567
4704
2792
4662
4782
4738
4739
4470
4587
4120
4980
4323
4704
4784
4538
4307
4941
5167
4744
4143
4721
3982
4991
4343
4629
4220

72
77
78
78
75
73
76
78
74
79
76
73
76
77
73
79
75
75
74
78
70
78
73
76
70
77
72
77
73
76
71
77
77
77
74
75
73
78
77



[zi'ze] T2F
[zi'ze] T2F
[zi'ze] T3F
[zi'ze] T3F
[zi'ze] T2F
[zi'ze] T2F
[zi'ze] T2F
[zi'ze] T2F
[zi'ze] T3F
[zi'ze] T3F
['zazu] T1F
['zazu] T1F
['zazu] T2F
['zazu] T2F
['zazu] T3F
['zazu] T3F
[ze'zo] T1F
[ze'zo] T1F
[ze'zo] T2F
[ze'z0] T2F
[ze'z0] T3F
[ze'z0] T3F
[zi'z0] T1F
[zi'z0] T1F
[zi'z0] T2F
[zi'20] T2F
[zi'20] T3F
[2i'20] T3F
[zi'z0] T2F
[zi'z0] T2F
[zi'z0] T2F
[zi'20] T2F
[zi'z0] T3F
[zi'z0] T3F
['zizu] T2F
['zizu] T2F
['zizu] T2F
['zizu] T2F
['zizu] T3F

1%t syllable
2" syllable
1*t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1*t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1*t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1t syllable
2" syllable
1%t syllable

287
435
357
412
317
359
318
484
360
416
369
327
362
509
465
310
295
326
301
439
275
381
316
435
328
495
367
471
277
401
274
470
316
389
330
327
371
460
383

116
333
120
252
82
199
151
361
155
232
176
172
224
374
264
169
115
224
154
329
102
232
84
262
119
376
125
271
85
268
119
360
164
253
109
184
176
331
142

229
147
245
163
218
124
227
156
243
157
156
126
201
159
202
153
158
129
227
155
245
148
233
127
232
149
253
155
197
135
223
152
238
155
214
123
224
160
201

444
538
437
459
250
361
443
457
384
431
842
332
863
201
769
237
470
569
603
656
463
417
365
600
457
607
354
512
344
536
441
630
444
487
264
364
434
457
368
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2590
2434
2695
2496
2623
2641
2594
2477
2695
2736
1657
1585
1717
1028
1484
1143
1747
1038
1815
1076
1647
1125
1791
1060
1724
1073
1634
1174
2607
1012
2431
1103
2592
1205
2599
1582
2568
977
2758

2991
2913
3248
3003
3207
3210
3137
2881
3312
3114
2798
3297
2915
2859
2889
3196
2937
2836
2899
2791
3102
2834
3049
2648
2459
2827
3206
3005
3124
2810
2815
2722
3215
3022
3108
3636
2924
2959
3278

4405
4296
4944
4346
4776
4316
4520
4394
4749
4318
4170
4175
3865
4321
4691
3721
4651
3823
4125
3771
4809
3719
4633
3622
2747
3785
4787
3772
4706
3687
4497
3807
4805
3727
4543
3969
4580
4183
5096

77
75
73
76
79
74
76
75
75
74
80
66
79
68
77
68
78
76
77
74
77
71
76
75
79
75
74
74
77
77
79
74
75
74
78
68
78
72
76



['zizu] T3F
['z0zi] T1F
['z0zi] T1F
['z0zi] T2F
['z0zi] T2F
['z0zi] T3F
['z0zi] T3F
[zu'zi] T1F
[zu'zi] T1F
[zu'zi] T2F
[zu'zi] T2F
[zu'zi] T3F
[zu'zi] T3F

2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1%t syllable
2" syllable
1% syllable
2" syllable
1%t syllable
2" syllable

406 217
313 133
258 143
348 179
358 235
417 213
318 174
272 137
325 190
276 101
406 298
285 115
407 251

154
171
147
217
176
205
160
204
131
239
161
304
171

240
586
325
727
419
568
388
257
267
415
354
318
332

1076
1140
2567
1318
2685
1203
2696
1399
2666
1100
2749
1430
2848

2842
2707
3198
2877
3057
2981
3207
3056
3377
2817
3249
3175
3639

4098
3516
4631
3921
4653
3825
4255
3585
4606
3647
4374
3498
4727

71
80
71
79
68
76
70
78
72
78
74
76
74

E. Screenshot of the labbeling in Praat for the token ['lutinu] produced by talker T3F
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['u] [i] [u]
['lu] [ti] [nu]
F. Acoustic measurements for the trisyllabic stimuli
syllable vowels
duratio duratio Pitch Intensit
n (ms) n(ms) (Hz) F1(Hz) F2(Hz) F3(Hz) F4(Hz) v (db)
['bifufi]T1f ['bi] 233 ['i] 95 225 233 2523 3229 4460 88
['bifufi]T1f [fu] 180 [u] 97 221 1458 2343 3534 3912 67
['bifufi]T1f [il 269 [i] 90 undefined 255 2286 2990 3779 63
[bi'fufi]T1f [bi] 141 [i] 67 195 304 2647 3093 4460 80
[bi'fufi]T1f ['fu] 238 ['u] 69 184 348 1323 2491 4107 78



[bi'fufi]T1*
[bifu'[i]T1F
[bifu'[i]T1F
[bifu'[i]T1F
['bifufi]T4M
['bifufi]T4M
['bifufi]T4M
[bi'fufi]T4M
[bi'fufi] T4M
[bi'fufi] T4M
[bifu'[i]T4M
[bifu'[i]T4M
[bifu'[i]T4M
['bifufi] T2F
['bifufi] T2F
['bifufi]T2F
[bi'fufi]T2"
[bi'fufi]T2"
[bi'fufi]T2"
[bifu'fi]T2"
[bifu'fi]T2"
[bifu'fi]T2"
['filuvi]T1F
['filuvi]T1F
['filuvi]T1F
[fi'luvi]T2F
[fi'luvi]T2F
[fi'luvi]T1F
[filu'vi]T1F
[filu'vi]T1F
[filu'vi]T1F
['filuvi]T4M
['filuvi]T4M
['filuvi]T4M
[fi'luvi]T4M
[fi'luvi]T4M
[fi'luvi]T4M
[filu'vi]T4M
[filu'vi]T4M

(il
[bi]
[fu]
['fi]
['bi]
[fu]
(il
[bi]
['fu]
(il
[bi]
[fu]
['fi]
['bi]
[fu]
(il
[bi]
['fu]
(il
[bi]
[fu]
['fi]
['fi]
[lu]
[vi]
[fi]
['lu]
[vi]
[fi]
[lu]
['vi]
['fi]
[lu]
[vi]
[fi]
['lu]
[vi]
[fi]
[lu]

425
105
175
401
172
176
322
109
242
375
92
165
388
235
216
391
204
268
465
193
186
462
245
170
293
240
219
312
218
177
360
255
189
239
230
275
259
224
170

[i]
[i]
[u]
['i]
['i]
[u]
[i]
[i]
['u]
[i]
[i]
[u]
['i]
['i]
[u]
[i]
[i]
['u]

']
']
[u]
[i]

['u]
[i]
[i]
[u]
(']
['i]
[u]

[i]
['ul
[i]
[i]

234
50
46

220
100
54
143
61
88
191
58
38

222
105
48

214
79
96

266
82
54

277
54
71
190
49
113
185
62
106

248
79
96
131
82
165
155
81
102

208
214
216
259
130
111
97
109
137
103
105
109
99
238
162
138
239
199
139
253
253
145
214
150
281
199
211
230
198
206
227
145
107
91
110
120
97
117
112

239
238
229
273
274
296
259
270
278
281
289
285
266
449
463
451
463
389
328
488
454
423
236
318
295
259
238
273
309
217
245
294
297
254
289
292
251
300
285
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2408
2487
1552
2607
2249
1109
2249
2186
990
2213
2124
1115
2255
2816
1107
2790
2731
951
2828
2673
1262
2855
2376
1152
2596
2367
720
2633
1473
1119
2556
2087
938
2029
2092
775
2107
1959
878

3016
3007
2720
3425
2749
2483
2669
2716
2347
3111
2584
2514
3032
3419
2615
3085
3207
2683
2961
3044
2733
3104
2480
2579
3192
2772
2546
3034
2423
2461
3543
2468
2369
2815
2421
2485
2971
2374
2490

3911
4577
3893
4487
3485
3367
3489
3456
3375
3603
3572
3240
3796
4604
3810
4427
4423
4188
4192
4405
3844
4428
4075
3970
4384
4261
3696
4356
4092
3971
4378
3332
3643
3633
3534
3432
3750
3508
3641

70
81
77
75
81
73
69
74
79
72
78
73
76
81
68
67
81
77
69
81
77
70
81
71
67
76
82
71
74
77
71
79
73
67
75
79
73
76
73



[filu'vi] T4M

['filuvi]T2F

['filuvi]T2F

['filuvi]T2F

[fi'luvi] T2F

[fi'luvi] T2F

[fi'luvi] T2F

[filu'vi]T2F

[filu'vi]T2F

[filu'vi]T2F
['zurigu]T1F
['3urigu]T1F
['zurigu]T1F
[zu'rigu]T1F
[3u'rigu]T1F
[zu'rigu]T1F
[3uri'gu]T1F
[3uri'gu]T1F
[3uri'gu]T1F
['zurigu]T4M
['zurigu]T4M
['3urigu]T4M
[3u'rigu]T4M
[3u'rigu]T4M
[3u'rigu]T4M
[3uri'gu]T4M
[3uri'gu]T4M
[3uri'gu]T4M
['zurigu] T2F
['zurigu] T2F
['zurigu] T2F
[3u'rigu]T2F
[3u'rigu]T2F
[3u'rigu]T2F
[3uri'gu]T2F
[3uri'gu]T2F
[3uri'gu]T2F
['mupifu] T1F
['mupifu]T1F

['vi]
['fi]
[lu]
[vi]
[fi]
['lu]
[vi]
[fi]
[lu]
['vi]
['3u]
[ri]
[gu]
[3u]
['ri]
[gu]
[3u]
[ri]
['gu]
['3u]
[ri]
[gu]
[3u]
['ri]
[gu]
[3u]
[ri]
['gu]
['3u]
[ri]
[gu]
[3u]
['ri]
[gu]
[3u]
[ri]
['gu]
['mu]
['pi]

422
244
201
343
232
296
492
241
192
414
353
185
222
271
187
264
173
169
441
219
136
526
267
179
376
233
131
534
327
137
363
261
202
347
232
160
358
285
119

['i]
['i]

['i]
[u]
[u]
[i]
['u]
['u]
[i]
[u]

['i]
[u]
[u]

['ul
['ul
[i]

[u]
['i]

320
95
103
258
105
169
393
85
101
287
127
144
198
124
154
204
80
126
354
72
94
419
95
139
292
75
93
454
143
117
270
122
174
274
116
122
302
142
57

111
244
177
156
245
209
157
247
232
158
238
148
229
202
207
136
168
177
144
118
120
120
129
122
120
123
123
120
239
181
153
258
203
156
232
241
158
211
164

230
481
420
465
483
378
417
483
438
389
292
303
323
309
342
332
343
331
330
305
264
129
295
271
129
313
278
128
470
371
412
459
395
445
442
467
373
255
291
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2330
2571
973
2798
2631
828
2847
2538
902
2836
1139
2475
984
1418
2564
1116
1662
2486
685
1304
2297
758
1221
2289
1355
1356
2203
1089
1092
2630
859
1179
2758
876
1178
2672
737
633
2319

3111
3057
2905
3289
3057
2970
3129
2927
2944
3803
2496
2536
2537
2988
3447
2537
2599
2717
2589
2324
2503
2368
2221
2601
2522
2327
2439
2426
2620
2924
2605
2577
3410
2604
2538
2945
2667
3010
2771

3664
4533
4234
4507
4555
4338
4565
4300
4271
4525
3831
3902
3920
4060
4479
4080
3600
3815
3747
3247
3494
3601
3296
3465
3822
3362
3482
3639
3816
4231
4166
3489
4709
4058
3240
3955
4087
3638
3905

77
80
71
67
77
76
66
78
77
66
79
70
63
78
79
62
75
73
77
75
74
78
78
76
65
77
74
74
80
72
67
80
75
69
77
76
68
87
73



['mupifu]T1F
[mu'pifu]T1F
[mu'pifu]T1F
[mu'pifu]T1F
[mup'ifu]T1F
[mup'ifu]T1F
[mup'ifu]T1F
['mupifu]T4M
['mupifu]T4M
['mupifu]T4M
[mu'pifu]T4M
[mu'pifu] T4M
[mu'pifu] T4M
[mup'ifu]T4M
[mup'ifu]T4M
[mup'ifu]T4M
['mupifu]T2F
['mupifu]T2F
['mupifu]T2F
[mu'pifu]T2°
[mu'pifu]T2F
[mu'pifu]T2°
[mup'ifu]T2F
[mup'ifu]T2F
[mup'ifu]T2F
['vumipi]T1F
['vumipi]T1F
['vumipi]T1F
[vu'mipi]T1F
[vu'mipi]T1F
[vu'mipi]T1F
[vumi'pi]T1F
[vumi'pi]T1F
[vumi'pi]T1F
['vumipi]T4Y
['vumipi]T4Y
['vumipi]T4Y
[vu'mipi] T4
[vu'mipi] T4

['fu]
[mu]
['pi]
(Jul
[mu]
[pi]
['fu]
['mu]
['pi]
['ful
[mu]
['pi]
(Jul
[mu]
[pi]
['ful
['mu]
['pi]
['ful
[mu]
['pi]
(Jul
[mu]
[pi]
['ful
['vu]
[mi]
[pi]
[vu]
['mi]
[pi]
[vu]
[mi]
['pi]
['vu]
[mi]
[pi]
[vu]

['mi]

364
217
163
310
217
118
378
263
132
350
184
179
342
182
92
353
296
124
448
251
178
448
236
130
473
225
209
305
283
264
307
224
245
340
245
243
176
195
306

['u]
[u]
['i]
[u]
[u]
[i]
['u]
['u]
['i]
['u]
[u]
['i]

[u]
[i]
['u]
['u]
['i]
['u]
[u]
['i]
[u]

[i]
['ul
['ul

[i]
[u]
(']
[i]
[u]
[i]
['i]
['u]
[i]
[i]
[u]
']

169
168
77
111
132
75
194
158
81
187
164
117
164
132
49
204
185
88
278
174
136
255
128
73
298
97
153
188
81
201
262
47
195
293
100
160
131
92
208

171
180
224
undefined
213
220
236
133
114
100
103
131
100
126
130
101
217
174
147
265
187
149
250
242
153
222
141
undefined
172
160
132
207
189
136
152
102
97
101
114

959
531
235
282
221
227
295
283
259
770
333
248
362
299
252
257
403
375
433
398
407
426
478
468
413
269
292
621
506
404
284
304
445
289
328
266
257
389
255
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2116
2024
2579
1865
697
2511
2086
820
2119
1289
742
2248
1018
789
2189
856
881
2791
1005
812
2744
955
1011
2690
764
726
2627
2583
1348
2636
2595
819
2606
2529
777
2078
2176
773
2234

2932
3110
3294
2644
2627
2775
3103
2358
2763
2476
2473
2911
2361
2359
2814
2502
2686
3011
2738
2780
3046
2637
2676
3184
2903
2296
3401
3304
2790
3620
3222
2623
3430
2906
2204
2783
2756
2178
2941

3893
4293
4470
3760
4143
4048
3944
3464
3479
3737
3504
3681
3644
3437
3471
3538
4176
4500
4047
4239
4466
3594
4296
4440
4297
4049
4699
4002
4203
4373
4389
4158
4274
3644
3446
3419
3425
3394
3653

66
74
80
62
87
86
77
79
72
68
76
79
72
76
74
76
81
67
70
82
73
71
81
72
71
81
72
51
79
77
70
80
76
67
77
72
70
72
77



[vu'mipi] T4V
[vumi'pi] T4V
[vumi'pi] T4V
[vumi'pi] T4V
['vumipi]T2F
['vumipi]T2F
['vumipi]T2F
[vu'mipi]T2F
[vu'mipi]T2F
[vu'mipi]T2F
[vumi'pi]T2F
[vumi'pi]T2F
[vumi'pi]T2F
['zituli] T1F
['zituli] T1F
['zituli] T1F
[zi'tuli]T1F
[zi'tuli]T1F
[zi'tuli]T1F
[zitu'li]T2F
[zitu'li]T2F
[zitu'li]T2F
['zituli]T4M
['zituli]T4M
['zituli]T4M
[zi'tuli]T4M
[zi'tuli]T4M
[zi'tuli]T4M
[zitu'li]T4M
[zitu'li]T4M
[zitu'li]T4M
['zituli]T2"
['zituli]T2"
['zituli]T2"
[zi'tuli]T2F
[zi'tuli]T2F
[zi'tuli]T2F
[zitu'li]T2F
[zitu'li]T2F

[pi]
[vu]
[mi]
['pi]
['vu]
[mi]
[pi]
[vu]
['mi]
[pi]
[vu]
[mi]
['pi]
['zi]
[tu]
[li]
[zi]
['tu]
(1]
[zi]
[tu]
['1i]
['zi]
[tu]
(1]
[zi]
['tu]
[1i]
[zi]
[tu]
['li]
['zi]
[tu]
[1i]
[zi]
['tu]
(1]
[zi]
[tu]

261
188
213
295
309
209
299
224
272
305
265
228
329
256
278
244
237
263
230
153
220
298
261
235
206
215
330
274
186
255
259
279
271
241
263
327
260
235
256

[i]
[u]
[i]
['i]
['u]
[i]
[i]
[u]
['i]
[i]
[u]

['i]
(']
[u]
[i]
[i]
['u]

']
']
[u]
[i]

['u]
[i]
[i]
[u]
(']
['i]
[u]

[i]
['ul
[i]
[i]

214
71
146
213
152
158
242
105
199
261
116
152
277
84
107
202
67
98
139
126
77
145
96
73
130
61
142
183
62
134
227
102
140
216
88
193
238
91
129

95
109
105
116
236
168
148
255
198
156
241
241
154
243
149
136
194
219
125
151
154
142
169
115

96
110
143
103
112
116
120
239
169
146
251
176
154
234
230

260
324
250
237
458
486
434
464
452
439
464
492
441
391
380
333
348
255
313
341
329
342
285
312
275
286
329
282
287
264
252
470
438
428
481
394
436
468
439
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2243
833
2131
2315
932
2686
2837
930
2855
2900
948
2689
2969
2640
1364
2763
2603
1920
2488
2190
1489
2725
2205
1021
2405
2305
982
2305
2181
903
2363
2720
933
2857
2738
923
2853
2589
955

3054
2360
2929
3008
2744
3114
3294
2878
3293
3482
2837
3016
3943
3126
3246
3302
3197
3203
3222
3214
3048
3580
2652
2428
2762
2670
2253
2912
2638
2404
2875
3275
2901
3349
3196
2977
3173
3219
3038

3516
3507
3146
3670
4114
4204
4457
4308
4479
4643
4199
4231
4705
4576
3655
4356
4566
3954
4449
4464
3509
4534
3374
3528
3831
3624
3547
3984
4250
3499
3629
4774
3991
4645
4750
4090
4502
4725
3941

74
74
72
76
80
71
64
78
74
65
80
76
62
81
67
69
78
79
71
73
68
73
79
74
69
69
76
74
65
76
77
81
70
70
80
75
70
78
76



[zitu'li]T2F
['dutiku]T1F
['dutiku]T1F
['dutiku]T1F
[du'tiku]T1F
[du'tiku]T1F
[du'tiku]T1F
[duti'ku]T1F
[duti'ku]T1F
[duti'ku]T1F
['dutiku]T4M
['dutiku]T4M
['dutiku]T4M
[du'tiku]T4M
[du'tiku]T4M
[du'tiku]T4M
[duti'ku]T4M
[duti'ku]T4M
[duti'ku]T4M
['dutiku]T2F
['dutiku]T2F
['dutiku]T2F
[du'tiku]T2F
[du'tiku]T2F
[du'tiku]T2F
[duti'ku]T2F
[duti'ku]T2F
[duti'ku]T2F

['kirufi]T1F

['kirufi]T1F

['kirufi]T1F

[ki'rufi]T2F

[ki'rufi]T2F

[ki'rufi]T2F

[kiru'fi]T2F

[kiru'fi]T2F

[kiru'fi]T2F

['kirufi] T4

['kirufi] T4

['li]
['du]
[ti]
[ku]
[du]
['ti]
[ku]
[du]
[ti]
['ku]
['du]
[ti]
[ku]
[du]
['ti]
[ku]
[du]
[ti]
['ku]
['du]
[ti]
[ku]
[du]
['ti]
[ku]
[du]
[ti]
['ku]
['ki]
[ru]
(il
[ki]
['ru]
(il
(ki]
[ru]
['fi]
['ki]

[ru]

310
270
213
301
165
232
346
131
152
348
211
196
283
120
267
296
177
178
317
235
178
451
206
228
441
208
169
486
176
137
379
161
156
370
95
108
441
174
118

['i]
['u]
[i]
[u]
[u]
['i]

['i]
[u]
[u]
[i]
['u]
['u]
[i]
[u]

['i]
[u]
[u]

['u]
']
[u]
[i]
[i]
['u]

']
']

282
87
41
129
73
63
142
75
39
161
113
67
136
53
97
145
55
63
178
109
60
286
86
97
270
102
72
322
94
97
110
85
115
168
37
85
227
121
72

159
214
147
138
160
194
182
205
231
150
159
115
97
110
140
99
121
117
121
238
193
150
253
203
148
237
254
162
238
161
200
180
192
201
242
254
264
173
115

408
267
339
318
324
331
843
252
236
308
309
267
711
304
256
328
320
261
283
438
393
395
434
428
435
427
491
380
285
321
267
299
312
228
264
276
271
285
304
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2897
1095
2676
1599
1538
2671
1856
1266
2601
643
1002
2272
882
1259
2320
818
1333
2328
772
990
2750
905
1222
2695
892
1143
2571
744
2579
1587
2541
2570
1310
2541
2197
1559
2517
2163
1209

3707
2559
3300
3032
3001
3472
2951
2651
2646
2309
2207
2675
2477
2418
2780
2428
2531
2718
2209
2843
3093
2505
2927
3035
2555
2810
3052
2737
3177
2665
3180
3265
2334
3078
2718
2530
3231
3118
2286

4529
3782
4441
3833
3560
4455
4319
3408
4067
3945
3291
3457
3568
3471
3448
3531
3497
3486
3451
4059
4472
4096
4165
4469
4293
4045
4393
3869
4355
3799
3898
4558
3482
3917
4448
3034
4184
3233
3416

73
86
71
70
76
82
70
85
84
70
80
72
67
73
77
77
76
71
78
81
74
70
80
77
70
79
77
76
81
75
59
77
78
63
80
77
72
78
74



['kirufi] T4
[ki'rufi] T4M
[ki'rufi] T4M
[ki'rufi] T4M
[kiru'[i]T4M
[Kiru'[i]T4M
[Kiru'[i]T4M
[Kirufi]T2"
[Kirufi]T2"
[Kirufi]T2"
[ki'rufi]T2F
[ki'rufi]T2F
[ki'rufi]T2F
[Kiru'fi] T2
[Kiru'fi] T2
[Kiru'fi] T2
['tikuru]T1F
['tikuru]T1F
['tikuru]T2F
[ti'kuru]T1F
[ti'kuru]T1F
[ti'kuru]T1F
[tiku'ru]T1F
[tiku'ru]T2F
[tiku'ru]T2F
['tikuru] T4V
['tikuru] T4
['tikuru]T4M
[ti'kuru] T4V
[ti'kuru] T4V
[ti'kuru] T4V
[tiku'ru] T4V
[tiku'ru]T4M
[tiku'ru] T4V
['tikuru]T2F
['tikuru]T2F
['tikuru]T2F
[ti'kuru]T2F
[ti'kuru]T2F

(il
[ki]
['ru]
il
[ki]
[ru]
['fi]
['ki]
[ru]
il
[ki]
['ru]
(il
[ki]
[ru]
['fi]
['ti]
[ku]
[ru]
[ti]
['ku]
[ru]
[ti]
[ku]
['ru]
['ti]
[ku]
[ru]
[ti]
['ku]
[ru]
[ti]
[ku]
['ru]
['ti]
[ku]
[ru]
[ti]
['ku]

354
132
166
369
121
98
412
195
102
493
175
163
468
163
103
504
105
196
210
75
278
245
81
197
273
108
223
207
77
310
194
92
207
262
147
241
290
101
319

['i]
['i]
[u]
[i]
[i]
['u]
[i]
[i]
[u]
['i]
['i]

[u]
[i]
['u]
[u]
[i]
[u]
['u]
['i]
[u]
[u]
[i]
['u]

[i]
[u]
['u]
']

[u]
[i]
['u]

171
81
128
195
63
63
241
126
85
313
105
135
264
101
85
309
58
43
177
20
104
207
35
66
241
68
77
182
27
142
152
56
70
216
103
101
266
60
165

99 261 2266 3111 3682
115 285 2278 2782 3476
142 288 1011 2344 3328
96 267 2254 2928 3622
116 298 2263 2659 3516
114 292 1306 2425 3305
106 243 2277 2987 3571
231 474 2718 3334 4507
186 408 1272 2726 3123
160 434 2771 3022 4502
260 502 2695 3106 4388
210 399 1011 2745 4323
149 406 2740 3246 4565
261 493 2709 2992 4364
277 403 1471 2784 3679
164 397 2810 3366 4506
248 288 2529 3023 4490
147 347 1344 2606 4054
227 312 1211 2396 3743
undefined undefined undefined undefined undefined
208 234 987 2457 3839
238 261 964 2314 3682
198 248 2501 2997 4391
220 238 1100 2523 3986
159 304 877 2275 4005
158 295 2216 2606 3241
115 305 827 2407 3488
99 300 869 2432 3430
119 269 2310 2560 3428
143 294 765 2166 3424
106 311 939 2335 3362
205 224 2100 2501 3184
163 301 817 2133 3318
102 293 775 2335 3421
247 480 2728 3366 4654
198 406 1001 2811 4181
157 425 858 2761 4036
268 469 2636 3192 4411
209 375 854 2796 4078
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66
75
77
70
77
75
75
81
74
70
78
77
67
78
78
71
83
72
66
73
80
67
81
86
76
79
76
70
69
78
75
78
74
72
80
77
74
81
75



[ti'kuru]T2F
[tiku'ru]T2F
[tiku'ru]T2F
[tiku'ru]T2F
['tudiki]T1F
['tudiki]T1F
['tudiki]T1F
[tu'diki]T1F
[tu'diki]T1F
[tu'diki]T1F
[tudi'ki]T1F
[tudi'ki]T1F
[tudi'ki]T1F
['tudiki] T4V
['tudiki] T4V
['tudiki] T4V
[tu'diki] T4
[tu'diki] T4
[tu'diki] T4V
[tudi'ki]T4M
[tudi'ki]T4M
[tudi'ki]T4M
['tudiki]T2F
['tudiki]T2F
['tudiki]T2F
[tu'diki]T2*
[tu'diki]T2*
[tu'diki]T2F
[tudi'ki]T2F
[tudi'ki]T2F
[tudi'ki]T2F
['‘tuduri]T1F
['‘tuduri]T1F
['‘tuduri]T1F
[tu'duri]T1F
[tu'duri]T1F
[tu'duri]T1F
[tudu'ri]T1F
[tudu'ri]T1F

[ru]
[ti]
[ku]
['ru]
['tu]
[di]
[ki]
[tu]
['di]
[ki]
[tu]
[di]
['ki]
['tu]
[di]
[ki]
[tu]
['di]
[ki]
[tu]
[di]
['ki]
['tu]
[di]
[ki]
[tu]
['di]
[ki]
[tu]
[di]
['ki]
['tu]
[du]
[ri]
[tu]
['du]
[ri]
[tu]
[du]

311
100
219
350
135
143
353
132
163
339
94
146
379
135
157
353
108
221
376
95
168
563
148
148
416
130
221
387
135
136
515
146
168
237
121
176
210
111
170

[u]
[i]
[u]
['u]
['u]
[i]
[i]
[u]
['i]
[i]
[u]

']
['u]
[i]
[i]
[u]
']

[u]
[i]
['i]
['u]
[i]
[i]
[u]
['i]
[i]
[u]
[i]
(']
['u]
[u]

[u]
['u]
[i]
[u]

294
68
87

331
95
76

199
85
87

185
39
87

246
96
74

202
52

127

223
36
86

411

103
87

266
95

159

262
96
78

345

115
80

213
92
99

178
75

106

159
272
260
157
239
166
145
178
195
187
187
188
136
173
107
101
109
140
103
109
111
119
234
193
153
231
179
150
251
228
160
279
161
124
185
221
277
177
172

444
447
382
388
292
312
289
349
390
243
332
362
303
341
263
276
297
282
242
285
246
131
432
407
448
407
413
418
437
446
429
294
348
300
289
229
283
319
302
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850
2718
978
796
1269
2566
2543
1413
2638
2520
1423
2676
2566
1091
2262
2352
1234
2332
2335
1417
2339
2337
1104
2804
2931
1008
2869
29011
1184
2752
3009
1141
1410
2589
1279
1099
2617
1455
1375

2800
3326
2824
2769
2832
3363
3393
2680
3441
3324
2628
3370
3060
2159
2718
2893
2375
2763
2895
2346
2765
2842
2797
3307
3345
2722
3467
3426
2853
3661
3571
2588
2627
2991
2618
2641
3177
2697
2607

3993
4668
4379
4278
3949
4440
4322
3658
4434
4133
3571
4371
3752
3283
3548
3812
3478
3527
3846
3395
3364
3557
4059
4439
4570
4196
4477
4657
4012
4586
4609
3833
3749
3860
3684
3837
4333
3625
3674

68
82
76
72
83
71
67
78
79
69
80
79
71
80
76
69
71
79
72
74
75
76
82
75
69
81
77
70
81
75
71
79
69
65
79
88
79
77
75



[tudu'ri] T1F
['tuduri] T4V
['tuduri] T4V
['tuduri]T4M
[tu'duri] T4V
[tu'duri] T4V
[tu'duri] T4V
[tudu'ri]T4M
[tudu'ri] T4V
[tudu'ri] T4V
['tuduri] T2F
['tuduri] T2F
['tuduri] T2F
[tu'duri] T2F
[tu'duri] T2F
[tu'duri] T2F
[tudu'ri] T2F
[tudu'ri] T2F
[tudu'ri] T2F
['bikulu] T6F
['bikulu] T6
['bikulu] T6F
[bi'kulu]T6F
[bi'kulu]T6F
[bi'kulu]T6F
[biku'lu]T6
[biku'lu]T6F
[biku'lu]T6F
['bikulu]TsF
['bikulu]TsF
['bikulu]TsF
[bi'kulu] T5F
[bi'kulu] T5F
[bi'kulu] T5F
[biku'lu]T5*
[biku'lu]T5*
[biku'lu]T5*
['bikulu]T7M
['bikulu]T7M

['ri]
['tu]
[du]
[ri]
[tu]
['du]
[ri]
[tu]
[du]
['ri]
['tu]
[du]
[ri]
[tu]
['du]
[ri]
[tu]
[du]
['ri]
['bi]
[ku]
[lu]
[bi]
['ku]
[lu]
[bi]
[ku]
['lu]
['bi]
[ku]
[lu]
[bi]
['ku]
[lu]
[bi]
[ku]
['lu]
['bi]
[ku]

345
142
163
197
122
207
192
100
171
272
146
185
388
119
260
396
122
186
378
233
283
189
257
360
148
197
255
190
255
280
298
194
339
263
201
243
305
196
209

['i]
['u]
[u]

[u]
['u]
[i]
[u]
[u]
['i]
['u]
[u]
[i]
[u]
['u]
[i]
[u]

(]
(']

[u]
[i]
['u]
[u]

[u]
['u]
(']
[u]

[i]
['u]
[u]
[i]

['ul
(']

297
96
87
152
64
129
146
50
97
232
110
101
350
88
175
356
82
122
344
95
132
177
91
195
136
88
112
180
95
104
280
83
174
221
70
105
264
65
78

149
159
109
97

111
138
99

112
108
113
235
176
153
285
193
155
262
235
162
220
165
151
259
184
154
241
223
161
211
147
145
203
175
155
205
202
158
147
106

314
276
299
250
295
284
250
309
307
249
432
407
446
336
367
416
415
432
385
325
323
234
268
365
227
262
306
347
371
353
455
334
391
337
317
363
358
285
334

APPENDIX VI | p. 54

2682
986
1133
2239
1149
1060
2214
1215
1126
2358
934
1094
2822
885
970
2801
1021
1106
2803
2668
818
774
2626
827
832
2593
768
806
2503
927
1259
2455
826
798
2455
880
733
2296
1047

3620
2105
2284
2951
2374
2346
2902
2386
2507
3118
2828
2898
3088
2841
2775
3134
2880
2797
3394
3211
3213
3306
3147
3228
3365
2958
3378
3231
3229
2606
2910
3103
2477
1958
2977
2733
2780
3108
2036

4450
3164
3395
3647
3483
3372
3588
3359
3487
3592
4108
4161
4582
3838
3881
4585
4061
4065
4523
3997
3631
4370
4064
3788
3464
4075
3814
3517
4461
3537
3786
4365
3703
3404
4310
3714
4241
4035
3644

74
78
73
72
69
78
73
74
74
76
82
72
66
82
76
70
78
76
69
79
74
73
79
74
70
78
73
72
80
76
72
78
77
73
77
78
76
81
65



['bikulu]T7¥
[bi'kulu]T7Y
[bi'kulu]T7Y
[bi'kulu]T7Y
[biku'lu]T7¥
[biku'lu]T7¥
[biku'lu]T7¥
['lutinu]T6F
['lutinu]T6F
['lutinu]T6F
[lu'tinu]T6F
[lu'tinu]T6F
[lu'tinu]T6F
[luti'nu]T6F
[luti'nu]T6F
[luti'nu]T6F
['lutinu]T5F
['lutinu]T5F
['lutinu]T5F
[lu'tinu]T5F
[lu'tinu]T5F
[lu'tinu]T5F
[luti'nu]T5F
[luti'nu]T5F
[luti'nu]T5F
['lutinu]T7Y
['lutinu]T7Y
['lutinu]T7Y
[lu'tinu]T7Y
[lu'tinu]T7Y
[lu'tinu]T7Y
[luti'nu]T7Y
[luti'nu]T7Y
[luti'nu]T7Y
['mudini]T6F
['mudini]T6F
['mudini]T6F
[mu'dini]T6F
[mu'dini]T6F

[lu]
[bi]
['ku]
[lu]
[bi]
[ku]
['lu]
['lu]
[ti]
[nu]
[lu]
['ti]
[nu]
[lu]
[ti]
['nu]
['lu]
[ti]
[nu]
[lu]
['ti]
[nu]
[lu]
[ti]
['nu]
['lu]
[ti]
[nu]
[lu]
['ti]
[nu]
[lu]
[ti]
['nu]
['mu]
[di]
[ni]
[mu]
['di]

184
176
270
233
132
224
284
237
190
254
210
246
219
200
190
287
251
212
300
193
292
329
170
214
425
137
212
212
138
247
226
127
143
230
258
131
286
275
197

[u]
[i]
['u]
[u]

[u]
['u]
['u]
[i]
[u]
[u]
['i]

[u]
[i]
['u]
['u]
[i]
[u]
[u]
['i]
[u]

[i]
['ul
['ul

[u]
[u]
['i]

[u]
[i]
['u]
['u]
[i]
[i]
[u]
']

121
67
132
156
44
99
235
83
59
129
72
96
146
84
66
148
109
44
153
76
136
244
76
80
334
56
42
106
61
88
113
63
46
114
108
81
214
105
124

95
173
117

99
162
134
106
219
175
155
263
187
149
243
258
148
222
179
159
205
201
150
198
199
162
157
104

76
191
118

91
171
157
102
216
179
159
259
200

348
276
325
314
285
317
294
390
377
231
293
426
293
328
283
250
397
432
181
338
291
695
340
299
335
328
233
420
300
240
308
323
290
364
346
350
273
314
382
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724
2288
686
747
2214
645
709
911
2721
1002
1037
2823
1286
918
2570
760
903
2484
1104
1221
1159
1544
1165
2554
774
1256
2197
1248
1204
2312
1228
960
2208
820
921
2631
822
1050
2786

2805
2936
2114
2897
2419
2589
2575
3048
3138
1395
3109
3178
2345
2986
2992
1436
2630
2924
2184
2825
2765
2646
2784
2935
2401
2590
2667
2258
2816
3173
2270
2521
2762
2393
2760
3152
2942
2635
3248

3923
3965
3671
3779
3853
2988
3736
4028
4172
3624
3812
4143
3587
4014
4097
3472
3544
4077
3495
4112
3138
3579
3800
4318
3273
3720
3670
3663
3686
3923
3796
3681
3771
3484
4100
4159
3426
4065
3998

63
80
77
68
79
73
74
79
71
67
77
73
71
75
76
68
80
73
64
76
78
73
75
76
75
80
64
56
79
73
63
78
74
67
74
69
67
78
71



[mu'dini]T6F
[mudi'ni]T6F
[mudi'ni]T6F
[mudi'ni]T6"
['mudini]T5F
['mudini]T5F
['mudini]T5F
[mu'dini]T5F
[mu'dini]T5F
[mu'dini]T5F
[mudi'ni]T5F
[mudi'ni]T5F
[mudi'ni]T5F
['mudini]T7M
['mudini]T7M
['mudini]T7M
[mu'dini]T7Y
[mu'dini]T7Y
[mu'dini]T7Y
[mudi'ni] T7
[mudi'ni] T7
[mudi'ni] T7
['kitumi]T6F
['kitumi]T6F
['kitumi]T6F
[ki'tumi]T6"
[ki'tumi]T6"
[ki'tumi]T6F
[kitu'mi]T6F
[kitu'mi]T6F
[kitu'mi]T6F
['kitumi]T5F
['kitumi]T5F
['kitumi]T5F
[ki'tumi]T5F
[ki'tumi]T5F
[ki'tumi]T5F
[kitu'mi]T5F
[kitu'mi]T5F

[ni]
[mu]
[di]
['ni]
['mu]
[di]
[ni]
[mu]
['di]
[ni]
[mu]
[di]
['ni]
['mu]
[di]
[ni]
[mu]
['di]
[ni]
[mu]
[di]
['ni]
['ki]
[tu]
[mi]
[ki]
['tu]
[mi]
[ki]
[tu]
['mi]
['ki]
[tu]
[mi]
[ki]
['tu]
[mi]
[ki]
[tu]

266
248
137
285
333
192
275
161
249
321
163
161
373
188
159
228
146
184
242
132
143
265
115
204
249
101
248
230
102
194
270
194
240
292
158
329
317
132
240

[i]
[u]
[i]
['i]
['u]
[i]
[i]
[u]
['i]
[i]
[u]

']
['u]
[i]
[i]
[u]
']

[u]
[i]
['i]
['i]
[u]
[i]

['u]
[i]
[i]
[u]
(']
['i]
[u]

[i]
['ul
[i]
[i]

192
94
92

208

153

139

196
83

151

259
84
93

301
80
78

155
71

114

151
66
78

190
58
73

176
49

124

183
44
88

219
78
76

214
57

161

255
41

118

155
242
234
161
227
164
155
193
212
156
193
192
164
156
110
90
169
128
91
152
136
99
235
191
163
237
199
159
243
236
164
225
170
155
212
226
169
197
195

281
324
295
305
278
382
248
561
422
264
358
311
323
347
260
302
314
271
332
354
273
298
285
377
334
281
387
294
273
288
326
393
453
280
360
304
310
329
313
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981
1038
2748
2994

914
2581
1271
1363
2649
1065
1232
2578
2794

877
2193
1537
1055
2300
1109
1106
2287
2363
2879
1053
2886
2817

940
1061
2642
1182
2933
2555
1399
1160
2472

934
1807
2485
1247

2778
3063
3214
3428
2239
3050
2728
2801
3159
2754
2875
3158
3321
2315
3169
2371
2347
3270
2394
2272
3303
3619
3306
3197
3362
3211
3121
2881
3169
3173
3354
3088
2816
2573
3219
2318
2877
3089
2658

3188
4128
4330
4179
3289
4466
3197
4336
4388
3273
4286
4414
4732
3798
3921
3359
3688
3919
3375
3956
3932
4183
4267
4220
4053
4281
4069
3399
4171
4127
4087
4587
4163
3213
4510
3559
3851
4545
4108

68
75
73
70
77
71
65
77
75
70
76
75
72
79
66
62
77
74
65
79
70
69
80
73
71
79
77
70
78
74
72
80
76
70
76
78
70
75
76



[kitu'mi]TSF | ['mi] 343 | [i] 295 159 309 989 2799 3326 74
[kitumi]T7M | ['kii 106 | [i 59 175 271 2222 3282 3946 80
[kitumi]T7Y | [tu] 194 | [u] 54 106 244 1475 2306 3346 62
[kitumi]T7M | [mi] 237 | [i] 144 95 526 2367 3019 3839 60
[ki'tumi]T7M | [ki] 97 [i] 58 177 287 2162 3022 3970 80
[ki'tumi]T7M | ['tu] 202 | ['u] 88 121 352 803 2501 3412 75
[ki'tumi]T7M | [mi] 230 | [i] 116 95 409 2357 2884 3594 62
[kitu'mi]T7 | [ki] 103 | [i] 52 163 252 2166 3041 4074 76
[kitu'mi]T7Y | [tu] 165 | [u] 72 145 259 1943 2229 3700 71
[kitu'mi]T7M | ['mi] 202 | [i] 105 105 325 2279 3543 4279 74

G. F1xF2 vowel space with values for productions of talker T1F (in orange, inserted in [gV];
in blue, inserted in [zV]) and values for standard production of EP female speakers (in
black, retrieved from Andrade 2020, p. 3251, produced in [sV] context)
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H. F1xF2 vowel space with values for productions of talker T2F (in orange, inserted in [gV];
in blue, inserted in [zV]) and values for standard production of EP female speakers (in

black, retrieved from Andrade 2020, p. 3251, produced in [sV] context)
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I. F1xF2 vowel space with values for productions of talker T3F (in orange, inserted in [gV];
in blue, inserted in [zV]) and values for standard production of EP female speakers (in
black, retrieved from Andrade 2020, p. 3251, produced in [sV] context)
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J. F1xF2 vowel space with values for productions of talker T5F (in green, inserted in [sV])
and values for standard production of EP female speakers (in black, retrieved from
Andrade 2020, p. 3251, produced in [sV] context)

log F2 (Hz)
500

100
o
o
| _
o0 J =
Ceogc o+ N

°
2 €
e
e 0?2
de 1000

K. F1xF2 vowel space with values for productions of talker T6f (in green, inserted in [sV])
and values for standard production of EP female speakers (in black, retrieved from
Andrade 2020, p. 3251, produced in [sV] context)
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L. F1xF2 vowel space with values for productions of talker T7M (in green, inserted in [sV])
and values for standard production of EP male speakers (in black, retrieved from Andrade

2020, p. 3251, produced in [sV] context)
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Appendix VI
Main trials’ sequences for the experimental tasks, for the perceptual training
study (Chapter 5)






A. Pretest trials for vowel discrimination (oddity task with catch trials)

1% token 2" token 3" token answer

[ge] T1F - [ge] T2F - [ge] T3F 3" token
[ge] T1F - [ge] T2 - [ge] T3F 2" token
[ge] T1F - [ge] T2F - [gg] T3F 1*t token
[ge] T1F - [ge] T2F - [ge] T3F 1t token
[ge] T1F - [ge] T2F - [geg] T3F 2" token
[ge] T1F - [ge] T2° - [ge] T3F 3" token
[ge] T1F - [ge] T2F - [ge] T3F 3" token
[ge] T1F - [ge] T2F - [ge] T3F 2" token
[ge] T1F - [ge] T2F - [ge] T3F 1% token
[ge] T1F - [ge] T2F - [ge] T3F 15t token
[ge] T1F - [ge] T2F - [ge] T3F 2" token
[ge] T1F - [ge] T2° - [gg] T3F 3" token
[ge] T1F - [ge] T2F - [gi] T3F 3" token
[ge] T1F - [gi] T2° - [ge] T3F 2" token
[ge] T1F - [gi] T2F - [gi] T3F 1% token
[gi] T1F - [ge] T2F - |[ge] T3F 1** token
[gi] T1F - [ge] T2F - [gi] T3F 2" token
[gi] T1F - [gi] T2F - [ge] T3F 3 token
[ge] T1F - [ge] T2F - [gi] T3F 3 token
[ge] T1F - [gi] T2F - [ge] T3F 2" token
[ge] T1F - [gi] T2F - [gi] T3F 1% token
[gf] T1F - [ge] T2F - |[ge] T3F 1t token
[gi] T1F - [ge] T2F - [gi] T3F 2" token
[l T1F - [gi] T2F - [ge] T3F 3 token
[ge] T1F - [ge] T2F - [ga] T3F 3" token
[ge] T1° - [ga] T2° - [ge] T3F 2" token
[ge] T1° - [ga] T2° - [ga] T3F 1%t token
[ga] T1° - [ge] T2° - [ge] T3F 1% token
[ga] T1F - [ge] T2F - [ga] T3F 2" token
[ga] T1F - [ga] T2 - [ge] T3F 3" token
[ge] T1F - [ge] T2F - [gi] T3F 3" token
[ge] T1F - [gi] T2F - [geg] T3F 2" token
[ge] T1F - [gi] T2° - [gi] T3F 1% token
[gil T1F - [ge] T2° - [ge] T3F 1%t token
[g] T1F - [ge] T2F - [gi] T3F 2" token
[gi] T1F - [gi] T2 - [ge] T3F 3" token
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[ge] T1F - [ge] T2F - [gi] T3F 3" token

[ge] T1F - [gi] T2F - [ge] T3F 2" token
[ge] T1F - [gi] T2F - [gi] T3F 1% token
[gi] T1F - [ge] T2F - [ge] T3F 1% token
[gf] T1F - [ge] T2F - [gi] T3F 2" token
[gi] T1F - [gi] T2F - [ge] T3F 3" token
[ga] T1F - [ga] T2F - [ga] T3F identical
[ge] T1F - [ge] T2F - [ge] T3F identical
lge] T1F - [ge] T2F - [ge] T3F identical
[ge] T1F - [ge] T2F - [ge] T3F identical
[gi] T1F - [gi] T2F - [gi] T3F identical
[gi] T1F - [gi] T2F - [gi] T3F identical

B. Novel trials for vowel discrimination (oddity task with catch trials)

1% token 2" token 3" token answer

[se] T5% - [se] T6F - [sg] T7M 3" token
[se] T5F - [se] T6F - [se] T7V 2" token
[se] T5F - [sg] T6F - [sg] T7M 1% token
[se] T5F - [se] T6F - [se] T7M 1%t token
[se] T5° - [se] T6F - [sg] T7M 2" token
[se] T5F - [se] T6F - [se] T7M 3" token
[se] T5F - [se] T6F - [se] T7M 3" token
[se] T5° - [se] T6F - [sg] T7M 2" token
[se] T5° - [se] T6F - [se] T7M 1% token
[se] T5° - [sg] T6F - [sg] T7M 1%t token
[se] T5F - [se] T6F - [se] T7M 2" token
[se] TS5F - [se] T6" - [sg] T7V 3" token
[se] T5F - [se] T6" - [si] T7V 3" token
[se] TS5F - [si] T6" - [se] T7V 2" token
[se] T5F - [si] T6F - [si] T7M 1%t token
[si] T5F - [se] T6F - [se] T7M 1%t token
[si] T5F - [se] T6F - [si] T7M 2" token
[si] T5° - [si] T6F - [se] T7M 3" token
[se] T5F - [se] T6F - [si] T7V 3™ token
[se] T5F - [si] T6F - [se] T7V 2" token
[se] T5F - [si] T6° - [si] T7V 1%t token
[sf] T5F - [se] T6F - [se] T7M 1%t token
[si] T5F - [se] T6F - [si] T7M 2" token
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[st]
[se]
[se]
[se]
[sa]
[sa]
[sa]
[se]
[se]
[se]
[si]
[st]
[si]
[se]
[se]
[se]
[st]
[st]
[si]
[se]
[se]
[se]
[si]
[si]

[sa]

TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -
TSF -

[st]
[se]
[sa]
[sa]
[se]
[se]
[sa]
[se]
[s#]
[s#]
[se]
[se]
[si]
[se]
[s#]
[s#]
[se]
[se]
[s#]
[se]
[se]
[se]
[si]
[si]

[sa]

T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F

- [se]
- [sa]
- [se]
- [sa]
- [se]
- [sa]
- [se]
- [si]
- [se]
- [si]
- [se]
- [si]
- [se]
- [si]
- [sel
- [si]
- [sel
- [si]
- [se]
- [se]
- [se]
- [se]
- [si]
- [si]

- [sa]

™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7
™7

3" token
3" token
2" token
1t token
1** token
2" token
3" token
3" token
2" token
1*t token
1°t token
2" token
3" token
3" token
2" token
1*t token
1*t token
2" token
3" token
identical
identical
identical
identical
identical

identical

C. Pretest trials for stress discrimination (oddity task with catch trials)
(* indicates trials not repeated in the post-test®)

1%t token 2" token 3" token answer
['dutiku] T1F - ['dutiku] T2F [du'tiku] T4M 3" token
['dutiku] T1F - [du'tiku] T2F ['dutiku] T4M 2" token
['dutiku] T1F - [du'tiku] T2F [du'tiku] T4M 15t token
[du'tiku] T1F - ['dutiku] T2F ['dutiku] T4M 1%t token
[du'tiku] T1F - ['dutiku] T2F [du'tiku] T4M 2" token
[du'tiku] T1F - [du'tiku] T2F ['dutiku] T4M 3" token
[du'tiku] T1F - [du'tiku] T2F [duti'ku] T4M 3" token
[du'tiku] T1F - [duti'ku] T2F [du'tiku] T4M 2" token
[du'tiku] T1F - [duti'ku] T2F [duti'ku] T4M 15t token
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[duti'ku]
[duti'ku]
[duti'ku]
['tikuru]
['tikuru]
['tikuru]
[ti'kuru]
[ti'kuru]
[ti'kuru]
[ti'kuru]
[ti'kuru]
[ti'kuru]
[tiku'ru]
[tiku'ru]
[tiku'ru]
['tuduri]
['tuduri]
['tuduri]
[tu'duri]
[tu'duri]
[tu'duri]
[tu'duri]
[tu'duri]
[tu'duri]
[tudu'ri]
[tudu'ri]
[tudu'ri]

['kirufi]

['kirufi]

['kirufi]
[ki'rufi]
[ki'rufi]
[ki'rufi]
[ki'rufi]
[ki'rufi]
[ki'rufi]
[kiru'fi]
[kiru'[i]
[kiru'fi]

T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F

[du'tiku]
[du'tiku]
[duti'ku]
['tikuru]
[ti'kuru]
[ti'kuru]
['tikuru]
['tikuru]
[ti'kuru]
[ti'kuru]
[tiku'ru]
[tiku'ru]
[ti'kuru]
[ti'kuru]
[tiku'ru]
['tuduri]
[tu'duri]
[tu'duri]
['tuduri]
['tuduri]
[tu'duri]
[tu'duri]
[tudu'ri]
[tudu'ri]
[tu'duri]
[tu'duri]
[tudu'ri]
['kirufi]
[ki'rufi]
[ki'rufi]
["kirufi]
['kirufi]
[ki'rufi]
[ki'rufi]
[kiru'fi]
[kiru'[i]
[ki'rufi]
[ki'rufi]
[kiru'fi]

T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2F
T2
T2F
T2F
T2
T2F
T2
T2
T2F
T2
T2F
T2F
T2F
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[du'tiku]
[duti'ku]
[du'tiku]
[ti'kuru]
['tikuru]
[ti'kuru]
['tikuru]
[ti'kuru]
['tikuru]
[tiku'ru]
[ti'kuru]
[tiku'ru]
[ti'kuru]
[tiku'ru]
[ti'kuru]
[tu'duri]
["tuduri]
[tu'duri]
['tuduri]
[tu'duri]
['tuduri]
[tudu'ri]
[tu'duri]
[tudu'ri]
[tu'duri]
[tudu'ri]
[tu'duri]
[ki'rufi]
['kirufi]
[ki' rufi]
['kirufi]
[ki' rufi]
['kirufi]
[kiru'fi]
[ki' rufi]
[kiru'fi]
[ki' rufi]
[kiru'[i]
[ki'rufi]

T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M

1°t token
2" token
3 token
3" token
2" token
1** token
1°t token
2" token
3" token
3" token
2" token
1** token
1** token
2" token
3" token
3" token
2" token
1** token
1°* token
2" token
3" token
3" token
2" token
1°* token
1** token
2" token
3" token
3 token
2" token
1°* token
1** token
2" token
3 token
3 token
2" token
1** token
1°* token
2" token

3" token



['tudiki]
['tudiki]
["tudiki]
[tu'diki]
[tu'diki]
[tu'diki]
[tu'diki]
[tu'diki]
[tu'diki]
[tudi'ki]
[tudi'ki]
[tudi'ki]
['dutiku]
[du'tiku]
[duti'ku]
['tikuru]
[ti'kuru]
[tiku'ru]
["tuduri]
[tu'duri]
[tudu'ri]
['kirufi]
[ki'rufi]
[kiru'[i]
['tudiki]
[tu'diki]
[tudi'ki]

T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F

- ['tudiki]
- [tu'diki]
- [tu'diki]
- ['tudiki]
- ["tudiki]
- [tu'diki]
- [tu'diki]
- [tudi’'ki]
- [tudi’ki]
- [tu'diki]
- [tu'diki]
- [tudi'ki]
- ['dutiku]
- [du'tiku]
- [duti'ku]
- ['tikuru]
- [ti'kuru]
- [tiku'ru]
- ['tuduri]
- [tu'duri]
- [tudu'ri]
- ['kirufi]
- ki’ rufi]
- [kiru'fi]
- ['tudiki]
- [tu'diki]
- [tudi’'ki]

T2
T2
T2F
T2
T2F
T2F
T2
T2F
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2

[tu'diki]
['tudiki]
[tu'diki]
['tudiki]
[tu'diki]
['tudiki]
[tudi’ki]
[tu'diki]
[tudi’ki]
[tu'diki]
[tudi'ki]
[tu'diki]
['dutiku]
[du'tiku]
[duti'ku]
['tikuru]
[ti'kuru]
[tiku'ru]
['tuduri]
[tu'duri]
[tudu'ri]

['kirufi]

[ki'rufi]

[kiru'fi]
['tudiki]
[tu'diki]
[tudi'ki]

T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M

3" token
2" token
1*t token
1t token
2" token
3" token
3" token
2" token
1*t token
1*t token
2" token
3" token
identical
identical
identical
identical
identical
identical
identical
identical
identical
identical
identical
identical
identical
identical

identical

D. Novel trials for stress discrimination (oddity task with catch trials)

2" token

1 token 3" token answer
['lutinu] T5°% - ['lutinu] T6F [lu'tinu] T7M 3" token
['lutinu] T5°F - [lu'tinu] T6F ['lutinu] T7M 2" token
['lutinu] T5F - [lu'tinu] T6F [lu'tinu] T7M 15t token
[lu'tinu] T5F - ['lutinu] T6F ['lutinu] T7M 1%t token
[lu'tinu] T5F - [lutinu] T6F [lu'tinu] T7M 2" token
[lu'tinu] T5F - [lu'tinu] T6F ['lutinu] T7M 3" token
[lu'tinu] T5° - [lu'tinu] T6F [luti'nu] T7M 3" token
[lu'tinu] T5F - [luti'nu] T6F [lu'tinu] T7M 2" token
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[lu'tinu]
[luti'nu]
[luti'nu]
[luti'nu]
['bikulu]
['bikulu]
['bikulu]
[bi'kulu]
[bi'kulu]
[bi'kulu]
[bi'kulu]
[bi'kulu]
[bi'kulu]
[biku'lu]
[biku'lu]
[biku'lu]
['kitumi]
['kitumi]
['kitumi]
[ki"tumi]
[ki'tumi]
[ki'tumi]
[ki'tumi]
[ki'tumi]
[ki'tumi]
[kitu'mi]
[kitu'mi]
[kitu'mi]
['mudini]
['mudini]
['mudini]
[mu'dini]
[mu'dini]
[mu'dini]
[mu'dini]
[mu'dini]
[mu'dini]
[mudi'ni]

[mudi'ni]

T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F

[luti'nu]
[lu'tinu]
[lu'tinu]
[luti'nu]
['bikulu]
[bi'kulu]
[bi'kulu]
['bikulu]
['bikulu]
[bi'kulu]
[bi'kulu]
[biku'lu]
[biku'lu]
[bi'kulu]
[bi'kulu]
[biku'lu]
['kitumi]
[ki'tumi]
[ki'tumi]
[ kitumi]
['kitumi]
[ki'tumi]
[ki'tumi]
[kitu'mi]
[kitu'mi]
[ki'tumi]
[ki'tumi]
[kitu'mi]
['mudini]
[mu'dini]
[mu'dini]
['mudini]
['mudini]
[mu'dini]
[mu'dini]
[mudi’ni]
[mudi’'ni]
[mu'dini]

[mu'dini]

T6
T6
T6F
T6
T6F
T6F
T6
T6F
T6
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6F
T6
T6F
T6F
T6
T6F
T6F
T6
T6F
T6
T6
T6F
T6
T6F
T6
T6F
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[luti'nu]
[lu'tinu]
[luti'nu]
[lu'tinu]
[bi'kulu]
['bikulu]
[bi'kulu]
['bikulu]
[bi'kulu]
['bikulu]
[biku'lu]
[bi'kulu]
[biku'lu]
[bi'kulu]
[biku'lu]
[bi'kulu]
[ki'tumi]
['kitumi]
[ki'tumi]
[ kitumi]
[ki'tumi]
['kitumi]
[kitu'mi]
[ki'tumi]
[kitu' mi]
[ki"tumi]
[kitu'mi]
[ki'tumi]
[mu'dini]
['mudini]
[mu'dini]
['mudini]
[mu'dini]
['mudini]
[mudi'ni]
[mu'dini]
[mudi'ni]
[mu'dini]

[mudi'ni]

™7™
™7™
7™
™7™
7™
7™
™7™
7™
™7™
7™
7™
7™
7™
7™
7™
7™
™7™
7™
™7™
™7™
™7™
™7™
™7™
™7™
™7™
™7™
™7™
7V
7™
7™
7™
7™
7™
7™
7™
7™
7™
7™
™

1°t token
1°t token
2" token
3" token
3 token
2" token
1°t token
1** token
2" token
3" token
3" token
2" token
1** token
1** token
2" token
3" token
3 token
2" token
1°* token
1** token
2" token
3" token
3 token
2" token
1** token
1** token
2" token
3 token
3" token
2" token
1** token
1°* token
2" token
3 token
3" token
2" token
1°* token
1°t token

2" token



[mudi'ni]
['lutinu]
[lu'tinu]
[luti'nu]
['bikulu]
[bi'kulu]
[biku'lu]
['kitumi]
[ki'tumi]
[kitu'mi]

['mudini]

[mu'dini]

[mudi'ni]

T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F
T5F

[mudi'ni]
['lutinu]
[lu'tinu]
[luti'nu]
['bikulu]
[bi'kulu]
[biku'lu]
['kitumi]
[ki'tumi]
[kitu'mi]

['mudini]

[mu'dini]

[mudi'ni]

T6
T6
T6F
T6
T6F
T6F
T6
T6F
T6
T6F
T6F
T6
T6F

[mu'dini]
['lutinu]
[lu'tinu]
[luti'nu]
['bikulu]
[bi'kulu]
[biku'lu]
['kitumi]
[ki'tumi]
[kitu'mi]

['mudini]

[mu'dini]

[mudi'ni]

™7™
™7™
7™
™7™
7™
7™
™7™
7™
™7™
7™
7™
7™
7™

3" token
identical
identical
identical
identical
identical
identical
identical
identical
identical
identical
identical

identical

E. Trials for consonant discrimination (oddity task with catch trials)

1t token 2" token 3" token answer

[bu'pilil] T1F - [bu'pili] T2F - [bu'fili] T4M 3" token
[bu'pili] T1°F - [bu'fili] T2F - [bu'pili] T4M 2" token
[bu'pili] T1°F - [bu'fili] T2F - [bu'fili] T4M 15t token
[bu'fili] T1°F - [bu'pili] T2F - [bu'pili] T4M 15t token
[bu'fili] T1F - [bu'pili] T2F - [bu'fili] T4M 2" token
[bu'fili] T1F - [bu'fili] T2F - [bu'pili] T4M 3" token
[ti'fubi] T1F - [ti'fubi] T2F - [ti'vubi] T4V 3" token
[ti'fubi] T1F -  [ti'vubi] T2F - [ti'fubi] T4M 2" token
[ti'fubi] T1F - [ti'vubi] T2 -  [ti'vubi] T4M 1°t token
[ti'vubi] T1F - [ti'fubi] T2F - [ti'fubi] T4M 1°t token
[ti'vubi] T1F - [ti'fubi] T2F - [ti'vubi] T4V 2" token
[ti'vubi] T1F - [ti'vubi] T2F - [ti'fubi] T4M 3 token
[ti'buri] T1° - [ti'buri] T2F - [ti'furi] T4M 3™ token
[ti'buri] T1F - [ti'furi] T2F - [ti'buri] T4V 2" token
[ti'buri] T1F - [ti'furi] T2F - [ti'furi] T4M 1t token
[ti'furi] T1F - [ti'buri] T2F - [ti'buri] T4V 1t token
[ti'furi] T1F - [ti'buri] T2F - [ti'furi] T4M 2" token
[ti'furi] T1F - [ti'furi] T2F - [ti'buri] T4M 3™ token
[ku'mitu] T1F - [ku'mitu] T2 -  [ku'fitu] T4M 3 token
[ku'mitu] T1F - [ku'fitu] T2F - [ku'mitu] T4V 2" token
[ku'mitu] T1F - [ku'fitu] T2F - [ku'fitu] T4V 1%t token
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[ku'fitu]
[ku'fitu]
[ku'fitu]
[di'puki]
[di'puki]
[di'puki]
[di'buki]
[di'buki]
[di'buki]
[zu'mitu]
[zu'mitu]
[zu'mitu]
[zu'nitu]
[zu'nitu]
[zu'nitu]
[bu'pili]
[bu'Jili]
[ti'fubi]
[ti'vubi]
[ti'buri]
[ti'[uri]
[ku'mitu]
[ku'fitu]
[di'puki]
[di'buki]
[zu'mitu]
[zu'nitu]

T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F
T1F

[ku'mitu]
[ku'mitu]
[ku'fitu]
[di'puki]
[di'buki]
[di'buki]
[di'puki]
[di'puki]
[di'buki]
[zu'mitu]
[zu'nitu]
[zu'nitu]
[zu'mitu]
[zu'mitu]
[zu'nitu]
[bu'pili]
[bu'ili]
[ti'fubi]
[ti'vubi]
[ti'buri]
[ti'[uri]
[ku'mitu]
[ku'fitu]
[di'puki]
[di'buki]
[zu'mitu]
[zu'nitu]

T2F
T2
T2
T2
T2F
T2F
T2F
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2
T2

[ku'mitu]
[ku'fitu]
[ku'mitu]
[di'buki]
[di'puki]
[di'buki]
[di'puki]
[di'buki]
[di'puki]
[zu'nitu]
[zu'mitu]
[zu'nitu]
[zu'mitu]
[zu'nitu]
[zu'mitu]
[bu'pili]
[bu'ili]
[ti'fubi]
[ti'vubi]
[ti'buri]
[ti'furi]
[ku'mitu]
[ku'fitu]
[di'puki]
[di'buki]
[zu'mitu]
[zu'nitu]

T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M
T4M

F. Trials for training of Group Vowels (AX and AXB tasks)

SESSIONS 1 TO 4 A X answer
Session 1:block1  [zg] T2F [z4] T1F different
[z4] T2F [z4] T1F identical
[ze] T2F [ze] TAIF identical
[z4] T2F [ze] T1F different
[z4] T3F [z4] T1F identical
[ze] T3F [ze] T1F identical
[ze] T3F [z4] T1F different
[z4] T3F [ze] T1F different
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1** token
2" token
3" token
3" token
2" token
1** token
1** token
2" token
3" token
3 token
2" token
1** token
1** token
2" token
3" token
identical
identical
identical
identical
identical
identical
identical
identical
identical
identical
identical
identical



zi F
] T2 2] T2 denti
[2e] TIf dentical
[ze] T2F identi
[ze] T1f ; dentical
[zi] T2 di
] T1f - ifferent
[ze] T3F [zi] 2F different
i1 T .
2] T3 2 different
[ze] T2° identi
] T3F identical
[ze] T2° di
[zi] T3F - erent
[z4] T2F identi
ze] TIF ‘ identical
[zi] T3F di
] TIF w13 ifferent
} .
ze] TIf 3 identical
[ze] T3F identi
] TIF identical
[ze] T3F di
[z4] T2F (zi] T3F frerent
2] T 3 identical
[ze] T3F identi
Z] T2 identical
[ze] T3F di
p— [ze] T2F (zi] T3F frerent
ession 1: block 2 ] T2 o T3 different
Zt T F .
[zi] T2 L dentical
[ze] TIF di
[ze] T2F e] T1F ifferent
ze] T2 i 1F identical
iT .
[ze] T3F [2i] 1F cifferent
i1 T .
@ T3 1 different
[ze] T1 di
@] T3 A ifferent
[ze] T3F [ze] 1F 'dentical
T .
ze] TIF i 1F identical
iT .
A T different
[zi] T2F identi
] TIF identical
[ze] T2 di
ze] TIF ifferent
[ze] T2F identi
] T3 ‘ identical
[z4] T2F identi
] T3 identical
[ze] T2 di
ze] T3 . ifferent
[z4] T2F di
ze] T3F ifferent
[ze] T2F denti
] TIf identical
[ze] T3F di
ze] TIF . ifferent
[zi] T3F di
] TIf - ifferent
[ze] TIF (2e] 3 identical
e T F .
] T2 3 identical
[ze] T3F di
[ze] T2F @ T i ifferent
[ze] T2F [z ] 3 different
e F .
T3 identical
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: [z4] T2F :
Session 2:block1  [za] T2F [[z+] T3F identical
ze] T1F -
[ze] T2F [z} 1F different
al T .
] T2 1 different
[ze] TIF S
[za] T2F ‘dentical
[za] T1F identi
[za] T3F S identical
a] T3 1 different
[za] T1F identi
[ze] T3 identical
[ze] TIF identi
(ze] T3 e identical
[ze] T1F [za] 1F cifferent
T .
[ze] T1F [ze] 2F different
el T .
[za] T1F [za] 2F identical
T .
[za] T1F [ze] 2F dentical
T .
ze] T3 o] 2 different
e T F .
[ze] T3F [za] 2F identical
T .
[za] T3 : different
[za] T2F identi
[za] T3 identical
[ze] T2F di
[Za] T1F [Za] TF Ifferent
[ze] TIf X 'dentical
[ze] T3 identi
za] TI* identical
[ze] T3F di
[ze] T1F a] T3 ifferent
za] T2 3 different
[za] T3F identi
[ze] T2 identical
pal TF
za] T2 - ifferent
— ] T2 . 3F different
ession 2: block2 [z0] T2F [e] T3 identical
(filler) 2] T2 [zo] T1F different
2] TiIF .
] T2 [Zi 1 different
o] T F .
o] T2 1 identical
[zo] T1F I
] T3 identical
[z0] TIF di
o] T3 A ifferent
(] T3 ] 1F different
T .
[ZO] T3F [Zo] 1}: identical
T .
[23] T1F [Z ] 1 identical
o] T2F .
] TIF ] 2F different
T .
[z0] TIF (2] 2 identical
7] T2F .
o] TIF 0 2 different
[o) T F .
[20] T3F (z0] 2F identical
T .
] T3 ] 2 different
o) F .
T2 identical
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Z0 F
[zo] T3F o] T i ifferent
o] T1f 2 identical
[zo] T3F identi
] TIF identical
[zo] T3F di
] TIF - ifferent
[zo] T1F (2] 3 identical
5] T3F .
[zo] T2F [20] 3F different
T .
(] T2 ; different
[z0] T3F identi
0] T2 identical
[zo] T3F identi
S : [23] TZF [ZO] F identical
ession 3:block1  [zi] T2F : 3 different
72} T1F .
@ T 1 T identical
[ze] TIF di
[ze] T2F o] T i ifferent
(ze] T ] 1F identical
i T .
[Z‘f] T3F [ZE] 1F different
T .
[ze] T3F [zi] 1F different
i T .
@ T3 i 1F different
i1 T .
[ze] T3F X dentical
[ze] T1F .
] TIF identical
[ze] T2° di
ze] TIF ifferent
[ze] T2F identi
[ze] TIF . identical
(2] T2 di
@ T1F S ifferent
ze] T3 2 identical
[ze] T2F id .
[ze] T3F . identical
[zi] T2° di
@] T3 A ifferent
@] T3 2 identical
[ze] T2° di
[Ze] T1F [Z+] 3 ifferent
[ze] TIF [ze] ; cifferent
e T F .
i TIf ‘ 3 identical
[z4] T3F identi
] TIF identical
[ze] T3° di
@ T2 A ifferent
[z4] T2F (ze] 3F identical
T .
[ze] T2F (2] > different
il T3F .
s [ze] T2 [z i cifferent
. F
ession 3: block2  [ze] T2F [ o B identical
ze T F .
ze] T 1 T identical
[ze] TIF di
[ze] T2F [ze] T1F fherent
ze] T2 1 different
ze] T ident
[ze] T3F S identical
1 identical

APPENDIX VII | p. 73



ze F
[ ] T3 [ZS] TlF d
[ZE] T3F [ZE] T F frerent
[ze] T3F [zg] TlF different
€ .
[ze] T1F [ze] lF identical
T .
2] TIF 2 identical
[ze] T2° identi
ze] TIF identical
[ze] T2 di
ze] TIF - ifferent
e T3 o TZF different
€ .
[ze] T3F (z¢] 2F identical
T .
[ze] T3F [ze] 2F different
T .
[ze] T3F [ze] 2F dentical
T .
[ze] T1F (z¢] 2|: different
T .
[ze] T1F [2€] 3F different
el T .
[ZE] T1F [Z ] 3 identical
e] T3F .
(ze] TIF ) 3F different
T .
[ze] T2F [ze] 3F dentical
T .
2] T2 3 different
[ze] T3F identi
[ze] T2F identical
[ze] T3F identi
p—— [ze] T2 [26] T3F dentical
ession4:block1 [ze] T2F : T3 different
ze T F .
2] T2 1 m identical
[ze] T1F identi
2e] T identical
[ze] T1F di
ze] T2 e ifferent
[ze] T3F [ze] 1F different
e] T .
[Ze] T3F [ZE] 1F different
T .
[ZE] T3F [ZE] 1F different
T .
[ze] T3F [ze] 1F dentical
T .
ze] TIF 1 identical
[ze] T2F identi
ze] TIF identical
[ze] T2F identi
ze] TIf - identical
2] TI 2 different
[ze] T2F di
ze] T3 - ifferent
2] T3 2 different
[ze] T2F identi
(2] T3 identical
[ze] T2° di
ze] T3 M ifferent
[ze] T1F [ze] i dentical
e T F .
ze] TIF 3 identical
[ze] T3° di
ze] T - ifferent
2] TI el 3 different
€ F .
T3 identical
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[ze] T2F [ze] T3F different
[ze] T2F [ze] T3F identical
[ze] T2F [ze] T3F identical
[ze] T2F [ze] T3F different
Session 4: block2  [ze] T2F [ze] T1F identical
[zi] T2F [zi] T1F identical
[ze] T2F [zi] T1F different
[zi] T2F [ze] T1F different
[ze] T3F [ze] TIF identical
[ze] T3F [zi] T1F different
[zi] T3F [zi] T1F identical
[zi] T3F [ze] TI1F different
[ze] T1F [zi] T2F different
[zi] T1F [zi] T2F identical
[ze] T1F [ze] T2F identical
[zi] T1F [ze] T2F different
[zi] T3F [ze] T2F different
[ze] T3F [ze] T2F identical
[ze] T3F [zi] T2F different
[zi] T3F [zi] T2F identical
[zi] T1F [zi] T3F identical
[ze] T1F [zi] T3F different
[zi] Ta1f [ze] T3F different
[ze] T1F [ze] T3F identical
[zi] T2F [zi] T3F identical
[zi] T2F [ze] T3F different
[ze] T2F [ze] T3F identical
[ze] T2F [zi] T3F different
SESSIONS 5 AND 6 A X B answer
Block 1 [ze] T1F [ze] T2F [za] T3F A
[za] T1F [za] T2F [ze] T3F A
[za] T1F [ze] T2F [ze] T3F B
[ze] T1F [za] T2F [za] T3F B
[ze] Ti1F [za] T2F [za] T3F B
[ze] T1F [ze] T2F [za] T3F A
[za] T1F [za] T2F [ze] T3F A
[za] T1F [ze] T2F [ze] T3F B
Block 2 [ze] T1F [ze] T2F [ze] T3F B
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[ze] T1F - [ze] T2F - [ze] T3F A
[ze] T1F - [ze] T2F - [ze] T3F A
[ze] T1F - [ze] T2F - [ze] T3F B
[ze] T1F - [ze] T2F - [ze] T3F B
[ze] T1F - [ze] T2F - [zg] T3F B
[ze] T1F - [ze] T2F - [zg] T3F A
Block 3 [ze] T1F - [ze] T2F - [zg] T3F A
[zi] T1F - [zi] T2F - [ze] T3F A
[zi] T1F - [ze] T2F - [ze] T3F B
[ze] T1F - [zi] T2F - [zi] T3F B
[zi] T1F - [ze] T2F - [ze] T3F B
[zi] T1F - [zi] T2F - [ze] T3F A
[ze] T1F - [zi] T2F - [zi] T3F B
[ze] T1F - [ze] T2F - [zi] T3F A
[ze] T1F - [ze] T2F - [zi] T3F A
Block 4 [ze] T1F - [ze] T2F - [zi] T3F A
[ze] T1F - [z] T2F - [z] T3F B
[ze] T1F - [z#] T2F - [zi] T3F B
[z#] T1F - [z4] T2F - [zeg] T3F A
Block 5 [z#] T1F - [ze] T2F - [ze] T3F B
[zi] T1F - [ze] T2F - [ze] T3F B
[z#] T1F - [z4] T2F - [ze] T3F A
[ze] T1F - [ze] T2F - [zi] T3F A
Block 6 [ze] T1F - [ze] T2F - [z] T3F A
[z#] T1F - [z4] T2F - [ze] T3F A
[z¢] T1F - [z T2F - [ze] T3F A
[z#] T1F - [ze] T2F - [ze] T3F B
[ze] T1F - [ze] T2F - [z4] T3F A
[zi] T1F - [ze] T2F - [ze] T3F B
[ze] T1F - [z4] T2F - [z4] T3F B
[ze] T1F - [zi] T2F - [z] T3F B
Block 7 [ze] T1F - [ze] T2F - [ze] T3F B
[ze] T1F - [ze] T2F - [ze] T3F B
[ze] T1F - [zg] T2F - [ze] T3F A
[ze] T1F - [zg] T2F - [ze] T3F A
[ze] T1F - [ze] T2F - [zeg] T3F B
[ze] T1F - [ze] T2F - [zg] T3F A
[ze] T1F - [ze] T2F - [zeg] T3F A
[ze] T1F - [ze] T2F - [ze] T3F B
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G. Trials for training of Group Stress (AX and AXB tasks)

SESSIONS 1 TO 4 A X answer
Session 1: block 1 ['bifufi] T4V - ['bifufi] T1F identical
['bifufi] T4V - [bi'fufi] T1f different

[bi'fufi] T4V - ['bifufi] T1F different

[bi'fufi] T4V - [bi'fufi] T1f identical

['bifufi] T2F - ['bifufi] T4M identical

['bifufi] T2F - [bi'fufi] T4M different

[bi'fufi] T2F - ['bifufi] T4M different

[bi'fufi] T2F - [bi'fufi] T4M identical

bi'fufi] T1F -  [bi'fufil T2F  identical

['bifufi] T1F - [bi'fufi] T2F different

[bi'fufi] T1F - ['bifufi] T2F different

['bifufi] T1F - ['bifufi] T2F identical

Session 1: block2 ['vumipi] T4™ -  [vu'mipi] T1F different
['vumipi] T4M - ['vumipi] TIF identical

[vu'mipi] T4M - ['vumipi] T1F different

[vu'mipi] T4M - [vu'mipi] TI1F identical

['vumipi] T2F - [vu'mipi] T4M different

['vumipi] T2F - ['vumipi] T4M identical

[vu'mipi] T2F - [vu'mipi] T4M identical

[vu'mipi] T2F - ['vumipi] T4M different

[vu'mipi] T1F - ['vumipi] T2F different

['vumipi] T1F - ['vumipi] T2F identical

['vumipi] T1F - [vu'mipi] T2F different

[vu'mipi] T1F - [vu'mipi] T2F identical

Session 1: block3 ['mupifu] T4™ - ['mupifu] T1f identical
[mu'pifu] T4M - [mu'piju] T1F identical

[mu'pifu]l T4M - ['mupifu] T1F different

['mupifu] T4M - [mu'piju] T1F different

['mupifu] T2F - ['mupifu] T4M identical

[mu'pifu] T2F - ['mupifu] T4M different

['mupifu] T2F - [mu'pifu] T4M different

[mu'pifu] T2F - [mu'pifu] T4M identical

[mu'pifu]l T1F - [mu'piju] T2F identical

[mu'pifu] T1F - ['mupifu] T2F different

['mupifu] T1F - [mu'piju] T2F different

['mupifu] T1F - ['mupifu] T2F identical

Session 1: block 4 [fi'luvi] T2F
[‘filuvi] T2F

['filuvi] T4M different
['filuvi] T4M identical
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[fi'luvi] T2F
- [fi'luvi M i i
i o i] T4 identical
i'luvi M i
o T ' i] T4 different
fi - [fi'luvi] T2F identi
['filuvi] T1F - fi e
f [‘filuvi] T2F identi
[fi'luvi] T1F - ['filuvi S
iluv F i
R, - i] T2 different
i'luvi F i
o T i i] T2 different
iluvi F i
i T - i] T1 different
i'luvi F i
) 4y ' i] T1 different
i - [fi'luvi] T1F identi
— [‘filuvi] T4V - ['filuvi e
ession 2: block 1 [bifu'fi] T4M o o
' - [bi'fufi] T1F di
e e 'y ifferent
. - [bifu'fi] T1F identi
i f identical
' - [bi'fufi] T4V di
) 'y ifferent
. - [bifu'li] T4V identi
[bifu'fi] T1F - [bifu'fi ot
ifu F i
e e f fi] T2 identical
f - [bi'fufi] T2F di
e 14 'y ifferent
” - [bifu'fi] T1F di
) e f ifferent
' - [bi'fufi] T1F identi
Ay ' identical
” - [bi'fufi] T4V identi
i 'y identical
i - [bifu'fi] T4M di
b ffu ifferent
' - [bifu'fi] T2F di
- [bi'fufi] T1F - [bi'fufi o
ession 2: block2  [vumi'pi] T4M o o
| - [vumi'pi] TIF [ [
e 4 ! identical
| - [vu'mipi] TI1F di
e ! ifferent
| - [vumi'pi] T4M [ [
e ! identical
| - [vu'mipi] T4V di
e ! ifferent
| - [vumi'pi] T2F [ [
e i ! identical
mi - [vu'mipi] T2F di
e a8 | ifferent
mi - [vu'mipi] T21F i i
o ! identical
| - [vumi'pi] TI1F i
i .. different
| - [vumi'pi] T4V di
e ! ifferent
mi - [vu'mipi] T4V i i
—— ! identical
| - [vumi'pi] T2F di
w [vu'mipi] T1F - [vu'mipi o
ession 2: block 3 [filu'vi] T4M e i
i - [filu'vi] T1F identi
[filu'vi] T4V - [fi'l P
i'luvi F i
o Ty o i] T1 different
i'luvi M i
ol o i] T4 different
u [filu'vi] T4M identi
[filu'vi] T1F ilu' ot
i - [filu'vi] T2F identi
[filu'vi] T1F - [fi'l o
i'luvi F i
o T - i] T2 different
i'luvi F i
vi] T1 identical
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[fi'luvi] T4M
- [filu'vi F i
o ot o i] T1 different
i'luvi M i
o i i] T4 identical
ilu'vi M i
o e iy i|] T4 different
ilu'vi F i
S o e o i] T2 different
| . . . .
ession 2: block4 [mupi'fu] T4M I' T e
' - [mu'pifu] T1F di
e e : ifferent
' [mupi'fu] T1F identi
e .. identical
i [mupi'fu] T4M identi
e i identical
' [mu'pifu] T4M di
e e P ifferent
' [mu'pifu] T2F di
e : ifferent
4 [mupi'fu] T2F identi
e .. identical
P [mupi'fu] T1F di
e T i ifferent
P [mu'pifu] T1F identi
e : identical
P [mupi'fu] T4M di
e i ifferent
P [mu'pifu] T4M identi
e : identical
P [mupi'fu] T2F di
s e . ifferent
ession 3: block1 [vumi'pi] T4M s o
mi - [vumi'pi] TIF i i
e . identical
mi - [vu'mipi] TIF i i
o m identical
. | - [vu'mipi] TIF i i
e . identical
mi - ['vumipi] T1F i i
L | ! identical
mi - ['vumipi] TIF i
e ! different
! - [vumi'pi] T1F i
e . different
. | - [vu'mipi] TIF i
e | different
mi - [vu'mipi] T1F i
e . different
! - ['vumipi] T4M i
e ! different
' - [vumi'pi] T4M i i
e mi identical
mi - [vu'mipi] T4M i
e | different
. | - [vu'mipi] T4M i i
o . identical
mi - ['vumipi] T4M i i
o " identical
mi - [vumi'pi] T4M i
o . different
. | - [vu'mipi] T4M i i
— | identical
; - [vu'mipi] T4M di
o | ifferent
mi - [vu'mipi] T2F i
R ! different
mi - [vumi'pi] T2F i
. . different
mi - [vu'mipi] T2F i i
T . identical
! - ['vumipi] T2F di
e ! ifferent
. | - [vumi'pi] T2F i i
e T . identical
mi - ['vumipi] T2F i i
o ! identical
. | - [vu'mipi] T2F i i
['vumipi] T1F - [vu'mi .
mipi ; .
ipi] T2 different
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Session 3:block2 [mupi'fu] T4 - [mu'pifu] T1F different
[mu'pifu] T4V - [mu'pifu] T1F identical
[mu'pifu] T4M - [mu'pifu] T1F identical
[mu'pifu] T4M - [mupi'fu] T1F different
['mupifu] T4 - ['mupifu] T1F identical
[mupi'fu] T4M - [mupi'fu] T1F identical
['mupifu] T4 - [mu'pifu] T1F different
[mu'pifu] T4V - ['mupifu] T1F different
[mu'pifu] T2F - [mu'pifu] T4M identical
[mupi'fu] T2F - [mu'piju] T4M different
['mupifu] T2F - ['mupifu] T4M identical
[mupi'fu] T2F - [mupi'fu] T4M identical
['mupifu] T2F - [mu'pifu] T4M different
[mu'pifu] T2F - [mupi'fu] T4M different
[mu'pifu] T2F - ['mupifu] T4M different
[mu'piju] T2F - [mu'pifju] T4M identical
[mupi'fu] T1F - [mu'pifu] T2F different
[mu'pifu] T1F - ['mupifu] T2F different
[mu'pifu] T1F - [mu'pifu] T2F identical
[mupi'fu] T1F - [mupi'fu] T2F identical
[mu'pifu] T1F - [mupi'fu] T2F different
['mupifu] T1F - [mu'pifu] T2F different
['mupifu] T1F - ['mupifu] T2F identical
[mu'pifu] T1F - [mu'pifu] T2F identical

Session 4: block 1 ['bifufi] T4M - [bi'fufi] T1F different

[bi'fufi] T4V - [bifu'fi] T1F different
[bi'fufi] T4 -  [bi'fufi] T  identical
['bifufi] T4V - ['bifufi] T1F identical
[bifu'fi] T4M - [bifu'fi] T1F identical
[bi'fufi] T4V - [bi'fufi] T1F identical
[bi'fufi] T4V - ['bifufi] T1F different
[bifu'fi] T4V - [bi'fufi] T1F different
[bi'fufi] T2F - [bi'fufi] T4V identical
['bifufi] T2F - ['bifufi] T4V identical
[bi'fufi] T2F - [bi'fufi] T4V identical
[bifu'fi] T2F - [bi'fufi] T4V different
[bi'fufi] T2F - [bifu'fi] T4V different
[bi'fufi] T2F - ['bifufi] T4V different
['bifufi] T2F - [bi'fufi] T4V different
[bifu'li] T2F - [bifu'li] T4V identical
[bifu'fi] T1F - [bi'fufi] T2F different
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[bi'fufi] T1F - [bi'fufi] T2F identical
bifu'fii T1F -  [bifu'fii T2F  identical
[bi'fufi] T1F - [bi'fufi] T2F identical
[bifufi] T1F -  ['bifufil T2F  identical
['bifufi] T1F - [bi'fufi] T2F different
[bi'fufi] T1F - [bifu'li] T2F different
[bi'fufi] T1F - ['bifufi] T2F different
Session 4: block 2 [fi'luvi] T4V - [fi'luvi] T1F identical
[filu'vi] T4V - [fi'luvi] T1F different
[‘filuvi] T4V - ['filuvi] T21F identical
[‘filuvi] T4V - [fi'luvi] T1F different
[fi'luvi] T4V - ['filuvi] T21F different
[fi'luvi] T4V - [fi'luvi] T1F identical
[fi'luvi] T4V - [filu'vi] T1F different
[filu'vi] T4V - [filu'vi] T1F identical
[fi'luvi] T2F - [fi'luvi] T4M identical
[fi'luvi] T2F - [fi'luvi] T4M identical
[fi'luvi] T2F - ['filuvi] T4M different
[‘filuvi] T2F - ['filuvi] T4M identical
[fi'luvi] T2F - [filu'vi] T4  different
[‘filuvi] T2F - [fi'luvi] T4M different
[filu'vi] T2F - [fi'luvi] T4“ different
[filu'vi] T2F - [filu'vi] T4M identical
[fi'luvi] T1F - [filuvi] T2¢  different
[filu'vi] T1F - [filu'vi] T2F identical
[fi'luvi] TI1F - [fi'luvi] T2F identical
[‘filuvi] T1F - [fi'luvi] T2F different
['filuvi] T1F - ['filuvi] T2F identical
[filu'vi] T1F - [fi'luvi] T2F different
[fi'luvi] T1F - [fi'luvi] T2F identical
[fi'luvi] T1F - [filu'vi] T2F different
SESSIONS 5 AND 6 A X B answer
Block 1 [bi'fufi] T1F - [bifu'fi] T2F [bifu'fi] T4M B
bi'fufil] T1F - [bi'fufi] T2 ['bifufi] T4M A
bifu'fi] T1F - [bi'fufi] T2 [bi'fufi] T4M B
bi'fufil] T1F - [bi'fufi] T2 [bifu'fi] T4M A
[bifufi] T1F - [bifufi] T2 [bi'fufi] T4M A
bi'fufil] T1F - [bifufi] T2 ['bifufi] T4M B
lbifu'fi] T1F - [bifu'i] T2\ [bi'fufi] T4V A
[bifufi] T1F - [bi'fufi] T2 [bi'fufi] T4M B
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Bl '
ock 2 [vu'mipi] T1f
mi - [vumi'pi] T2F i
e . [vumi'pi] T4M
| - ['vumipi] T2F ' X
o . ['vumipi] T4M
- [vu'mipi] T2F X
N [vumi'pi] T4M
. - [vumi'pi] T2F ' A
e ! [vu'mipi] T4M
. - [vu'mipi] T2F ' A
R | ['vumipi] T4M
- [vu'mipi] T2F ' :
e | [vu'mipi] T4M
. - [vu'mipi] T2F ' X
A . [vu'mipi] T4M
—— " - ['vumipi] T2F ' X
T . [vu'mipi] T4M
lu - [‘filuvi] T2F fi :
o T ! ['filuvi] T4M
I [filu'vi] T2F i X
ot e ‘ [fi'luvi] T4M
o [filu'vi] T2F i ;
foa) o ' [filu'vi] T4M
il - [fi'luvi] T2F i X
e ” [fi'luvi] T4M
i [fi'luvi] T2F i .
o T ' [fi'luvi] T4M
fi [fi'luvi] T2F ilu' X
ot e i [filu'vi] T4M
i [‘filuvi] T2F i A
o T f [fi'luvi] T4M
- . [fi'luvi] T2F fi ,
['mupifu] T1F ' T
. - ['mupifu] T2F ' .
T . [mu'pifu] T4M
- [mupi'fu] T2F ' A
[mupi'fu] T1F - ' o
. [mu'pifu] T2F ' .
i . [mu'pifu] T4M
| - [mupi'fu] T2F X
[mu'pifu] T1F - 'pi e
| [mu'pifu] T2F ' X
e . | ['mupifu] T4M
! ['mupifu] T2F ' ;
['mupifu] T1F - ' e
. [mu'pifu] T2F ' X
— Pl [mu'pifu] T4M
. . [mu'pifu] T2F X
[3u'rigu] T1F ' mp T8
su i - [3u'rigu] T2F i .
e i [3uri'gu] T4M
i [3u'rigu] T2F ri ;
A } [3u'rigu] T4M
i [3uri'gu] T2F i X
e surt [3uri'gu] T4M
; ['zurigu] T2F '3uri X
[3uri'gu] T1F - i’ S
i [3uri'gu] T2F ' X
o B [3u'rigu] T4M
i [3u'rigu] T2F ri ;
e n [3u'rigu] T4M
su i [3u'rigu] T2F ‘3uri X
e U ['zurigu] T4M
. . ['zurigu] T2F ri A
[zitulii] T1F i SRt
i - [zi'tuli] T2F i :
e ‘ [zi'tuli] T4M
a3 [zitulii] T2F i X
['zituli] T1F - 'Zi e
. ['zituli] T2F i X
e ! [zi'tuli] T4M
' [zi'tuli] T2F 'zi A
o a4 ['zituli] T4M
d ['zituli] T2F 'zi A
e ! ['zituli] T4M
. [zi'tuli] T2F i X
e .. [zi'tuli] T4M
| [zi'tuli] T2F i X
e T ‘ [zitulii] T4M
[zitulii] T2F i A
[zi'tuli] T4M A
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H. Trials for training of Group Vowels & Stress (AX and AXB tasks)

SESSIONS 1TO 4 A X answer
Session 1:block 1  [zi'za] T3F - [zi'za] TIF identical
['zize] T2F - ['zize] T3F identical
[zi'za] T2F - ['zize] T3F different
['zize] T3F - [zi'za] TIF different
[zi'za] T3F - [zize] T1F different
['zize] T2F - [zi'za] T3F different
[zi'za] T1F - [zi'za] T2F identical
[zi'za] T2F - [zi'za] T3F identical
['zize] TI1F - [zi'za] T2F different
['zize] T1F - ['zize] T2F identical
['zize] T3F - ['zize] TIF identical
[zi'za] T1F - ['zize] T2F different
Session 1: block2  [zi'ze] T3F - ['zizi] TIF different
[zi'ze] T2F - [zi'ze] T3F identical
['zizd) T1F - ['zizd] T2F identical
['zizi] T3F - ['zizi] TIF identical
['zizid] T2F - [zi'ze] T3F different
[zi'ze] T2F - ['zizi] T3F different
['zizi] T1F - [zi'zeg] T2F different
['zizi] T3F - [zi'ze] TIF different
[zi'ze] T3F - [zi'ze] TAF identical
['zizi] T2F - ['zizi]) T13F identical
[zi'ze] T1F - [zi'ze] T2F identical
[zi'ze] T1F - [zizi] T2F different
Session 1:block3  [zizi] T3F - [zi'ze] T1F different
[zi'ze] T3F - [zi'ze] T1F identical
['zizd] T1F - [zi'ze] T2F different
[zi'ze] T2F - ['zizi] T3 different
['zizi) T1F - ['zizd] T2F identical
[zi'ze] T1F - [zizi] T2 different
[zi'ze] T2F - [zi'ze] T3F identical
['zizd] T2F - [zi'ze] T3F different
['zizé]) T2F - [zizi] T3F identical
[zi'ze] T3F - [zizi] T1F different
['zizd] T3F - ['zizi] TIF identical
[zi'ze] T1F - [zi'ze] T2F identical
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Session 1: block 4  [zi'zo] T3F [zi'zo] T1F identical
[zi'zo]  T3F ['zizu] T1F different
['zizu] T3F ['zizu] T1F identical
[zi'zo]  T2F ['zizu] T3F different
[zi'zo] TA1F [zi'zo] T2F identical
['zizu] T1F ['zizu] T2F identical
['zizu] T2F ['zizu] T3F identical
['zizu] T2F [zi'zo]  T3F different
['zizu] T3F [zi'zo] TA1F different
[zi'zo] T2F [zi'zo] T3F identical
['zizu] T1F [zi'zo] T2F different
[zi'zo] TIF ['zizu] T2F different
Session 2: block1  ['zazi] T1F [ze'zi] T2F different
['zazi] T2F [ze'zi] T3F different
[ze'zi] T3F ['zazi] T1F different
[ze'zi] T3F [ze'zi] T1F identical
[ze'zi] T2F [ze'zi] T3F identical
[ze'zi] T2F ['zazi] T3F different
['zazi] T3F ['zazi] T1F identical
[ze'zi] TIF [ze'zi] T2F identical
[ze'zi] TIF ['zazi] T2F different
['zazi] T3F [ze'zi] T1F different
['zazi] T2F [zazi] T3F identical
['zazi] T1F ['zazi] T2F identical
Session 2: block 2 ['zezi] T2F [zi'zi] T3F different
['zezi] T3F ['zezi] T1F identical
[z#'zi] T1F ['zezi] T2F different
[z#'zi] T3F [zi'zi] T1F identical
[zi'zi] T1F [zi'zi] T2F identical
['zezi] T2F ['zezi] T3F identical
['zezi] T3F [zi'zi] T1F different
[zi'zi] T2F ['zezi] T3F different
['zezi] T1F ['zezi] T2F identical
[zi'zi] T3F ['zezi] TA1F different
[z#'zi] T2F [zi'zi] T3F identical
['zezi] T1F [zi'zi] T2F different
Session 2: block3  ['zezi] T3F [zi'zi] T1F different
['zezi] T3F ['zezi] T1F identical
['zezi] T2F ['zezi] T3F identical
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[zi'zi] T2F - [z#'zi] T3F identical
[zi'zi] T3F - ['zezi] T1F different
[z#'zi] T1F - [zi'zi] T2F identical
[zi'zi] T3F - [z#'zi] T1F identical
['zezi] T1F - [z#'zi] T2F different
[z#'zi] T1F - ['zezi] T2F different
[zi'zi] T2F - ['zezi] T3F different
['zezi] T2F - [zi'zi] T3F different
['zezi] T1F - ['zezi] T2F identical
Session 2: block4  ['z0zi] T2F - ['z0zi] T3F identical
[zu'zi] T1F - ['z0zi] T2F different
[z0zi] T2F - [zu'zi] T3F different
['z0zi] T3F - ['z2zi] T1F identical
['z0zi] T1F - [zu'zi] T2F different
[z0zi] T1F - ['z2zi] T2F identical
['z0zi] T3F - [zu'zi] T1F different
[zu'zi] T3F - ['20zi] T1F different
[zu'zi] T2F - [zu'zi] T3F identical
[zu'zi] T2F - ['z0zi] T3F different
[zu'zi] T1F - [zu'zi] T2F identical
[zu'zi] T3F - [zu'zi] T1F identical
Session 3:block 1  [ze'za] T3F - [ze'za] TIF identical
[ze'za] T1F - [ze'za] T2F identical
[zaze] T1F - ['zaze] T2 identical
['zaze] T3F - ['zaze] T1F identical
['zaze] T3F - [ze'za] TIF different
[zaze] T2F - ['zaze] T3F identical
[zaze] T2F - [ze'za] T3F different
[zaze] T1F - [ze'za] T2 different
[ze'za] T1F - ['zaze] T2F different
[ze'za] T2F - [ze'za] T3F identical
[ze'za] T2F - ['zaze] T3F different
[ze'za] T3F - ['zaze] T1F different
Session 3:block2 ['zazi] T1F - ['zazi] T2F identical
[ze'ze] T1F - ['zazi] T2F different
['zazi] T2F - ['zazi] T3F identical
[ze'ze] T3F - ['zazi] T1f different
['zazi] T2F - [ze'ze] T3F different
[ze'ze] T3F - [ze'ze] TIF identical

APPENDIX VII | p. 85



[ze'ze F
] T2 [ze'ze] T3F i i
o | identical
[ze'ze] TIF i
o ez different
['zazi] T3F i
e ' different
[ze'ze] T2F i i
o ez identical
['zazi] T1F i i
e - identical
. ze F
Session 3:block3  ['zazi] T1Ff = o
[ze'ze] T2F i
o i different
['zazi] T2F i i
o ‘ identical
[ze'ze] T3F i
e i different
[zazi] T1F i i
O . identical
[ze'ze] T2F i i
e | identical
[ze'ze] T3F i i
e | identical
[ze'ze] T1F i i
e i identical
['zazi] T2F i
e 1y w2 different
[zazi] T1F i
A . different
[ze'ze] T1F i
o i different
['zazi] T3F i i
O - F identical
. zi
Session 3: block 4 [ze'za] T2F [ — .
ze'zo] T3 i
o | ] 3 identical
[ze'zo] TIF i i
e | identical
[ze'zo] T2F [
o ' different
['zazu] T1F i
e | different
['zazu] T2F i i
o ' identical
[ze'zo] T1F i
o ' different
['zazu] T1F i i
o ' identical
[ze'zd]  T3F [
A | different
[ze'zo] T2F i i
e ' identical
['zazu] T2F [
e | different
['zazu] T3F i i
[ze'zo] T2F ['zaz B
. u F
Session 4: block 1 [zi'za] T1f [z — e
zi'za] T2F i
ey ' ] 2 identical
['zeze] T3F i
o ¢ different
[zi'za] T2F i
oy y different
[zi'za] T1f i i
R y identical
[zi'za] T3F i
o y different
[zi'za] T3F i i
e ' identical
['zeze] TIF [
S | different
['zeze] T1F i i
['zeze] T1F ['zeze] o
e F i
T2 identical
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7i'z F '
[zi'za] T1F - ['zeze] T2F i
ey | different
- ['zeze] T3F i i
['zeze] T3F - [zi'z F o
. ° |
Session 4: block2  ['zezi] T2F [zi o .
- [zi'ze] T3F i
o g ] 3 different
- [zi'ze] T2F i
. j different
- [zi'ze] TIF i i
e i identical
- [zi'ze] T3F [ [
e e identical
- ['zezi] T3F i
e ) different
- [zi'ze] T2F i i
e e identical
- ['zezi] TA1F i
i e different
- ['zezi] T3F i i
o 2 identical
- ['zezi] T2F i i
o e identical
- ['zezi] T2F i
e ) different
- [zi'ze] TIF i
i e different
Session 4: e | |
:block3  ['zezi] T3F ['zezi] S
- ['zezi] T1F i i
o ) 1 identical
- [zi'ze] T2F i
o e different
- ['zezi] T2F i i
e ) identical
- [zi'ze] T3F i
e g different
- [zi'ze] TAF [ [
e i identical
- [zi'ze] T2F [ [
e g identical
- [zi'ze] T3F i i
e e identical
- ['zezi] T3F i
e ) different
- [zi'ze] TIF i
o e different
- ['zezi] TIF i
i e different
- ['zezi] T3F i i
L F identical
. zt i
Session 4: block 4  [zi'zo] T3F [ o e
- [zi'zd] TIF i i
e g ] 1 identical
- [z¢'z2]  T3F i
S g different
- [zi'zd]  THIF i
P ' different
- ['zezu] TIF [ [
o | identical
- ['zezu] T2F i
e ) different
- [zi'zd]  T2F i i
e ' identical
- ['zezu] T3F i
e | different
- ['zezu] T3F i i
i | identical
- ['zezu] T2F i i
o . identical
- [z¢'z2]  T3F i i
e ' identical
- ['zezu] TIF i
R o different
- pio) F i
T2 different
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SESSIONS 5 AND 6 A X B answer
Block 1 ['zizi] T1F - ['zizi] T2F [zi'ze] T3F A
[zi'ze] T1F - ['zizi] T2F ['zizi] T3F B
['zizi] T1F - [zi'ze] T2F [zi'ze] T3F B
[zi'ze] T1F - [zi'ze] T2F ['zizi] T3F A
Block 2 ['zizi] T1F - ['zizi] T2F [zi'ze] T3F A
['zizi] T1F - [zi'ze] T2F [zi'ze] T3F B
[zi'ze] T1F - ['zizi] T2F ['zizi] T3F B
[zi'ze] T1F - [zi'ze] T2F ['zizi] T3F A
Block 3 [zi'za] T1F - [zi'za] T2F ['zize] T3F A
['zize] T1F - [zi'za] T2F [zi'za] T3F B
[zi'za] T1F - ['zize] T2F ['zize] T3F B
['zize] T1F - ['zize] T2F [zi'za] T3F A
Block 4 ['zezi] T1F - ['zezi] T2F [zi'zi] T3F A
[zi'zi] T1F - [z#'zi] T2F ['zezi] T3F A
[zi'zi] T1F - ['zezi] T2F ['zezi] T3F B
['zezi] T1F - [zi'zi] T2F [zi'zi] T3F B
Block 5 ['zezi] T1F - ['zezi] T2F [zi'ze] T3F A
[zi'ze] T1F - [zi'ze] T2F ['zezi] T3F A
['zezi] T1F - [zi'ze] T2F [zi'ze] T3F B
[zi'ze] T1F - ['zezi] T2F ['zezi] T3F B
Block 6 ['zezi] T1F - ['zezi] T2F [zi'ze] T3F A
[zi'ze] TI1F - ['zezi] T2F ['zezi] T3F B
['zezi] T1F - [zi'ze] T2F [zi'ze] T3F B
[zi'ze] TI1F - [zi'ze] T2F ['zezi] T3F A
Block 7 ['zeze] T1F - ['zeze] T2F [zi'za] T3F A
[zi'za] T1F - ['zeze] T2F ['zeze] T3F B
[zi'za] TI1F - [zi'za] T2F ['zeze] T3F A
['zeze] T1F - [zi'za] T2F [zi'za] T3F B
Block 8 ['zezi] T1F - ['zezi] T2F [z¢'zi] T3F A
[zi'zi] T1F - ['zezi] T2F ['zezi] T3F B
[zi'zi] T1F - [zi'zi] T2F ['zezi] T3F A
['zezi] T1F - [zi'zi] T2F [zi'zi] T3F B
Block 9 [zazi] T1F - ['zazi] T2F [ze'zi] T3F A
[ze'zi] T1F - [ze'zi] T2F ['zazi] T3F A
[ze'zi] T1F - ['zazi] T2F ['zazi] T3F B
[zazi] T1F - [ze'zi] T2F [ze'zi] T3F B
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Block 10 ['zazi] T1F ['zazi] T2F [ze'ze] T3F A
[ze'ze] TIF [ze'ze] T2F ['zazi] T3F A
[ze'ze] TIF ['zazi] T2F ['zazi] T3F B
['zazi] T1F [ze'ze] T2F [ze'ze] T3F B
Block 11 ['zazi] T1F ['zazi] T2F [ze'ze] T3F A
[ze'ze] T1F [ze'ze] T2F ['zazi] T3F A
[ze'ze] T1F ['zazi] T2F ['zazi] T3F B
['zazi] T1F [ze'ze] T2F [ze'ze] T3F B
Block 12 [ze'za] T1f [ze'za] T2F ['zaze] T3F A
['zaze] T1F [ze'za] T2F [ze'za] T3F B
[ze'za] T1F ['zaze] T2F ['zaze] T3F B
[zaze] T1F [zaze] T2F [ze'za] T3F A
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Appendix VI

Instructions presented to Hungarian participants in the beginning of the
training phase of the perceptual training study (Chapter 5)






A. Instructions sent to Group Vowels in the beginning of the training (original version)

We are starting the training exercises!

You are getting now a new link from Gorilla site (your code is the same, always).

In this 2' video you have the general instructions (in English), or you can read them in
Hungarian below.

* %k %k

Elkezdjik a gyakorlé feladatokat @

Osszesen harom kiilénbdz6 tipusu gyakorlorld feladatot készitettem, azonban a feladatok
kiosztdsa kozottetek véletlenszer(ien torténik, nem az én dontésem, hogy melyik hallgatd
melyik feladatsorokat kapja.

A Te csoportod azokra a portugal maganhangzdékra Osszpontosit, melyek nehézséget
okoznak a magyar anyanyelvliek szdmara. Ezek kozo6tt a maganhangzdék kézott vannak
olyan beszédhangok, amik léteznek a magyar nyelvben, azonban attdl arnyalatnyilag
eltéréen valdsulnak meg; illetve vannak olyan beszédhangok is, amelyek egyaltaldan nem
jellemz8ek a magyar nyelvre.

Ebben a gyakorlatban a magdnhangzdk keriilnek kozéppontba izolalt (gyakran jelentéssel
nem rendelkezd) szétagokban, pl. Z+maganhangzd, “zi”. Ebben a feladatban azért
fékuszalunk szavak helyett egyszer( szétagokra, mert igy nagyobb figyelem iranyulhat a

maganhangzé megvaldsulasara.

Ez a feladat sokban hasonlit a tesztfeladatokhoz, minden esetben két vagy harom hangot
fogsz hallani, és az lesz a feladatod, hogy elddntsd, hogy az elhangzé felvételen ugyanazt a
hangot hallod-e.

Osszesen hat feladatot kell majd elvégezned, minden héten egyet. A feladatok elvégzése
nagyjabadl 10 percet vesz igénybe, a feladatokat nehézség szempontjabdl allitottam sorba,
ez azt jelenti, hogy az els6é héten kell elvégezni a legkbnnyebb feladatsort, mig a hatadik
héthez érve egyre nehezebbek kévetkeznek.

Kérlek, a kisérlet ideje alatt hasznalj fiilhallgatét és amennyire lehetséges, egy csondes
helyen tartézkod,j!

Ha barmilyen technikai probémaba (tkozol, vagy kérdésed meriilne fel, kérlek irj
nekemazonal!

J6 munkat!
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B. Instructions sent to Group Vowels in the beginning of the training (English version)
We are starting the training exercises!
You are getting now a new link from Gorilla site (your code is the same, always).

In this 2' video you have the general instructions (in English), or you can read them in
Hungarian below.

% %k %k

There are 3 groups of training, each group is practicing something different. The decision
of which students practice what was random, not our decision.

You are in the group that will train the Portuguese vowels in which Hungarians show
difficulties: some of these vowels exist in Hungarian but they are a little bit different, some
don’t exist in Hungarian.

The training has to focus on isolated vowels (inserted in a simple syllable: Z+vowel, zi for
example), and not in words: vowels in words can change a lot, so first you have to practice
each vowel separated, to be able to pay attention just to that vowel.

The training tasks are very similar to the pretest tasks: you will always hear a pair or
threesome of sounds that you have to discriminate.

In total, there are 6 exercises, you will get one for week. The 6 exercises are organized from
easier to more difficult, and each exercise takes only about 10 to 15 minutes.

Please, use headphones and try to be in a silent place, if possible.

If you experience any technical problem or have any question, please don’t hesitate to
write.

Good work!

C. Instructions sent to Group Stress in the beginning of the training (original version)

We are starting the training exercises!

You are getting now a new link from Gorilla site (your code is the same, always).

In this 2' video you have the general instructions (in English), or you can read them in
Hungarian below.

* %k %k

Elkezdjiik a gyakorlé feladatokat @

Osszesen harom kiilénbdz6 tipusu gyakorlorld feladatot készitettem, azonban a feladatok
kiosztasa kozottetek véletlenszer(ien torténik, nem az én dontésem, hogy melyik hallgato
melyik feladatsorokat kapja.
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A Te csoportod feladatsora a szohangsulyra fog 6sszpontositani. Habar a magyar nyelvben
a széhangsuly nem bir jelentésmegkilonboztetd szereppel, hiszen mindig a szé els6
szotagjan helyezkedik el, ezzel ellentétben a portugal nyelvben (az angolhoz hasonldan)
rendkivil fontos. Nézzilink ra egy példat:

Today is a PERfect day. (Ebben az esetben a perfect sz6 PER szétagja a hangsulyos,
ezért a sz6 melléknévi jelentésére utal.)

| need to perFECT my pronunciation. (Ebben az esetben azonban a FECT szdtag a
hangsulyos, ezért a perfect sz igei jelentését értjik alatta.)

Hasonld példa a hangsuly jelentésmegkllonboztetd szerepére a portugal nyelvben:

Tenho um bamBU no jardim. (/ have a bamboo in the garden.) (A bamBU szé masodik
szbtagjat ejtve hangsulyosan fénévi jelentést kapunk)

Ele esta a sentir-se BAMbo. (He’s feeling wobbly.) (Mig az els6 szdtagra helyezve a
hangsulyt melléknévi jelentést fogunk kapni.)

A gyakorléfeladatok erre az aspektusra fognak 6sszpontositani.

Ez a feladat sokban hasonlit a teszt feladatokhoz, minden esetben két vagy harom hangot
fogsz hallani, és az lesz a feladatod, hogy elddntsd, hogy az elhangzo felvételen ugyanazt a
hangot hallod-e.

Osszesen hat feladatot kell majd elvégezned, minden héten egyet. A feladatok elvégzése
nagyjabdl 10 percet vesz igénybe, a feladatokat nehézség szempontjabdl dllitottam sorba,
ez azt jelenti, hogy az elsé héten kell elvégezni a legkdnnyebb feladatsort, mig az 6todik
héthez érve egyre nehezebbek kévetkeznek.

Kérlek, a kisérlet ideje alatt hasznalj flilhallgatét és amennyire lehetséges, egy csondes
helyen tartézkodij!

Ha barmilyen technikai probémaba (tkozol, vagy kérdésed meriilne fel, kérlek irj
nekemazonal!

J6 munkat!

D. Instructions sent to Group Stress in the beginning of the training (English version)

We are starting the training exercises!
You are getting now a new link from Gorilla site (your code is the same, always).

In this 2' video you have the general instructions (in English), or you can read them in
Hungarian below.

* % %k
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There are 3 groups of training, each group is practicing something different. The decision
of which students practice what was random, not our decision.

You are in the group that will train the word stress. Although in Hungarian this is not a
very important feature — the stress is almost always in the first syllable, in Portuguese is
really important. Portuguese is like English, where word stress is fundamental. See for
example:

Today is a PERfect day.
| need to perFECT my pronunciation.
In Portuguese the same occurs:
Tenho um bamBU no jardim. (I have a bamboo in the garden)
Ele esta a sentir-se BAMbo. (He’s feeling wobbly.)
Your training will focus exactly on this aspect: word stress.

The training tasks are very similar to the pretest tasks: you will always hear a pair or
threesome of sounds that you have to discriminate.

In total, there are 6 exercises, you will get one for week. The 6 exercises are organized from
easier to more difficult, and each exercise takes only about 10 to 15 minutes.

Please, use headphones and try to be in a silent place, if possible.

If you experience any technical problem or have any question, please don’t hesitate to
write.

Good work!

E. Instructions sent to Group Vowels & Stress in the beginning of the training (original
version)

We are starting the training exercises!

You are getting now a new link from Gorilla site (your code is the same, always).

In this 2' video you have the general instructions (in English), or you can read them in
Hungarian below.

* %k %k

Elkezdjiik a gyakorlé feladatokat @

Osszesen harom kiilénbdz6 tipusu gyakorlorld feladatot készitettem, azonban a feladatok
kiosztasa kozottetek véletlenszer(ien torténik, nem az én dontésem, hogy melyik hallgato
melyik feladatsorokat kapja.
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A Te csoportod feladatai a szo6hangsulyra és a maganhangzérovidiilés jelenségére fognak
0sszpontositani, amik alapvetd kiilonbségek a Magyar és portugal nyelvek kézott.

Habdar a magyar nyelvben a széhangsuly nem bir jelentésmegkiilonbozteté szereppel,
hiszen mindig a sz6 elsé szétagjan helyezkedik el, ezzel ellentétben a portugdl nyelvben (az
angolhoz hasonléan) rendkivil fontos.

Today is a PERfect day. (Ebben az esetben a perfect sz6 PER szdtagja a hangsulyos,
ezért a sz6 melléknévi jelentésére utal.)

| need to perFECT my pronunciation. (Ebben az esetben azonban a FECT szétag a
hangsulyos, ezért a perfect szé igei jelentését értjik alatta.)

Hasonld példa a hangsuly jelentésmegkllonboztetd szerepére a portugal nyelvben:

Tenho um bamBU no jardim. (I have a bamboo in the garden.) (A bamBU sz6 masodik
szbtagjat ejtve hangsulyosan fénévi jelentést kapunk)

Ele esta a sentir-se BAMbo. (He’s feeling wobbly.) (Mig az els6 szdtagra helyezve a
hangsulyt melléknévi jelentést fogunk kapni.)

Emellett a hangsuly helyzete befolydsolhatja a maganhangzék megvaldsulasat is adott szén
belll, példaul a portugdl nyelvben:

Ela é secreTAria. (She’s a secretary.)
Ela trabalha na secretaRla. (She works in the secretariat/office.)

A gyakorléfeladatok erre az aspektusra fognak 6sszpontositani.

A feladatok sokban hasonlitanak a tesztfeladatokhoz, minden esetben két vagy harom
hangot fogsz hallani, és az lesz a feladatod, hogy eldontsd, hogy az elhangzé felvételen
ugyanazt a hangot hallod-e.

Osszesen hat feladatot kell majd elvégezned, minden héten egyet. A feladatok elvégzése
nagyjabdl 10 percet vesz igénybe, a feladatokat nehézség szempontjabdl allitottam sorba,
ez azt jelenti, hogy az els6é héten kell elvégezni a legkbnnyebb feladatsort, mig a hatadik
héthez érve egyre nehezebbek kévetkeznek.

Kérlek, a kisérlet ideje alatt hasznalj flilhallgatét és amennyire lehetséges, egy csondes
helyen tartézkod,j!

Ha barmilyen technikai probémaba (itk6zol, vagy kérdésed meriilne fel, kérlek irj nekem
azonal!

J6 munkat!
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F. Instructions sent to Group Vowels & Stress in the beginning of the training (English
version)

We are starting the training exercises!
You are getting now a new link from Gorilla site (your code is the same, always).

In this 3' video you have the general instructions (in English), or you can read them in
Hungarian below.

% %k %k

There are 3 groups of training, each group is practicing something different. The decision
of which students practice what was random, not our decision.

You are in the group that will train the word stress and vowel reduction, a key difference
between Hungarian and Portuguese languages.

Although in Hungarian this is not a very important feature — the stress is almost always in
the first syllable, in Portuguese is really important. Portuguese is like English, where word
stress is fundamental. See for example:

Today is a PERfect day.
| need to perFECT my pronunciation.
An example from Portuguese:
Tenho um bamBU no jardim. (I have a bamboo in the garden)
Ele esta a sentir-se BAMbo. (He’s feeling wobbly.)

Moreover, the location of the stress in a word can influence how the vowels are
pronounced, take for example, in Portuguese:

Ela é secreTAria. (She’s a secretary.)
Ela trabalha na secretaRla. (She works in the secretariat/office)
Your training will focus exactly on this aspect.

The training tasks are very similar to the pretest tasks: you will always hear a pair or
threesome of sounds that you have to discriminate.

In total, there are 6 exercises, you will get one for week. The 6 exercises are organized from
easier to more difficult, and each exercise takes only about 10 to 15 minutes.

Please, use headphones and try to be in a silent place, if possible.

If you experience any technical problem or have any question, please don’t hesitate to
write.

Good work!
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Appendix IX

Structure of the tests for stimuli validation, for the perceptual training study
(Chapter 5)






A. Structure of the three sessions for test stimuli validation, conducted with the Baseline

group
vowel discrimination
Session 1 [se]-[sg], [s€]-s[e], [se]-[si], [se]-[st], [s€]-[st], [se]-[st], [sel-[se], [s€]-[se], [se]-[si],
96 trials  [se]-[st], [s€]-[st], [se]-[st]
oddity task with catch trials
stress discrimination
[‘tudiki]-[tu'diki], [tu'diki]-[tudi'ki], ['kirufi]-[ki'rufi], [ki'rufi]-[kiru'fi],
Session 2 ['dutiku]-[du'tiku], [dutiku]-[duti'ku], [ tuduri]-[tu'duri], [tu'duri]-[tudu ri],
135 trials ['tikuru]-[ti'kuru], [ti'kuru]-[tiku'ru], [ kitumi]-[ki'tumi], [ki'tumi]-[kitu'mi],
['lutinu]-[lu'tinu], [lu'tinu]-[luti'nu], ['bikulu]-[bi'kulu], [bi'kulu]-[biku'lu],
['mudini]-[mu'dini], [mu'dini]-[mudi'ni]
oddity task with catch trials
consonant discrimination
Session 3 [bu'[ili]-[bu’pili], [ku'fitu]-[ku'mitu], [di'buki]-[di'puki], [ti'buri]-[ti'[uri],
48 trials  [ti'fubi]-[ti'vubi], [zu'mitu]-[zu'nitu]

oddity task with catch trials

B. Structure of the five sets of tests for training stimuli validation, conducted with the
Baseline group

SET 1
PART 1 [ze]-[z4], [ze]-[zi]
48 trials  AX task, 24 trials for each contrast
PART 2 ['zize]-[zi'za), ['zizi]-[zi'ze), ['zizi]-[zi'ze], ['zizu]-[zi'z0]
48 trials  AX task, 12 trials for each contrast
PART 3  ['bifufi]-[bi'fufi], [vu'mipi]-[vumi'pi]
24 trials  AX task, 12 trials for each contrast
SET 2
PART 1 [za]-[ze], [z0]-[z0]
48 trials  AX task, 24 trials for each contrast
PART 2 ['zazi]-[ze'zi], [ 'zezi]-[zi'zi), [ 'zezi]-[zi'zi], ['z0zi]-[zu'zi]
48 trials  AX task, 12 trials for each contrast
PART 3  ['filuvi]-[fi'luvi], [mu'pifu]-[mupi'[u]
24 trials  AXtask, 12 trials for each contrast
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SET 3

PART 1 [ze]-[zi], [ze]-[z€]
48 trials  AX task, 24 trials for each contrast
PART 2  ['zaze]-[ze'za], ['zazi]-[ze'ze], ['zazi]-[ze'ze], ['zazu]-[ze'z0]
48 trials  AX task, 12 trials for each contrast
PART 3  [bi'fufi]-[bifu'[i], ['mupifu]-[mu’pifu]
24 trials  AXtask, 12 trials for each contrast
SET 4
PART 1 [ze]-[ze]), [ze]-[zi]
48 trials  AX task, 24 trials for each contrast
PART 2 ['zezel-[zi'zal, ['zezi]-[zi'z€), [ zezi)-[zi'ze), [ zezu]-[zi 2]
48 trials  AX task, 12 trials for each contrast
PART 3 [fi'luvi]-[filu'vi], [ vumipi]-[vu'mipi]
24 trials  AX task, 12 trials for each contrast
SET5
PART 1 [zel-[za], [ze]-[zi], [ze)-[zt], [ze]-[zi], [ze]-[zE], [zE]-[ze]
24 trials  AXB task, 4 trials for each contrast
PART 2 |'zizil]-[zi'ze], ['zizi]-[zi'ze], [ zizel-[zi'za], [ zezi]-[zi'zi], [ zezi]-[zi ' z¢], [ zezi]-[zi ze],
48 trials  ['zeze]-[zi'za), ['zezil-[zi'zi], ['zazi]-[ze'zi], ['zazi]-[ze'ze], ['zazi]-[ze'ze], ['zaze]-[ze'za]
AXB task, 4 trials for each contrast
PART 3 ['bifufi]-[bi'fufi], [bi'fufil-[bifu'fi], ['vumipi]-[vu'mipi], [vu'mipi]-[vumi'pi],
48 trials  ['filuvi]-[fi'luvi], [fi'luvi]-[filu'vi], [ mupiful-[mu’pifu], [mu'piful-[mupi'[u],

['3urigu]-[3u'rigu], ['3urigu]-[3u'rigu], ['zituli]-[zi'tuli], [zi'tuli]-[zitu'li]

AXB task, 4 trials for each contrast
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Appendix X

Results and statistical analysis for the main trials of the experimental tasks,
for the perceptual training study (Chapter 5)






A. Results for consonant discrimination

group N ER SD SE Cl

Vowels 360 9.8 22.3 1.2 2.3

Stress 396 10.7 22.4 11 2.2

Vowels & Stress 432 11.7 25.1 1.2 2.4

Baseline 198 7.4 19.3 1.4 2.7

contrast N ER SD SE Cl

[b]-[]] 60 6.7 16.5 2.1 4.3

[f]-[v] 60 11.1 24.2 3.1 6.3

[m]-[f] 60 7.8 16.2 2.1 4.2

Vowels

[n]-[m] 60 12.2 22.5 2.9 5.8

[p]-[b] 60 119 194 2.5 5.0

[pI-I] 60 8.9 18.3 2.4 4.7

[b]-[f] 66 8.8 14.9 1.8 3.7

[f1-[v] 66 7.3 18.3 2.3 4.5

[m]-[f] 66 9.3 19.7 24 4.8

Stress

[n]-[m] 66 14.1 26.2 3.2 6.4

[p]-[b] 66 15.2 19.3 24 4.8

[p]-[] 66 9.3 18.0 2.2 4.4

[b]-[] 72 7.9 16.8 2.0 3.9

[f]-[v] 72 12.7 27.4 3.2 6.4

[m]-[f] 72 12.0 20.9 2.5 4.9

Vowels & Stress

[n]-[m] 72 21.8 28.7 3.4 6.7

[p]-[b] 72 9.5 17.7 2.1 4.2

[pI-1 72 6.5 15.4 1.8 3.6

[b]-]] 33 6.1 13.9 24 4.9

[f1-[v] 33 7.1 17.7 31 6.3

[m]-[f] 33 5.1 15.1 2.6 5.4

Baseline

[n]-[m] 33 9.1 20.6 3.6 7.3

[p]-[b] 33 12.6 19.3 34 6.9

[p]-[] 33 4.5 14.9 2.6 5.3
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B. Results for vowel discrimination, for the catch trials

test group N ER SD SE Cl
Vowels 120 17.5 44,5 4.1 8.0

oretest Stress 132 24.2 51.6 4.5 8.9
Vowels & Stress 144 22.2 48.9 4.1 8.1

Baseline 78 154 41.8 4.7 9.4

Vowels 120 12.5 41.0 3.7 7.4

post-test? Stress 132 15.9 43.4 3.8 7.5
Vowels & Stress 144 12.5 394 3.3 6.5

Baseline 78 154 41.8 4.7 9.4

Vowels 120 19.2 46.5 4.2 8.4

post-test" Stress 132 24.2 50.8 4.4 8.7
Vowels & Stress 144 22.2 50.1 4.2 8.3

Baseline 78 10.3 36.7 4.2 8.3

test vowel group N ER SD SE Cl
Vowels 20 0.0 9.4 2.1 4.4

(a] Stress 22 0.0 10.5 2.2 4.6
Vowels & Stress 24 4.2 22.7 4.6 9.6
Baseline 13 7.7 29.8 8.3 18.0
Vowels 20 20.0 37.8 8.4 17.7
(€] Stress 22 45.5 50.6 10.8 22.4
Vowels & Stress 24 16.7 37.6 7.7 15.9
Baseline 13 23.1 38.9 10.8 235
Vowels 20 15.0 32.6 7.3 15.3
(€] Stress 22 18.2 38.1 8.1 16.9
Vowels & Stress 24 12.5 34.9 7.1 14.8
oretest Baseline 13 23.1 43.7 12.1 26.4
Vowels 20 5.0 27.2 6.1 12.7
(€] Stress 22 9.1 30.0 6.4 133
Vowels & Stress 24 12.5 31.9 6.5 13.5
Baseline 13 7.7 26.3 7.3 15.9
Vowels 20 55.0 47.5 10.6 22.2
. Stress 22 68.2 44.8 9.6 19.9
[ Vowels & Stress 24 667 456 93  19.3
Baseline 13 7.7 28.1 7.8 17.0
Vowels 20 10.0 32.0 7.2 15.0
il Stress 22 4.5 26.4 5.6 11.7
Vowels & Stress 24 20.8 38.3 7.8 16.2
Baseline 13 23.1 41.4 11.5 25.0
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Vowels 20 5.0 22.1 5.0 10.4

[a] Stress 22 0.0 10.5 2.2 4.6

Vowels & Stress 24 0.0 10.1 2.1 4.3

Baseline 13 7.7 29.8 8.3 18.0

Vowels 20 25.0 44.5 9.9 20.8

[e] Stress 22 31.8 46.7 10.0 20.7

Vowels & Stress 24 12.5 31.9 6.5 13.5

Baseline 13 23.1 38.9 10.8 23.5

Vowels 20 15.0 38.7 8.7 18.1

(el Stress 22 9.1 30.9 6.6 13.7

Vowels & Stress 24 12.5 31.9 6.5 13.5

post-test? Baseline 13 23.1 43.7 12.1 26.4

Vowels 20 0.0 9.4 2.1 4.4

(€] Stress 22 4.5 21.7 4.6 9.6

Vowels & Stress 24 8.3 28.9 5.9 12.2

Baseline 13 7.7 26.3 7.3 15.9

Vowels 20 30.0 48.5 10.8 22.7

. Stress 22 50.0 46.1 9.8 20.4

g Vowels & Stress 24 37.5 48.2 9.8 20.3

Baseline 13 7.7 28.1 7.8 17.0

Vowels 20 0.0 9.4 2.1 4.4

[i Stress 22 0.0 10.5 2.2 4.6

Vowels & Stress 24 4.2 23.8 4.9 10.0

Baseline 13 23.1 41.4 11.5 25.0

Vowels 20 0.0 9.4 2.1 4.4

[a] Stress 22 0.0 10.5 2.2 4.6

Vowels & Stress 24 0.0 10.1 2.1 4.3

Baseline 13 7.7 26.3 7.3 15.9

Vowels 20 5.0 24.8 5.5 11.6

[e] Stress 22 9.1 31.8 6.8 14.1

Vowels & Stress 24 8.3 25.1 5.1 10.6

Baseline 13 0.0 11.3 3.1 6.9

Vowels 20 25.0 39.3 8.8 18.4

N Stress 22 68.2 46.7 9.9 20.7
post-test [e]

Vowels & Stress 24 62.5 50.0 10.2 21.1

Baseline 13 15.4 38.9 10.8 23.5

Vowels 20 15.0 36.2 8.1 17.0

(€] Stress 22 27.3 42.6 9.1 18.9

Vowels & Stress 24 12.5 334 6.8 14.1

Baseline 13 23.1 44.8 12.4 27.1

Vowels 20 60.0 47.9 10.7 22.4

i Stress 22 31.8 46.7 10.0 20.7

Vowels & Stress 24 50.0 50.1 10.2 21.1

Baseline 13 0.0 11.3 3.1 6.9
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Vowels 20 10.0 32.9 7.4 15.4
il Stress 22 9.1 26.0 5.5 11.5
i
Vowels & Stress 24 0.0 10.1 2.1 4.3
Baseline 13 15.4 33.5 9.3 20.3
C. Results for vowel discrimination, for the change trials
test group N ER SD SE Cl
Vowels 140 32.7 34.8 2.9 5.8
Stress 154 32.1 33.7 2.7 5.4
pretest
Vowels & Stress 168 29.3 32.6 2.5 5.0
Baseline 91 9.2 17.4 1.8 3.6
Vowels 140 27.9 37.7 3.2 6.3
Stress 154 25.1 31.6 2.5 5.0
post-test?
Vowels & Stress 168 27.9 35.3 2.7 5.4
Baseline 91 9.2 17.4 1.8 3.6
Vowels 140 38.3 37.0 3.1 6.2
Stress 154 37.9 31.8 2.6 5.1
post-test"
Vowels & Stress 168 39.3 31.9 2.5 4.9
Baseline 91 11.7 21.7 2.3 4.5
test group contrast type N ER SD SE cl
perceptual overlap 80 47.9 29.6 3.3 6.6
Vowels
stressed-unstressed 60 12.5 15.3 2.0 4.0
perceptual overlap 88 47.5 27.1 2.9 5.8
Stress
stressed-unstressed 66 11.6 16.0 2.0 3.9
pretest
perceptual overlap 96 40.5 30.1 3.1 6.1
Vowels & Stress
stressed-unstressed 72 14.4 17.9 2.1 4.2
perceptual overlap 52 10.3 17.9 2.5 5.0
Baseline
stressed-unstressed 39 7.7 11.6 1.9 3.8
perceptual overlap 80 43.1 35.2 3.9 7.8
Vowels
stressed-unstressed 60 7.5 11.9 1.5 3.1
perceptual overlap 88 37.1 28.7 3.1 6.1
Stress
stressed-unstressed 66 9.1 15.3 1.9 3.8
post-test?
perceptual overlap 96 38.9 33.1 3.4 6.7
Vowels & Stress
stressed-unstressed 72 13.2 20.5 2.4 4.8
perceptual overlap 52 10.3 17.9 2.5 5.0
Baseline
stressed-unstressed 39 7.7 11.6 1.9 3.8
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P perceptual overlap 80 47.7 34.7 3.9 7.7
stressed-unstressed 60 25.8 25.1 3.2 6.5
Stress perceptual overlap 88 45.3 28.2 3.0 6.0
post-test™ stressed-unstressed 66 28.0 25.2 3.1 6.2
R p— perceptual overlap 96 46.0 29.1 3.0 5.9
stressed-unstressed 72 30.3 24.7 2.9 5.8
Baseline perceptual overlap 52 14.4 235 33 6.5
stressed-unstressed 39 8.1 11.0 1.8 3.6
vowel
contrast test group N ER SD SE Cl
Vowels 20 50.0 31.6 7.1 14.8
Stress 22 56.1 23.0 4.9 10.2
pretest Vowels & Stress 24 39.6 25.9 5.3 10.9
Baseline 13 3.8 8.1 2.2 4.9
Vowels 20 41.7 36.6 8.2 17.1
(el [e] post-test® Stress 22 34.8 224 4.8 9.9
Vowels & Stress 24 34.7 30.0 6.1 12.7
Baseline 13 3.8 8.1 2.2 4.9
Vowels 20 25.8 254 5.7 11.9
post-test" Stress 22 26.5 18.9 4.0 8.4
Vowels & Stress 24 20.1 18.3 3.7 7.7
Baseline 13 5.1 11.9 33 7.2
Vowels 20 64.2 30.6 6.8 14.3
Stress 22 62.1 28.0 6.0 12.4
pretest Vowels & Stress 24 58.3 334 6.8 14.1
Baseline 13 23.1 245 6.8 14.8
Vowels 20 66.7 26.7 6.0 12.5
(e-fe] post-test? Stress 22 523 33.7 7.2 14.9
Vowels & Stress 24 66.7 32.2 6.6 13.6
Baseline 13 23.1 245 6.8 14.8
Vowels 20 63.3 24.0 5.4 11.2
post-test Stress 22 62.9 16.5 35 7.3
Vowels & Stress 24 72.2 16.8 3.4 7.1
Baseline 13 38.5 23.0 6.4 13.9
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Vowels 20 38.3 225 5.0 10.5

Stress 22 333 19.2 4.1 8.5

pretest Vowels & Stress 24 27.8 215 4.4 9.1
Baseline 13 14.1 10.6 29 6.4

Vowels 20 40.0 33.9 7.6 15.9

(el [i] post-test? Stress 22 28.8 20.5 4.4 9.1
Vowels & Stress 24 27.1 20.8 4.2 8.8

Baseline 13 14.1 10.6 29 6.4

Vowels 20 70.8 30.9 6.9 14.4

post-test" Stress 22 53.8 22.1 4.7 9.8
Vowels & Stress 24 54.9 22.8 4.6 9.6

Baseline 13 14.1 18.5 51 11.2

Vowels 20 39.2 16.3 3.6 7.6

Stress 22 38.6 19.1 4.1 8.5

pretest Vowels & Stress 24 36.1 21.6 4.4 9.1
Baseline 13 0.0 7.0 1.9 4.2

Vowels 20 24.2 16.7 3.7 7.8

(el [i] post-test® Stress 22 32.6 24.0 51 10.6
Vowels & Stress 24 27.1 20.7 4.2 8.7

Baseline 13 0.0 7.0 1.9 4.2

Vowels 20 30.8 22.6 5.0 10.6

post-test® Stress 22 37.9 29.8 6.4 13.2
Vowels & Stress 24 36.8 16.4 3.4 6.9

Baseline 13 0.0 7.0 1.9 4.2

Vowels 20 13.3 14.5 3.2 6.8

Stress 22 14.4 18.4 3.9 8.2

pretest Vowels & Stress 24 17.4 204 4.2 8.6
Baseline 13 7.7 10.5 2.9 6.4

Vowels 20 6.7 11.1 2.5 5.2

(a-[e] post-test? Stress 22 121 20.0 4.3 8.9
Vowels & Stress 24 13.9 26.3 5.4 111

Baseline 13 7.7 10.5 2.9 6.4

Vowels 20 8.3 18.4 4.1 8.6

post-test® Stress 22 28.0 32.2 6.9 143
Vowels & Stress 24 25.7 30.3 6.2 12.8

Baseline 13 9.0 11.0 3.1 6.7
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Vowels 20 16.7 16.4 3.7 7.7
Stress 22 10.6 13.9 3.0 6.1
pretest
Vowels & Stress 24 14.6 15.5 3.2 6.5
Baseline 13 2.6 5.1 1.4 3.1
Vowels 20 11.7 12.0 2.7 5.6
Stress 22 9.1 10.7 2.3 4.7
[€]-[4] post-test?
Vowels & Stress 24 13.2 16.2 3.3 6.8
Baseline 13 2.6 5.1 1.4 3.1
Vowels 20 22.5 17.1 3.8 8.0
Stress 22 20.5 16.7 3.6 7.4
post-test™
Vowels & Stress 24 24.3 18.7 3.8 7.9
Baseline 13 7.7 7.4 2.1 4.5
Vowels 20 7.5 10.5 2.4 4.9
Stress 22 9.8 12.2 2.6 5.4
pretest
Vowels & Stress 24 11.1 13.7 2.8 5.8
Baseline 13 12.8 13.4 3.7 8.1
Vowels 20 4.2 9.2 2.1 4.3
Stress 22 6.1 10.0 2.1 4.4
[e]-[#] post-test?
Vowels & Stress 24 12.5 13.7 2.8 5.8
Baseline 13 12.8 13.4 3.7 8.1
Vowels 20 46.7 15.7 3.5 7.3
Stress 22 35.6 16.8 3.6 7.5
post-testM
Vowels & Stress 24 41.0 14.1 2.9 5.9
Baseline 13 7.7 12.6 3.5 7.6
D. Results for stress discrimination, for the catch trials
test group N ER SD SE cl
Vowels 60 37.7 32.7 4.2 8.4
test Stress 66 321 27.7 3.4 6.8
pretes Vowels & Stress 72 36.4 299 35 7.0
Baseline 36 22.8 19.1 3.2 6.5
Vowels 60 39.6 32.0 4.1 8.3
Stress 66 34.8 36.4 4.5 8.9
post-test?
Vowels & Stress 72 33.0 35.1 4.1 8.2
Baseline 36 21.5 21.2 3.5 7.2
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Vowels 60 28.3 25.1 3.2 6.5
Stress 66 26.9 31.0 3.8 7.6
post-testM
Vowels & Stress 72 29.9 319 3.8 7.5
Baseline 36 22.2 22.5 3.7 7.6
test stress location group N ER SD SE Cl

Vowels 20 23.0 22.5 5.0 10.5
Stress 22 21.8 26.0 5.5 11.5

1st_syllable
Vowels & Stress 24 24.2 19.6 4.0 8.3
Baseline 12 25.0 16.7 4.8 10.6
Vowels 20 58.0 22.9 5.1 10.7
Stress 22 47.3 20.2 4.3 9.0

pretest 2nd_syllable
Vowels & Stress 24 56.7 25.3 5.2 10.7
Baseline 12 25.0 18.8 5.4 11.9
Vowels 20 32.0 26.0 5.8 12.2
Stress 22 27.3 16.4 3.5 7.3

3rd_syllable
Vowels & Stress 24 28.3 17.6 3.6 7.4
Baseline 12 18.3 14.4 4.1 9.1
Vowels 20 30.0 22.3 5.0 10.4
Stress 22 20.5 20.8 4.4 9.2

1st_syllable
Vowels & Stress 24 219 23.4 4.8 9.9
Baseline 12 29.2 18.7 5.4 11.9
Vowels 20 60.0 21.7 4.8 10.1
Stress 22 63.6 27.7 5.9 12.3

post-test? 2nd_syllable
Vowels & Stress 24 53.1 34.3 7.0 14.5
Baseline 12 22.9 17.8 5.2 11.3
Vowels 20 28.8 26.0 5.8 12.2
Stress 22 20.5 20.2 4.3 9.0

3rd_syllable
Vowels & Stress 24 24.0 20.4 4.2 8.6
Baseline 12 12.5 15.1 4.4 9.6
Vowels 20 21.3 22.5 5.0 10.5
Stress 22 17.0 19.4 4.1 8.6

1st_syllable
Vowels & Stress 24 229 29.2 6.0 12.3
Baseline 12 20.8 23.0 6.6 14.6
Vowels 20 32.5 19.7 4.4 9.2
Stress 22 455 29.3 6.2 13.0

post-testM 2nd_syllable
Vowels & Stress 24 46.9 27.4 5.6 11.6
Baseline 12 27.1 20.4 5.9 13.0
Vowels 20 31.3 21.8 4.9 10.2
Stress 22 18.2 19.8 4.2 8.8

3rd_syllable
Vowels & Stress 24 19.8 15.5 3.2 6.5
Baseline 12 18.8 14.5 4.2 9.2
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E. Results for stress discrimination, for the change trials

test group N ER SD SE Cl

Vowels 40 56.7 13.9 2.2 4.4

pretest Stress 44 60.3 18.0 2.7 5.5

Vowels & Stress 48 55.8 14.3 2.1 4.2

Baseline 24 324 103 2.1 4.3

Vowels 40 52.4 10.6 1.7 34

R Stress 44 40.8 17.6 2.7 5.4

post-test Vowels & Stress 48 47.7 130 19 3.8

Baseline 24 29.9 9.9 2.0 4.2

Vowels 40 67.0 11.8 1.9 3.8

N Stress 44 57.4 14.0 2.1 4.3

post-test Vowels & Stress 48 645 141 20 41

Baseline 24 35.6 11.9 2.4 5.0

test group stress location N ER SD SE Cl
— 112" syllable 20 63.5 10.8 2.4 5.0

2M-3" syllable 20 49.8 9.1 2.0 4.3

152 gyllable 22 66.2 12.5 2.7 5.6

retest Stress 2731 syllable 22 544  16.9 3.6 7.5
Vil 5 Simses 1529 syllable 24 60.4 8.4 1.7 3.5

2n-31 syllable 24 511 146 3.0 6.2

Baseline 1524 syllable 12 38.9 6.5 1.9 4.1

2"d-3" syllable 12 25.8 4.8 1.4 3.1

— 124 syllable 20 56.2 7.8 1.8 3.7

2M-3" syllable 20 48.5 9.2 2.1 4.3

Stress 152" syllable 22 50.2 12.4 2.6 5.5

post-test? 2m-3 syllable 22 31.4 11.6 2.5 5.1
- 1t-2d syllable 24 52.4 10.1 2.1 4.3

2nd-3 syllable 24 42.9 10.8 2.2 4.6

Baseline 1524 syllable 12 36.1 5.8 1.7 3.7

2m-3 syllable 12 23.6 5.2 1.5 3.3

W, 152" syllable 20 70.6 11.1 2.5 5.2

2M-3" syllable 20 63.3 8.4 1.9 3.9

Stress 12" syllable 22 62.7 11.4 2.4 5.1

. 2m-3 syllable 22 52.1 11.0 2.3 4.9
post-test 152 syllable 24 686 106 22 4.5
Vowels & Stress 2"-3 syllable 24 60.4 13.1 2.7 5.5

_ 152" syllable 12 41.3 8.9 2.6 5.6

Baseline 2"d-3 syllable 12 29.9 8.6 2.5 5.5
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F. Analysis of monosyllabic testing stimuli, with the Baseline Group

independent variables levels
participant 13 levels: PT003', 'PT0O05', 'PTO06', etc.
stimuli set 2 levels: '[gV], '[sV]'
trial type 2 levels: 'catch', 'change'
vowel contrast 13 levels: '[e]-[]', '[e]-[e]’, '[e]-[i, '[e]-[#], '[al-[e]', '[e]-[]', '[e]-[+]',

'[e]', '[e]', '[e]’, "B T

GLMER models (family = binominal)

null model answer ~ 1 + (1] participant)
model 1 answer ~ stimuli + (1] participant)
model 2 answer ~ trial type + (1| participant)
model 3 answer ~ vowel contrast + (1| participant)
ANOVA results
null model, model 1 x2(1, N=3)=0.8634, p =.3528
null model, model 2 x2(1,N=3)=0.7973, p =.3719
null model, model 3 x2(12, N =14) =107.99, p < 2.2e-16

G. Analysis of monosyllabic training stimuli, with the Baseline Group

independent variables levels
participant 30 levels: PTO033', 'PT034', 'PT035', etc.
task type 2 levels: 'AX', 'AXB'
vowel contrast 7 levels: '[e]-[€]', '[e]-[e]', '[e]-[i]', '[e]-[+]', '[al-[e]', '[e]-[4]", '[e]-[4]'

GLMER models (family = binominal)

null model answer ~ 1 + (1] participant)
model 1 answer ~ task + (1| participant)
model 2 answer ~ vowel contrast + (1| participant)
ANOVA results
null model, model 1 x2(1,N=3)=0.278, p = .598
null model, model 2 x2(6, N=8)=71.734, p=1.802e-13
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H. Analysis of disyllabic training stimuli, with the Baseline Group

independent variables levels
participant 30 levels: PTO033', 'PT034', 'PT0O35', etc.
task type 2 levels: 'AX', 'AXB'
vowel reduction 3 levels: 'reduction on the 1% syllable', 'reduction on the 2" syllable'
‘reduction on both syllables'
GLMER models (family = binominal)
null model answer ~ 1 + (1| participant)
model 1 answer ~ task + (1| participant)
model 2 answer ~ vowel reduction + (1| participant)

null model, model 1

null model, model 2

ANOVA results
¥2(1, N =4) =3.7075, p = .05417
x2(2, N=5)=1.6914, p = .4293

I. Analysis of trisyllabic testing stimuli, with the Baseline Group

independent variables

levels

participant 12 levels:
stimuli set 2 levels:
trial type 2 levels:
contrast location 5 levels:

null model

model 1

model 2

model 3

null model, model 1
null model, model 2

null model, model 3

PTOO5', 'PTO06', 'PTO07', etc.

'pretest’, 'novel'

‘catch’, 'change'

'15t-2" syllable', '2"-3" syllable', '1% syllable’,
2" syllable’, '3™ syllable'

GLMER models (family = binominal)
answer ~ 1 + (1] participant)

answer ~ stimuli + (1| participant)
answer ~ trial type + (1] participant)

answer ~ contrast location + (1| participant)

ANOVA results
X2(1,N=3)=1.3449, p = .2462
x2(1,N=3)=18.928, p = 1.357e-05
X2(4,N=6)=6.741, p = 1.135e-09
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J. Analysis of trisyllabic training stimuli, with the Baseline Group

independent variables levels
participant 30 levels: PTO033', 'PT034', 'PT0O35', etc.
task type 2 levels: 'AX', 'AXB'
contrast location 2 levels: '15t-2" syllable’, '2"4-3™ syllable'

null model
model 1
model 2

null model, model 1

null model, model 2

GLMER models (family = binominal)
answer ~ 1 + (1| participant)
answer ~ task + (1| participant)

answer ~ contrast location + (1] participant)

ANOVA results
x2(1, N=3)=1.6001, p =.2059
x3(1, N =3) =40.267, p = 2.215e-10

K. Analysis of stress vs. consonant contrast, for intervention groups

independent variables

levels

participant 66 levels:
group 3 levels:
condition 3 levels:
null model
model 1
model 2

null model, model 1
model 1, model 2

'BGEO3', 'ELTEBA12', 'CORV04', etc.
'Vowels', 'Stress', 'Vowels & Stress'

'stress discrimination’, 'consonant discrimination'

GLMER models (family = binominal)
answer ~ 1 + (1] participant)

answer ~ condition + (1| participant)
answer ~ condition*group + (1| participant)
ANOVA results

¥2(1, N =4)=207.23, p< 2.2e-16

X2(4, N =8)=3.048, p = .5498

L. Analysis of catch trials for vowel discrimination (pretest), for intervention groups

independent variables

levels

participant 66 levels:
group 3 levels:
vowel 6 levels:
null model
model 1
model 2

'‘BGEO3', 'ELTEBA12', 'CORV04', etc.

'Vowels', 'Stress', 'Vowels & Stress'
'[al', 'lel', '[e]', '[el', [+, "I

GLMER models (family = binominal)
answer ~ 1 + (1| participant)

answer ~ vowel + (1] participant)

answer ~ vowel*group + (1] participant)
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ANOVA results
null model, model 1 x(5,N=7)=92.562, p<2.2e-16

model 1, model 2 x%(12, N =19) =12.48, p = .4079

M. Analysis of catch trials for stress discrimination (pretest), for intervention groups

independent variables levels
participant 66 levels: 'BGEO3', 'ELTEBA12', 'CORV04', etc.
group 3 levels: 'Vowels', 'Stress', 'Vowels & Stress'
stress location 6 levels: '1%t syllable', '2" syllable', '3™ syllable'

GLMER models (family = binominal)

null model answer ~ 1 + (1| participant)
model 1 answer ~ vowel + (1| participant)
model 2 answer ~ vowel*group + (1| participant)

ANOVA results
null model, model 1 x(2, N=4)=84.012, p << 2.2e-16

model 1, model 2 (6, N = 10) = 2.507, p = .8677

N. Analysis of vowel discrimination, by test (including Baseline Group)

independent variables levels
participant 79 levels: 'BGEO3', 'ELTEBA12', 'PT014', etc.
group 4 levels: 'Vowels', 'Stress', 'Vowels & Stress', 'Baseline'
contrast type 2 levels: 'perceptual overlap', 'stressed-unstressed'
vowel contrast 7 levels: '[e]-[€]', '[e]-[e]", '[e]-[i]', '[e]-[+]', '[al-[e]l, '[€]-[i]', '[e]-[+]'
test 3 levels: 'pretest’, 'post-test®’, 'post-test™'

GLMER models (family = binominal)

null model answer ~ 1 + (1] participant)
model 1 answer ~ group + (1| participant)
model 2 answer ~ contrast type + (1| participant)
model 3 answer ~ contrast type*group + (1| participant)
model 4 answer ~ vowel contrast + (1| participant)
model 5 answer ~ vowel contrast*group + (1| participant)

ANOVA results
pretest trials
null model, model 1 X2(3,N=5)=84.204, p<2.2e-16
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null model, model 2
model 2, model 3
null model, model 4
model 4, model 5

null model, model 1
null model, model 2
model 2, model 3
null model, model 4
model 4, model 5

null model, model 1
null model, model 2
model 2, model 3
null model, model 4
model 4, model 5

¥¥(1, N =3)=339.38, p< 2.2e-16
x(6, N = 9) = 104.99, p < 2.2e-16
¥(6, N = 8) = 427.52, p < 2.2e-16
x4(21, N = 29) = 147.39, p < 2.2e-16
post-test® trials

x4(3, N =5) = 45.175, p = 8.494e-10
¥¥(1, N =3)=319.57, p< 2.2e-16
X2(6, N=9)=71.266, p = 2.248e-13
¥%(6, N = 8) = 455.43, p < 2.2e-16
x4(21, N = 29) = 118.56, p = 1.309e-15
post-test"

¥¥(3,N=5)=88.314, p<2.2e-16
xX(1, N =3)=101.4, p < 2.2e-16
x2(6, N=9)=90.303, p < 2.2e-16
x2(6, N=8)=379.88, p<2.2e-16
x4(21, N = 29) = 153.05, p < 2.2e-16

O. Analysis of progress in vowel discrimination, from pre-test to post-test

independent variables

levels

participant 6
group
contrast type
vowel contrast

test

null model
model 1
model 2
model 3
model 4
model 5

model 6

null model, model
model 1, model 2

model 1, model 3

6 levels:
3 levels:
2 levels:
7 levels:

3 levels:

1

'BGEO3', 'ELTEBA12', 'CORV01', etc.

'Vowels', 'Stress', 'Vowels & Stress'

'perceptual overlap', 'stressed-unstressed'

'[e]-[e]', '[e]-[e]’, '[e]-0i]', '[e]-[+]", '[al-[e]", '[e]-[+]", '[e]-[¢]'

'pretest’, 'post-test®’, 'post-test™'

GLMER models (family = binominal)

answer ~ 1 + (1] participant)

answer ~ test + (1| participant)

answer ~ test*group + (1| participant)

answer ~ contrast type*test + (1| participant)
answer ~ contrast type*test*group + (1] participant)
answer ~ vowel contrast*test + (1| participant)

answer ~ vowel contrast*test*group + (1| participant)

ANOVA results
from pretest to post-test®

X1, N = 3) = 12.782, p = .0003499
xX(4,N=7)=4.6235,p=.3282
x4(2, N =5) = 688.99, p < 2.2e-16
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model 3, model 4
model 1, model 5
model 5, model 6

null model, model 1
model 1, model 2
model 1, model 3
model 3, model 4
model 1, model 5
model 5, model 6

x2(8, N=13)=19.784, p =.01119
x%(12, N = 15) = 895.95, p < 2.2e-16
x%(28, N = 43) = 45.285, p =.02064
from pretest to post-test™

x2(1, N =3)=32.195, p = 1.395e-08
¥(4, N =7) = 3.3896, p = .4949
x4(2,N=5)=447.9, p<2.2e-16
¥(8,N=13)=11.77, p = .1617
¥4(12, N = 15) = 774.5, p < 2.2e-16
x%(28, N = 43) = 56.564, p = .001097

P. Analysis of stress discrimination, by test (including Baseline Group)

independent variables

levels

participant 79 levels:
group 4 levels:
contrast location 2 levels:
test 3 levels:
null model

model 1

model 2

model 3

null model, model 1
null model, model 2

model 2, model 3

null model, model 1
null model, model 2

model 2, model 3

null model, model 1
null model, model 2

model 2, model 3

'BGEO3', 'ELTEBA12', 'PT014', etc.

'Vowels', 'Stress', 'Vowels & Stress', 'Baseline

'15-2M syllable', '2"-3™ syllable'
'pretest’, 'post-test®, 'post-test™'

GLMER models (family = binominal)
answer ~ 1 + (1| participant)

answer ~ group + (1| participant)

answer ~ contrast location + (1| participant)

answer ~ contrast location*group + (1| participant)

ANOVA results
pretest trials

¥4(3, N =5)=19.679, p = .0001979
¥4(1, N =3) =75.666, p = 2.2e-16
¥(6, N =9) =22.39, p = .001029
post-test®

X2(3, N=5)=13.67, p=.003391
x2(1,N=3)=65.062, p=7.257e-16
¥2(6, N = 9) = 24.104, p = .0004997
post-test™

¥4(3, N =5)=24.39, p=2.071e-05
x2(1,N=3)=37.821, p=7.756e-10
x2(6, N =9) =25.54, p=.0002711
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Q. Analysis of progress in stress discrimination, from pre-test to post-test

independent variables

levels

participant 66 levels:
group 3 levels:
contrast location 2 levels:
test 3 levels:
null model

model 1

model 2

model 3

model 4

null model, model 1
model 1, model 2
model 1, model 3
model 3, model 4

null model, model 1
model 1, model 2
model 1, model 3
model 3, model 4

'BGEO3', 'ELTEBA12', 'CORVO01’, etc.
'Vowels', 'Stress', 'Vowels & Stress'
'15t-2"d syllable', '2M-3" syllable’

'pretest’, 'post-test?’, 'post-test™'

GLMER models (family = binominal)

answer ~ 1 + (1| participant)

answer ~ test + (1| participant)

answer ~ test*group + (1| participant)

answer ~ contrast location*test + (1| participant)

answer ~ contrast location*test*group + (1| participant)

ANOVA results
from pretest to post-test®

XA(1, N = 3) = 89.564, p < 2.2e-16
x4, N = 7) = 32.066, p = 1.855e-06
x4(2,N=5)=109.77, p < 2.2e-16
X4(8, N = 13) = 42.798, p = 9.587e-07
from pretest to post-test™

XA(1, N = 3) = 22.65, p = 1.944e-06
X2(4, N = 7) = 28.408, p = 1.031e-05
xX(2, N =5) = 86.138, p < 2.2e-16
x(8, N = 13) = 30.693, p = .0001593

R. Analysis of progress in training, for Group Vowels

independent variables

levels

participant 20 levels:
session 6 levels:
null model
model 1

'CORVO0S5', 'ELTEBAO1', 'METO6', etc.
'session 1', 'session 2', 'session 3', 'session 4'

'session 5', 'session 6'

GLMER models (family = binominal)
answer ~ 1 + (1] participant)

answer ~ session + (1| participant)

ANOVA results

for the subset dataframe with the contrast '[e]'-'[€]'

null model, model 1

x4(2, N = 4) = 2.0996, p = .35
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for the subset dataframe with the contrast '[€]'-'[e]’

null model, model 1

XA(2,N=4)=7.9296, p =.01897

for the subset dataframe with the contrast '[e]'-'[i]'

null model, model 1

¥(2, N = 4) = 9479, p = .6225

for the subset dataframe with the contrast '[e]'-'[{]'

null model, model 1

¥2(2,N=4)=7.8992, p =.01926

for the subset dataframe with the contrast '[a]-[e]'

null model, model 1

x4(2, N =4)=2.9518, p = .2286

for the subset dataframe with the contrast '[€]'-'[{]'

null model, model 1

x2(2, N =4)=3.6404, p = .162

for the subset dataframe with the contrast '[e]'-'[{]'

null model, model 1

¥(2, N =4) =8.4947, p = .0143

S. Analysis of progress in training, for Group Stress

independent variables

levels

participant 22 levels:

session 6 levels:

null model

model 1

'BGEOS8', 'CORVO01', 'ELTEBAO4', etc.
'session 1', 'session 2', 'session 3', 'session 4'

'session 5', 'session 6'

GLMER models (family = binominal)
answer ~ 1 + (1| participant)

answer ~ session + (1| participant)

ANOVA results

for the subset dataframe with the contrast '1%-2"4 syllable'

null model, model 1

null model, model 1

¥4(4,N=6)=11.1, p = .02546
for the subset dataframe with the contrast '2"-3" syllable
¥(4, N = 6) = 51.822, p = 1.503e-10

T. Analysis of progress in training, for Group Vowels & Stress

independent variables

levels

participant 22 levels:
session 6 levels:
null model
model 1

'CORV17', 'DEB12', 'KAROLOS', etc.
'session 1', 'session 2', 'session 3', 'session 4'

'session 5', 'session 6'

GLMER models (family = binominal)
answer ~ 1 + (1| participant)

answer ~ session + (1| participant)
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ANOVA results
for the subset dataframe with the vowel reduction on the 1% syllable'
null model, model 1 X2(2, N=4)=42.976, p = 4.655e-10
for the subset dataframe with the vowel reduction on the 2" syllable
null model, model 1 x’(2,N=4)=8.8723, p=.01184
for the subset dataframe with the vowel reduction on both syllables'
null model, model 1 ¥4(3,N=5)=53.782, p = 1.249e-11

U. Analysis of extra-linguistic factors, in general improvement, by participant

independent variables levels
participant 66 levels: 'BGEO3', 'ELTEBA12', 'METO6', etc.
progress in training 3 levels: 'positive', 'none or negative'
affiliation 10 levels: 'BGE', 'CORV', 'ELETEBA', etc.
contact with EP 2 levels: 'none', 'normal’

weekly course load 3 levels: '270', 180", '90"

GLM models (family = binominal)

null model improvement ~ 1
model 1 improvement ~ progress in training
model 2 improvement ~ affiliation
model 3 improvement ~ contact with EP
model 4 improvement ~ weekly course load
ANOVA results
null model, model 1 x%(2) =0.15213, p = .9268
null model, model 2 X2(9) =6.7699, p = .6611
null model, model 3 x?(1) = 0.01466, p = .9036
null model, model 4 x2(2) =2.9343, p = .2306
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Appendix XI
Screenshots of experimental tasks, for the perceptual training study
(Chapter 5)






A. Screenshots from the general instructions (tests)

e

Ez a kisérlet a hallasi észlelést vizsgalja, ezért fontos, hogy
zajmentes helyen és mindenképpen fejhallgatéval végezze el.

Kérjiik, hogy a kisérlet idejére kapcsolja ki az értesitéseket a szamitdgépén.

A kisérletet nem szabad megszakitani: ha véletleniil mégis bezarja a kisérletet,
vagy technikai probléma mertilne fel, tjra kell kezdenie az elejérdl,
de ez befolyasolhatja az eredményeket. Ezért kérjiik, csak akkor kezdjen
\ bele a kisérletbe, amikor biztosan nem zavarjak meg! /

Folytatas

/ A kisérlet egy rovid Gyakorlérészbdl és egy Fétesztbdl &ll. \

A kisérlet legelején médja lesz, hogy beallitsa az Onnek kényelmes
(nem tul halk, de nem is zavaréan hangos) hangerét.
Ehhez hdrom hangfelvételt hallgathat meg.
A felvételt hallgatva éllitsa be a hanger6t, majd Iépjen tovabb.
FONTOS! A késébbiekben mar nem véltoztathat a bedllitott hangossagon!

Kérjuk, figyelmesen hallgassa meg a hangokat, és minden utasitast
figyelmesen olvasson el. Bar nincs id6korlat a kisérlet elvégzésére,

\ de probaljon meg minél gyorsabban vélaszolni! /

B. Screenshot of the volume adjustment section (tests)

Jatssza le az alabbi harom felvételt, és allitsa be a hangerét!!

Ne feledje, erre csak most van mddja.
A hangerdén a kisérlet késGbbi pontjan mar nem valtoztathat!

Ha bedllitotta a megfeleld hangerét, nyomja meg a “ Folytatas” gombot.

Folytatas
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C. Screenshot of the instructions of the familiarization task (tests)

£z a Gyakorlérész.
Harom kiilonboz6 szdtagot fog hallani. A feladata az lesz, hogy megallapitsa, hogy az
elhangzo harom felvételen ugyanazt a szotagot hallja-e. Ha pedig nem, akkor azt is
azonositsa, hogy a harom kéziil melyik szotag tér el a legjobban a masik kett6tél.

Négy téglalapot fog latni, a valaszaddshoz kattintson a megfelelé téglalapra.

HHH =
Az els6 elhangzd szétaghoz az elsd, a masodikhoz a masodik, a harmadikhoz a

harmadik téglalap tartozik. A negyedikre akkor kattintson, ha nem hall
kilonbséget a hangok kozott.

A harom szétagot harom eltérd beszélé produkalja,
kérjuk, ne az alapjan valaszoljon, hogy ki ejti ki az adott hangsort!

Folytatas

D. Screenshot of the oddity trials (tests)

Mindegyik felvételen ugyanazt hallja?
Ha nem, melyik a kiilénb6z6?

—‘— —|— —|— UGYANAZ

E. Screenshots of feedback in the familiarization trials (tests) and training trials

Helyes!
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Helytelen... prébalja djra!

F. Screenshot of the end of a session (tests)

Vége a kisérletnek.
Koszonjiik a részvételt!

Hozzaszolas (opciondlis):

Befejezés

G. Screenshot of the pauses

A feladat feléig ért, tarthat egy félperces sziinetet. A sziinet utdn a kisérlet
automatikusan folytatddik, kérjiik, ne alljon fel és ne hagyja el a szamitégépét!

APPENDIX XI | p. 127



H. Screenshot of the first instruction in the training sessions

Ez a tréning a hallasi észlelést fejleszti, ezért fontos, hogy
zajmentes helyen és mindenképpen fejhallgatoval végezze el.

I. Screenshot of an AX trial (training)

A két szotag ugyanaz vagy eltérg?

UGYANAZ ELTERG

J. Screenshot of an AXB trial (training)

Melyik "széra" hasonlit a legjobban a masodik a
masik kett6 koziil: az elsére vagy a harmadikra?
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Appendix Xl
Description of the bonus tasks, included in the perceptual training study
(Chapter 5)






A. Bonus task for the first training session

The first task topic was the expression “Vai passear macacos” (literaly, 'Go walk monkeys!').
First, students had to hear a recording of the sentence, after, they had to choose, from
three possibilities, the literal meaning of the sentence (translated to Hungarian). The final
task was to decide on the meaning with which EP speakers use it, also among three choices.

(" Vai passearmacacos!\
Y&

& o

Figure XII.1. Computer screen of the first bonus-task

B. Bonus task for the second training session

This task was focused on the nicknames for the hand fingers, for children: “Pequenino, seu
vizinho, pai de todos, fura bolos, mata-piolhos”. First, students had to hear a recording of
the phrase, without any image or explanation, as many times as they wanted. After, they
had to reconstruct the sequence of nicknames. In the fourth screen, an explanation was

provided, and finally, the terms currently used (by adults) were displayed.

/ Ezek a szavak a kéz ujjainak becenevei. \

pai de todos (s serint: mindannyiuk apja)
seu vizinho

(s26 szerint: szomszédja) fura-bolos
peq uenino (s26 szerint: tortafiird)
(526 szerint: kicsike) X
mata-piolhos
(s26 szerint: tetdiirt6)

Figure XII.2. Computer screen of the second bonus task
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C. Bonus task for the third training session

In the first screen of this task, six images, with written subtitles in Portuguese and
recordings of each subtitle. The six words were retrieved from three popular expressions,
each expression containing two of the target-words. Students were asked to memorize
each word and its meaning. After, they were presented with an audio recording of the
popular expression, with two of the target words, and they had to decide, from three
possibilities, which was the expression. After choosing, they were presented with the literal

and metaphorical meaning of the expression.

»

Figure XII.3. Computer screen of the third bonus task

D. Bonus task for the fourth training session

The topic of this session was a popular children’s song. In the first step, the first quatrain
was presented on the screen in writing, with 3 missing words. Students had to fill the gaps
by listening to a recording of the song (the 1t quatrain) and with the help of three images.
After this task was completed, they could hear the complete version of the song, with the

original lyrics displayed.

A képek alapjan mit gondol,
mi lehet a hdrom hidnyzé sz6?

:

O 1 enrolana 2
Ninguém sabe o que ele diz.
Batena 2 edesmaia.
Porque se sente 3 !

P Jstsza e Gira, ha sziksége van ra!

vagy Kpjen tovsbb:

Figure XIl.4. Computer screen of the fourth bonus task
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E. Bonus task for the fifth training session

This task was focused on a tongue twister with the consonant [R]: “O rato roeu a rolha da
garrafa de rum do Rei da Russia”. Participants were presented with six images,
corresponding to each of the terms in the phrase. They were asked to think on a possible
phrase with those terms. Finally, they were presented with the phrase, a recording, and

the meaning.

= 5

Orato roeu a rolha da garrafa de rum do rei da Russia.

(Az egér megragta Oroszorszag kiralya rumos Gvegének dugojat.)

Figure XII.5. Computer screen of the fifth bonus task

F. Bonus task for the sixth training session

The last task consisted on a series of body gestures that have a meaning (e.g., to shrug your
shoulders, as ‘not caring about something’). Six brief videos without sound were displayed,
each with a gesture. For each gesture, participants had to decided, among five options, the
meaning of the gesture, and after, a sentence in Portuguese with the same meaning was
presented. In the end of the six videos, we presented a longer video with the author of the
thesis and a translator, repeating and explaining — in Portuguese and Hungarian — the

gestures.
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https://context.reverso.net/translation/english-portuguese/shrugging+your+shoulders
https://context.reverso.net/translation/english-portuguese/shrugging+your+shoulders




