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RESUMO 

 

 

Este estudo examinou a percepção e produção da fricativa interdental 
não-vozeada inglesa // por vinte falantes de francês europeu e vinte e 
um falantes de português brasileiro. Cinco testes foram utilizados: 
Produção, Assimilação Perceptual, Discriminação, Identificação 
Auditiva e Identificação Audiovisual. A base teórica consistiu no 
Modelo de Percepção de Assimilação (PAM, Best, 1995), o qual propõe 
que a assimilação de sons da língua estrangeira prevê sua discriminação 
na língua nativa, e na sua versão expandida (PAM-L2, Best & Tyler, 
2007), o qual trata de aprendizado de segmentos da língua estrangeira. 
Duas principais hipóteses nortearam a condução do estudo—a 
substituição diferencial de // é relacionado ao seu padrão de 
assimilação na língua nativa, assim como sua produção é guiada pela 
percepção. Os resultados indicam que a substituição diferencial tem 
bases perceptuais, sobretudo entre os franceses. Entretanto, a produção 
do fonema não parece estar necessariamente relacionada à sua acuidade 
perceptual.  
 
Palavras-chave: Percepção e produção de fala. Aprendizado de língua 
estrangeira. Assimilação, discriminação e identificação auditiva e 
audiovisual de fonemas estrangeiros. Modelo de Percepção de 
Assimilação. Fricativa interdental não-vozeada.  
 
 
 
Número de páginas: 255 
Número de palavras: 81.737 (excluindo apêndices) 
 



 

ABSTRACT 
 

 
This study examined the perception and production of the English 
voiceless interdental fricative // by twenty speakers of European 
French and twenty-one speakers of Brazilian Portuguese. The 
experiment had five tests: Production, Perceptual Assimilation, 
Discrimination, Auditory Identification, and Audiovisual Identification. 
The last three perception tests were also taken by seventeen speakers of 
British English as controls. The theoretical framework consisted of the 
Perceptual Assimilation Model (PAM, Best, 1995), which proposes that 
assimilation of nonnative sounds can predict their discrimination in the 
native language, and its expanded version (PAM-L2, Best & Tyler, 
2007), which deals with nonnative segmental perception learning. The 
study was guided by two main reasonings—that differential substitution 
of // is related to different patterns of assimilations in the native 
language, and that production of // is perceptually driven. The results 
suggest that differential substitution may have a perceptual underlying 
reason, more evident within the French group. However, the production 
of // does not seem to be necessarily related to accurate perception.  
 
Keywords: Speech perception and production. Foreign language 
learning. Assimilation, discrimination, and auditory and audiovisual 
identification of foreign phonemes. Perceptual Assimilation Model. 
voiceless interdental fricative.  
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INTRODUCTION 
 
 

Research on the acquisition of foreign language pronunciation has 
usually focused on problems related to differences between the 
phonological inventories of the first/native language (L1) and the 
second/foreign language (L2). Within this perspective, research has 
shown that several factors might concomitantly influence the learning of 
a new phonological system, perception of the L2 sounds being one of 
them (e.g., Flege, 1995; Wode, 1995; Best, 1995b; Rochet, 1995; Kuhl 
& Iverson, 1995; Brannen, 2002; Escudero, 2005).  

Several studies indicate that L1 perceptual attunement is triggered 
early in infancy (e.g., Grieser & Kuhl, 1989; Kuhl, 1993a, 1993b, 
2000a, 200b, 2004, Zhang, Kuhl, Imada, Kotani & Tohkura, 2005). As a 
result, linguistic experience shapes the native speech perception system 
in a way that adults are believed to be language-specific perceivers, and 
that perception of L2 sounds occurs through the filter of the L1 sound 
system, particularly in the initial stages of second language acquisition 
(SLA) (Schmidt, 1996; Harnsberger, 2001; Best, McRoberts & 
Goodwell, 2001; Brannen, 2002; Wayland, 2007; Best & Tyler, 2007).  

Current models of L2 phonological perception (Best, 1995) and of 
L2 phonological learning (Flege, 1995; Escudero, 2005; Best & Tyler, 
2007) address the role of the L1 on the perception of L2 sounds, on the 
relationship between accurate perception and accurate production of L2 
phones, and on the relationship between assimilation of L2 segments 
onto the L1 and their consequent discrimination.  

On the other hand, cross-language mapping studies have 
demonstrated that discrimination of foreign sounds previously 
assimilated as similar to L1 categories is less accurate when compared 
to sounds assimilated as dissimilar to the L1 categories (e.g., Best, 1990; 
Polka, 1995; Best, Faber & Levitt, 1996). These studies supported the 
predictions made by the Perceptual Assimilation Model (PAM, Best, 
1995) that the mapping of the perceptual relationship between L1 and 
L2 sounds establishes the discriminability of the L2 segments. That is, 
the PAM and its expanded version for L2 perceptual learning (PAM-L2, 
Best & Tyler, 2007) suggest that discriminability and learnabilitiy of the 
L2 sounds depend on how they are assimilated onto the L1 inventory. 

The PAM and the PAM-L2 are based on the ecological or direct 
approach to perception, a bottom-up theory of perception that 
hypothesizes that higher-level cognitive strategies do not participate in 
decoding stimuli. Instead, information is picked up directly from the 
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articulatory stimuli. Within this theoretical framework, L1 gestural 
patterns drives the perceivers’ pick up of information of L2 categories. 
This viewpoint is along the same vein with studies on the multimodality 
of speech perception, that is, studies that investigate the McGurk effect 
(McGurk & MacDonald, 1976), which deals with the influence of the 
synchronicity between phonetic and articulatory cues on speech 
perception.  

The present study investigated the perception and production of 
the English voiceless interdental fricative // by speakers of European 
French (EF) and Brazilian Portuguese (BP). The perception and 
production of // have been the object of several SLA studies (e.g., 
Jamieson & Morosan, 1986; Flege, Munro & MacKay, 1996; Schmidt, 
1996; Brannen, 2002; Reis, 2006; Kabak & Maniwa, 2007; Ruhmke-
Ramos, 2009, to cite some ). Equally well documented is the 
replacement of // by learners of English as a foreign language (EFL), 
which also presents a typical phenomenon in the production of //—its 
differential substitution, that is, the different types of replacements 
across and within languages (Weinberger, 1996). For example, // is 
replaced with [t] by speakers of Canadian French (Brannen, 2002), 
Russian (Weinberger, 1996), Dutch (Wester, Gilbers & Lowie, 2007), 
and BP (Reis, 2006), it is substituted for [s] by speakers of European 
French (Brannen, 2002), Japanese (Brown, 1997; Lambacher, Marten, 
Nelson & Berman, 1997), and German (Hancin-Bhatt, 1994).  

An aspect that must be taken into consideration in differential 
substitution is differences between L1 and L2 phonological inventories, 
although contrastive analysis per se does not explain all cross-language 
problems. Based on the PAM, the research questions of this study 
departed from two main reasonings: (i) that production is perceptually 
driven, and (ii) that differential substitution is related to different 
patterns of assimilation of // by speakers of EF and BP. If these main 
reasonings are correct, one could expect that L2 speakers show a clear 
pattern of assimilation of L2 sounds, related to the L1 category whereby 
the L2 segment is perceived; that L2 speakers show difficulties to 
discriminate L2 sounds based on their pattern of assimilation; that the 
pattern of identification of L2 segments corresponds to their pattern of 
assimilation, given that this is the way the L2 sound is heard, and that 
the pattern of substitution corresponds to the pattern of assimilation.  

In order to verify whether these reasonings are supported, the 
following research questions (RQ) and hypotheses (H) are proposed: 
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RQ1: How is English // assimilated by speakers of EF and BP? 
H1a: Assimilation of English // will vary—the segment will be 

assimilated as /s/ in EF (Hancin-Bhatt, 1994; Jamieson & Morosan, 
1986; Weinberger, 1996; Brannen, 2002), and as /t/ in BP (Reis, 2006) 

H1b: The pattern of assimilation will be influenced by the 
acoustic similarity between // and /f/ (Harris, 1958; Shadle, Dobelke & 
Scully 1992; Balise & Diehl, 1994; Tabain, 1998; Maniwa, Jongman & 
Wade, 2009). 

 
RQ2. Can the pattern of assimilation of // predict its 

discrimination? 
H2a: The pattern of assimilation will determine the discrimination 

between // and its most common replacements (Best, 1995; Best & 
Tyler, 2007).  

H2b: The acoustic similarity between // and /f/ will affect 
discrimination ((Harris, 1958; Shadle et. al. 1992; Balise & Diehl, 1994; 
Tabain, 1998; Maniwa et al. 2009) 

 
RQ3. How do EF and BP speakers of EFL identify the English 

//? 
H3a: Identification of English // will vary— the segment will be 

identified as /s/ in French (Hancin-Bhatt, 1994; Jamieson & Morosan, 
1986; Schmidt, 2007; Flege, Munro & MacKay, 1996; Weinberger, 
1996; Brown, 1997; Brannen, 2002), and as /t/ in BP (Reis, 2006) 

H3b: Visual cues will aid the identification of // in the 
Audiovisual Identification Test (Hazan, Sennema, Faulkner, Ortega-
Llebariad, Iba, Chung, 2006; Hardison, 2003, 2005; Kluge, 2009) 

 
RQ4: Is the pattern of assimilation of // aligned to its pattern of 

substitution in each of the L1s? 
H4: The pattern of assimilation corresponds to the pattern of 

substitution each L1 uses for replacing // (Flege, 1995; Brannen, 2002). 
 
The RQs and hypotheses were verified with the means of five 

instruments: (1) a Production Test, (2) a cross-language mapping 
Perceptual Assimilation Test, (3) a Discrimination Test, (4) an Auditory 
Identification Test, and (5) an Audiovisual Identification Test. The 
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Perceptual Assimilation Test and the Discrimination Test are related to 
the PAM propositions that discriminability of L2 sounds is associated 
with their pattern of assimilation in L1. The Identification Tests 
examines the multimodality aspect on the perception of //, whereas the 
Production Test serves to evaluate the patterns of realization of // by 
speakers of EF and BP, and is also the basis for correlational analyses 
with the perception tests 

In order to examine the perception and production of // by 
speakers of EF and BP, the dissertation is divided into 5 chapters. 
Chapter 1 reviews the literature as follows: Section 1.1 is concerned 
with the role of linguistic experience on speech perception, either L1 or 
L2, and also presents some cognitive, linguistic, and nonlinguistic 
factors that may influence speech perception. Section 1.2 describes the 
theoretical framework with respect to theories of perception in general, 
the ecological approach to perception and to speech perception, and the 
PAM and PAM-L2 as the speech perception theories that guided the 
study. Section 1.3 reviews studies on the multimodality of speech 
perception showing its importance in L1 speech learning, in speech 
perception by perceivers with different types of impairments, and in L2 
speech perception. Section 1.4 briefly presents some phonological and 
acoustic characteristics of // and the most common sounds used for 
substituting it—/f/, /t/, and /s/. Section 1.5 reviews studies on the 
perception and production of // and on the phenomenon differential 
substitution.  

Chapter 2 describes the method and procedures used in the present 
study and is divided into three main sections. Section 2.1 presents the 
language groups that participated in the study: speakers of EF, BP, and 
native speakers of British English (BE), who served as the controls for 
Discrimination, the Auditory and Audiovisual Identification Tests. 
Section 2.2 describes the materials and procedures used for data 
collection, and Section 2.3 describes the statistical analyses and the 
Signal Detection Theory, a statistical framework used for measuring 
sensitivity to speech sounds.  

Chapter 3 reports and discusses the results of the tests in the light 
of the RQs, as well as the literature reviewed in Chapter 1. Finally, 
Chapter 4 presents the conclusions of the entire experiment, discusses 
the limitations of the study, and offers some suggestions for further 
studies. 
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CHAPTER 1 – REVIEW OF LITERATURE 
 
 
1.1 SPEECH PERCEPTION 
 
 

This chapter is concerned with the phenomenon of speech 
perception and some issues related to it, such as the physiological 
aspects of perception, the role of linguistic experience in the L1 
perceptual attunement, the relationship between assimilation and 
discrimination, and between perception and production. The issues are 
elucidated in the light of the ecological approach to perception and the 
Perceptual Assimilation Model of speech perception. Within the 
ecological approach, perceivers are actively engaged in the exploration 
of the information, a process in which all sensory organs work in a 
coordinated multimodal way. More specifically, the perception and 
production of // by speakers of EF and BP are the means for the 
investigation of these issues.  

 
 

1.1.1 The anatomy and physiology of the peripheral auditory system 
 
Wright, Frisch and Pisoni (1996-1997, p. 2) assert that studies on 

speech perception are concerned with the processes whereby perceivers 
derive “meaning from spoken utterances”. In the same vein, Massaro 
(2001, p. 14870) states that speech perception is concerned with the 
“process of imposing a meaningful perceptual experience on an 
otherwise meaningless speech input”. The peripheral auditory system, as 
pointed out by Johnson (2003), is the first structure involved in 
translating the acoustic signals into neural signals. 

The peripheral auditory apparatus consists of three parts: the outer 
ear, the middle ear, and the inner ear (Figure 1), an assembly responsible 
for collecting sound stimuli in the environment and transmitting them to 
the brain (Zemlim, 2000). The outer ear contains the external pinna, or 
auricle, the auditory canal, and the tympanic membrane, or eardrum, 
which separates the outer ear from the middle ear. The middle ear is an 
air-filled cavity that encloses three small auditory ossicles (bones)—the 
malleus, the incus, and the stapes. The inner ear is fluid-filled and 
contains both hearing and balancing organs—the cochlea, the vestibule, 
and the semicircular canals.  
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outer middle inner 

   
Figure 1. The structure of the peripheral auditory apparatus, showing the outer, 
the middle, and the inner ear (adapted from Huckvale, 2006). 

 
The outer ear is responsible for capturing the sound stimulus, 

sheltering the eardrum, providing it a relative constant environment with 
respect of humidity and temperature, and also working as a resonator 
(Plack, 2005). In order for the sound transmission to continue, the 
auditory canal amplifies sound pressure that comes within the range of 
2000 to 5500 Hz1 by 10-15 dB2 (Rabiner & Juang, 1993). When the 
sound waves reach the tympanum membrane it vibrates according to the 
type of frequency it receives—high frequencies produce fast vibrations, 
whereas low frequencies generate slow vibrations. The vibrations are 
transferred to the oval window membrane that covers the middle ear by 
means of the auditory ossicles. The main function of the middle ear is to 

                                                
1 The hertz (Hz) is a unit of frequency defined as the number of complete cycles 
per second. It is used to measure any periodic event; so that a frequency of 1 Hz 
equals one cycle per second. The more cycles per second the higher the 
frequency and vice-versa. Voice frequency ranges from 85 to 155 Hz for adult 
males, and from 165 to 255 Hz for adult females. For human ears, normal adult 
hearing ranges from 20 Hz to 20,000 Hz (Hyde, 2007). 
2 The decibel (dB) is a unit to measure sound level, or a scale of loudness 
(sound intensity). In a dB scale, zero dB is the hearing threshold, normal 
breathing produces 10 dB, 60 dB for two-people talking, and 80 dB is the limit 
safe loudness. Human ears detect loudness changes in a non-linear way—
compared to 0 dB, 20 dB is perceived 10 times higher, 40 dB as 100 times 
higher, and 60 dB as 1000 times higher. Adequate speech intelligibility for 
normal-hearing participants is available at 0 dB (Darwin, 2008). Nonetheless, 
humans’ audiogram for speech detection usually varies from 0 dB to over 120 
dB and within a range of frequencies between 250 Hz and 6kHz (Hyde, 2007).  
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improve the efficiency of transfer of energy from the air-filled middle 
ear to the fluid-filled hearing organ in the inner ear, the cochlea. Thus, it 
plays an important role in converting sound waves into mechanical 
vibration (Rabiner & Juang, 1993).  

The cochlea is covered by the basilar membrane, which in turn 
forms the base for the organ of Corti (Figure 2). This organ contains the 
auditory receptor cells, called hair cells. The hair cells are connected to 
auditory nerve cells and are responsible for signal transduction3, that is, 
for converting the mechanical stimulus into electrical impulses that can 
be carried by the auditory nerves (Rabiner & Juang, 1993, Zemlim, 
2000). There are two types of auditory receptor cells—the inner hair 
cells, and the outer hair cells. They differ mainly in three aspects: (1) 
number—each ear has approximately 3.500 inner hair cells and 12.000 
outer hair cells; (2) number of auditory nerve fibers connected to 
them—from 4 to 15 nerves are attached to each inner hair cell, whereas 
1 nerve is connected to every 10 outer hair cells, and (3) function—the 
inner hair cells are believed to be the actual hearing sensory receptors, 
whereas the outer hair cells, by amplifying the motions in the 
membrane, provide a mechanical support in the hearing process.  

 

 
Figure 2. The cochlea structure, showing the organ of Corti, the basilar 
membrane, and the hair cells (Flanagan, 1965). 

 
Each inner hair cell has an inherent sensitivity to a pattern of 

vibration, so that it is set in motion when the specific frequency is 
transmitted to it. In response to the motion, the hair cells open and close 
in order to change its electrical charge. As a consequence, 
neurotransmitters are released in the space where the terminal 
projections of the nerve cells (the axons) are. Each auditory nerve 

                                                
3 Signal transduction: the process whereby a cell converts the nature of a type of 
signal into another.  
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comprises about 30.000 axons that interpret the chemical message as a 
signal for the auditory nerve fibers to fire. That is, the auditory nerve 
cells are ready to transmit brief electrical impulses (spikes) through the 
eighth cranial nerve to the brainstem in the auditory cortex (Rabiner & 
Juang, 1993, Zemlim, 2000). 

Brain-imaging studies show that around 11–20 milliseconds after 
stimulus onset, a significant increase in cerebral blood flow takes place 
in the brain area responsible for hearing decoding, the primary auditory 
cortex (e.g., Binder, Rao, Hammeke, Yetkin, Jesmanowicz, Bandettini, 
Wong, Estkowski, Goldstein, Haughton & Hyde, 1994; Pugh, Shaywitz, 
Shaywitz, Fulbright, Byrd, Skudlarski, Shankweiler, Katz, Constable, 
Fletcher, Lacadie, Marchione & Gore, 1996; Tzourio, Massioui, 
Crivello, Joliot, Renault & Mazoyer, 1997).  

The primary auditory cortex, located in the superior gyrus4 in the 
temporal lobe (Figure 3), receives the spikes sent by the cochlea and 
shows evoked responses5 by either speech or non-speech sounds 
(Bernstein, Auer, Moore, Ponton, Don & Singh, 2002), and with or 
without conscious attention to it (Pugh et al. 1996, Kraus & Nicol, 
2003).  

 

 
Figure 3. The left brain hemisphere and the areas associated with sound 
detection (Primary auditory cortex), language understanding (Wernicke’s area), 
and language production (Broca’s area) (adapted from Kandel, Schwartz & 
Jessell, 2000). 
                                                
4 Gyrus: a fold, or a ridge, in the cerebral cortex.  
5 Evoked response: an alteration in the electrical activity of a part of the nervous 
system as a consequence of receiving a sensory stimulus. It can be detected by 
different neuroimaging tools, such as electroencephalography (EEG), 
electromyography (EMG), Positron Emission Tomography (PET), Magnetic 
Resonance Imaging (MRI), or functional Magnetic Resonance Imaging (MRI), 
among others.  
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Accurate speech processing requires that the auditory system 
works synchronically from the peripheral structures to the brain cortex, 
as pointed out by Kraus and Nicol (2003). The authors assert that 
evoked responses are appropriate for evaluating the neural bases of 
speech perception exactly because they depend on the synchronic 
activation. Scott and Wise (2003) affirm that speech and language 
processing has been a constant object of study in functional 
neuroimaging due to its typical specialization in the left brain 
hemisphere.  

According to several scholars, plentiful evidence has been shown 
by both behavioral and physiological research that the left brain 
hemisphere is specialized in processing speech perception, 
understanding, and production (e.g., Howard, Patterson, Wise, Brown, 
Friston, Weiller & Frackowiak, 1992; Binder, Frost, Hammeke, Cox, 
Rao & Prieto, 1997; Kraus & Nicol, 2003). Figure 3 shows the adjacent 
areas involved in such functions: the primary auditory cortex, as 
explained above, is responsible for low level of auditory processing—
detecting sounds. Two other areas have been associated with higher 
level of auditory processing, the Brocas’s area and the Wernicke’s area 
(Trask, 1999). The Broca’s area is located in the left frontal and parietal 
lobes and is typically associated with grammatical speech production 
(Trask, 1999). The Wernicke's area is located in the posterior portion of 
the temporal lobe and is responsible for the understanding of written and 
spoken language (Trask, 1999; Blank, Scott, Murphy, Warburton & 
Wise, 2002). The contiguous areas work cooperatively in order to 
process and produce speech sounds, as shown by the arrows in Figure 3. 
In the process of hearing a word and repeating it, for example, the sound 
stimuli are first processed in the primary auditory cortex. Next, 
information is transmitted to the Wernicke's area, and then to the 
Broca’s area. In order to reproduce the word, the information travels to 
the primary motor cortex, an area responsible for planning and 
executing movements.  

It is important to keep in mind that although there is evidence that 
the process whereby the cortical system moves from a general auditory 
processing to a speech-specific activity is localizable, it not a 
straightforward transformation, as remarked by Patterson and Johnsrude 
(2008). The authors argue that from the primary auditory cortex 
onwards, sound processing seems to take place through multiple aspects 
that involve strong feedback connections processed in parallel and 
almost simultaneously.  
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Neuroimaging studies (e.g., Dehaene-Lambertz, Pallier, 
Serniclaes, Sprenger-Charolles, Jobert & Dehaene, 2005; Uppenkamp, 
Johnsrude, Patterson, Norris & Marslen-Wilson, 2006) show that the 
emergence of a vowel percept, for instance, “from the building blocks 
provided by sub-processes concerned with glottal pulse rate, vocal-tract 
length and so forth” (Moore, Tyler & Marslen-Wilson, 2008, p. 920), 
appears to be distributed among several neural loci, located around the 
core auditory cortex, but not directly in it, with possible connections to 
structures in the pre-motor and the motor cortex involved in speech 
production. Therefore, due to the motor activity during speech 
perception, Patterson and Johnsrude (2008) suggest that theories that 
relate acoustic and gestural patterns of speech sounds could better 
account for the fact that speech perception is an efficient and robust 
process, as proposed by the motor theory of speech perception 
(Liberman & Mattingly, 1985) or the ecological approach to speech 
perception, the latter reviewed in 2.2.  

Furthermore, another neuroimaging study (Fridriksson, Moss, 
Davis, Baylis, Bonilha & Rorden 2008) showed that the Broca’s area 
and Wernicke’s area constitute an integrated network with both areas 
working in speech perception and production. The authors used silent 
videos with speech movements and non-speech movements, as well as 
videos with degraded speech stimuli. Bearing in mind that classically 
the frontal and parietal regions are responsible for language production 
and the temporal lobe for language comprehension, they found that 
silent speech movement activated the frontal and temporal language 
areas (part of the production and the comprehension areas, respectively), 
non-speech activated the parietal region (part of the production area), 
and degraded speech material activated both the frontal and parietal lobe 
(the production area).  

All in all, however, left hemisphere dominance for language 
processing is assumed to be the pattern for most right-handed 
monolinguals (Calvert, Bullmore, Brammer, Campbell, Williams, 
McGuire, Woodruff, Iversen & David, 1997; Gonzalez & Goodale, 
2009)—less than 2% of the population has right-hemispheric language 
lateralization (Cheung, Chan, Chan & Lam, 2006). More precisely, 
McManus. (1999) asserts that the minority of both right and left-handers 
show right-hemisphere language dominance: between 2 and 10% among 
the 90% of the right-handers in the world, and between 20 and 30% of 
the remaining 10% of left-handers. However, different patterns of 
hemispheric specialization may take place due to linguistic experience. 
Functional magnetic resonance imaging experiment showed that the left 
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hemisphere was activated for 18 out of 22 epileptic patients performing 
a single-word semantic decision task activate with focal regions of 
activation in the lateral frontal and temporo-parieto-occipital cortex 
(Binder, Swanson, Hammeke, Morris, Mueller, Fischer, Benbadis, Frost, 
Rao & Haughton, 1996). 

Hull (2003) affirms that bilingualism research reveals that age of 
L2 learning influences the directionality of language lateralization. 
Considering 6 years-old as the early onset for bilingualism (Hull, 2003), 
language processing for early bilinguals resembles that of the 
monolinguals (left-hemispheric), whereas for late bilinguals language 
processing requires bilateral control (Harmers, Lemieux & Lambert, 
2002; Patkowski, 2003). Dehaene and colleagues’ study with L2 
speakers whose onset of bilingualism was around 7 years of age showed 
that whereas L1 activates the left temporal hemisphere, L2 activates “a 
highly variable network of left and right temporal and frontal areas, 
sometimes restricted only to right-hemispheric regions” (Dehaene, 
Dupoux, Mehler, Cohen, Paulesu, Perani, van de Moortele, Lehéricy & 
LeBihan, 1997, p. 3809).  

Along with age of acquisition, other aspects also play a role in the 
type of lateralization involved: first, formal language learning setting 
requires more left-hemisphere processing, whereas informal learning 
involves mostly the right-hemisphere (Vaid, 1987). Second, task 
variables are related to the type of lateralization involved, regardless 
whether it is done in L1 or L2—semantic judgments, for example, may 
require more right-hemisphere processing whereas other types of 
linguistic judgments seem to involve more left-hemisphere processing 
(Vaid & Hall, 1991). Finally, the degree of L2 competence is argued to 
affect lateralization—early stages of L2 learning involve more right-
hemisphere processing (Lemieux, 1995, cited in Harmers et al., 2002, p. 
587). A study (Fabbro, Gran & Gran 1991) comparing hemispheric 
preference by professional interpreters and student interpreters when 
detecting semantic and syntactic errors showed that professionals, but 
not students, preferred the right-hemisphere to detect semantic errors in 
L2 and syntactic errors in L1, whereas the left hemisphere was preferred 
for detecting semantic errors in L1 and syntactic errors in L2. Fabbro 
and colleagues (1991) affirm that extensive training in simultaneous 
interpreting tends to modify hemispheric specialization.  

Regarding the relationship between linguistic experience and 
speech sounds perception, several studies show that L1 perceptual 
attunement is triggered early in infancy (e.g., Grieser & Kuhl, 1989; 
Kuhl, 1993a, 1993b, 2000a, 200b, 2004, Kuhl, Williams, Lacerda, 
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Stevens & Lindblom, 1992; Zhang et al., 2005). As a consequence, 
long-term L1 experience does shape the speech perception system 
(Mehler, Segui & Carey, 1978; Werker, Frost & McGurk, 1992; Kuhl et 
al., 1992; Jusczyk, Friederici, Wessels, Svenkerud & Jusczyk, 1993; 
Näätänen, Lehtokoski, Lennes, Cheour, Huotilainen, Iivonen, Vainio, 
Alku, Ilmoniemi, Luuk, Allik, Sinkkonen & Alho, 1997; Dehaene-
Lambertzand & Baillet, 1998). However, as well as extensive training 
can alter the pattern of hemispheric specialization (Fabbro et al., 1991), 
auditory training is also able to change the pattern of speech sound 
perception either in L16.  

To summarize, the literature reviewed thus far indicates that 
detection of sounds by normal-hearing participants occurs through a low 
level of processing, regardless of participants attending or not to them. 
However, as briefly exposed above, speech perception involves more 
than the automatic peripheral analysis—linguistic experience does affect 
the perceptual system. Thus, in order to further examine the subject, 
next sections review the cognitive perspective of speech perception, the 
influence of linguistic experience on the settlement of the native 
language perceptual system, as well as theories and models that attempt 
to explain the phenomenon of speech sound perception, both in general 
terms and with regard to cross-language speech perception.  
 
 
1.1.2 Linguistic experience and speech perception 

 
It is a common belief that L1 learning by children and L2 learning 

by adults involve different aspects—cognitive, linguistic, or 

                                                
6 Literature reviewed: Shankweiler, Crain, Katz, Fowler, Liberman, Brady, 
Thornton, Lundquist, Dreyer, Fletcher, Steubing, Shaywitz, & Shaywitz, 1995; 
Merzenich, Jenkins, Johnston, Schreiner, Miller & Tallal, 1996; Tallal, Miller, 
Bedi, Byma, Wang, Nagarajan, Schreiner, Jenkins & Merzenich., 1996; Pisoni, 
Aslin, Perey & Hennessy., 1982; Strange & Dittmann, 1984; Jamieson & 
Morosan, 1986, 1989; Kraus, McGee, Carrell, King & Tremblay, 1995; 
Bradlow, Akahane-Yamada, Pisoni, & Tohkura, 1999; Callan, Tajima, Callan, 
Kubo, Masaki, Akahane-Yamada, 2003; Hazan, Sennema, Iba, Faulkner, 2005; 
Iverson, Hazan & Bannister, 2005; Pruitt, Jenkins & Strange, 2006; Clarke-
Davison, Luce & Sawusch, 2008; Zhang, Kuhl, Imada, Iverson, Pruitt, Stevens, 
Kawakatsu, Tohkura & Nemoto, 2009. 
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nonlinguistic7. Indeed, with regard to acquiring the features of a 
phonological system, several studies (e.g., Major, 1987, 1994; 
Bongaerts, Planken, & Schils, 1995, Flege, Munro & MacKay, 1995, 
1996; Birdsong, 2007) indicate that nonlinguistic factors, such as 
personality trait and motivation to learn, do play a role in L2 learning, 
whereas they have minor importance, if any, in L1 acquisition.  

As for the cognitive and the linguistics aspects, research indicates 
that there are both differences and commonalities in the two language 
learning processes (e.g., Dulay & Burt, 1974; Clashen, 1990). A 
comparative review between such differences and similarities is beyond 
the scope of the present study. However, in the study it is relevant to 
consider how linguistic experience and cognitive development operate 
mutually with regard to the main object of the experiment—the 
perception and production of nonnative sounds.  

The interaction between linguistic experience and cognitive 
development is evident in the learning processes. On the one hand, 
infants learning an L1 “are making sense of a whole world while 
developing other cognitive functions in parallel with language” 
(Rodríguez-Fornells, Cullinera, Mestres-Missé & Diego-Balaguer, 2009, 
p. 3711). Despite what seems to be an overwhelming duty within what 
is considered a singular implicit learning process, research indicates that 
it is the high brain plasticity infants have at this period of life that 
enables them to master the language in a relatively short period of time 
(e.g., Saffran, Werker & Werner, 2006; Kuhl & Rivera-Gaxiola, 2008; 
Kovelman, Baker & Petitto, 2008). On the other hand, although adults’ 
cognitive system is evidently more mature than that of children’s, they 
have to cope with learning an L2 when their native linguistic structure 
has already settled, or as Rodríguez-Fornells and colleagues (2009) put 
it, L2 acquisition takes place modulated by emotional and motivational 
aspects, through a “rather crystallized cognitive system with no 
conceptual changes required” (p. 3713).  

Given such developmental changes, L2 research seeks to answer 
to what extent the loss of brain plasticity reflects on the capacity to learn 
an L2, particularly a new phonological system. According to the Critical 
Period Hypothesis (Lenneberg, 1967) native-like pronunciation would 
be impeded if L2 learning starts after puberty. The hypothesis proposes 
that around this time the process whereby the cognitive functions are 
                                                
7 Although several researchers (e.g., Krashen, 1981; Paradis, 1985) make a 
distinction between the terms language learning and language acquisition, they 
are interchangeably used in the present study.  
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specialized between the brain hemispheres is completed, a process that 
started by the age of 2 years. Hull (2003) summarizes the several 
dichotomies between the functions of the left and right hemispheres 
stating that processing by the left hemisphere is believed to be “linear, 
analytic, and computational” whereas the right hemisphere processing is 
“characterized as holistic, Gestalt-like, and context-dependent” (p. 8). 
Thus, after what is called cerebral lateralization, there is dominance of 
the left or the right hemisphere for different human activities (Brownell, 
Griffin, Winner, Friedman & Happé, 2000). According to the critical 
period hypothesis for language learning, causes an L1 sensory-neural 
attunement that consequently inhibit “subsequent attempts at mastery of 
the sound patterns of a new language” (Scovel, 1969, cited in Leather & 
James, 1991, p. 306).  

Flege and colleagues (1996) claim that age as a single factor 
influencing L2 leaning cannot fully account for foreign accent. 
Nonetheless, they also found empirical support for the belief that, as far 
as L2 pronunciation is concerned, the earlier the age of L2 onset the 
better. That is, native-like pronunciation is more likely to be found 
among those who had less experience with the L1 previous to L2 
learning.  

However, as Singleton (2006) remarks, either age of onset or 
degree of proficiency may dispute to explain this type of finding. 
Indeed, some studies in the area of phonetics and phonology show that 
extensive L2 experience is capable of changing speech production (e.g., 
Perani, Paulesu, Galles, Dupoux, Dehaene, Bettinardi, Cappa, Fazio, & 
Mehler, 1998; Wang, Sereno, Jongman, & Hirsch, 2000), and that a 
considerable number of L2 learners do achieve native-like pronunciation 
(e.g., Flege 1987; Bongaerts 1999; Guion & Pederson, 2007). Birdsong 
(1999) estimated that around 5% to 15% of L2 learners achieve near-
native performance, whereas other studies (e.g., White & Genesee 1996; 
Montrul & Slabakova, 2003) suggest that the percentage is around 20% 
to 30%.  

Therefore, the critical period hypothesis as described by 
Lenneberg (1967) is questionable, as remarked by Singleton (2005). It is 
important to keep in mind, however, that comparable performance levels 
do not indicate that similar cognitive processes and resources are being 
used by L1 and L2 speakers, as pointed out by Rodríguez-Fornells and 
colleagues (2009). The authors argue that the relationship between 
cognitive processes and performance level is complex, and that 
complementary information could be gathered from both functional 
brain imaging studies and from behavioral studies. Rodríguez-Fornells 
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and colleagues (2009) assert that these studies may reveal the cognitive 
resources infants and adults use in order to learn either L1 or L2.  

Non-invasive methods of analysis show that depending on the age 
of L2 onset, different patterns of activation of the brain areas associated 
with language can occur. These studies evaluate neurobiological and 
developmental changes in the course of language learning in the two 
main areas that have been associated with language production and 
comprehension—the Broca’s and of the Wernicke's area. Both areas are 
located in the left brain hemisphere, the first in the inferior frontal 
cortex, and the second in the posterior portion of the temporal lobe 
(Figure 4). The Broca’s area is typically associated with grammatical 
speech production, whereas the Wernicke’s area, with the understanding 
of written and spoken language (Blank et al. 2002).  

 

 
Figure 4. The left brain hemisphere and the areas associated with language 
production (Broca’s area) and language understanding (Wernicke’s area) (From 
NIDCD, 2009). 

 
Several studies examined whether different ages of L2 onset are 

associated with different spatial representations in the brain, that is, 
whether the same task activates different parts of the brain for early and 
late bilinguals (e.g., Kim, Relkin, Kyoung-Min & Hirsch; 1997; 
Wattendorf, Westermann, Zappatore, Franceschini, Lüdi, Radü & 
Nitsch, 2001). By the means of a sentence-generation task, the studies 
showed that the activation of the Wernicke’s area was similar for both 
groups, whereas differences were found in the activation of the Broca’s 
area. For late bilinguals, two adjacent centers in the Broca’s area were 
activated, each one corresponding to L1 and L2 centers. In the same 
vein, Best and Tyler (2007) remark that numerous studies indicated that 
the native and nonnative phonological systems are not completely 
separate (they do not cite to which studies they are referring, however). 
Instead, the two systems form the interlanguage phonological system. 
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Wang and Behne (2007) define the interlanguage as an intermediate and 
relatively stable system that comprises the features of both the native 
and the nonnative languages.  

The same studies that investigate language areas activation among 
early and late bilinguals (Kim et al., 1997; Wattendorf et al., 2001) 
showed that for early bilinguals a single center of activation emerged in 
the Broca’s area, suggesting that the entire area deals with both L1 and 
L2. As Kovelman, Baker, and Petitto (2008) remark, most current 
developmental psycholinguistics studies support the perspective that 
early bilinguals develop two different linguistic systems since the 
beginning of language learning process (e.g., Genesee, 1989; Petitto, 
Katerelos, Levy, Gauna, Tétrault & Ferraro, 2001; Holowka, Brosseau-
Lapré & Petitto, 2002; Petitto & Kovelman, 2003; Hull, 2003). This 
standpoint contrasts with the previous belief that young bilinguals had 
the two systems fused into one and that differentiation would take place 
after the age of 4 or 5 years (advocated by Vihman, 1985; Volterra & 
Taeschner, 1978, cited in Kovelman et al., 2008, p. 155, for example).  

Behavioral research in the area of phonetics and phonology has 
investigated speech segmentation, an issue that refers to the difficulty in 
knowing where the word boundaries are. Both infants learning L1 and 
adults learning L2 have to parse the units that the speech signal 
comprises. Carroll (2004) argues that the process to parse the units takes 
place in different levels, from the lowest phonological level, to the 
lexical level, to the syntactic level, and, finally, to the highest discourse 
level. Within the phonological level, several studies point out that both 
infants and adults use a variety of different types of cues during speech 
segmentation (e.g., Jusczyk et al., 1993; Mattys & Jusczyk, 1994; 
Jusczyk, 1999; Jusczyk, Houston, & Newsome, 1999; Kuhl 2004). 

Seidl and Johnson (2006) remark that phonotatic8 cues are 
involved in word segmentation by infants as young as 9 months. For 
example, American 9-month-olds, but not 6-month-old infants, listened 
longer to English words with high-probability phonetic patterns than to 
words with low-probability patterns (Jusczyk et al., 1993). Younger 

                                                
8 Phonotactis: is part of the phonological research interested in examining the 
phonemic restrictions of a particular language. That is, the language-specific 
rules that define the combination of vowels and consonants in order to make 
well-formed syllables and words. Phonotactis addresses questions such as “what 
consonant clusters are permissible; what sequences of vowels and consonants; 
and in what positions within words and syllables are these clusters and 
sequences allowed?” (Giegerich, 1992, p. 151). 
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infants seems to use other cues, such as allophonic9 cues and statistical 
relations among syllables. Mattys and Jusczyk (2001) showed that 8.5-
month-olds are aware about allophonmic cues—they were able to 
segment words (e.g., dice) when presented in a real context (“roll dice”) 
and did not misegmented it in passages with similar phonemic patter 
(“cold ice”). Saffran, Aslin and Newport (1996) demonstrated that both 
8-month olds and adults are sensitive to the distribution of acoustic and 
phonological regularities. That is, listeners “can track such statistics, for 
example, to discover speech categories, word boundaries, and 
rudimentary syntax (Saffran, 2003, p. 110), a learning mechanism 
named statistical learning. 

Statistical learning theory is defined by Bousquet, Boucheron and 
Lugosi (2004) as a general-domain mathematical framework that 
attempts to explain how participants make inference, gain knowledge, 
make predictions and decisions based on a set of data. With regard to 
language acquisition, Rodríguez-Fornells and colleagues (2009) argue 
that statistical learning is a general learning mechanism applied not only 
in speech segmentation, but also in acquiring artificial grammars, tone 
sequences and visual patterns.  

As pointed out by Burgo (2006), differences in the way infants 
and adults segment speech is evidence of maturational constraints on 
speech perception. On the one hand, several authors argue that babies 
are able to distinguish all sounds of world’s languages, and that this 
ability narrows around 9 and 12 months of age (e.g., Kuhl, 1985; 
Werker & Tees, 1984; Best & McRoberts, 2003; Kuhl, Stevens, 
Hayashi, Deguchi, Kiritani & Iverson, 2006; Meltzoff, Kuhl, Movellan 
& Sejnowski, 2009). Several studies indicate that the transition from 
universal to language-specific pattern of perception is strongly 
influenced by distribution of acoustic and phonological regularities in 
the ambient language, a factor that is argued to trigger statistical 
learning (e.g., Kuhl et al., 1992; Maye, Werker & Gerken, 2002).  

On the other hand, studies indicate that speech segmentation is 
language specific, that is, monolingual adults tend to segment L2 speech 
according to their L1 pattern (e.g., Cutler, Mehler, Norris & Segui, 
1986; Cutler & Norris 1988; Cutler 1990; Cutler, Mehler, Norris & 

                                                
9 Allophone: different realizations of a phoneme, predictable from the 
phonological context. For example, in American English /t/ is aspirated as in 
tea, unaspirated as in eat, and pronounced as a flap, as in letter. Either of the 
forms are “recognized as t by English speakers despite their differences” 
(Roach, 1991, p. 38) 
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Segui 1992; Cutler & Butterfield, 1992). In contrast, bilinguals seem to 
make use of a single segmentation strategy to both L1 and L2 (Cutler, 
Mehler, Norris & Segui, 1989, 1992). Burgo (2006) asserts that, 
although proficient bilinguals can apply the corresponding segmentation 
strategy of either the L1 or the L2, they usually use the strategy of the 
preferred language. 

To sum up, although research does indicate a sensitive period for 
L2 acquisition between birth and seven years of age (e.g., Johnson & 
Newport, 1989; Mayberry & Lock, 2003), a strict concept of critical 
period that predicts impediment in L2 learning after puberty does not 
account for the entire picture of late L2 acquisition (Singleton, 2006). 
As Metzoff and colleagues (2009) state, “a candidate mechanism 
governing the sensitive period for language in humans is neural 
commitment” (p. 287), a point of view that leads to another 
developmental perspective that attempts to account for the fact that 
adults discriminate L2 sounds more poorly than infants—the formation 
of auditory perceptual prototypes.  

Kuhl (2004) proposes the native language neural commitment 
hypothesis in order to explain the decline in neural flexibility for 
phonetic learning. According to the hypothesis, linguistic experience, 
not only time as proposed by the critical period hypothesis (Lenneberg, 
1967), is an essential aspect that drives L2 phonetic perception and 
learning. Kuhl (2004) describes neural commitment as a result of 
linguistic experience, in which the brain’s neural networks become 
committed to the patterns of the native language. Metzoff et al. (2009. p. 
287) claim that “neural commitment is the formation of neural 
architecture and circuitry dedicated to the detection of phonetic and 
prosodic characteristics” of the language(s) exposed to the infant. The 
auditory experience and the consequent neural commitment end up 
allowing for the establishment of perceptual prototypes. With regard to 
the prototype theory and speech sound perception, phonetic prototypes 
motivate generalization to other category members more than 
nonprototypical instances (Kuhl, 1991). Accordingly, as pointed out by 
Duch (1996) and by Raftopoulos (2005), those instances perceived as 
extremely good representatives of a phonetic category, the prototypes, 
attract other stimuli to the category to which they belong (Kuhl, 2000b).  

Thus, the critical period proposes that adults are poorer perceivers 
when compared to children because their sensory-neural system 
becomes attuned to the L1, and the prototype theory complements the 
thought by arguing that linguistic experience results in neural 
commitment, which leads to the formation of perceptual prototypes. 
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Although both hypotheses seem sensible and have been empirically 
supported, particularly the prototype theory (Kuhl, 1993a, 1993b), both 
perspectives fail to account for the finding that adults may perform as 
well as infants in discriminating certain speech sounds as found by Best, 
McRoberts and Sithole (1988).  

Best and colleagues (1988) investigated the discrimination of Zulu 
clicks by adult English speakers (aged 19-23 years), four groups of 
infants (aged 6-8, 8-10, 10-12, and 12-14 months) in English-speaking 
environment, and adult Zulu speakers (aged 19-36 years). Clicks are rare 
speech sounds, in Zulu there is a system of fifteen clicks distributed in 
three different places of articulation (dental, lateral and alveolar), two 
types of nasalization for each place of articulation (not used in the 
study), and three-way voicing characteristics for each oral click 
(voiceless aspirated, voiceless unaspirated, and voiced). None of these 
consonants correspond to an English speech sound, and the participants 
had no linguistic experience with the Zulu inventory. Thus, no phonetic 
category was expected to be formed for the sounds. Consequently, the 
study’s reasoning, according to sensory-neural tuning proposed by the 
critical period hypothesis, and to the neural commitment by the 
prototype theory, is that there should be no sensory-neural tuning or 
phonetic categories for the consonants and, thus, adult English speakers 
would not be able to discriminate between two nonnative Zulu clicks. 
However, the results showed no significant differences in correct 
discrimination between the native-Zulu group (87%), and the adult 
native-English (78%), and between the four infant groups, even the 12-
14 months, or between the English-speaking infants and the adults. The 
authors acknowledge that the psychoacoustic robustness of these 
consonants may make them resistant to L1 assimilation and, thus, easier 
to discriminate. However, they also emphasize that the sensory-neural 
tuning and the neural commitment hypotheses for explaining 
developmental changes in speech perception failed to account for the 
findings, and a later study (Best, McRoberts, LaFleur & Silver-Isenstadt, 
1995) showed that psychoacoustic robustness alone does not account for 
the results10. Therefore, the findings in Best and colleagues’ (1988) 

                                                
10 Best, McRoberts, LaFleur and Silver-Isenstadt (1995) showed that other rare 
nonnative speech sound contrasts (the indigenous American Nthlakampx velar-
uvular ejectives) are well discriminated by infants under 8 months old, whereas 
by the age of 10-12 months infants show difficulty to discriminate them, and 
that they are poorly discriminated by adults. This study also showed, again, that 
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study served as foundation for a new theoretical model that has been 
developed since then, the Perceptual Assimilation Model of speech 
perception (PAM).  

In order to give a context to the PAM, next section describes 
current general theories that attempt to explain perception, the theory 
(the ecological approach) in which the PAM is based, and the speech 
perception model itself.  

 
 

1.2 THEORIES OF PERCEPTION 
 
 
In cognitive psychology, perception is characterized as “the set of 

processes by which we recognize, organize, and make sense of 
sensations we receive from the environmental stimuli” (Sternberg, 2003, 
p. 109). Perception is believed to take place by two means—in a top-
down and in a bottom-up way (Sternberg & Mio, 2009). Within the top-
down view, perception is believed to be determined by higher-level 
cognitive processes that involve the association of intelligence, pre-
existing knowledge, thoughts and expectancies about the stimulus. The 
bottom-up view, on the other hand, hypothesizes that higher-level 
cognitive strategies do not participate in perceiving stimuli, and that the 
phenomenon takes place due to the relationship between the sensory 
receptors and the characteristics of the stimulus.  

Carroll (2004) distinguishes four levels of language processing: 
the phonological level, the lexical level, the syntactic level, and the 
discourse level. The author argues that the phonological level of 
processing occurs through a bottom-up mechanism, whereas top-down 
mechanisms can be used for identifying syllables or words. Carroll 
(2004) also affirms that bottom-up operation is typically a serial process, 
whereas top-down operation is characterized by parallel processing. 
Both the processing pace and the executive location of the two forms of 
processing differ (Davis & Johnsrude, 2007; Wang et al 2009): on the 
one hand, bottom-up being a sequential processing, information flows 
through the parietal cortex that involves the Wernicke’s area at one 
stage at a time. On the other hand, the parallel top-down processing 
takes place in a larger frontal brain area and plays “an important role in 
producing the rapid perceptual tuning responsible for the robust 
                                                                                                    
the Zulu clicks continued to be well discriminated by infants as old as 12 
months. 
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perception of highly variable forms of speech” (Davis & Johnsrude, 
2007, p. 142).  

Some scholars argue that there is general agreement that listeners 
make use of both processes (e. g., Rönnberg, 2003; Graham, 2005; 
Gerrits, 2009), whereas others claim that the listening circumstances 
influence the type of processing (e.g., Kelly, 1991; Rubin, 1994; 
Vandergrift, 2004). That is, listeners can shift between processing 
patterns whether the comprehension task is in L1 or L2, whether the 
topic of talking is familiar or not to the listeners, or whether the acoustic 
signal is clearly audible or not.  

With regard to phonological acquisition, research indicates that 
infant L1 learning demonstrates a more bottom-up nature of learning 
(Dupoux & Peperkamp 2002; Peperkamp 2003; Peperkamp, Le Calvez, 
Nadal & Dupoux 2006, Le Calvez, Peperkamp & Dupoux 2007; Wang 
et al. 2009), as well as naïve L2 listeners resort to bottom-up processing 
(Imai, Walley & Flege, 1995; Jenkins, 2000; Pierrehumbert, 2003; 
Vandergrift, 2004; Escudero, 2005). In contrast, adults processing L1 
speech signal tend to rely on top-down strategies (Flege, Mackay & 
Meador, 1999), and gains in L2 proficiency allow listeners to make use 
of more parallel native-like level of processing (Kelly, 1991; Flege et 
al., 1999; Jenkins, 2000; Pierrehumbert, 2003). Similarly, lack of 
familiarity with the subject under analysis may promote more bottom-up 
processing, whereas prior experience may induce the use of top-down 
strategies (Kelly, 1991).  

However, even if the topic is familiar to the listener, top-down 
processing may be impeded if “information is absent, ambiguous or 
made unreliable by background noise or distortion” (Davis & Johnsrude, 
2007, p. 136), particularly in L2 comprehension, as shown by some 
studies with non ideal listening conditions (e.g., Meador, Flege & 
MacKay, 2000; Bradlow & Bent, 2002). 

It is important to bear in mind that that there are scholars who do 
not make a clear distinction between bottom-up and top-down 
processing (e.g., Hawkins, 2003, 2010), and those who suggest that both 
processes are integrated and work interactively and complementarily in 
order for the listeners to comprehend speech (Neisser, 1976; Mcclelland 
& Elman 1986; Massaro, 2001; Davis & Johnsrude 2007; Vatakis & 
Spence 2007; Levi, Winters & Pisoni, 2007; Sternberg & Mio, 2009).  

Nonetheless, the present study holds the premise that L2 speech 
processing takes place through bottom-up mechanisms, particularly for 
the non-proficient EFL participants selected and the use of non-lexical 
items in the perception tests. As discussed above, non-proficient L2 
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listeners tend to rely on bottom-up processing (Flege et al. 1995; Imai et 
al., 1995; Jenkins, 2000; Pierrehumbert, 2003; Vandergrift, 2004; 
Escudero, 2005). In addition, McQueen (2004) suggests that perception 
occurs through pre-lexical and bottom-up processing, or intermediary 
representations that “remove redundancy that otherwise would have to 
exist at the lexical level” (p. 264). In the same vein, Escudero (2005) 
points out that fine-grained acoustic-phonetic cues are first analyzed into 
abstract pre-lexical categories, and then followed by lexical access. Best 
(2005) argues that phonology is processed within a lexical level, 
whereas phonetics perception operates sub-lexically or extra-lexically. 
Sub-lexical processing seeks for phonetic details within the 
phonological elements of the language, and extra-lexical processing 
refers to broader-global aspects of the language, such as dialect 
variations and social relationships. Moreover, neuroimaging studies 
show that the auditory cortex is activated by either auditory speech 
sounds or silent linguistic visual cues, whereas nonlinguistic facial 
movements are not able to activate the area (e.g., Calvert et al., 1997). 
Calvert and colleagues (1997) affirm that these brain imaging findings 
support previous behavioral studies that assert that audiovisual 
integration of linguistic signals takes place at the stage of word 
identification, that is, it occurs at the pre-lexical level (e.g., Massaro, 
1987; Green & Kuhl 1989). An intermediary processing is also 
supported by speech production research—Martin and Wu (2005) argue 
that the fact that normal readers can produce pseudowords, that is, 
words with no lexical representation, is evidence that there is a 
sublexical unit of representation. 

As discussed above, in cognitive psychology two main theories 
differ in the viewpoint of how information is processed: a top-down 
indirect constructivist theory, proposed by Gregory (1970), and a 
bottom-up direct realist theory advocated by Gibson’s (1979), also 
called ecological approach to perception, (Michaels & Carello, 1981; 
Giannakopoulou, 2003; Eysenck & Keane, 2005; Cardwell & Flanagan, 
2009, Sternberg & Mio, 2009). 

Sternberg and Mio (2009) cite four specific theories that were 
developed within the bottom-up perspective of perception: the template, 
the prototype, the feature, and the structural-description theory. Given 
that the present study uses the PAM as the speech perception theory, the 
bottom-up theoretical framework in which the model is grounded is 
described in next section. 
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1.2.1 The ecological approach to perception 
 
Briefly speaking, speech perception can be defined as the 

mapping of continuous and variable acoustic signals onto linguistic 
objects. Or as Trask (1996) states, speech perception consists of a 
decoding activity in which the identifiable linguistic elements have to be 
extracted from the continuous speech.  

Given that linguistic experience drives the attunement of the 
perceptual system onto an L1 mode (Grieser & Kuhl, 1989; Kuhl, 
1993a, 1993b, 2000a, 200b, 2004, Kuhl et al., 1992; Zhang et al., 2005), 
the identification of phonetic categories is a duty faced early in infancy.  

Category refers to “a concept that functions to organize or point 
out aspects of equivalence among other concepts based on common 
features or similarity to a prototype” (Sternberg & Mio, 2009, p. 578). 
Kruschke (2005) argues that categorization is the ability to generalize 
from a learned particular instance to new situations. Lotto and Sullivan 
(2007) describe phonetic categorization as the process by which 
perceivers interpret and weigh multiple cues of a speech sound and then 
determine a phonetic segment to it.  

However, human speech is characterized by lack of invariance, 
which problematizes the establishment of phonetic categories 
(McQueen, 2004). Yet, humans do show a strong ability to discriminate 
speech sounds in a categorical way (i.e., to discriminate between 
phonetic categories such as the voiced stops in /ba/, /da/ or /ga/). Lack of 
invariance, or lack of constancy, occurs because there is no one-to-one 
mapping between phonemes and phonetic category (Strange, 1995; 
Holt, 2008).  

Several authors assert that research on L1 speech perception 
started in the late 1940s examining the source of such variability, the 
existence of acoustic invariants, and the human ability to categorize 
speech sounds despite these variations (e.g., Strange, 1995, Wright et 
al., 1996-1997). The same issues were equally of interest in L2 speech 
perception research, initiated in the 1960s, and more recently some 
scholars have suggested the influence of accurate speech perception on 
speech production (e.g., Major, 1994; Flege, 1993 and elsewhere; Wode, 
1995; Rochet, 1995; Best, 1995; Kuhl & Iverson, 1995; Best & Tyler, 
2007).  

Three main perspectives attempt to elucidate the mechanism 
whereby listeners overcome the lack of constancy in speech and 
categorize a speech sound (Strange, 1995). The nativist position 
proposes that humans are innately equipped to cope with lack of 
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constancy. For the associative learning position, sound categorization 
occurs through the association of new ambiguous stimuli with previous 
unambiguous experiences. Finally, the direct realist position claims that 
neither innate inherent capacity nor mental association are responsible 
for sound categorization. Instead, it rejects the premise that the stimulus 
is inherently ambiguous and proposes that “the apparent ambiguity of 
the stimulus comes from an inappropriate level of analysis of the 
physical environment” (Strange, 1995, p. 5). As Hayward (2000) points 
out, “lack of invariance is not a problem for the Direct Realism 
approach because it arises naturally from the gestural pattern” (p. 126). 
This section focuses on the description of the direct realism, or the 
ecological approach to perception, as the theoretical framework that 
leads to the speech perception model used in the present study.  

In the late 1960’s and early 1970’s the constructivist view was the 
predominant viewpoint of perception, a perspective that puts forward 
that the essential function of perception is to allow observers to identify 
and recognize objects in the surrounding world. In order to do so, 
observers engage in an extensive cognitive processing, which include 
making inferences, deductions, and relating information extracted from 
the environment with the inner stored representation of the object 
(Eysenck & Keane, 2005).  

In contrast, James Gibson (1979) argued that the observer and the 
environment make a unitary system and, thus, there is no need of 
complex cognitive processing to occur. Different from the indirect 
viewpoint, thus, the essential function of perception is to assist the 
interaction between the observers and their environment. In analyzing 
visual perception, Gibson (1979, p. 147) asserts that perception of the 
environment is direct, or ecological, because it is not mediated by 
retinal, neural, or mental pictures. Instead, direct perception “is the 
activity of getting information from the ambient array of light (…) a 
process of information pickup that involves the exploratory of looking 
around, getting around, and looking at things”.  

For Gibson (1979), information is a bi-directional structure that 
specifies objects, places, and events to the observer. In this bi-
directional structure, one arrow points to the environment, whereas the 
other to the observer. Thus, it works as a bridge in the formation of the 
unitary system, “a bridge connecting the knower and the known” 
(Michaels & Carello, 1981, p. 17).  

According to Gibson (1979), the ecological approach attributes 
richness, variety, and accuracy of the information to the senses. This 
implies that the act of knowing is the direct detection of information per 
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se, without the need for higher-level cognitive processes as enrichment, 
inference, or deduction. He introduced the notion of affordances as an 
attempt to demonstrate that all the information necessary to make sense 
of the environment is directly presented in the input (Carello & Turvey, 
2002; Gabora, Rosch & Aerts, 2008). Gibson (1979) defined 
affordances as what the environment offers, provides, and furnishes to 
the observer. The classical example is a chair—it affords sitting, so that 
“affordance is what the environment means to a perceiver, it is the 
affordance that is perceived, a chair, thus, is not perceived as a chair, but 
as a place to sit” (Eysenck & Keane, 2005, p. 42). For Gibson, it is the 
notion of affordance that liberates the cognitive system of storing the 
meanings of objects in long-term memory.  

However, observers do not perceive intrinsic properties of the 
objects, instead they detect invariants that specify the behavior afforded 
by the object (Michaels & Carello, 1981; Eysenck & Keane, 2005). The 
process whereby the observer picks up the information is called 
resonance and explained with the analogy to the workings of a radio. If 
only turned on, the radio broadcasts a hissing sound; once properly 
tuned, speech or music are available, that is, the radio is now resonating.  

How much of the information invariants can be registered by the 
observer is governed by attention, characterized by Gibson as the 
control of detection. Within the ecological approach it is believed that 
learning plays the fundamental role of educating perception (Eysenck & 
Keane, 2005). Furthermore, the role of experience is also different for 
the indirect and the ecological approach: the first claims that experience 
marks the observers’ slate and that they use the slate for moment to 
moment interaction with the world, whereas the ecological approach 
advocates that the experience results in an improved ability to know.  

For the ecological approach, knowing is not a process done by the 
brain only, but it takes place through a holistic process that involves the 
entire organism. As Eysenck and Keane (2005) remark, both the attuned 
radio and the picking-up information process work in a parallel way—
relatively automatic if both are attuned to the their functions, and both 
are done in a holistic manner. That is, damage in any component of the 
radio, on the one hand, or if the nervous system does not interact with 
the entire organism, on the other hand, prevent either broadcasting or the 
process of picking up information. Best (1995b) argues that within the 
ecological approach, observers engage in active exploration of the world 
in a way that all sensory organs are integrated and working in a 
multimodal coordinated perceptual system.  
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The ecological approach argues that, if perception was an indirect 
process mediated by mental representations, as advocated by Poeppel, 
Idsardi and van Wassenhove (2008), it would imply that observers 
cannot directly know the world. For Gibson, this point of view leads to a 
circular reasoning: “categories cannot become established until enough 
items have been classified but (…) items cannot be classified until 
categories have been established” (Gibson, 1979, p. 252). Or as Best 
(1995a, 1995b) points out, if observers know the world only through 
inferences, deductions and interpretations, then observers perceive only 
what they previously know that is in the environment to be perceived.  

Although the ecological approach assumes that in all cases of 
perception the observer directly apprehends the information from the 
object, it does not imply perceptual infallibility (Best, 1995b). Given 
that the ecological approach attributes richness, variety, and accuracy of 
the information, fallibility is not characteristic of the object, but rather of 
the acts by which the observer perceives it. In other words, fallibility of 
the acts does not refer to failure in inferences or indirect mental 
processes, but to the acts whereby one perceives. Best (1995b) 
illustrates fallible actions with inefficient exploratory movements of the 
eyes and hands made by the observer during the act of perceiving. That 
is, perceptual failure occurs when the observer does not succeed in 
involving the entire organism in order to form the unitary system made 
between the observer and information.  

To conclude, Chemero (2006, p. 79) summarizes Gibson’s notion 
of unitary system describing how the environment, information, and 
perception determine one another: “the environment specifies the 
information, which specifies perception, and perception specifies the 
information, which specifies the environment”.  

 
 
1.2.2 The ecological approach to speech perception 

 
Psychology has proposed all perception theories based on visual 

perception (Koerich, 2002). Catherine Best has extended the ecological 
approach to speech perception arguing that it provides a coherent 
explanation about the nature of the information perceived in speech, of 
how the perceptual information relates to speech production, of how the 
native language phonetic and phonological organization influence 
adults’ perception of nonnative language, and of the developmental 
course of perception of L1 and L2 speech sounds.  
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Distal stimulus, proximal stimulus, percept, and 
informational/perceptual primitives are terms typically used for 
describing perception, and relevant for the understanding of speech 
perception within the ecological approach. The distal stimulus, or distal 
object, is described as the actual object in the environment, the object 
that provides information for the proximal stimulus (Snyder, 2001). In 
speech perception, a distal stimulus refers to the actual gestures made by 
the speakers’ vocal tract (Lotto, Kluender & Holt, 1997), the so called 
distal articulatory gestures (Best 1994a, 1994b, 1995a, 1995b), or the 
gestural primitives (Rosenblum, 2004).  

The proximal stimulus “is defined as the pattern of energy 
impinging on the observer’s sensory receptors” (Snyder, 2001, p. 1), the 
sensory receptors that register the information given by the distal 
stimulus. In speech perception, proximal stimuli are the acoustic signals 
detectable by the observers (Vihman, 1996). Lotto and colleagues 
(1997, p. 360) argue that in speech perception the gestures made by the 
vocal tract (the distal stimulus) “give rise to an array of acoustic 
attributes [the proximal stimulus]”.  

Percept refers to the mental reconstruction of the distal object, to 
the “neural correlate” or “element of perception” (Mogi, 2007, p. 127). 
The percepts form the set of primitive features with which perception is 
thought to take place. Within the top-down indirect perspective, 
perception is thought to be conceptually-driven, that is, it may start from 
the set of primitives but internal representations built during previous 
perceptual experiences influence the perception process. In contrast, 
within the bottom-up ecological approach, perception is stimulus driven, 
it develops from the set of primitives (Windmann, 2004; Toppino & 
Long, 2005).  

Finally, informational primitives or perceptual primitives, as seen 
by the ecological approach to speech perception, are associated with the 
idea of percepts, they are the actual basic information required to extract 
meaning from the environment (Dąbrowska & Street, 2006). 

With relation to the information that is perceived in speech, 
Rosenblum (2004) affirms that the informational primitives in speech 
perception have usually been described in terms of the acoustic 
properties of the sound, whereas in visual perception, as the distal 
properties of the object. However, from the ecological approach, the 
distal articulatory gestures are believed to form the informational 
primitives of perception (Fowler & Rosenblum; 1991; Best, 1994a, 
1994b, 1995a, 1995b). Acoustic cues do not provide consistent sources 
for speech perception because of coarticulatory factors that cause the 
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distinguishing of a specific consonant to be dependent on the vowel 
context (Rosenblum, 2004; Fowler, 2006). For example, listeners use 
different cues when distinguishing the consonant /d/ depending on 
whether it is in /di/ or in /du/. However, although there may be lack of 
correspondence between segmental speech perception and surface 
phonetic properties, Rosenblum (2004, p. 222) argues that there is a 
close correspondence between perception and the properties of 
articulation—“perceiving /d/ whether in an /i/ or /u/ context corresponds 
to a ‘d’ articulatory event, that is, vocal tract constriction formed by the 
tongue blade against the alveolar ridge”. In addition, research on the 
perception of loudness and on the multimodality of speech perception 
gives evidence that the distal articulatory gestures are the informational 
primitives for perception (Best, 1994b, 1995b; Rosenblum, 2004).  

Multimodal studies on speech perception, which is reviewed in 
2.3, follow the conclusions by McGurk and MacDonald (1976), who 
found that the synchronicity between phonetic and articulatory cues 
form a unified pattern for perception. For Fowler (1986) and Best 
(1995b), only an articulatory gestural account can explain this 
crossmodal effect, given that attempts based on binary phonetic features 
failed to explicate the finding that the same phonetic features arranged 
differently result in different perception. For example, the phonetic 
feature representations are the same for audio-/aba/ + video-/aga/, and 
audio-/aga/ + video-/aba/, but the first mismatch is perceived as /ada/, 
whereas the second context is perceived as either /abga/ or /agba/. In 
addition, speech is a multimodal process given that normal infants learn 
speech through human face-to-face interactions, not from purely-
auditory inputs (Best, 2008; Meltzoff, Kuhl, Movellan & Sejnowski, 
2009).  

Furthermore, several studies (e.g., Yehia Rubin & Vatikiotis-
Bateson, 1998; Barker & Berthommier, 1999; Jiang, Alwan, Keating, 
Auer Jr & Bernstein, 2002) demonstrated that the auditory and the 
visual signals are highly predictive of each other. That is, the correlation 
between lip, tongue, and jaw configuration and speech acoustics allow 
that the vocal-tract motion predicts the acoustic signal and vice versa. 
Bernstein, Lu and Jiang (2008) affirm that such correspondence is not 
surprising given that “both types of speech signals are produced by the 
same biomechanical speech production activities” (p. 173).  

With regard to language developmental changes, the ecological 
approach assumes that infants are initially not linguistic perceivers, that 
is, they are not gestural attuned, they detect speech as well as nonspeech 
sounds in the same manner. Moreover, speech perception is thought to 
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occur via an integrated system. Thus, infants detect information that 
specifies the distal event with their entire organism and with the purpose 
of communication, that is, the linguistic affordance of a language is to 
communicate. Best argues that this is the reason why “perception and 
production of speech are inextricably linked”—because detecting the 
articulatory gestures is “an integral part of learning to use the vocal tract 
as a tool for achieving language-specific communicative goals” (1995b, 
pp. 178-179).  

Developmental changes are responsible for aiding infants in 
discovering the articulatory gestures that characterize their L1—the 
higher-order invariants of their L1. As discussed in 1.2.1, observers are 
thought to detect invariants of the information, a process governed by 
attention. Two types of invariants are usually described in phonetics and 
phonology within the ecological viewpoint: the low-level gestural 
information, and the higher-order invariants. The former is described as 
general vocal tract gestures that constitute speech, a type of information 
that may be detected by either humans or animals (Kuhl, 1991; 
Kreutzer, Dooling, Brown, & Okanoya, 1991; Best, 1994b), whereas the 
higher-order invariants are seen as the specific features that characterize 
a language, that reflect the communicative affordances of the L1 (Best, 
1995b), the ones that regulate speech perception (Rosenblum, 2004; 
Chipley, 2008). Higher-order invariants are believed to “arise from 
lower-order invariants; there may even be several levels of lower-levels 
invariants supporting the discovery of a higher-order invariant” (Best, 
1994b, p. 242; 1995b, p. 184). For example, syntactic principles may 
only be detectable after the perceiver has grasped the lower levels of 
speech, such as phonetically distinctive differences. Thus, perceptual 
learning, or educating attention (Best, 1994b), is detecting the higher-
order invariants that reveal the structural and functional properties of the 
information, so that an educated perceiver is able to “‘hear through’” 
irrelevant lower-order invariants (Best, 1995b).  

Language experience is believed to improve the observers’ ability 
to know their own system, to increase economy in information pick up, 
though it is not considered to cause an absolute or irreversible effect. 
Instead, in accordance with the ecological approach regarding the role of 
attention in perception, Best (1994b, p. 167) argues that “the nature of 
the experiential effect on perception of nonnative segments appear to be 
largely an adjustment of selective attention”. Within the ecological 
approach, perceptual learning is thought to occur throughout the 
lifespan, with speakers continuously refining their perceptual system, 
even for their L1 (Best & Tyler, 2007). Thus, a consequence of the 
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efficiency in extracting higher-order invariants in the L1 is an increasing 
difficulty in detecting lower-order gestures present in L2.  

However, Best (1994b) argues that because the undetected 
information is still available in the environment, there is the possibility 
of reeducating perception. Moreover, Best and Tyler (2007) assert that 
perceptual learning of L2 contrasts does take place, although they also 
argue that L2 proficiency and that perceived similarities and 
dissimilarities between the phonetic-articulatory patterns of L1 and L2 
sounds may influence L2 perceptual learning. This latter aspect of cross-
language perception will be discussed during the explanation of the 
ecological speech perception model.  

To sum up, the ecological approach of speech perception proposes 
that the informational primitives are the distal articulatory gestures; that 
the information is picked up directly through an integrated perceptual 
system, thus there is no innate special module for speech perception; 
that initial infants’ perception is not linguistic/gestural, but that language 
experience stimulates perceptual attunement to the L1 phonetic gestural 
characteristics, so that the picking up of invariants is accelerated. 

 
 

1.2.2.1 The Perceptual Assimilation Model 
 
Best (1994b) asserts that the Perception Assimilation Model 

(PAM) is being developed since the late 1980’s as an attempt to explain 
the effects of L1 experience on the perception of L2 phonetic contrasts. 
It is based on the ecological approach that information is picked up 
directly from the environment and that efficient detection of L1 gestural 
speech patterns may guide and constrain the perceivers’ pick up of 
information of L2 phonetic categories. Moreover, the theoretical 
framework is compatible with the principles of Articulatory Phonology 
(Browman & Goldstein, 1986), a theory that seeks for unifying the two 
classical domains in speech—the physical-phonetic and the cognitive-
phonological domains, by treating them as low and high dimensions of a 
single system. In this single system in which gestures are the basic units 
of phonological contrast, the physical-phonetic domain constrains the 
underlying abstract cognitive-phonological domain. That is, “the 
dynamic parameters of articulatory gestures in speech production serve 
as the primitives for (language-specific) phonology” (Best & Tyler, 
2007, p. 22).  

Best (1994b, 1995b) points out that adults perceive nonnative 
speech by comparing the similarities and discrepancies between the L2 
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and L1 gestural patterns, particularly when the perceivers have little or 
no L2 linguistic experience. She asserts that the ability to detect 
discrepancies between the L1 and the L2 patterns is not lost— adults 
can perceive both native language dialectal differences and foreign-
accented productions.  

Perception of similarities and dissimilarities is regulated by 
educated attention, which in turn is dependent on the perceivers’ 
perceptual learning of their own native phonetic domain. Best defines 
universal phonetic domain as the range of vocal tract speech-like 
sounds, and native phonetic domain as the gestural patterns in the 
inventory that characterize the native phonetic categories. Outside the 
phonetic domain is the non-phonetic space, sounds that are still vocal 
tract-generated (e.g., coughs, chokes, laughs, whistles), but not 
perceived as speech-like.  

In line with the ecological approach, when confronted with 
speech-like sounds, perceivers actively seek for higher-order invariants 
that specify the gestures. A gesture is defined as the formation and 
release of some degree of constriction along the vocal tract. The 
phonological pattern of a language obeys the physical biomechanical 
possibilities of the vocal tract. 

As discussed above, the informational primitives of a 
phonological structure (a language) are the distal articulatory gestures, 
or atoms. The phonological structure is a stable constellation, or 
molecules, assembled with the atoms. Each phonological structure 
comprises its own phonological space. A phonological space is a 
framework that relates the internal structure of the phonemes (seen as a 
bundle of distinctive features) to the structure of the phonological 
system as a whole. A phonological system, thus, allocates each phoneme 
in a specific area within the entire space that the system covers. For 
instance, Figure 5 shows two different vowel phonological systems, 
Spanish and English from California. In a five-vowel system in which 
/a/ is the only low vowel, as in Spanish, its location lies from back to 
front in the phonological space. In contrast, English has two low vowels, 
// and //, the // occupies the front space whereas the // is confined 
in the back area (Bynon, 2004).  
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Figure 5. The Spanish (Gasser, 2009) and the English (Ladefoged, 2001) vowel 
phonological spaces. 

 
Thus, the universal phonetic domain is comprised in the 

phonological space, whereas the native phonetic domain regulates the 
place a gesture occupies in the phonological space. Nonnative sounds 
are perceived as speech-like, or in Best’s words (1995b, p. 190), “the 
interim positions will be perceived as possible locations for gestures that 
might serve as phonological units”, and the type of L1 – L2 association 
will depend on the degree of similarities and dissimilarities between the 
two phonetic domains.  

Best (1994b, 1995b) claims that depending on the distance 
between the L1 and L2 segments in the native phonological space, the 
L2 segment may be perceived with respect to the native phonological 
space in three broad ways. First, both gestural invariants may be 
perceived as somehow similar, thus the L2 sound is assimilated onto the 
L1 category. That is, the L2 sound is categorizable. Second, the L2 
sound is perceived as a speech-like gesture, but its organization is not 
assimilated to any specific L1 category. In other words, this L2 sound 
falls in an unfamiliar area of the native phonological space but in 
between specific L1 categories and is thus uncategorizable. Third, the 
L2 segment is not perceived as a speech sound, its gestural organization 
falls outside the native phonological space and is thus not assimilated 
onto any L1 category.  

Whereas the two latter patterns determine a straightforward 
assimilation—uncategorizable and nonassimilable, when the L2 
segment is assimilated onto an L1 category, it can be perceived in three 
different ways:  

i. as a good exemplar of the L1 category, the nonnative gestural 
invariants are similar to the L1 pattern; 

ii. as an acceptable exemplar of the L1 category, though not ideal; 
iii. as a deviant exemplar of the L1 category—although there are 

similarities between the L1 and L2 gestural patterns, there are also 
noticeable dissimilarities, thus the L2 segment is heard  
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The author argues, however, that the assimilation of single L2 
segments onto L1 categories does not demonstrate the entire picture 
about perception. Phonological structures “encompasses the systematic 
functional relations among phonetic forms within a language, including 
distinctive segmental contrasts, allophonic alternations, phonotactic 
constrains, and other phonological processes” (Best, 1994b, p. 261). For 
the ecological approach, the critical differences that determine gestural 
similarities and dissimilarities are provided by the higher-order 
invariants. In addition, Best (1994b) argues that only a systematic 
between-categories relationship is able to capture the critical distinctions 
between the sounds, not the single detection of category membership. 
That is, through category membership one can determine whether an 
instance of /b/ is an exemplar of the /b/ category, but without between-
categories relationship a perceiver may not be able to detect the critical 
distinctive constriction location between /b/ and /d/, for example. 
Whereas category membership requires the detection of lower-order 
invariants, critical between-categories comparisons depend on the 
detection of higher-order dimensions that determine the similarities and 
dissimilarities between L1 and L2 segments. For these reasons, Best 
argues that tasks that compare contrasting L2 categories are more prone 
to reveal the functional relations with the L1 system rather than 
perceptual tasks with a single L2 category.  

It is important to keep in mind the distinction between phonetic 
and phonological categories that Best and colleagues describe. 
Phonological category refers to speech information that is relevant in a 
language that allows minimal lexical differences. On the other hand, 
phonetic category refers to non-lexical distinctions such as positional 
allophones or particular realizations of a phonological category across 
languages or dialects which, for example, may provide perceptual 
information about the speaker’s dialect or identity. 

The PAM is a cross-language speech perception model that has as 
its fundamental premise that L2 segments tend to be perceived 
according to their similarities and dissimilarities to the L1 gestural 
patterns that occupy the closest proximity in the L1 phonological space. 
The gestural similarities and dissimilarities between L1 and L2 
segments determine whether an L2 sound is going to be assimilated onto 
an L1 category, uncategorized onto the L1 phonological space, or not 
even heard as a speech sound. Following the reasoning that only 
systematic between-categories relationship can extract the critical 
distinctions between the sounds, and thus using two L2 contrasting 
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segments, the discrimination between them will depend on the degree of 
assimilation each member of the contrast undergoes.  

The PAM proposes six possible assimilation patterns of 
assimilation, or categorization, and the discrimination levels predicted to 
happen according to the assimilation pattern for each member of the 
contrast. The original model has been recently extended in order to 
predict L2 perceptual learning (Best & Tyler, 2007). Given that the 
perceptual learning predictions are intrinsically related to the patterns of 
assimilation, both versions of the model will be, as much as possible, 
simultaneously explained. Moreover, examples using the L2 segments 
under examination in the present study will be given in order to 
facilitate the understanding of the model and to familiarize the reader 
with the goals and design of the study.  

Among other objectives, the present study aimed at investigating 
the pattern of assimilation of // by European French (EF) and Brazilian 
Portuguese (BP) speakers. In order to evaluate the assimilation of //, it 
was contrasted to /f/, /t/, or /s/, the three most cited replacements for //. 
If, for instance, the English realization [] and [t] are the members of a 
contrasting L2 pair, they may be assimilated in a: 

1. Two-Category type of assimilation (TC Type), when both 
members, // and /t/ in the example, are assimilated onto two different 
L1 categories. Because the L2 members have two distinct patterns of 
assimilation, the two sounds are predicted to have an excellent 
discrimination. TC Type does not necessarily mean English native-like 
assimilation—/t/ may be assimilated as /t/, and // as either /f/ or /s/, 
nonetheless the discrimination between /f/-/t/ or /s/-/t/ is expected to be 
excellent.  

2. Category-Goodness (CG Type), when both members are 
assimilated onto a single L1 category, nevertheless one member is 
perceived as a better exemplar of the L1 category than the other. For 
instance, both nonnative // and /t/ are assimilated onto native /t/, but 
/t/ is heard as an acceptable exemplar of the L1 /t/, whereas // is a 
deviant exemplar. For this type of assimilation, discrimination between 
the pairs is expected to be moderate to very good—the level of 
discriminability depends on the degree of category goodness difference 
for each L2 segment.  

As for the perceptual learning of the L2 sounds, Best and Tyler 
(2007) argue that constant exposure to the L2 may eventually enable 
listeners to form a phonetic and phonological category for the deviant 
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exemplar. In contrast, learning is not expected to happen for the good 
exemplar. However, the authors point out that the perceived goodness-
of-fit determines the learning likelihood—the “less-good” the exemplar, 
the higher the possibility of learning is.  

3. Single-Category (SC Type), when both members are 
assimilated onto the same L1 category, and both are perceived as not 
ideal exemplars of the L1 category. However, different from the CG 
Type, in the SC Type both members are equally acceptable or equally 
deviant exemplars. The word-initial English /t/ is aspirated, whereas in 
either EF or BP /t/ is unaspirated. Thus, both // and /t/ may be 
perceived as a single L1 /t/, both being either acceptable or both deviant 
exemplars of the L1 category. Because in this type the members are 
assimilated onto a single L1 category, discrimination is expected to be 
poor.  

Perceptual learning of the L2 phones depends, again, on how good 
the sounds were assimilated onto the L1 phoneme. However, Best and 
Tyler (2007) argue that, in general, learning is unlikely to take place—
they hypothesize that listeners “would first have to perceptually learn a 
new phonetic category for at least one of the L2 phones before they 
could establish a new phonological category or categories” (p. 30). In 
addition, the authors assert that factors that increase the 
communicatively pressure to learn the distinctions can influence the 
likelihood of L2 perception learning, such as L2 phones embedded in 
high frequency words, with minimal-pairs, and in dense phonological 
neighborhoods11.  

4. Both Uncategorizable (UU Type), when both members fall 
within the phonological space but do not match any L1 category. In the 
example, the English realization // and /t/ are heard as speech sounds, 
but do not resemble any L1 category. The PAM predicts that 
discrimination between the sounds is expected to range from poor to 
very good, because discriminability depends upon the proximity 
between the L2 members in the phonological space and also on how 
distant they are from the closest L1 category.  

L2 perceptual learning is expected to occur depending on the 
relationship the L2 phones and the L1 phonetic categories have within 

                                                
11 Words in dense neighborhood: words with marked phonological similarities, 
in which a single phoneme addition, deletion or substitution can change the 
meaning, such as the word cat overlapping with hat, at, cut, or cap (Walley, 
2007).  
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the interlanguage phonological system, not only the similarities and 
dissimilarities between the L2 phone and the closest individual L1 
category. That is, there may be other L1 phones that are perceived as 
similar to the L2 phones, in this case two courses might happen: first, if 
each of the L2 phones has similarities to different sets of L1 phones, 
being then distant from one another in the phonological space, listeners 
should recognize L2 lexical-functional differences, which could lead to 
the learning of two new L2 phonological categories. Second, if the L2 
phones are perceived as similar to the same sets of L1 phonemes, being 
then close in the phonological space, both discrimination and perceptual 
learning for the two L2 phones would be difficult. Thus, a single new 
phonological category for both L2 phones would be learned.  

5. Uncategorized versus Categorized (UC Type), when one 
member is assimilated onto an L1 category, whereas the other does not 
match an L1 category. In the example, // may be heard as a speech 
sound but its gestural organization falls outside any L1 category, 
whereas /t/ may be heard as an exemplar of the L1 /t/. Thus, given that 
one L2 sound is assimilated onto an L1 category whereas the other is a 
mere speech-like sound, discrimination between the members is 
expected to be very good.  

6. Nonassimilable (NA Type), when the gestural organization of 
both members fall outside the speech domain and are thus heard as non-
speech sounds. In this type, either // or /t/ would not be detected as 
speech-like sounds. Discrimination between the members is expected to 
be good to very good, depending on how distant they are in the space 
outside the phonological space—the closer they are, the more difficult 
discrimination is (Best, 2005). 

Best and Tyler (2007) suggest further investigation on the 
perceptual learning of nonassimilable L2 phones, as they assert not 
knowing the answer to the question whether segments perceived outside 
the phonological space can eventually integrate the L1 space as speech 
categories.  

Concerning L2 perceptual learning, two types of assimilation 
remain to be discussed—the Two Category and the Uncategorized 
versus Categorized types. If only one member of the L2 contrast is 
perceived as a good L1 category, no learning is expected to happen. In 
this case, all contrasts with other L2 phones results in either TC or UC 
types. Best and Tyler (2007) predict two possibilities for these cases: (1) 
the L1 and L2 categories are both phonologically and phonetically 
perceived as good equivalents, with little or no perceptual learning, and 
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(2), the L2 phone is perceived as a deviant L1 exemplar and, although at 
the phonological level they have the same functional-lexical role, they 
differ phonetically. As an example for this phonological-similarity and 
phonetic-dissimilarity, Best (1995) and Best and Tyler (2007) cite of the 
phoneme /r/ in French and in English—same phonological level, 
different phonetic level, an example that could probably be extended to 
the case of the BP /r/ pronounced as either /h/ or // and the English /r/. 
For the authors, perceptual learning is likely to happen in the course of 
L2 development.  

Table 1 displays a summary of the six patterns of perceptual 
assimilation of the L2 segments onto the L1 phonological space and the 
predicted discrimination for each pattern. 

 
Table 1. PAM’s perceptual assimilation pattern and the corresponding predicted 
discrimination.  

 Perceptual assimilation pattern 
 TC Type CG Type SC 

Type 
UU 

Type 
UC 

Type 
NA Type 

Assimilation 
L2 segment 

 L1 
category 

2 L2  
 2 L1 

2 L2  
1 L1  

(1st L2: 
acceptable; 

2nd L2: 
deviant) 

2 L2 
 

 1 L1 

2 L2 
 

 L1 

2 L2 
 

1st L2: 
L1;  
2nd 

L2: 1 
L1 

2 non-
speech 
sound 

Predicted 
discrimination 

Excellent  moderate to 
very good 

poor poor 
to 

very 
good 

very 
good 

good to 
very 
good 

 
The PAM has been designed based on three major underlying 

aspects: (1) it follows the ecological approach as the main theoretical 
framework of speech perception, as discussed above; (2) it attempts to 
explain functional monolinguals’ perception, that is, the perception of 
people who are not actively learning or using a L2 and are, thus, 
linguistically naïve to the sound patterns of this language (Best, 2005; 
Best & Tyler, 2007), and (3) it is meant to account for adults’ perceptual 
responses to unfamiliar segments, and not originally designed as a 
developmental model of L2 speech perception or of L2 perceptual 
learning. However, the PAM does not deny the role of developmental 
changes, on the contrary, they are implicit in the model given that it 
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takes into consideration that the listeners’ linguistic experience does 
affect L2 speech perception.  

Development from this perspective is seen as the gradual 
discovery of the layers of information that is present in the distal signal. 
That is, both the native language phonology and phonetic details are 
perceptually discovered/learned from experience, which then guide the 
perceiver’s response to unfamiliar L2 sound patterns. Infants around 8-
10 months old begin the L1 tuning by recognizing the global-general 
extra-lexical aspects of the L1. Best (2005) illustrates this with the 
picking up of the general feel of the L1; at around 10-12 months, infants 
start recognizing the physical sub-lexical phonetic details of the 
phonological rules, the recurring constellations among the phonetic-
articulatory gestures to which they are exposed (Best, 1994a, 2005). As 
the older infants begin to recognize these gestural constellations, they 
discover the lexical and syntactic meanings that are associated with the 
recurring phonetic patters, that is, they discover the phonological 
structure of the native language. As perceivers establish the underlying 
organization of articulatory patterns of the L1, they increasingly tend to 
look for familiar/native articulatory patterns even in 
unfamiliar/nonnative speech.  

The ecological approach claims that perception and production of 
speech in L1 is fundamentally related (Best, 1995b). Brain imaging 
technology as the magneto-encephalography12 reveals that the 
perception and production areas in the brain are already linked early in 
infancy—6-month old infants listening to speech-sounds have both the 
Wernicke's area and the Broca’s area simultaneously activated, a 
phenomenon, however, that does not occur with non-speech sounds 
(Dehaene-Lambertz, Hertz-Pannier, Dubois, Mériaux, Roche, Sigman & 
Dehaene, 2006). In addition, whereas infants as old as 6 months of age 
are able to discriminate sounds of any language (Meltzoff et al., 2009), 
adult perceivers develop a foreign accent both in the production and the 
perception of nonnative sounds as a consequence of linguistic 
experience (Best, 1994a, 2005). 

                                                
12 Magneto encephalography is a non-invasive technique used to measure 
magnetic fields generated by small intracellular electrical currents in neurons of 
the brain. It provides direct information about the dynamics of evoked and 
spontaneous neural activity and the location of their sources in the brain. 
Retrieved January 2010 at 
http://www.nmr.mgh.harvard.edu/martinos/research/technologiesMEG.php 
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Although the PAM does not propose or make predictions relating 
L2 perception and L2 production, the ecological approach advocates that 
perceptual learning continues throughout adulthood because the 
undetected information is always available in the stimulus. An example 
of reeducation of perception is that adults may change their regional 
accent in L1. Although Best does not explicitly claim that accurate L2 
perception precedes, guides, or takes place simultaneously with native-
like speech production, it is conceivable to deduce from hers and 
colleagues’ texts13 that L2 perception and production are related. As a 
matter of fact, Best (1994a) asserts that it would be paradoxical if 
correct performance (production) preceded competence (accurate 
perception). Moreover, she also argues that phonetic differences in the 
native and nonnative phonological systems can influence L2 speech 
production depending on the degree of L1 experience the speaker has 
(Best, 1994a). That is, adults, for having established the L1 phonetic 
details in their production, will probably maintain the L1 accent when 
speaking the L2. Finally, in the workshop Conceptualising 
Communication, Best (2005)14 affirms that foreign accent in speech 
perception is probably involved with the difficulties to master a native-
like production, particularly for late L2 learners.  

Best (1995b, p. 194) asserts that nonnative segment assimilation 
onto the L1 system can be assessed “by tests that measure identification 
(labeling), classification, or categorization (including goodness ratings) 
of non-native phones”. In order to evaluate the assimilation of //, the 
present study uses a categorization test, interchangeably referred to as 
assimilation or cross-language mapping test in this study. That is, a test 
that combined an identification task and a category-goodness rating task 
(more details in Chapter 3) in which // was auditorily contrasted with 

                                                
13 Literature reviewed: Best, Morrongiello & Robson, 1981; Best, Hoffman & 
Glanville, 1982; Best 1984, 1988, 1993, 1994a, 1994b, 1995a, 1995b, 1999, 
2002, 2005, Best et al, 1988; Best, Studdert-Kennedy, Manuel & Rubin-Spitz, 
1989; Best & Queen, 1989; Best & Strange, 1992; Best, Womer & Queen, 
1994; Best et al., 1995; Best & Jones, 1998; Best & Avery, 1999; Best, 
McRoberts & Goodwell, 2001; Best, Halle, Bohn & Faber, 2003; Best & 
McRoberts, 2003; Best, Halle & Pardo, 2007; Best & Tyler, 2007; Best, Tyler, 
Gooding, Orlando & Quann, 2009.  
14Audio recording of Best’s (2005) presentation Conceptualising the 
development of the native listener: What are infants attuning to when they 
become perceptually tuned to the "sound patterns" of native speech? available at 
http://www.hcsnet.edu.au/files2/arch/concom05/presentations/03.html 
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/f/, /t/, or /s/, the three most cited replacements for //. Two language 
groups took the test, speakers of European French (EF) and of Brazilian 
Portuguese (BP), selected because they typically replace the phoneme 
differently—with [s] (Brannen, 2002) and with [t] (Reis, 2006), 
respectively, a phenomenon called differential substitution.  

The predictions suggested by the PAM have been empirically 
examined and conflicting results have been found. On the one hand, 
Wayland (2007) states that most studies dealing with cross-language 
perceptual assimilation patterns have analyzed and supported the 
model’s prediction in a post hoc manner (Best, 1990). On the other 
hand, the few studies that have analyzed data in an ad hoc fashion 
(Guion, Flege, Akahane-Yamada & Pruitt, 2000; Best et al., 2001; 
Harnsberger, 2001; Wayland, 2007) have found difficulties to 
straightforwardly support the model’s predictions with regard to 
perceptual assimilation patterns and discriminability of L2 segments. 

The present study aimed at shedding some light into the issue of 
perceptual assimilation patterns of an L2 segment by analyzing how // 
is assimilated onto different L1s categories, and confronting the ad hoc 
predicted discrimination with the actual discrimination displayed by two 
groups of EFL speakers. Given that both EF and BP have /s/, /t/, and /f/ 
in their inventories, the study intended to examine whether speakers of 
these two languages assimilate the target phoneme to the respective 
sounds used for replacing it. The hypothesys is that differential 
substitution may be due to different patterns of assimilation of //.  

To conclude the review on the PAM, some uncertainness is put 
forward. To start with, by working within the Articulatory Phonology, 
Best describes phonetic similarity in terms of gestural constellations. 
That is, as Strange (2007) argues, cross-language (dis)similarities are 
based on four gestural aspects: (a) the active articulators making the 
vocal tract constrictions, (b) the manner and the place of articulation, (c) 
the gestures made by the larynx, and (d) the gestures made by the velum 
during speech sound articulation. However, despite the importance 
deposited in gestures as basic phonological unit, in Best and colleagues’ 
studies the gestural components are described abstractly, with no actual 
measurements of cross-language articulatory parameters.  

In this same vein, given that vowels are produced in a continuum 
and that acoustically they are differentiated by formant frequency 
relationships, vowels perception tend to occur in a continuum, as 
opposed to the categorical perception of consonants. Therefore, a model 
in which the basic phonological unit is the gesture may be more 
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appropriate for testing the assimilation of nonnative consonants rather 
than vowels assimilation. 

For the PAM the perceived equivalence between L1 and L2 
phonological systems occurs both at the phonological (lexical-
functional) level and, but not necessarily, at the phonetic level. 
Furthermore, Best argues that she is interested in speech perception in a 
communicative context, and that perceptual learning is affected by word 
frequency, and whether minimal-pair words are from dense or sparse 
phonological neighborhood. However, Best and colleagues do assess 
segment perception using nonwords or syllabic structures out of a 
communicative context. Reis, Kluge and Bettoni-Techio (2007) found 
that the perception of // by both English speakers and BP speakers 
differed according to the type of perception task. Both groups achieved 
significantly higher scores in discrimination and identification tests 
rather than in an open identification of inaccurate // when the segment 
was embedded in a communicative context.  

Finally, the direct realism is a bottom-up model of perception that 
denies the involvement of higher-level cognitive strategies. Based on the 
direct realism approach to perception, Best claims that speech 
perception occurs without the mediation of mental representation of any 
sort. However, it seems reasonable to assume that L1 attunement, 
phonological and phonetic categories imply storage and retrieval of 
some sort. Several studies indicate that other than bottom-up processes 
take place during speech perception—segments in word-initial or 
syllable-initial position seem to have a higher status in perception than 
word-finally (Bent, Bradlow & Smith, 2007); the McGurk effect is 
higher when participants are expecting for the phenomenon to happen 
(Windmann, 2004), and speech processing is facilitated when the 
talker’s face and voice are preserved in the listener’s long-term memory 
(Hardison, 2006).  

Therefore, although the present study adopts the PAM as the 
theoretical framework and, consequently holds the ecological approach 
to speech perception, it does not reject Sternberg’s (2003) remark that 
speech perception is a markedly complex phenomenon to be explained 
by a single theory, and that “a complete theory of perception will need 
to encompass both bottom-up and top-down approaches” (p. 127). 
Moreover, it is important to keep in mind Koerich’s (2002) observation 
that it is still to be discovered whether speech sounds categorization is 
based on the acoustic domain, in the articulatory domain, or a 
combination of both. 
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1.3 MULTIMODALITY OF SPEECH PERCEPTION 
 
 
In the section 1.2.2 it was explained that within the ecological 

approach to speech perception, the multimodality of the phenomenon is 
evidence that the distal articulatory gestures are the informational 
primitives for perception. In fact, the ecological view claims that, in L1, 
speech perception is intrinsically related to the development of speech 
production (Best, 1995b).  

However, even outside the ecological approach several scholars 
assert that both visual and auditory information contribute to speech 
perception, as will be clear throughout this section. As for the 
contribution of visual cues in native language acquisition, studies show 
that infants are sensitive to the synchronicity between audio and visual 
stimuli in speech. For example, 10-16-week infants are sensitive to 
audio and visual asynchronies of 400 ms (Dodd, 1979), 4-month-olds 
gaze longer at synchronic audiovisual stimuli (Dodd, 1979; Kuhl & 
Meltzoff, 1982; Patterson & Werker, 1999), and 7.5-month infants can 
segregate speech in a noisy environment when the talker’s face is 
synchronized with the auditory stimuli, but not when audio and visual 
stimuli were unsynchronized (Hollich, Newman, & Jusczyk, 2005). 

Kuhl and colleagues (Greiser & Kuhl, 1988; Kuhl, Andruski, 
Chistovich, Chistovich, Kozhevnikova, Ryskina, Stolyarova, Sundberg 
& Lacerda, 1997; Kuhl, 2000b; Liu, Kuhl & Tsao, 2003) showed that 
motherese talking, the type of speech typically addressed to infants, 
helps children disambiguating speech sounds, particularly vowels, as it 
makes the individual speech sounds more distinct from one another. 
This type of child-directed speech is characterized by hyper-articulation. 
That is, articulation with greater duration and amplitude of articulatory 
gestures (Dodane & Al-Tamim, 2007), slower cadence, higher pitches, 
exaggerated intonation contours and stress, and acoustically expanded 
vowel space (Kuhl et al., 1997). Kuhl (2000a) argues that hyper-
articulation highlights critical parameters used in the L1, which makes 
speech sounds more discriminable and “may aid infants’ discovery of 
the dimensions of sound used in their native language” (p. 11855). 
Speech discrimination for infants aged 6-8 and 10-12 months old was 
higher with motherese talking than with adult-direct speech, particularly 
for the younger infant group, a finding that Liu et al. (2003) argue to be 
consistent with the view that hyper-articulation during motherese talking 
influences infants’ language learning. Or as stated by Kuhl and Iverson 
(1995, p. 147) “as a result of their experiences in listening to, watching, 
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and attempting to produce speech, infant’s speech representations 
become polymodal in nature” 

Apart from native language learning, research has indicated that 
the integration between acoustic and articulatory cues is crucial for most 
listeners (Summerfield, 1992) because such integration compensates for 
acoustic degradation, usually allowing near-perfect understanding of 
otherwise unintelligible speech, particularly in noisy conditions (Sumby 
& Pollack, 1954; Darwin, 2008; Diehl, 2008). Lipreading is useful for 
normal-hearing people because the articulators’ configurations 
determine the resonances of the vocal tract, which in turn help 
conveying the phonetic aspects of the speech sounds (Summerfield, 
1992). In noisy environments, “the auditory representation of the 
resonances in the mid to high frequencies is often distorted 
(Summerfield, 1992, p. 71), lipreading enables listeners to tolerate extra 
4-6 dB of noise while maintaining the same performance level achieved 
in listening only situations. Grant and Seitz (2000) found that 
presentation of audiovisual stimuli under noise had an advantage in 
detection threshold of about 1.6 dB in comparison to the auditory 
condition. 

McGurk and MacDonald (1976) pioneered the studies which 
showed that normal-hearing participants, both children and adults, 
integrate auditory (A) and visual (V) information in speech perception. 
The authors used congruent and discrepant AV cues and concluded that 
accurate perception of speech sounds depends on the synchronicity 
between the two stimuli. For example, congruent material such as 
AV[ba] was correctly perceived as [ba]. In contrast, discrepant stimuli 
such as A[ba] with V[ga] was perceived as [da], a “fused response” 
known as the McGurk effect15. Research also shows that the association 
between visual and auditory information takes place early in language 
development—infants as young as 4-5 months old undergo the illusion 
(Kuhl & Meltzoff, 1982, Desjardins & Werker, 1996; Rosenblum, 
Schmuckler & Johnson, 1997; Patterson & Werker, 1999), although its 
strength seems to less strong than in adults (McGurgk & MacDonald, 
1976; Massaro, 1984; Massaro, Thompson, Barron & Laren, 1986; 
Hockley & Polka, 1994) 

                                                
15 Other examples of incongruent AV information leading to misperception—
McGurk effect: A[pa] + V[ka] = [ta], [tapa], [pta], or [kafta]; A[ka] + V[pa] = 
[kapka], [pakpa], [paka], [kappa], [kat], [kafa], [kakpat]; A[ga] + V[ba]) = 
[gaba], [bagba], [baga], or [gaba] (McGurk & MacDonald, 1976, p. 747) 
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The McGurk effect has shown to be a very robust phenomenon. It 
takes place even if the acoustic stimuli are loud and clear or the observer 
is aware about the construction of the stimuli (Ojanen, 2005), or even 
when participants observe their own silent articulation in a mirror while 
an incongruent stimuli is presented to their ears (Sams, Möttönen & 
Sihvonen, 2005). The strength of the phenomenon is not influenced if a 
female face is dubbed by a male voice (Green, Kuhl, Meltzoff & 
Stevens, 1991), but increases when the signal-to-noise ratio16 of the 
auditory stimuli decreases (Sekiyama & Tohkura, 1991), or if the 
amount of visual stimuli presented is increased (Munhall & Tohkura, 
1998). However, studies with dual-task paradigm show that AV 
integration is susceptible to attentional demands (e.g., Alsius, Navarra, 
Campbell & Soto-Faraco, 2005). Alsius et al. showed that the influence 
of visual cues on the responses is severely reduced if observers are 
concomitantly attending to unrelated auditory or visual tasks. 

The phenomenon indicates that in incongruent material the 
auditory cues for place of articulation are overwhelmed by visual cues 
for place of articulation (Rouger, Fraysse, Deguinea & Barone, 2008), 
or in Mills’ words (1983, p. 48), “an adjustment of the auditory 
information is more readily made than an adjustment of the visual 
information”. In fact, in order to verify the influence of visual attention 
on the McGurk effect, Andersen and colleagues (Andersen, Tiippana, 
Laarni, Kojo & Sams, 2009) used /aka/, /apa/ and /ata/ as the auditory 
stimuli, and videos of a face saying either /aka/ or /ata/. Two faces were 
displayed and an arrow pointed to the sequence of face participants had 
to follow. Apart from congruent AV/apa/, both faces had auditory /apa/ 
as the stimulus, but one face was visually saying /aka/ and the second 
/ata/. The expected McGurk effect was for A/apa/ + V/ata/ perceived 
/ata/, and for A/apa/ + V/aka/ perceived /aka/. The reasoning is that 
while the subject shifts visual attention from one face to another, 
auditory speech should change categorically. They found a strong effect 
of visual attention—more /aka/ and /ata/ auditory responses in 
accordance with the visual stimulus.  

Similarly, a behavioral study that used AV task which alternated 
congruent (AV/səp/ or AV/psə/) and incongruent material (A/səp/ + 
V/psə/, or A/psə/ + V/səp/) found strong correlation between the visual 

                                                
16Signal-to-noise ratio: the ratio of signal power to noise power, that is, the 
signal power divided by the noise power. (Kieser, Reynisson & Mulligan, 
2005). The measure compares the strength of the signal, music for example, to 
the level of background noise—higher values indicate less background noise.  
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change and timing of perceptual transitions, the latter appearing 
approximately 2 seconds after video switching (Sato, Basirat & 
Schwartz, 2007). 

The benefit derived from combining auditory and visual speech 
cues is even stronger among hearing-impaired participants (Grant & 
Seitz, 1998) and cochlear-implant users (Rouger et al., 2008). Given the 
loss of the outer hair cells, hearing-handicapped listeners have their 
auditory bandwidths wider than normal, which “lead to both spectral 
smearing of auditory features and reduced signal-to-noise ratio in the 
presence of background noise” (Darwin, 2008, p. 1011).  

Profound deaf infants are recommended to start receiving 
lipreading training at six weeks of age (Dodd, 1983), and the effect of 
such training seems to be long-lasting (Rouger, Lagleyre, Fraysse, 
Deneve, Deguine & Barone, 2007). Comparing cochlear-implanted and 
normally-hearing participants perceiving CVC stimuli under unimodal 
(audio and visual) and congruent and incongruent AV conditions, 
Rouger et al (2008) found that both groups underwent McGurk effect. 
However, whereas normally-hearing participants demonstrated well 
balanced audiovisual integration, cochlear-implanted participants 
showed a bias toward visual stimuli, a tendency that might last up to 
eight years after implantation (Rouger et al., 2007).  

The interaction between auditory and visual information is also 
observed among visually-impaired children—blind infants rarely initiate 
any form of vocal communication themselves and take more time to 
produce sounds than sighted children, “since auditory stimuli cannot be 
connected with visual stimuli” (Elstner, 1983, p. 19). Although most 
congenitally blind children acquire a normal phonological system, they 
usually show a slightly delayed language development (Dodd, 1983). 
Moreover, higher occurrence of phonological disorders is found among 
visually-impaired school-aged children than sighted population (Elstner, 
1983).  

Sighted and visually-impaired children also show different 
substitution errors in the course of language learning—the former tend 
to replace the target sound maintaining visual distinctions, whereas 
blind children tend to maintain the manner, but not place, of articulation 
(Mills, 1988). Sounds with visible articulation tend to generate more 
errors among visually-handicapped children than with sighted children, 
whereas for sounds with non-visible articulation there are no significant 
differences between the two populations (Mills, 1983, 1987; 1988). In 
addition, sighted children tend to learn sounds that have visual cues 
more promptly than sounds without clear articulation (Hyde, 2007). 
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Audiovisual integration is also demonstrated in hemodynamic 
neuroimaging studies. The McGurk effect causes more activation of the 
brain areas responsible for speech processing than congruent stimuli. A 
study using fMRI (Ojanen, Möttönen, Pekkola, Jääskeläinen, Joensuu, 
Autti, & Sams, 2005) tested ten healthy participants observing 
congruent AV/y/, and discrepant A/y/ with V/a/. Both materials 
activated sensory-specific areas, but the discrepant stimuli increased 
activity in the Broca’s area more than the congruent material. The 
authors suggested that congruent material converge in the activation of 
the same neuron population, whereas conflicting material activate 
different neuron populations.  

The primary auditory cortex (PAC), located on the superior 
temporal plane, is activated by a wide range of auditory stimuli, such as 
noise, tones, and speech sounds (Scott, Blank, Rosen & Wise, 2000). 
Speech sounds, however, activate beyond the PAC (Price, Wise & 
Frackowiak, 1996; Binder, Frost, Hammeke, Bellgowan, Springer, 
Kaufman & Possing, 2000). Using positron emission tomography (PET) 
imaging, Price and colleagues (1996) examined brain activation of 
language areas due to the presentation of words, pseudowords, 
consonant letter strings and false font, the last two stimuli considered 
nonlinguistic material. Activation increased from false font to letter 
strings, and that whereas false font activated the prefrontal areas on the 
right hemisphere, letter strings activated areas on the left hemisphere. 
However, if either of the stimuli were presented along with a word, 
although the participants could not read the word, language specific 
areas were activated. Finally, pseudowords produced greater activation 
than words, a finding that led the authors to conclude that unfamiliar 
stimuli, for not having phonological or semantic associations, engage 
more neuronal network than familiar words.  

Binder and colleagues (2000) found dissimilar results concerning 
brain activation by words and pseudowords. They verified blood 
oxygenation signals in an fMRI experiment using unstructured noise, 
frequency-modulated (FM) tones, reversed speech, pseudowords and 
words. Greater PAC area was more activated by FM tones than noise, 
whereas speech stimuli activated even more than FM tones, and no 
differences were found among activation for different speech stimuli. 
The authors concluded that differences between speech and tones 
activation is due to acoustic rather than linguistic factors.  

Bernstein et al. (2002) assert that brain activation due to speech 
sounds seems to spread from the PAC across the superior temporal 
plane to the areas specialized in spoken language processing (Figure 
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6)—the supramarginal gyrus (SMG), the superior temporal sulcus (STS, 
the sulcus that runs between temporal area 38 and angular area 39), the 
lateral surface of the superior temporal gyrus (STG), and the middle 
temporal gyrus (MTG).  

 

 
Figure 6. The brain areas specialized in speech sound perception: SMG, STS, 
STG, and MTG (Figure adapted from Brodamann’s map of the Cortex17). 

 
In addition, the STS, the Broca’s area, and the supramarginal 

gyrus (SMG) are areas believed to be implicated in the integration of 
AV speech stimuli (Bernstein, Auer Jr.,Wagner & Ponton, 2008). The 
observation of AV incongruent stimuli with high and low conditions of 
intelligibility, determined by the proportion of signal-to-noise ratio, 
showed that visual influence is stronger for low intelligibility conditions 
and that lower intelligible stimuli produced more activation in the STS 
(Sekiyama, Kanno, Miura & Sugita, 2003). The authors suggested that 
the STS is highly involved in multimodal binding of AV speech 
perception. 

In a brain activation study using fMRI, Skipper, Nusbaum and 
Small (2005) investigated language comprehension with auditory, 
visual, and AV stimuli. Only AV material was able to activate a network 
of brain regions involved in the integration of auditory, visual and motor 
areas of speech production, such as the STG, the STS, and the premotor 
cortex. 

A series of fMRI experiments indicated that the PAC is also 
activated by either speech sounds or silent linguistic lipreading (i.e., 

                                                
17Figure available at 
http://www.brainybehavior.com/blog/category/neuroanatomy/, retrieved on 
October 13, 2009. 
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speech-like visual cues in the absence of auditory stimuli), but not by 
meaningless speech-like movements (Calvert et al., 1997; Pekkola, 
Ojanen, Autti, Jääskeläinen, Möttönen, Tarkiainen & Sams, 2005). 
Nishitani and Hari (2002) found that when participants are required to 
imitate the seen speech, even still pictures of lip forms are able to 
activate the cortical language areas. However, women, more than men, 
tend to show more PAC activation in lipreading tasks (Ruytjens, Albers, 
van Dijk, Wit & Willemsen, 2007).  

Audiovisual integration appears to accelerate and promote more 
precise responses than either audio or visual modes. Event-related 
potentials (ERPs) showed that participants were both more accurate and 
responded more rapidly to multimodal AV condition than to unimodal 
stimuli, either auditory or visual (Giard & Peronnet, 1999). The authors 
argue that the AV integration takes place early in the sensory 
processing, through an operation that involves both nonspecific and 
sensory-specific cortical structures and is mediated by flexible and 
highly adaptive psychological processes. 

Similar results were found in two studies that aimed at measuring 
the chronology in the identification of the French syllables /pa/, /pi/, /po/ 
and /py/ in auditory and AV conditions with the use of ERPs. The onset 
of the auditory stimuli was considered as time zero, whereas the visual 
articulation of the syllable preceded the sound onset in 240 milliseconds 
(ms)—this implies that cortical responses to visual cues could precede 
the sound onset. The first study (Besle, Fort, Delpuech & Giard, 2004) 
worked with sixteen healthy French participants and showed a more 
rapidly identification of syllables in the AV condition than in the audio 
condition. In the second study (Besle, Fischer, Bidet-Caulet, Lecaignard, 
Bertrand & Giard, 2008), the same stimuli were used with ten epileptic 
patients now identifying the syllables in AV, audio and visual 
conditions. They found that (1) auditory responses were found in the 
PAC approximately 23 ms after sound onset; (2) visual responses 
activated first the visual area in the brain, followed by the activation of 
the secondary auditory cortex 10 ms later; and (3) AV interactions were 
found in the auditory cortex 30 ms after sound onset.  

Chronology of activation is also reported by Bernstein et al. 
(Bernstein, Auer Jr. & Takayanagi, 2004; Bernstein et al., 2008). They 
assert that activation in the PAC of healthy participants is found 
approximately 11-20 ms after congruent AV stimulus onset, with 
development of conscious auditory percept within 150-200 ms after 
stimulus onset. In contrast, the primary visual cortex, more specifically 
the V1/V2, shows first activations around 45-60 ms post-stimulus onset. 
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That is, trans-cortical processing requires time—combining the stimulus 
features can take 100-170 ms. Bernstein et al (2004, 2008) suggest that 
this latency indicates that the processing takes place through a bottom-
up processing, which in turn is in accordance with the direct realism 
approach to speech perception. That is, speech perception within the 
direct realism is seen as a bottom-up processing that does not involve 
higher-level cognitive strategies and occurs due to the relationship 
between the sensory receptors and the characteristics of the stimulus.  

Visual information also plays a role in the perception of a 
nonnative speech, either in detection of phonetic differences or in 
increasing intelligibility. For example, adult L2 learners (English 
speakers of French or German) were benefited by seeing the talker’s lips 
more than native speakers of French or German (Reisberg, McLean & 
Goldfield, 1987). Learning words in an unfamiliar foreign language 
improved when adults had visual access to the talker’s face (Davis & 
Kim, 2001). Similarly, Kim and Davis (2003) found that visual cues 
provided better perception of speech spoken in an unfamiliar foreign 
language.  

A series of lipreading experiments used visual-only stimuli in 
which sentences in Catalan and Spanish were presented to bilinguals of 
Catalan and Spanish, monolinguals speakers of Italian, English, and 
Spanish. The results showed that visual cues provide enough 
information for language discrimination for the bilinguals and the 
Spanish monolinguals. In contrast, monolinguals of Italian and English 
could not discriminate either languages, findings that demonstrate that 
the lack of linguistic experience restricts the use of visual cues (Soto-
Faraco, Navarra, Weikum, Vouloumanos, Sebastián-Gallés & Werker, 
2007) 

Another series of experiments showed that visual information 
facilitates adults segmenting nonwords of an artificial new language 
only if visual cues (images of objects not related to the words) are 
presented synchronically with onset and offset of auditory information, 
or when visual cues change close to the word offset (Cunillera, Càmara, 
Laine & Rodríguez-Fornells, 2009). 

Within phonetics and phonology research, several studies have 
examined the effect of audiovisual integration in the perception of 
nonnative speech sounds, particularly sounds that have different 
phonemic status in L1 and L2. Hazan, Sennema and Faulkner (2002) 
examined the identification of English /p, b, v/ by lower intermediate 
Spanish EFL learners. Due to distinctions in the two phonological 
systems, Spanish speakers assimilate English /p, b/ onto Spanish /p/, and 
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the English fricative /v/ onto the Spanish /b/ or //. The authors used 
auditory, visual and AV material in order to verify whether visual 
information assisted Spanish speakers to discriminate differences in 
contrasts differing in their articulatory gestures distinctiveness—the 
highly distinctive /b/-/v/ and the practically no distinct contrast /p/-/b/. 
Results showed that neither manner nor place of articulation had the 
identification performance improved in the presence of visual 
information. The authors concluded, similarly to Soto-Faraco and 
colleagues’ (2007), that sensitivity to either visual cues or acoustic cues 
may not be present at early stages of language learning.  

Sennema, Hazan and Faulkner (2003) examined the sensitivity of 
/l/ and // by Japanese EFL learners in auditory, visual, and AV 
conditions, with stimuli produced by a British English talker. In the first 
experiment few listeners showed AV benefit—overall identification 
scores did not differ significantly between auditory and AV modes. 
Moreover, language setting did not influence significantly the results—
listeners tested either in the UK or in Japan did not demonstrate 
different use of visual cues. In fact, some studies indicate that the use of 
visual information seems to be limited by some language populations, 
such as Japanese (Sekiyama & Tohkura, 1991; Hayashi & Sekiyama, 
1998) and Chinese (Sekiyama, 1997; Hayashi & Sekiyama, 1998). The 
second experiment in Sennema et al. (2003) verified whether training 
with auditory and AV stimuli influenced the identification of the 
contrast /l/-//. Both training groups improved about 20% from pretest to 
post-test in the auditory and AV conditions, which can initially be 
interpreted as a lack of AV benefit. However, AV training, but not 
auditory training, led to improvement in visual post-test. In other words, 
although there seems not to be a clear AV benefit, given the non 
significant difference between auditory and AV identification, AV 
training did have an effect on participants’ sensitivity to visual cues. The 
authors suggest that the listeners’ natural low sensitivity to visual 
information and the level of “visual informativeness” (p. 138) may 
explain this lack of difference. That is, visual contrast between /l/ and // 
may be less evident when produced by British English speakers than by 
American English speakers.  

In contrast, Hardison (2003) found positive effect of AV training 
in the identification of the contrast /l/-// by Japanese and Korean 
speakers. She examined the effect of visual information, context (vowel 
and word position), and talker variability on the perception of /l/-// in 
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two training conditions, audio and AV, and whether training effects 
transferred to new contexts, talkers, and production. As far as the AV 
effect is concerned, results show that for both Japanese and Korean the 
group that received AV training outperformed the audio training group 
in identifying the contrast, regardless the context and the talker. In 
addition, improvements in perception led to improvements in production 
for both auditory and AV training groups.  

Hazan, Sennema, Iba and Faulkner (2005) carried out a series of 
three experiments bearing in mind the contradictory results between the 
studies of Senemma et al. (2003) and Hardison (2003) on the role of AV 
training. Hazan and colleagues aimed to investigate whether (a) AV 
training enhanced language learning, (b) the effect of visual information 
depended on the distinctiveness of the articulatory gestures, (c) AV 
perceptual training improved pronunciation more than auditory training, 
and (d) which AV training presentation, natural (human faces) or 
synthetic (computer-animated talking heads), were more effective. They 
worked with Japanese EFL speakers receiving training on the contrasts 
/v/-/b/-/p/ and /l/-//. Results demonstrated that AV training improved 
better the perception of /v/-/b/-/p/ than auditory training; perception of 
/l/-// improved in all training conditions (auditory, natural AV, 
synthetic AV), auditory perception of /l/-// improved most in auditory 
training, and natural AV improved both lipreading and pronunciation of 
/l/-// more than auditory training. The authors concluded that sensitivity 
to visual information for L2 contrasts can be improved in AV training, 
particularly if the articulatory gestures between the members of the 
contrast are clearly distinctive, and that facial movements, thus, natural 
AV training, is more effective than synthetic AV training, even for 
contrasts with low gestural distinctiveness, as for /l/-//.  

Similar results were found with regard to the role of AV 
information in the identification of words varying in speech style 
(unscripted/spontaneous and scripted/read words), talker variability, 
word length (monosyllabic or bisyllabic), and initial consonant of the 
target testing word (p, m, f, s, t, n, k, , t, d, , l, w, /) (Hardison, 
2005a). Experiment 1 showed that American English speakers and 
Japanese EFL speakers demonstrated earlier identification of bisyllabic 
words presented in AV condition, and that for Japanese the AV benefit 
was more evident in the identification of /, l, w, /. Only native 
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speakers of English participated in experiment 2, which showed earlier 
identification in AV condition and for unscripted words.  

Hardison’s (2005b) subsequent study examined the effect of 
auditory and AV perceptual training in word identification. Training 
material were English minimal pairs with the contrasts /l/-//, /p/-/f/, /θ/-
/s/, whereas testing material were the phonemes //, /l/, /p/, /f/, and /s, t, 
k/. Perceptual training of Japanese and Korean EFL speakers had the 
purpose of answering whether (a) phonemic perceptual training 
facilitated the identification of words beginning with these sounds, (b) 
AV input were identified earlier than auditory input, (c) some sounds 
facilitated word identification after training, and (d) L1 phonology 
influenced the results. Results showed that word identification was 
earlier with AV information before and after training, and that AV 
training affected positively the identification of the contrast /l/-// by 
Japanese speakers, and of /p/-/f/ by Korean speakers, difficult contrasts 
for these L1 language groups.  

Given that both auditory and AV training are effective in 
improving L2 speakers’ sensitivity to L2 sounds, Hazan and Sennema 
(2007) aimed at examining the effectiveness of training with visual 
stimuli only in the discrimination of the contrast /l/-// by Japanese EFL 
speakers. Participants received training with a computer-animated 
talking head using real words in visual only condition, whereas pre and 
post-tests used nonwords in auditory, visual and AV conditions. Visual 
only training was effective to improve sensitivity in visual and AV test 
conditions, although transfer to auditory condition was not found. 
Transfer occurred to in the identification of unknown words produced 
by the same speakers as well as to nonwords by unknown speakers. 

The role of L1 phonology in the use of audio information was also 
investigated by Hazan and colleagues (Hazan, Sennema, Faulkner, 
Ortega-Llebaria, Iba & Chung, 2006). They aimed at evaluating L2 
learners’ sensitivity to visual information that does not occur in their L1 
and, as stimuli, they used the highly distinctive contrasts /b, p/ - /v/ 
(experiment 1) and the less distinct contrast /l/-// (experiment 2). In 
experiment 1, taken by Spanish and Japanese groups, the former group 
showed greater sensitivity to visual information than the latter, whereas 
both groups obtained higher scores in AV than in auditory condition. 
Results of experiment 2, taken by Japanese and Korean groups, show 
that the former group had lower scores in either auditory or AV 
conditions, whereas the latter performed better in these two conditions 
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than in visual presentation. Moreover, AV benefit was not found for 
either of the groups. Given that a positive correlation was found 
between auditory and visual conditions, the authors concluded that gain 
in auditory proficiency leads to gain in the use of visual information. In 
addition, the study supported previous findings that the use of visual 
information depends upon the “visual informativeness” of the contrast, 
as well as the L1 and L2 phonological differences.  

With the aim of investigating the use of visual information by 
native and nonnative speakers of the target language (English) and by 
speakers of tonal and non-tonal languages, Chen and Hazan (2007) 
tested speakers of Mandarin Chinese, Thai, Japanese, and English. Both 
Mandarin Chinese and Thai make distinctive use of tone and the authors 
hypothesized that speakers of tone languages would show greater bias in 
perception towards auditory information. They were asked to identify 
the syllable in the stimuli /ba/, /da/ and /ga/, in auditory, visual, and 
congruent AV and incongruent AV, in quiet and noisy conditions. 
Stimuli were recorded by English and Chinese, and the latter 
pronounced the syllables with a typical falling tone in Mandarin 
Chinese, which could cause a foreign language effect. Main findings 
show that Chinese and English speakers performed similarly in the use 
of visual information and the magnitude of the McGurk effect in noise. 
Moreover, probably due to the foreign language effect, Thai and 
Japanese speakers showed a stronger McGurk effect in quiet condition 
than the other groups. Therefore, the hypothesis that speakers of tone 
languages would rely more on auditory information is not supported.  

Chen and Hazan (2009) also investigated developmental factors in 
AV speech perception. Moreover, they aimed at examining whether L2 
experience affects AV processing by children. The same stimuli and 
method employed in Chen and Hazan’s (2007) study were used here. 
Participants were English controls and Mandarin Chinese speakers, 
distributed in two groups of adults and three groups of 8-9-year-old 
children. Mandarin Chinese child-groups varied in EFL experience—
high and low experienced as defined by the authors, whereas the adults 
were all low experienced in L2. The two Chinese children groups 
showed no significant differences in identification in AV and auditory 
conditions. As for the visual effect in congruent stimuli, with the 
exception of adults benefiting more from visual cues in noise than 
children, all child and adult groups performed similarly either in noisy 
and quiet conditions. In incongruent stimuli adults were slightly better 
than children, particularly in noise. Foreign language effect was found 
for all participants—they showed a greater visual effect with stimuli 
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produced by Chinese. However, overall English participants made more 
use of visual information than Chinese, as found in previous studies. In 
unimodal conditions, adults were better than children identifying in 
either auditory mode, especially in noise, or visual mode. However, no 
difference was found between language groups. Chen and Hazan 
conclude that there is a developmental increase in the use of visual 
information over time, as adults performed better than children. 
However, L2 experience did not seem to influence the use of visual 
cues.  

As reported above, several studies found that Japanese speakers 
seem to make less use of visual information (Sekiyama & Tohkura, 
1991; Hayashi & Sekiyama, 1998). With the means of reaction time to a 
McGurk effect paradigm task design, Sekiyama and Burnham (2008) 
investigated the development onset of such phenomenon in a cross-
language study with Japanese and Australian English speakers. Stimuli 
were made of auditory, visual and AV (congruent and incongruent) 
stimuli formed by [ba], [da], and [ga]. First, a syllable identification task 
taken by adults showed that visual influence for English speakers was 
greater than for Japanese participants, confirming previous studies. The 
second experiment worked with three age groups (6, 8, 11 years old) of 
each language and the same stimuli. Up to 6 years old, children from 
both groups seem to benefit equally from visual information, an ability 
that increased between 6 and 8 years only for English participants.  

Two studies investigated the role of visual information in L2 
perception by BP speakers— Kluge, Reis, Nobre-Oliveira and Bettoni-
Techio, (2009) and Kluge (2009). Word-final /m/ and /n/ in CVC words 
have different patterns of realization in BP and English, with strong and 
weak nasalization of the preceding vowel, respectively. Both studies 
compared the identification scores of English speakers controls and 
Brazilian EFL speakers discriminating word-final /m/ and /n/ embedded 
in six words (Tim/tin, gem/gen and cam/can) in auditory, visual, and AV 
conditions. Results show that either language groups benefit from visual 
cues, given that scores where higher in the two conditions with visual 
information—higher in the AV condition, followed by the visual mode, 
and finally by the auditory presentation. Kluge and colleagues 
concluded that, contrary to Hazan et al. (2006), who suggested that 
visual condition was likely to be the most difficult condition for 
phoneme identification, the highly distinctive visual contrast between 
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/m/ and /n/ facilitates their discrimination in tasks that involve visual 
information18.  

Binnie, Montgomery and Jackson’s (1974), as far as I know, is the 
first experiment to investigate the benefit of auditory and visual 
information in the perception of // in native language. Binnie et al. 
studied normally-hearing adults identifying 16 consonants embedded in 
C/a/ structures in visual, AV, and auditory conditions at different signal-
to-noise ratio. They created a five-category homophenous group, that is, 
groups of consonants whose articulations are not visually 
distinguishable: /p, b, m/, /f, v/, /, /, /, /, and /t, d, n, s, z, k, g/. AV 
benefit occurred only for phonemes that have a visually clear place of 
articulation, such as //, whereas place of articulation showed the least 
intelligibility in auditory presentation. These findings support Miller and 
Nicely’s (1955, p. 352) remark that “the place of articulation, which was 
the hardest to hear correctly in our tests, is the easiest of the features to 
see on a talker’s lips. The other features are hard to see but easy to 
hear”. Miller and Nicely worked with the perception of // and other 15 
consonants only in auditory condition under noise, and given the 
difficulty in distinguishing // from /f/, they hypothesized that other than 
nonacoustic information would facilitate the distinction between the 
phonemes, such as verbal context and “visual observation of the talker’s 
lips” (Miller & Nicely, 1955, p. 347). 

Based on this hypothesis, Jongman Wang and Kim (2003) 
examined the role of linguistic context and visual information in the 
perception of /, f, s, / by normal-hearing adult speakers of English. In 
experiment 1, the phonemes were presented in auditory condition either 
in congruent and incongruent linguistic context, that is, whether the 
target word was semantically more appropriate in the congruent or 
incongruent context. For example, the target word thirst should be fitted 
into one of the two contexts, the congruent The lemonade quenched 
my… or the incongruent The top swimmer came in…. Yet, for the target 
word first, the congruent sentence was The top swimmer came 
in…whereas the incongruent context was The lemonade quenched my…. 
                                                
18 For further information on studies that investigate the role of auditory and 
visual information in L2 speech processing, Hardison (2010) provides a 
timeline review of 40 studies, some of them reported here. The useful review is 
organized within six main categories: L2 auditory groundwork studies, human 
face input, computer-animated input, electronic visual input in L2 learning, 
broader gestures input, and AV neuropsychological studies. 
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Participants heard the stimulus and had to indicate whether the final 
word started with either // or /f/. Linguistic context affected more the 
distinction between // and /f/ than between /s/ and //. In experiment 2, 
CV syllables with /, f, , v/ followed by /i, a, u/ formed twelve 
syllables presented in auditory, visual, and AV conditions. Participants 
heard the stimulus and had thirteen labels to choose, the twelve CV 
syllables and the label other. Identification scores where higher for both 
AV and visual conditions, whereas the auditory mode reached the 
lowest means. In the visual condition, lack of auditory material resulted 
in place of articulation confusion, so that the voicing distinction between 
the visemes /-/ and /f-v/ reached poor scores. Therefore, the results 
indicate that a combination of linguistic context, auditory and visual 
information assist the distinction between nonsibilant fricatives.  

Nielsen (2004) examined whether consonants show different 
visual benefit to speech intelligibility, and whether the contribution of 
visual information leads to improvement in speech intelligibility. Fifteen 
English words were arranged into six triplets of confusable consonants 
(/p, t, k/, /b, d, g/, /f, , s/, /s, , t/, /v, , b/ and /r, w, v/). The stimuli 
were presented in AV and auditory under noise conditions to sixteen 
American English speakers, who had to indicate which word from the 
triplet was heard and/or seen. Results showed that AV benefit was 
greater for segments with visual cues, such as the labiodentals and the 
interdentals; that visually distinctive segments contributed more to 
speech intelligibility, and that visual information is more required as 
signal-to-noise ratio decreases.  

The efficacy of visual information in the perception of // was 
also found in L2 studies. Based on previous findings that L2 speakers 
may not make full use of visual information (Hardison, 2003; Hazan et 
al., 2005, 2006, Soto-Faraco et al., 2007), Wang and colleagues (Wang, 
Behne, Jiang & Feehan, 2007; Wang, Behne & Jiang, 2009) investigated 
whether L2 visual benefit is a general or a language-specific processing 
phenomenon. Stimuli were fricatives that differ in place of articulation 
(interdental /θ, /, labiodental /f, v/, and alveolar /s, z/) embedded in CV 
structures (V = /i, a, u/). The stimuli were presented in quiet and 
background noise conditions in four ways: auditory, visual, congruent 
AV, and incongruent AV conditions to English, Mandarin and Korean 
speakers. Whereas the alveolars are present in all three languages, 
Korean lacks labiodentals, Korean and Mandarin lack interdentals, and 
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in Mandarin labiodentals and alveolars occur in their voiceless manner 
only. All groups showed higher identification scores in AV than in 
auditory or visual conditions, particularly for labiodentals and 
interdentals, and low use of AV cues in the identification of the 
alveolars. However, overall results were higher for English speakers 
than the other two groups, followed by Koreans outperforming 
Mandarin speakers. Koreans relied more on auditory information, 
whereas Mandarin listeners benefited more from visual cues and had 
greater AV integration in incongruent AV stimuli. Wang et al. 
concluded that visual benefit for unfamiliar places or articulation is 
language-specific driven, whereas cross-language similarities, such as 
the fact that they all used AV information when available and showed 
poor performance in visually identifying the alveolars (sounds with little 
gestural distinction), indicate some possible perceptual universals.  

The influence of L2 experience on the perception of /θ/ showed 
that long length of residence (LOR) in the L2 setting changes 
identification of the phoneme (Wang, Behne & Jiang, 2008). Wang et al. 
examined a group of Canadian English speakers and two groups of 
Mandarin speakers varying in their LOR in Canada, long 10 years, and 
short 2 years. Stimuli were 18 CV syllables differing in place of 
articulation (interdentals [θi, θa, θu, ði, ða, ðu], labiodentals [fi, fa, fu, 
vi, va, vu], and alveolars [si, sa, su, zi, za, zu]). In English all places are 
distinctive, whereas Mandarin lacks interdentals, and labiodentals and 
alveolars are voiceless. Stimuli were presented in quiet and background 
noise in four ways: auditory, visual, congruent AV (AVc), and 
incongruent AV (AVi) conditions. Overall identification was better for 
English speakers, followed by Mandarin long LOR, and then by short 
LOR. Quiet presentation achieved higher scores than in noise, and 
performance in AVc was better than in auditory and visual conditions. 
General place of articulation identification showed better results with 
labiodentals, then with interdentals, and last the alveolars. For the 
interdentals in auditory condition, accuracy decreased from the English 
group, to Mandarin long LOR to short LOR groups; in visual condition 
there was not significant group differences, they all performed 
moderately low; in AVc condition, both English and Mandarin long 
LOR were better than Mandarin short LOR group. Noise affected only 
the identification of interdentals—accuracy increased from auditory to 
visual to AVc conditions for both English and Mandarin long LOR 
groups, whereas the Mandarin short LOR showed low scores across-
conditions in noise. In incongruent AV condition, noise increased the 
use of visual information, and, different from previous findings, 
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auditory input dominated the responses. For the interdentals in AVi, 
accurate identification decreased from the English group, to Mandarin 
long LOR to short LOR group. Wang and colleagues thus suggest that 
L2 experience influences audiovisual integration.  

To conclude, drawing on the exposed above and on Best’s (2008, 
p. 1) remark that “speech is coherently multi-modal”, the present study 
presents the target phoneme // and its most common replacements (/f, t, 
s/) in both auditory and AV modes of presentation. Stimuli (/ii, aa, 
uu, iti, ata, utu, isi, asa, usu, ifi, afa, ufu/) were presented in quiet and 
congruent conditions with the purpose of investigating how different 
language groups (British English, Brazilian Portuguese and European 
French) make use of visual information. Moreover, the tests aimed at 
revealing whether the pattern of substitutions the two EFL speakers 
make for //, with [s] by EF and with [t] by BP, is related to the way 
they identify the phoneme. More details on the auditory and AV 
identification tests are given in Chapter 3, section 3.3.8.  

 
 

1.4 THE ENGLISH VOICELESS INTERDENTAL FRICATIVE 
// AND ITS SUBSTITUTES 

 
 
The present study deals with the perception and production of 

English voiceless interdental fricative // and its most common 
replacements—the consonantal phonemes /t/, /f/ and /s/ by EF and BP 
speakers. Consonants are characterized by obstruction of the airstream 
through the vocal tract, and such obstruction is classified according to 
the place and the manner it takes place. The description of place and 
manner of articulation will concentrate on these four consonants, with 
information taken from Giegerich (1992), Roach (1998), Ladefoged 
(2001), and Ladefoged and Maddieson (1996).  

As for place of articulation (Figure 7), the production of the four 
consonants are located in the anterior region of the vocal tract, more 
specifically in the front of the palato-alveolar region of the mouth. For 
coronal sounds, the tongue blade raises above its neutral position, the 
case of //, /t/, and /s/. For the articulation of the interdental, the tongue 
tip protrudes between the upper and lower front teeth “so that the 
turbulence is produced between the blade of the tongue and the upper 
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incisors” (Ladefoged & Maddieson, 1996, p. 143) as in // for thigh. For 
alveolar consonants, the tongue tip or blade articulates with the alveolar 
ridge, as in /t/ for tie and /s/ for sigh. For labiodental sounds, the lower 
lip touches the upper front teeth, as in /f/ for fie. The four sounds //, /t/, 
/f/ and /s/ are voiceless, that is, their articulation does not produce 
vibration in vocal folds as the glottal aperture is opened.  

 

Figure 7. The vocal tract and the speech sound articulators (from Ladegoged & 
Maddieson, 1996). 

  
Manner of articulation refers to the “nature of the action that the 

tongue performs in this [place of articulation] (or any other) place of 
articulation” (Giegerich, 1992, p. 18). For the production of a stop 
consonant there is complete closure of the oral cavity, such as in /t/. In 
contrast, in the production of continuants the air stream is not totally 
blocked in the oral cavity, as for //, /f/ and /s/. Finally, strident sounds 
are marked by greater acoustic noisiness, such as for /f/ and /s/ (Gonet & 
Pietroń, 2006). Therefore, as can be seen in Table 2, apart from place of 
articulation, the features that distinguish the target // from /t/ is 
[continuant], from /f/, [coronal] and [strident], and from /s/, [strident].  
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Table 2. Feature specifications of //, /t/, /f/ and /s/.  
Feature // /t/ /f/ /s/ 
Place of 

articulation  
interdental alveolar labiodental Alveolar 

Manner of 
articulation 

fricative stop fricative Fricative 

[Consonantal]  + + + + 
[Anterior] + + + + 
[Coronal] + + - + 

[Voice] - - - - 
[Continuant] + - + + 

[Strident] - - + + 
 
Acoustically, fricatives are aperiodic turbulence, resulted from the 

passage of the airstream through a narrow constriction. Raphael (2005) 
argues that the duration of the frication of these sounds is often greater 
than that of other aperiodic segments, such as stop bursts or aspiration.  

Figure 8 shows the spectrogram of [, f, s, ta] uttered by a female 
native speaker of English recorded with the software Praat version 
5.1.2.5 in a sampling frequency at 8.000 Hz and a view spectrum range 
up to 5.000 Hz. Maniwa, Jongman and Wade (2009) state that the 
sibilant /s/ is characterized by spectral energy above 4.000 Hz, with 
major peaks ranging from 3.500 to 8.000 Hz. In contrast, the non-
sibilants // and /f/ show relatively flat spectra below 10.000 Hz and no 
dominating peaks. In addition, // and /f/ show lower amplitude and 
shorter durations than /s/. Thus, fricatives are separated into weak and 
strong—“the maximum amplitude above 2 KHz in the fricative, 
normalized relative to vowel amplitude, is 15-20 dB more for /s/ and // 
than for /f/ and //” (Wilde, 1995, p. 3).  
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Figure 8. Recording of [], [f], [s] and [ta] by a female native speaker of British 
English (Praat 5.1.2.5, 8.000 Hz frequency). 

 
Moreover, voiceless fricatives have longer duration of frication, 

higher spectral mean and peak values, more defined peaks, and larger 
overall amplitude than their voiced counterparts (Rafael, 2005; Maniwa 
et al., 2009). In the spectrum, the frequency of the interdental fricatives 
is spread, and the absence of a resonating cavity causes a relatively low 
intensity in the frication. In other words, phonetically [] is more similar 
to [f], but phonologically to [s], as remarked by Wester, Gilbers and 
Lowie (2007). 

The existence and the phonetic realization of //, /t/, /f/ and /s/ 
varies cross-linguistically and within word-position. The Phonological 
Segment Inventory Database19 was organized by Ian Maddieson and 
Kristin Precoda as an extension of the previous work done in The 
Sounds of the World’s languages by Ladefoged and Maddieson (1996). 
The data assessed the frequency of 919 segments drawn from 451 
languages. The frequency of //, /t/, /f/ and /s/ in this dataset is 3.99%, 
40.13%, 39.90%, and 43.46%, respectively. The phoneme /s/ was the 
15th in the list of most frequent, followed by /t/ (20th), /f/ (21st), and // 
(80th), the latter occurring in 18 out of 451 languages. Frequency is an 
aspect that the Markedness Theory (Eckman, 1977) takes into 
consideration. That is, the theory claims that the more frequent a form is 
in the world’s languages, the less marked it is and vice-versa. Its 

                                                
19 The UPSID-PC (the UCLA Phonological Segment Inventory Database) can 
be accessed on the website  
http://www.linguistics.ucla.edu/faciliti/sales/software.htm#upsid 



 79 

important to keep in mind, however, that even though the UPSID-PC 
database demonstrates that within the 451 languages /s/ is more frequent 
than /t/, implicational universals in which typological markedness is 
based (Eckman, Moravcsik & Wirth, 1986) proposes that “the presence 
of fricative implies the presence of stops, but not vice versa” (Jakobson, 
1968, p. 51). Thus, under the Markedness Theory /t/ is less marked than 
/s/ and /f/, whereas // is a marked segment, as stated by Dubois and 
Horvath (2004). 

Some parameters seem to influence the distinction of fricatives, 
such as spectral shapes and peak frequencies, overall amplitude, the 
initial spectral energy distribution, the slopes of lines in lower and 
higher frequency regions, information in formant transitions, and 
duration (Maniwa et al., 2009). Miller and Nicely (1955, p. 347) argue 
that the distinction between the labiodentals /f, v/ and the interdentals /, 
/ “is uncertainly attributable to slight differences in the transition to the 
following vowel”. In a CV syllable, it is the duration of the aperiodic 
noise that is the primary cue to both stop and fricative manner contrast 
(Carden, Levitt, Jusckyk & Walley, 1981). That is, for fricatives it is the 
frication in the release from the consonant into a vowel that allow for 
better inference for place of articulation, whereas for stops it is their 
burst (Wilde, 1995).  

Similarly, the distinction between // and /f/ is based on the 
fricative context and format transition (Levitt, Jusczyk, Murray & 
Carden, 1988). More specifically, Lawrence and Byers (1969) state that 
the transition of the second formant (F2) that follows fricatives provides 
acoustic cues for their identification—the F2 boundary is higher for 
interdentals than for labiodentals (Jongman, Wayland & Wong, 2000). 
Iverson, Bernstein and Auer Jr. (1998) found that accurate identification 
of // based on the first formant (F1) in auditory condition obtained 2% 
accuracy, and 10% when based on F2. Due to the explained reasons the 
present study’s stimuli for perception tests used VCV nonwords, a 
context that provides more cues for the perception of fricatives in 
general.  

However, the identification of formant transitions of the 
interdentals is critical and easily confounded with the transition of the 
labiodentals, given that these segments have low intensity of frication 
(Harris, 1958; Shadle, Dobelke & Scully 1992; Tabain, 1998). In fact, 
Tabain (1998) found that under 10 kHz the spectra of both [f] and [] 
were similarly flat, different from other fricatives, particularly [s], which 
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“has a sharp low frequency cut off” (Ladefoged & Maddieson, 1996, p. 
177). The identification of /s/, //, /f/ and // by native speakers of 
English obtained a mean score of 93%, 90%, 74%, and 69%, 
respectively, the latter two results demonstrating chance level results 
(Schwartz, 1968). In addition, empirical findings showed that due to 
acoustic similarity, the contrast //-/f/ is difficult to distinguish for 
native speakers of English (Balise & Diehl, 1994), even when they are 
presented in a semantically congruent context (Jongman et al., 2003).  

In Standard English the four sounds are present and are 
phonetically distinctive. Both EF and BP have /t/, /f/ and /s/ but lack //. 
In word-initial position, as it is the case of the stimuli in the present 
study, the realization of /f/ and /s/ is in accordance with the features 
described above, without distinguishable phonetic differences between 
BE, EF, and BP (Giegerich, 1992 for English; Battye, Hintze & Rowlett, 
2000 for French, Cristófaro-Silva, 2007 for BP). The realization of /t/, 
however, is produced with long voicing lag in English, which results in 
aspirated realization [t] (Lisker & Abramson, 1964). In contrast, in any 
word-position in EF and BP /t/ is realized with short voicing lag, thus 
without aspiration (MacLeod & Stoel-Gammon, 2005 for French, Klein, 
1999 for BP). The present study did not take such differences in the 
realization of /t/ into consideration given that the perception or 
production of /t/ by the EFL participants is not the object of 
investigation. However, as the perception and production of // is the 
goal of the study, it was reasoned that EFL participants could be 
perceptually or articulatory influenced if they spoke another L2 that had 
the interdental fricative in its inventory. For this reason, twenty 
languages20 that have // were used as a criterion for selecting the 
participants, that is, to participate in the study they could not speak any 
of these nineteen languages.  

The interdental fricatives are the last segments mastered by native 
speakers of English (Menyuk, 1968; Dubois & Horvath, 2004). Vihman 
(1996) reports Grunwell’s (1982) study in which phonological 
development from first word used (0-9 months old) until the end of 
preschool period (4-6 years old) is analyzed. As far as the four 

                                                
20 Albanian, Amahuaca, Araucanian, Bashkir, Berta, Burmese, Chipewyan, 
Greek, Huasteco, Iai, Karen, Lakkia, Mursi, Rukai, European Spanish, Tabi, 
Wintu, Yay (cited on the UPSID-PC website), Icelandic (Ladefoged & 
Maddieson, 1996), and Greek (Mennen & Okalidou, 2006) 



 81 

consonants are concerned, the stop /t/ is mastered between the age of 1,6 
and 2,6 years old; the fricatives /f/ and /s/ between 3 and 3,6, whereas 
// was still being substituted with [f] between the age of 4 and 6. In 
fact, the replacement of // with [f] was verified among children with 
delayed (Stoel-Gammon & Dunn, 1985) and normal phonological 
development (Smit, 1993).  

For Moskowitz (1970, p. 367) children substituting // is due to 
their still lack of motor control, an “an inability to maintain the 
articulators in as finely adjusted position as is required”. Alternatively, 
Salus and Salus (1974) argue that fricative sounds are acquired last due 
to neurophysiological reasons: the differentiation of the feature [+ 
strident] occurs as a function of the degree of myelination21 of the 
auditory nerve and the cortical areas with which it is connected. Thus, 
the authors suggest that due to the developing stages fricatives are the 
last to be auditorily discriminated.  

Cross-language studies have shown that // is a difficult phoneme 
for both perception and production by speakers whose inventory lacks 
the sound. Next section reviews some of these studies and reveals a 
typical phenomenon in the production of the sound—the differential 
substitution, that is, different replacements across and within languages.  

 
 

1.5 STUDIES ON THE PERCEPTION AND PRODUCTION OF 
//  

 
 
Empirical data have shown that some segments seem to be more 

difficult to perceive and produce than others. Lambacher et al. (1997) 
report that the fricatives show high error rates in identification tasks, 
both among native and nonnative speakers of English. In English L1 
acquisition, prelinguistic infants show difficulty in distinguishing // 
from /f/ (Eilers & Minifie, 1975), and Miller and Nicely (1955) found 
that, among sixteen consonants, // was the most difficult to identify in 
noise condition by adult native speakers. Similarly, Hayden, Kirsten, 

                                                
21 Myelination, or myelinization refers to the formation of the myelin sheath 
around a nerve fiber. 
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and Singh (1979) found that the identification of // received the lowest 
score among twenty two consonants.  

In production, although // as [] is considered the Standard 
English realization, descriptions of English spoken worldwide show 
varieties other than [], as described by various authors in Schneider, 
Burridge, Kortmann, Mesthrie and Upton (2004). For example, native 
speakers of English substitute (a) [t] for // in Australia, Ireland, the 
Caribbean, the British Isles, Scotland, North America, Africa, and the 
Philippines, (b) [f] for //, particularly in word-final position, in the 
Caribbean, the United States, Africa, New Zealand, and London-
Cockney, or (c) [f] for // when followed by /r/, as in three, in the 
Caribbean and London-Cockney, and (d) other variations that do not 
seem to be the tendency, such as /s/ for // in New Zealand and South 
Carolina, particularly in word-final position, /t/ in New York and 
Philadelphia, and /t/ in St. Helena British Isle (Wells, 1982; Ladefoged, 
2001; Schneider et al., 2004). Different authors mention that variations22 
in the realization of // are more commonly found in suburban working 
class and that there may be some stigma against it.  

Cross-language studies also indicate that // is a difficult phoneme 
for both perception and production. Moreover, nonnative speakers of 
English show different patterns of substitution of //. Burhham (1986) 
proposed a distinction between robust and fragile contrasts—the former 
are common across languages, are developmentally acquired early, 
maintained by infants even with the absence of experience with the 
sound, and easily learned by adults. In contrast, the fragile contrasts are 
less salient in these characteristics, as it is the case of //. Both issues are 
reviewed next, first some L2 studies on the perception or production of 
//, then studies and standpoints on its replacement.  

                                                
22Aceto; Bauer and Warren; Childs and Wolfran; Dubois and Horvarth; 
Edwards; Gordon; Hickey; Malcolm; Mesthrie; Nagy and Roberts; Santa Ana 
and Bayley; Singler; Stuart-Smith; Tayao; Wee, Weldon; and Wilson, all in 
Schneider, Burridge, Kortmann, Mesthrie & Upton (2004). Wood (2003) on 
New Zealand English; Labov (1972) on Philadelphian English; Finnegan and 
Rickford (2004) on African American Vernacular English.  
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The study of loanwords of English origin showed that // is 
produced as [s] in Thai (Kenstowicz & Suchato, 2005), freely replaced 
by [f], [s], [d] and [w] in Cantonese (O’Brien, 2006), and as /s/ or /t/ in 
word-initial position in Korean, whereas in word-medial and word-final 
position /s/ prevails (Iverson & Lee, 2006). In a study that examined 
long-term language contact effect between English and German spoken 
by Amish and Mennonite communities in Lancaster County, 
Pennsylvania, Louden and Page (2005) showed that // is produced as 
[d]. In Pennsylvania German stops are always voiced, so that the given 
name Timothy is pronounced with initial [d]. Thus, what would probably 
be a [t] for // becomes a [d].  

Nemser (1971) investigated the perception and production of 
voiceless and voiced interdental fricatives by Hungarian speakers with 
little proficiency in English. For the perception tests, Nemser used a 
discrimination test in which participants had to indicate which stimulus 
within the 4-item trial was different from the other three, and an 
identification test in which they had to assign a label to the sound heard. 
The researcher found that /f/ was the most common perceptual substitute 
for //, while in production /t/ was the most common substitute.  

Flege, Munro and MacKay (1996) carried out a study with 240 
native Italians producing the phones /p, t, , / in word-initial position. 
All participants had been living for over 30 years in Canada but they 
differed in their first contact with English, ranging from 3 to 21 years. In 
Italian the phones /p/ and /t/ are realized with short voicing lag, while 
the interdental fricatives are nonexistent. A clear effect of age of 
learning (AOL) was found—the groups that began leaning English 
between the age of 3 and 7 years produced the target phonemes as 
accurately as the native speakers, whereas those who began learning 
after the age of 11 years produced the phonemes less accurately than the 
native group, usually realizing them as the stops /t/ and /d/, respectively. 
The researchers concluded that apart from AOL, other factors influenced 
the pronunciation of // and //, such as the use of the L1 at home, work 
and social settings, the motivation to integrate in the foreign community, 
and eagerness to pronounce the sounds accurately.  

Kabak and Maniwa (2007) examined the perception of English 
fricatives produced in clear and conversational speaking styles by 
speakers of English, Standard German, and Swabian German, a dialect 
spoken in the southwestern Germany. Neither variation has interdental 
nonsibilant, Standard German has few minimal voicing distinction for 
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alveolar sibilants /s/-/z/, whereas the Swabian German has no sibilant 
voicing contrast. The eight fricatives were embedded in a VCV context 
(/aCa/), arranged into eight minimal pairs /f/-//, /v/-//, /s/-//, /z/-//, 
/f/-/v/, //-//, /s/-/z/, and //-// and were tested in a two-alternative 
forced-choice identification task. In general, identification scores 
decreased from English to Standard German to Swabian German. Clear 
speech benefited the identification across groups and contrasts, and the 
identification of /f/-// and //-// had the lowest scores across speaking 
styles and groups.  

A study with adult Polish ESL speakers (Segal-Seiden, 1997) 
showed that misperception of // resulted in /t/, /d/, /f/, and /s/ as the 
most usual labels used to transcribe it. Moreover, identification of // in 
the word final position had higher scores than in the word initial 
position, whereas English Canadian controls performed equally well in 
both positions. Word-position effect was more noticeable with real 
words and among less proficient L2 speakers, which implies that L2 
experience improves the perception of //. However, identification of 
nonwords does not show effect of L2 experience. Based on this finding, 
Segal-Seiden suggests that errors in L2 perception are phonetically-
based, not necessarily based on linguistic experience.  

Pattern of replacement of // by Polish speakers was also 
examined by Gonet and Pietroń (2006). They found that in either word-
initial or word-final position the most often substitute was [f], followed 
by [t], whereas in consonantal cluster, as in throat, [t] outweighs [f]. 
Ciszewski (2006) examined the perception and production of // by 
Polish speakers (Ciszewski, 2006) and, differently from Gonet and 
Pietroń (2006), showed that misperception was mostly between // and 
/f/, due to the acoustic similarity, followed by the // and /t/. In 
production the replacement [t] was the most common, followed by [f], 
[t], [d], [], and three incidental substitutions [t], [v], and [f].  

Collins and Mees (1984) assert that in Dutch /s/ is the most 
common substitute for // in either initial, intervocalic or final-word 
position, whereas /t/ appears rarely. Based on Collins’ and Mees’ (1984) 
description, Heeren (2004, 2006) carried out an experiment with Dutch 
adults and 12-year old children in order to verify whether between and 
within phoneme categories discrimination between // and /s/ improved 
after training. In general, discrimination scores increased as a result of 
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training, with most improvement found among children and within 
categories.  

However, instead of /s/ replacement, a longitudinal study 
examining Dutch speakers producing the interdental fricatives (Wester 
et al., 2007) showed that /t/ was the preferred substitute for // in 
syllable-initial position in 64% of all occurrences. Wester and 
colleagues (2007) worked within the Optimality Theory framework 
(Prince & Smolensky, 1993), not fully reviewed here because it is 
beyond the scope of the present study. For the theory, the acquisition of 
a language involves the setting of a specific ranking of universal 
constraints. Learning an L2 implies, then, learning a new constraint 
ranking. For example, the feature that distinguishes // from /s/ or from 
/f/ is [strident], active in English but not in French or Portuguese 
phonological systems. It means that in order to distinguish // from /s/ 
or /f/, EF and BP speakers would have to activate the feature [strident]. 
Moreover, the theory claims that both the L1 phonological system and 
universals influence the setting of a new constraint ranking. For 
example, for a language that substitutes // for /f/, the constraint on 
manner (Ident[Manner]) is decisive, whereas substitution of // for /s/ 
may be accounted for universal factors, that is, /s/ is an unmarked 
segment.  

Schmidt (1996) conducted a cross-language mapping study in 
which Korean EFL learners heard 22 English consonants, interdental 
fricatives included, sounds not present in the L1. She aimed at assessing 
whether there was a perceptual relationship between consonants in 
Korean and English, and the degree of perceived similarity between the 
two inventories. A labeling test followed by category-goodness ratings 
showed that (a) L2 experience did not influence category-goodness 
ratings of the segments, (b) the interdentals received the lowest ratings 
among the total number of speech sounds, and (c) the // stimuli 
received the largest variety of labeling choices in Korean—eight 
different labels. Schmidt argues that her results support the theories 
advocated by some researchers (e.g., Flege, 1995; Miller & Volaitis, 
1989; Pisoni et al., 1994; Polka, 1991; Werker, 1994) that speech 
perception is not phonemically abstract, but rather context specific, and 
also that the data corroborated PAM’s (Best, 1995) prediction that L2 
sounds are assimilated to gesturally similar sounds in the L1. Still 
concerning Korean speakers identifying twelve English consonants, 
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Silbert, Jong and Park (2005) found voicing effect—voiceless // had 
higher scores than voiced // both in onset and coda positions, and that 
when in coda position // was almost always identified as //. The 
authors suggest that the finding is due to L1 transfer—Korean 
neutralizes voicing and manner in syllable codas.  

Yoshida and Hirasaka (1983) investigated the identification of 
English nonwords following the phonotactic rules of English by 96 
Japanese speakers. The minimal-pair words contrasted /b-v/, /r-l/, and 
/s-θ/, the latter phonemes of all contrasts are nonexistent in the L1. They 
found the contrast /s-θ/ was the most difficult to identify and that more 
detection of inaccuracies occurred in nonwords than with real words.  

Similarly, Lambacher et al. (1997) studied Japanese EFL learners’ 
labeling five voiceless fricatives, // included. They found that the 
interdental had the worst identification score, around 55%, when chance 
level of the 5 alternative forced-choice identification test was of 20%. 
Again, the contrast //-/s/ was the most problematic to distinguish. The 
stimulus // was identified as /s/ nearly 28% of the instances, while /s/ 
was identified as // nearly 25% of the cases. The authors analyzed the 
results by using the classical multidimensional scaling (MDS) in order 
to map “a perceptual-spatial representation for the listeners’ judgments 
by converting the confusions (identification rates) into identifications 
distances” (Lambacher et. al., 1997, p. 189). Within the matrix 
originated from the MDS analysis, small identification distances 
represent those sounds that are more often confused, whereas large 
distances permit an easier discrimination of the contrasts. The data 
showed that Japanese listeners perceive the segments /s/ and // as being 
close in the spatial representation, followed by /f/ and //. The authors 
argue that Japanese perceivers may have difficulty to identify // 
because their L1 sound system has fewer fricatives, in addition to the 
fact that /f/ and // have the lowest intensity within the English 
consonant inventory and are acoustically similar (Ladefoged, 2001).  

Brown (1997), also investigated Japanese perception of some 
English contrasts, /s/-// included, and hypothesized that L2 learners 
were able to recombine features which are contrastive in their L1 
phonological system in order to form new representations, but that they 
could not acquire new features which were not contrastive in their native 
language. She argued that the feature [continuant] is contrastive in 
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Japanese, since it serves to distinguish /s/ from /t/, for instance. The 
Japanese inventory lacks the phoneme /f/, whereas it has /p/. Brown 
claimed that, since L2 learners have access to the feature [continuant] 
through another phoneme, there would be a recombination of features so 
that the distinction between /p/ and /f/ is possible. However, since the 
feature [strident] is not contrastive in the Japanese inventory, the 
distinction between /s/ and // is not accessible to the learners. The 
results showed that Japanese perceivers could distinguish /p/ from /f/ in 
a native English way, but were significantly worse in the distinction 
between /s/ and //.  

With regard to French and the perception or production of //, 
Hyman (1970, p. 9) claims that “a Freshman attempting to render the 
English sound [] will typically realize his efforts as [s]”. Picard (2002) 
states that whereas it is well known that in EF // is replaced by /s/, it is 
not as well known that Canadian French uses /t/ instead. Paradis and 
LeCharité (1997, p. 421-422) claim that such difference “is so 
notoriously stable that it can be determined on the basis of  whether a 
speaker is from Europe or Quebec”.  

Gatbonton (1978) recorded twenty-seven Quebec born male adults 
producing a paragraph and sentences in English. She aimed at 
examining the production of English /, , h/ as they were evaluated as 
the most noticeable elements to contribute to French foreign accent into 
English. As far as the substitution of // is concerned, /t/ was the 
principal replacement, never /s/, contrary to the output of EF speakers.  

Jamieson and Morosan (1986) examined the effect of training on 
perception of // and // by Canadian French speakers. They claim that 
Francophone learners of English have difficulties in distinguishing // 
from //, as well as // from /t/, and // from /d/. For training they used 
the fading technique with synthesized stimuli in which tokens of each 
phoneme varied in duration of frication so that // and // occupied the 
extreme of a continuum. In fading technique the most prototypical 
exemplars of the phonemes are presented in the beginning of the 
training session, whereas less prototypical tokens are presented later. 90-
minute identification training was given to the experimental group, 
formed by ten Quebec speakers, whereas the other ten controls were 
given only pre and posttest. Tests consisted of an identification task, and 
a same/different discrimination task. Although positive effect of training 
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was found in identification and discrimination of the contrast, the 
authors assert that trainees seemed not to have relied on duration of 
frication during training. However, they do not offer an alternative 
explanation on which cue participants rely instead. It seems reasonable 
to assume that voicing could have been the auditory cue participants 
attended, particularly if one considers that the replacements they present 
for // and // obey voicing differences.  

Brannen (2002) examined the perception of // by speakers of 
Japanese, Quebec French, and European French. She asserts that the 
three inventories have both /s/ and /t/, and that // is typically replaced 
by [s], [t], and [s], respectively. Brannen hypothesizes that L1 transfer is 
perceptually driven and that substitution involves the assessment of 
contrastive and non-contrastive features altogether. An AXB perception 
test showed that, contrary to her hypothesis, Japanese advanced learners 
were not able to attend to certain non-contrastive distinctions. Given that 
the confusion between // and /f/ was higher among French speakers 
than Japanese speakers, Brannen suggests that L1 phonetic inventory 
affects which features are attended during perception. Although Brannen 
does not mention the differences between the French and the Japanese 
phonological systems as a possible reason for French speakers 
confounding // and /f/ more than did the Japanese speakers, this aspect 
should be taken into consideration. That is, whereas French has /f/ in its 
sound system, the Japanese inventory lacks /f/ in any phonological 
context and presents the bilabial fricative //, the one used for replacing 
loanwords with /f/, only followed by /u/ in word-initial position. Perhaps 
the acoustic similarity between // and /f/ is more salient for French 
speakers than for Japanese, given that both // and /f/ are nonexistent in 
the latter inventory. In addition, Brannen found that perception seemed 
to be involved in the pattern of substitution for the Japanese EFL 
speakers, whereas only a tendency was found for the European French 
speakers. However, the difference between European French and 
Quebec French was less clear. Brannen suggests that the phenomenon is 
due to perceptual reasons related to the features [mellow] and [strident], 
which will be explained later in the discussion about differential 
substitution of //. 

Studies on the perception and production of // by Brazilian EFL 
speakers have shown that, in general, /t/ and /f/ are the favored 
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replacement for either perception or production. Jorge (2003) recorded 
fifteen EFL learners equally divided in three groups according to L2 
experience—beginners 0-2 years, intermediate 2-4 years, and advanced 
4-6 years. Stimuli were ten sentences with // in simple onset and coda 
position, and in complex onset, as in three. The three groups differed in 
the production of //, for either onset or coda, the beginners showed a 
high score of inaccuracy whereas the intermediate and advanced 
learners reached similarly high accuracy scores. In simple and complex 
onset /t/ was the favored substitute, whereas in coda /f/ was preferred 
instead.  

Reis (2006) examined the perception and production of the 
interdental fricatives with the aim of investigating whether there was a 
pattern of replacement of the target phonemes, whether the participants 
could perceive replacement of // and //, and whether type of task 
affected performance. Participants were twenty-four Brazilian EFL 
learners equally divided into two different levels of proficiency, pre-
intermediate and advanced, with mean length of learning of 1 ½ year 
and 5 years, respectively, and a group of five English speaker controls. 
Stimuli were three perception tasks (open identification of 
mispronunciation, discrimination, and identification), and three 
production tasks (text reading, text story telling, and sentence reading). 
Results indicated that (a) Brazilian EFL learners tend to replace // and 
// with /t/ and /d/ in production, respectively, regardless the level of 
proficiency, (b) the voiced phoneme obtained the lowest scores in all 
tests, and (c) that either perception of replacement or production vary 
according to type of perception test. That is, the more form focused task 
(i.e., identification test/sentence reading) allowed for more accuracy 
than less form focused tasks (i.e., discrimination/the text reading, and 
then open identification/story retelling task). The author suggests that 
some factors may have contributed to the difficulty in perceiving 
inaccuracies with the voiced phoneme: the inherent non salience of the 
sound associated with the fact that // is present only in functional 
words (Leech, Rayson & Wilson, 2001) resulted in low level of 
perception of inaccuracies. As Bond (2005) argues, functional words do 
not demand as much attention as lexical words because they are usually 
unstressed in everyday conversation. It causes them to be “often 
misperceived or adjusted to fit the utterance” (Bond, 2005, p. 301), and, 
as a result, listeners do not direct their attention to functional words, 
“adding or modifying them as needed” (p. 308).  
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Leitão (2007) interpreted the production of // and // by BP 
speakers in light of the Connectionist Optimality Theory (Bonilha, 
2004). Apart from using the production dataset of Reis’ (2006) study, 
Leitão gathered data by the means of a silent film, which seven third-
year undergraduate students in English Language and Literature had to 
retell. Thus, the analysis was based on four production tasks that varied 
in the level or formality, from the less formal film story telling, to text 
story telling, to text reading, to the most formal sentence reading. In the 
film story telling, the seven participants produced six words with //, 
resulting in thirteen words total. With the exception of one word 
realized with [z], the remaining twelve outputs were pronounced with 
[], which corresponds to 92.85% accuracy. In contrast, Reis (2006) 
found that accuracy varied according to group and type of test—the 
intermediate and advanced groups obtained, respectively, 13.41% and 
37.91% in the text reading task, 12% and 40% in the story telling 
(incorrectly reported by Leitão as 14.16% and 47.50%), and 22.41% and 
45.41% in the sentence reading test. The mistake made by Leitão led her 
to suggest that accuracy was more likely in less formal tasks, contrary to 
Reis’ (2006) findings. Reis, based on several authors’ suggestions (e.g., 
Tarone, 1979; Beebe, 1987; Schmidt, 1987; Major, 1994) hypothesized 
that more formal tests would lead to more accuracy than less formal 
situations. Leitão didi not mention the possibility that L2 experienced 
might have played a role in the group differences, that is, her 
participants were all English teachers-to-be. In fact two out of seven 
participants had already taught the language. Leitão concluded that [t] is 
the favored pattern of substitution for // and that, under the 
Connectionist Optimality Theory, the interlanguage of BP speakers 
shows an interaction between faithfulness constraints of 
Ident[contituant], Ident[strident], Ident[coronal] and markedness 
constraints.  

The production of // by BP speakers analyzed under the 
Optimality Theory was also examined by Rodrigues (2008). He 
audiovisual recorded data with sixteen advanced EFL learners in two 
different tasks—text reading and a dialog with the researcher based on 
the text read. Similar to Jorge’s (2003) findings, in the text reading [t] 
was the favored substitute in word-initial position (91.6%), whereas [f] 
prevailed in word-medial (percentage not mentioned), and word-final 
positions (56.5%). In the dialog task, // was replaced with [f] 59.2% of 
the instances, with [t] 14.1%, and produced accurately 26.7%.  
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Reis (2008) investigated the perception of // by speakers of 
English, German, Canadian and European French, and BP. Substitution 
of // varies cross-linguistically, with [s] for German (Hancin-Bhatt, 
1994), [s] for EF speakers (Brannen, 2002), [t] for Canadian French 
(Brannen, 2002), and [t] for BP speakers (Reis, 2006; Leitão, 2007). The 
stimuli, recorded by a female native speaker of English, were twelve CV 
syllables in which the consonant could be /, f, t, s/ and the vowel /i, a, 
u/. Perception was tested by means of an assimilation test (identification 
followed by category-goodness rating, a design that is explained later in 
this section), an AB discrimination test, and a transcription test. Results 
show that // was assimilated as // by speakers of English, and as /f/ 
onto the other languages, probably due to the acoustic similarities 
between // and /f/. Moreover, the four groups showed low scores in the 
discrimination of the contrast /-f/, different from the high 
discrimination of the contrasts /-t/ and /-s/. Thus, the typical pattern of 
substitution of each language did not correspond to the pattern of 
assimilation found, whereas the pattern of assimilation predicted the 
pattern of discrimination between the target phoneme and its common 
replacement. In addition, // was transcribed by English speakers with 
the spelling th and f, with f by Brazilians, with f, ph, and s by Germans, 
and with f, t, and s by French speakers. The perception labels used in the 
present study were based on Reis’s (2008) findings, particularly the 
transcription test. That is, this test demonstrated that the typical spelling 
used for transcribing // were f, t, and s.  

Osborne (2009) carried out a case study with a Brazilian adult 
female who had been living in New York for six years and had learned 
English in a naturalistic environment, as opposed to formal instruction. 
Seven minutes of spontaneous speech were transcribed, which showed a 
variety of L2 production strategies, such as devoicing of final 
obstruents, epenthesis in coda, unaspirated word-initial plosives, and 
interdentals substitution. Osborne found that all instances of both // and 
// were replaced by [t] and [d], respectively.  

Three studies showed that Brazilian EFL speakers tend to modify 
their production of both // and // after training (Reis, 2007; Ruhmke-
Ramos & Delatorre, 2009; Barbosa, 2009). Reis (2007) reviewed a 
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pronunciation book directed to Brazilian learners of English23 and used 
its instructions about the articulation and acoustics of the phonemes to 
conduct a 50-minute training session with three beginner EFL learners, 
whereas other three participants received training in other segments. 
Participants were tested in four moments: pretest, posttest just after 
training, one week later, and two weeks later. The trainees improved 
their pronunciation, particularly that of //, which was maintained up to 
the second follow-up test, though lower than the posttest results. In 
contrast, the non-trained control group did not show any improvement—
scores for either // or // were zero in all tests.  

A similar training method was applied by Ruhmke-Ramos and 
Delatorre (2009)—they used a book24 to train the pronunciation of ten 
Brazilians beginner learners of EFL on the English // and // 
phonemes, besides five non-training controls. Training consisted of a 
single 45-minute session, preceded and followed by a sentence reading 
task as both pre and posttest. The production of // for the experimental 
group improved from 12.85% accuracy in the pretest to 15.71% in the 
posttest, although the difference is statistically not significant. In 
addition, the authors found that the most common substitutes for // 
were [t] in either pretest or posttest and for both the control and the 
experimental group.  

In a more pedagogical perspective, Barbosa (2009) instructed two 
beginners and two intermediate Brazilian EFL learners on the 
pronunciation of //. Ten 50-minute lessons were dedicated to 
instruction, correction, listening and oral practice of minimal-pairs, 
texts, and games using the words, as well as homework activities taken 
from the internet. Without presenting mean scores, Barbosa asserts that 
three participants improved the pronunciation of //, whereas [f] was the 
most common substitute, particularly in word-medial and word-final 
positions.  

Perceptual training and instruction also play a role in the 
perception of // and // by Brazilians EFL speakers. Ruhmke-Ramos’ 
(2009) fifty-three participants were divided in listening-training group, 

                                                
23 Schumacher, C., White, P. L. & Zanettini, M. (2002). Guia de Pronúncia do 
Inglês para Brasileiros. Rio de Janeiro: Campus. 
24 Hancock, M. (2005). Pronunciation in Use. Cambridge: Cambridge 
University Press. 
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instruction+listening-training group, and control group with not 
instruction or training. Treatment consisted of seven 30-minute sessions 
spread throughout four months using several pronunciation books25. The 
listening-training group was presented only with the listening activities 
from these books, further explanations or production were not given. 
The instruction+listening-training group received both listening and 
production practice, as well as explicit instruction from the teacher. The 
categorical discrimination test used in Reis (2006) served as the pre and 
posttests. Although a tendency for perceptual improvement was found in 
two groups, only the contrast /-s/ showed statistically higher scores in 
the instruction+listening-training group. The author suggests that for 
significant improvement in the perception of // and // and their 
common replacements long term training would be more appropriate. 

Finally, Trevisol (in preparation) investigates the production of // 
and // in word-initial and word-final position by eleven advanced 
Brazilian undergraduate students of English language and Literature. By 
means of a sentence reading task, Trevisol aims at examining whether 
there is a pattern of replacement for the phonemes in different word-
positions, and whether word-position imposes different degrees of 
difficulty in production. As far as the realization of // is concerned, 
preliminary results show that L2 experience affects positively its 
pronunciation, as most participants realized // accurately. When the 
phoneme was substituted, [t] prevailed over [f] in word-initial position, 
whereas in word-final position accurate production significantly 

                                                
25 Baker, A. (2006). Ship or Sheep? Cambridge: Cambridge University Press.  
Beisbier, B. (1995). Sounds Great - Intermediate pronunciation for speakers of 
English. USA: Heinle & Heinle. 
Beisbier, B. (1994). Sounds Great - low intermediate pronunciation for speakers 
of English. USA: Heinle & Heinle.  
Gilbert, J. B. (2001). Clear Speech from the Start - Basic Pronunciation and 
listening comprehension in North American English. USA: Cambridge 
University Press. 
Gilbert, J. B. (1993). Clear Speech from the Start - Intermediate Pronunciation 
and listening comprehension in North American English. USA: Cambridge 
University Press.  
Hancock, M. (2005). Pronunciation in Use. Cambridge: Cambridge University 
Press. 
Lane, L. (1993). Focus on Pronunciation – principles and practice for effective 
communication: Student’s book. New York: Longman. 
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predominated over all the other substitutes ([f, t, d, t]). Therefore, 
results indicate that // is not significantly replaced in either word-
positions, and that word-position does not impose different degrees of 
difficulty in production for advanced Brazilian EFL speakers. 

As showed throughout this section, the replacement of the // is 
well documented in the literature. However, different languages show 
different patterns of substitution. In fact, substitution of segments is 
subject to variation, either cross-linguistically or within a language 
(Brannen, 2002), a fact that Weinberger (1990) termed differential 
substitution. Picard (2002, p. 87) defines differential substitution as “the 
phenomenon by which speakers who lack a certain segment in their first 
language may adopt alternative language-specific replacement strategies 
in the L2 they are attempting to acquire”. Brannen (2002) argues that the 
study of differential substitution is a complex task due to the existence 
of a variety of potentially confounding variables, such as L2 proficiency 
level, the influence of extralinguistic cues, orthography, word-position 
in which the segment is inserted, language distance, and the perception 
of the segment.  

Some scholars attempted to explain the phenomenon within 
different theoretical frameworks. Weinberger (1997) argues that 
contrastive analysis, feature counting, feature decision, and universal 
markedness fail to account for differential substitution. Instead, he 
claims that underspecification theory provides an adequate explanation 
for the phenomenon. This phonological theory advocates that 
predictable features in a language should be underspecified, or as 
Archangeli (1988, p. 183) points out, “the essence of underspecification 
theory is to supply such predictable distinctive features or feature 
specifications by rule”. For example, in English roundness is not a 
distinctive feature for vowels, thus the feature [±round] can be 
underspecified. Weinberger works with the differential substitution of 
/θ, ð/ by speakers of Japanese and Russian, who replace /θ, ð/ with [s, z] 
and [t, d], respectively. Weinberger argues that the features [anterior] 
and [coronal] are underspecified in both Japanese and Russian, whereas 
the feature [continuant] is the one that accounts for the differential 
substitution between the two languages. He claims that when speakers 
of these two languages attempt to produce /θ/, “they rectify their 
segment structure constraint by replacing /θ/ with their respective 
minimally specified obstruents” (Weinberger, 1997, p. 301), thus the 
unmarked phoneme for the feature [continuant] is /s/ in Japanese, and /t/ 
in Russian.  
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Hancin-Bhatt (1994) investigated the differential substitution of 
/θ/ and /ð/ by native speakers of English, German, Turkish, and 
Japanese. She proposed that a mechanism based on featural competition 
determined the way nonnative sounds are pronounced. Hancin-Bhatt 
claims that the differential substitution can be explained as a result of 
the weight languages give for maintaining either the place or the manner 
of articulation at the moment they select the type of replacement. She 
argues that the functional load of the distinctive features is the factor 
which determines if a language ‘prefers’ place or manner of articulation. 
The functional load, in its turn, is determined by the principle of the 
Lexical Minimality (Halle, 1959, cited in Hancin-Bhatt, 1994), which 
proposes that the smallest possible number of specified features is the 
factor that determines the inventory of a language. That is, the less 
frequent features specify the phonemic inventory, while redundancy 
rules with opposite values is inserted in the phonetic derivation. Hancin-
Bhatt develops an algorithm in which the calculation of the functional 
load is based on the equivalent number of times such a feature value is 
specified in the inventory, divided by the total number of phonemes in 
that language. In her perspective, then, for a language that substitute // 
for /t/, the redundancy rule [-continuant] has a higher functional load, 
whereas /s/ is inserted in the phonetic inventory for the languages in 
which the redundancy rule [+continuant] determines the weight of the 
functional load. Based on the German, Japanese, and Turkish sound 
systems, the author hypothesized that speakers of these languages would 
misperceive the interdental more as sibilants than stops, that Japanese 
and Turkish would show greater variability, and that misperception as /t/ 
would occur word-initially, whereas as /s/ would occur word-finally. In 
order to test her hypothesis she used a forced-choice identification test 
in which the target phonemes embedded in nonwords should be labeled 
as /, , f, v, t, d, s, z/ or the option ‘don’t know’. Results show that (a) 
German and Japanese tended to hear // as /s/, whereas Turkish speakers 
favored /t/, (b) more variability was found in the Japanese group, and (c) 
misperception as /t/ was more likely word-initially and in intervocalic 
position than as /s/. Therefore, her model failed to account for the 
differential substitution.  

Picard (2002) opposes the phonemic representation approach 
advocated by Weinberger and Hancin-Bhatt saying that 
underspecification theory fails to account for the case of differential 
substitution between European French and Canadian French, dialects 
that have the same consonant inventory. This specific case of 
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differential substitution demonstrates that replacement of interdentals 
does not lie in phonemic distinctions. Indeed, Brannen (2002, p. 1) 
argues that in selecting only one substitute when the phonological 
systems have other possibilities to substitute the L2 segment is an 
indication that differential substitution “is not to be found in the makeup 
of underlying phonemic inventories, which are underspecified for non-
contrastive features”. Instead, she hypothesizes that differential 
substitution is based on phonetic rather than on phonemic transfer, and 
that listeners are able to perceive non-contrastive phonetic information, 
instead of relying only on L1 phonological representation. Nonetheless, 
the author assumes that although the learners may perceive all features 
of an L2 segment, even the noncontrastive ones, the surface intake of the 
sound competes with those of the L1 system preventing the 
combinations of certain L2 features and the realization of the sound 
accurately. In addition to perceptual transfer, she claims that articulatory 
representations of L1 sounds are indirectly mapped to an L2 segment, 
which results in production transfer as well. 

Brannen (2002) proposes an algorithm of speech perception and 
production in which transfer is explained due to the type of 
representation processing that takes place in the perception of non-
contrastive features—in a phonemic assessment it occurs through the 
underlying representation, whereas in the phonetic assessment it is the 
auditory representation that takes place. Transfer would take place when 
the input is compared to the representation stored in memory. That is, 
features that do not match any stored representation would be noticed. 
The underlying representation, then, feeds the articulatory 
representation, which in turn, determines the L2 output. The auditory 
distance between L2 and L1 representations influences the selection of 
the substitute for the nonnative segment.  

In the case of //, Brannen suggests that its inaccurate perception 
leads to inaccurate production, and that differential substitution is 
caused by diverse patterns of perception. Her study (2002) did not 
corroborate entirely the hypothesis that all non-contrastive features are 
phonetically perceived. She assumed that the choice of replacement of 
the target phoneme would be based on an auditory phonetic comparison 
between the output and the L1 internal representation, and that it is 
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exactly the confusion between the features [mellow] and [strident]26 that 
leads to different substitutions of the target phoneme. In her proposal, 
whereas the non-contrastive features [mellow] and [strident] were 
perceived by the two groups of French speakers and the English native 
control group, the features were not relevant for the Japanese 
participants, who were not able to distinguish // from /s/ even at chance 
level. The hypothesis that L2 inaccurate production is perceptually 
driven was confirmed only for the Japanese group—the merger /s/ for 
// would be due to the underspecification that the features [mellow] and 
[strident] present in the Japanese system. However, Brannen found that 
both European French and Quebecois misperceived // more often as /f/.  

The Optimality Theory is also used by several scholars (e.g., 
Idsard, 2002; Lombardi, 2003; Ahn, 2003; Lee & Cho, 2002; Lee, 2006; 
Yildiz, 2006; Hancin-Bhatt, 2008) in order to explain the different types 
of cross-language replacement of //. Lombardi (2003) suggests that due 
to markedness [t] is the default substitution, whereas [s] would merge 
when the L1 has a phonological pattern that alternates ranking the 
manner faithfulness constraints for stops, fricatives and affricates 
separately. For example, Jesney (2005) argues that the activation of the 
feature [strident] can account for the differences between European and 
Quebec French substitutions. That is, in EF [±strident] is phonologically 
inactive, which makes the feature [±continuant] the only relevant and, 
thus, the fricative /s/ merges as the substitute. In contrast, in Quebec 
French, both [±strident] and [±continuant] are phonologically active, 
which implies that both /s/ and /t/ are good candidates for replacement. 
The issue is then solved with the selection of the less marked /t/.  

However, it is important to keep a sociolinguist perspective in 
mind for the French differences—Paradis and LeCharité (1997) argue 
that in France EFL learners are taught to pronounce // as [s], typically 
by French teachers of English, whereas pronouncing it as [t] is 
considered lack of knowledge of English. They also say that in Quebec, 
no particular attention is paid to the pronunciation of interdentals.  

Alternatively, Teasdale (1997) suggested a phonetic articulatory 
solution for the differential substitution. She aimed at determining 
“whether the spectral characteristics of the fricative [s] of the L1 can 
                                                
26 Fricatives can be mellow or strident—a strident is more audible than a 
mellow fricative. For example, the strident alveolar /s/ is more audible than the 
mellow interdental // (Jacobson & Halle, 2002). 



 98 

serve as the predictor of which segment will be used as a substitution for 
the English interdental fricative []” (Teasdale, 1997, p. 71). Her study 
indicated that if a language or dialect has an alveolar [s], as Quebec 
French has, [] is substituted for [t]. On the other hand, if a language or 
dialect has either the dental [s], such as European French, or the flat slit 
[] as in Japanese, they are then used for substituting [].  

Picard (2002) argues that Teasdale’s approach is promising in 
elucidating the issue of differential substitution as it assumes that 
speakers are tuned to phonetic and articulatory aspects of speech, a 
standpoint somehow similar to that proposed by the direct realism of 
perception and particularly to its model of speech perception, the PAM.  

Differences among phonological systems is an aspect that must be 
taken into consideration in the differential substitution of //, though 
contrastive analysis per se has proven not to explain all cross-language 
problems. As Wester and colleagues (2007, p. 482) argue, “substitutions 
cannot be accounted for as minimal feature changes from a phonological 
point of view”. Several researchers (e. g., Weinberger, 1996; Brown, 
1997; Brannen, 1999, 2002; Blevins, 2006) suggested that the 
differential substitution of the segment // is a consequence of different 
patterns of perception. 

Brannen (2002) claims that the fact that different languages 
‘select’ only one substitute, when their phonological systems have 
different possibilities to substitute the L2 phoneme, is a suggestion that 
differential substitution “is not to be found in the makeup of underlying 
phonemic inventories, which are underspecified for non-contrastive 
features.” (p. 1). She suggests that differential substitution is based on 
phonetic rather than on phonemic transfer, and that listeners are able to 
perceive non-contrastive phonetic information, instead of relying only 
on L1 phonological representation. In the case of //, Brannen suggests 
that its inaccurate perception leads to inaccurate production, and that 
differential substitution is caused by diverse patterns of perception 
languages may impose. 

Blevins (2006. p. 12) is even more assertive on the role of 
perception in substitution: “in the case of interdental to labiodental 
shifts, it is clear that misperception is the primary factor”. Contrary to 
the arguments of Dubois and Horvath (2004) that interdentals are 
replaced by other sounds because they are highly marked and learned 
late by children, Blevins cites the example of clicks as speech sounds—
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they are marked segments and learned late, nonetheless the majority of 
Khoisan languages maintain contrastive clicks instead of replacing 
them.  

In cross-language contact, the degree of perceptual difficulty 
seems to be closely related to the patterns of assimilation and 
discrimination of an L2 segment, as well as to its learnability. Guion and 
colleagues (Guion et al., 2000) suggest that perceptual difficulty 
happens when the foreign sound does not map well onto any L1 
category. The authors assert that, in conformity to the PAM’s 
propositions (Best, 1995), if two sounds are perceived as an L1 
category, the likelihood of having difficulties to perceive and produce 
them accurately is high.  

Drawing on this perspective, Guion et al. (2000) investigated the 
effect of L2 experience and perceptual difficulty of word-initial 
consonants, // included, by Japanese and English speakers. The study 
also aimed at investigating two current models of segmental perception 
and learning—Best’s PAM (1995) and Flege’s SLM (1995). More 
specifically, the authors examined whether cross-language mapping of 
word-initial consonants could predict their discrimination, an issue 
related to one of the aims in the present study. The standpoint that 
different patterns of replacement are related to the way the nonnative 
sounds are assimilated onto the L1s is adopted by the present study. 
Moreover, the method used by Guion et al. (2000) motivated the present 
study’s design and, for this reason, is explained in more details. 

In the study of Guion et al. (2000), stimuli in both experiment 1 
and 2 were C/a/ syllables in which C could be either the English 
segments /b, v, w, , , t, s, l/, or the Japanese /b, , t, d, s, , h/. In the 
assimilation test, experiment 1, nine inexperienced Japanese EFL 
learners used one out of 17 labels to identify each token as an instance 
of a Japanese category. Next, they were asked to rate the token for 
goodness-of-fit to the just-selected Japanese category using a scale 
ranging from bad example (1) to very good example (7).  

For Guion et al. (2000), the threshold for L2 speech categorization 
was set in 75% of the instances for the L2 sound to be classified as an 
L1 category. For example, the English /b/ was heard as Japanese /b/ in 
84% of the instances and rated 5.3. In fact, the results of the English 
stimuli showed that some foreign sounds were consistently identified as 
an L1 category (e.g., English /b/ onto Japanese /b/), whereas others were 
mapped as two instances of the L1 inventory. The latter condition was 
found for //, identified as the Japanese /s/ 39% of the instances and 
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rated 3.8, or identified as the Japanese voiceless bilabial fricative // in 
38% of the cases and rated 3.4.  

In order to overrule the possibility that some L2 tokens received 
high scores because they would be either a good instance of the L1 
system or, instead, present a good competitor in the L1 inventory to be 
selected, the authors “combined both the identification and the 
goodness-of-fit data into a single metric” (p. 2716), the fit index. In 
other words, the mean goodness rating was multiplied by the proportion 
of responses of the L1 category, or categories, associated to the L2 
consonant. As a result, the identification ratings do not necessarily 
reflect the fit indexes and the strategy “served to raise the scores of 
those identifications that were indeed considered good tokens of the 
category and to lower the scores of those identifications that were 
selected because they had no good competitors” (p. 2723). Guion et al 
argue that high fit indexes show that the L2 segment was accepted as 
good instances of the L1 consonantal inventory, whereas low fit 
indexes, such as that of //, would be perceived as a distorted L1 
category. Thus, in the example cited above, fit index of English /b/ was 
4.5, whereas // as /s/ of 1.5, and // as // of 1.3.  

In order to investigate whether the variation in the fit indexes is 
relevant to discriminability of the L2 consonants, the authors created 
subclasses of fit indexes using a standard deviation (SD) criterion based 
on the mean fit index obtained for the seven Japanese consonants (fit 
index = 4.5, SD = 1.1). Fit indexes that fell within 1 SD or above (≥3.4) 
had ‘good fit index’ (results for /b, s, t, v/), within 2 SD (2.3 – 3.3) had 
‘fair’ instances of L2 (/w/), and fit indexes below 2 SD (< 2.3) had ‘poor 
fit index’ (/, l, /).  

Based on the PAM’s predictions, Guion and colleagues proposed 
the following relationship between fit indexes and discriminability: 

i. Low fit indexes indicate poor instances of the L1 category and 
result in uncategorizable L2 sounds.  

ii. Intermediate fit indexes indicate fair instances of the L1 
category and result in categorizable L2 sounds.  

iii. High fit indexes indicate good instances of the L1 category and 
result in categorizable L2 sounds.  

In experiment 2 the predicted discriminability was tested. The 
same set of stimuli was used with three groups of Japanese EFL 
speakers varying in L2 experience. Stimuli were presented in a 
categorical discrimination test as developed by Flege and colleagues 
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(Flege, Munro & Fox, 1994; Flege, 1995). There were three C/a/ stimuli 
per trial and participants had to either identify which one was the odd 
item, or whether the three stimuli were the same. A-prime scores 
(explained in section 2.4.1) provided an unbiased measure of perceptual 
sensitivity—scores of 1.0 indicate perfect sensitivity, whereas score of 
0.5 or lower indicate insensivity to a contrast.  

The results showed that for the contrast //-/s/ native English 
showed higher A-scores than native Japanese, whereas the Japanese 
groups did not differ from one another. Moreover, whereas amount of 
L2 experience seemed to have influenced the discrimination of some 
consonants, like the contrast /v/-/b/, it did not appear to have affected 
others, such as the pairs //-/l/ and /s/–//. 

With regard to the PAM’s discriminability predictions, 
categorized-uncategorized type of assimilation is expected to generate 
good discrimination. However, this was not found by Guion and 
colleagues with the contrast /s/–//. That is, the assimilation test showed 
that English /s/ received high fit index and was categorized as Japanese 
/s/, whereas // received low fit index and was, thus, an uncategorizable 
segment that had its classification falling between two L1 categories, as 
either Japanese /s/ or the labial fricative //. The authors suggest that the 
overlapping between these two segments resulted in poor 
discrimination, a result not predicted by PAM. Guion et al. suggest that 
the model should be revised in order to encompass poor discrimination 
for the categorized-uncategorized type of assimilation.  

To conclude, the present study aimed to seek for the relationship 
between assimilation patterns and discriminability as proposed by the 
PAM following Guion’s and colleagues’ method. Furthermore, it aimed 
at investigating whether the pattern of assimilation of // onto EF and 
BP is responsible for its different patterns of substitution in each L1. 
Finally, the present study aimed to verify whether a categorized-
uncategorized type of assimilation produces good discrimination, as 
predicted by the PAM, or poor discrimination, as found by Guion and 
colleagues. Although the method used by Guion et al. led the design of 
both the assimilation and the discrimination tests, they were adapted to 
the needs of the present study and are fully explained in the next 
chapter, sections 2.3.6 and 2.3.7. 
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CHAPTER 2 - METHOD AND PROCEDURES 
 
 
In the previous chapter the reviewed studies indicated that speech 

perception and production may be related, and that the phenomenon of 
differential substitution of the English // may have a perceptual basis. 
The present study aims at further exploring the interlanguage of BP and 
EF speakers of EFL as far as both perception and production of // is 
concerned. 

Departing from the hypothesis that different patterns of L2 sound 
assimilation are responsible for different patterns of discrimination, and 
that, in turn, the pattern of L2 phonetic discrimination may be related to 
L2 production, the study aimed at assessing the data under the 
perspective of the PAM (Best, 1995) and its revised version PAM-L2 
(Best & Tyler, 2007). More specifically, the present study had four main 
objectives: (1) to assess how EFL learners whose native language is 
Brazilian Portuguese (BP) and European French (EF) assimilate // onto 
their L1; (2) to examine whether the pattern of assimilation predicts 
discrimination of the foreign sound in both BP and EF; (3) to investigate 
whether visual cues aid identification of // by native and nonnative 
speakers of English, and (4) to investigate whether the pattern of 
assimilation of // is related to the pattern of substitution these two EFL 
groups present. In order to examine these objectives, three language 
groups took one production and four perception tests. This chapter 
describes the participants, the stimuli, the tests and the procedures for 
data collection, as well as the statistical analysis used with for 
interpreting the dataset. 3.1 Participants 

Two groups of EFL speakers participated in the study— native 
speakers of BP and EF, besides the control group formed by British 
English (BE) speakers. The selection of participants is a critical 
methodological issue that requires strict criteria in order to minimize 
interfering variables, particularly with regard to nonnative speech 
perception, as pointed out by several scholars (e.g., Frieda & Nozawa, 
2007; Piske, 2007; Best & Tyler, 2007).  

Nonnative experience is believed to be a determining factor that 
affects L2 speech perception, although the term has been used in a 
markedly broad manner. In order to narrow down the definition of the 
term and make a critical comparison between two current models of 
speech perception, Flege’s Speech Learning Model (1995) and Best’s 
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Perceptual Assimilation Model (1995), Best and Tyler (2007) 
characterized two types of listener groups—L2 learners and functional 
monolinguals. The authors define L2 learners as those actively engaged 
in the learning process, that is, the SLM deals L2 speakers who have 
achieved their ultimate level. In contrast, the PAM works with 
functional monolinguals, participants who are neither actively learning 
nor using the L2, being, thus, linguistically naïve to the language tested.  

Flege and Best defined both terms ultimate level of L2 learning 
and functional monolinguals in order to describe the typical type 
participants who participate in their studies—more and less experienced 
in the L2. However, it seems to be a contradiction in the use of the terms 
given that either is characterized by having speakers of interlanguage. 
As Selinker (1972) asserts, interlanguage is an intermediary language 
system between the L1 and the L2. Thus, on the one hand, it seems 
unreasonable to affirm that an L2 learner has achieved his/her ultimate 
level when interlanguage is a dynamical process. Moreover, the means 
whereby the end state o interlanguage can be measure remains to be 
answered. On the other hand, functional monolinguals who are linguistic 
naïve to English sound as an illogical statement as English is a frequent 
input regardless the listeners’ intention. Therefore, despite the author’s 
definition of the terms, the present study adopt the viewpoint of more or 
less L2 experienced EFL speakers as measured by length of learning 
and, mainly, by the ratio of L1 and L2 use.  

The environment in which the listeners have contact with the L2 
can considerably affect their perception, since the amount and the 
quality of L2 input differ between a foreign and a second language 
learning setting. Several scholars (e.g., Bundgaard-Nielsen & Bohn, 
2004; Piske, 2007; Best & Tyler, 2007) assert that second language 
learning in a natural communicative context where the target language is 
predominant provides much more high-quality input to the learner, as 
opposed to an impoverished foreign language learning setting where the 
L1 dominates, the L2 is usually taught by L1-accented teachers, and 
where the L2 is not extensively used. It is important to keep in mind, 
however, that some learners may be immersed in a L2 setting but still 
have little or no formal L2 instruction, have few opportunities to learn 
the L2, and are not involved in the L2 culture. Silveira (2009) remarks 
that in these situations the L2 naturalistic setting may fail to boost 
proficiency.  

Bearing in mind one of the main purposes of this study, to assess 
how speakers of two distinct languages perceive a nonnative sound, one 
could argue that the ideal listener for the present study would be 
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functional monolinguals, as described by Best and Tyler (2007), in their 
own L1 setting. This could maybe guarantee that the tests would be 
assessing participants’ perception of the phoneme without the influence 
of the L2. However, for practical reasons, since it would be difficult to 
find speakers of BP or EF who were cognitively mature to take the tests 
but linguistically naïve in English, EFL speakers were preferred instead. 
In addition, real naïve listeners have shown remarkable difficulty in 
categorizing and discriminating unfamiliar phonetic contrasts that are 
not distinctive in their L1 (Polka & Werker, 1994; Strange, Akahane-
Yamada, Kubo, Trent & Nishi, 2001).  

Although participants’ level of L2 proficiency was not assessed, 
and a considerable difference in quantity and quality of input these two 
groups may have received is assumed, the present study upholds the 
viewpoint that the amount of L1 use is one of the determinant factors 
that interferes in L2 perception, as advocated by some scholars (e.g., 
Flege, Frieda & Nozawa, 1997; Flege et al., 1995; Meador, Flege & 
Mackay, 2000). Thus, in order to diminish the effect of intervening 
variables, 11 criteria were used to select participants: (1) absence of 
hearing impairment; (2) untroubled or corrected-to-normal vision; (3) 
speaking without a lisp, that is, without the speech mannerism in which 
/s/ and /z/ are pronounced as [] and [], respectively; (4) similar L2 
learning age onset—between 7 and 15 years old; (5) similar length of L2 
experience; (6) an L1/L2 ratio use that privileged the native language; 
(7) L2 use in formal settings, such as classrooms; (8) no frequent use of 
another foreign or second language, (9) no use of other languages whose 
inventory present the target phoneme, as described in Chapter 2, section 
2.2; (10) no formal EFL pronunciation instruction or perceptual training 
of any sort; and (11) preferably no experience in an English speaking 
country, but if it had happened, it could not have been longer than two 
months (Ortega-Llebaria, Faulkner & Hazan, 2001) and should have 
occurred at least six months prior to the data gathering, as recent past 
experience in a language setting affects speech perception more strongly 
than distant past experience (Bjork & Bjork, 1992). Data were gathered 
with 25 participants in each EFL group. However, five French and four 
Brazilian participants did conform to all selection criteria, thus their data 
were not included in the analysis.  

The selection of the BE speakers was based on the following 
criteria: (1) absence of hearing impairment; (2) untroubled or corrected-
to-normal vision; (3) speaking without a lisp; (4) an L1/L2 ratio use that 
privileged the native language; (5) L2 use in formal settings, such as 
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classrooms, and (6) no recent experience in a country whose main 
language was not English, or returned to the UK at least six months 
before the data collection.. Three out of the twenty BE participants did 
not conform to these criteria and their data were disregarded. Therefore, 
both the description of the participants and the data analysis is based on 
the responses of 58 participants—17 BE speakers, 20 EF speakers, and 
21 BP speakers, all of them attending to all the criteria detailed above.  

The following sessions describe each group of participants, the 
instruments for data gathering, the procedures for setting up the tests, 
and the procedures for data collection. In order for the text not to 
become repetitive, every time the same procedure is taken, regardless 
the test or the group, it will be generally described; and particular 
procedure details will be explained throughout the sessions whenever 
elucidative.  

 
 

2.1 PARTICIPANTS 
 
2.1.1 British participants 

 
All BE participants were recruited at University College London 

(UCL) alumni, students from different undergraduate, masters, and PhD 
program. The data collection was carried out between November 2008 
and early January 2009 with eleven women and six men, ages ranging 
from 21 to 51 years (mean = 32.8 years). The assessment of the 
participants’ pronunciation of //, which should be phonetically 
distinctive from /f/, /t/ and /s/, was done during the interview carried out 
before the tests, the conversations during the intervals between tests, and 
over the third question of the questionnaire (see Appendix J). This 
question asked if words such as thin-sin, thin-fin, and thin-tin were all 
pronounced the same in their dialect. 

Although all participants were British citizens, they were 
originally from different regions: one subject was Scottish, nine were 
Londoners, and the remaining seven participants from different regions 
of England. The eight non-Londoner participants had been living in the 
city from 5 to 22 years (mean = 10.6 years). More details about BE 
participants are given in Appendix A. 

Eight participants were either learning or were able to speak a 
second language, but none of them used it in a regular basis—no more 
than 5% of the day was dedicated to either speaking or listening to the 
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foreign language. Twelve out of the seventeen participants had traveled 
to countries whose official language was not English within the year 
before the data collection, for a period that ranged from one week to 10 
months (mean = 48.1 days). However, they all had returned to England 
at least six months prior to the data collection (mean = 6.8 months), and 
only two of them were still having contact with the language spoken in 
the country visited (France), although not on a daily basis.  

To sum up, the main purpose of having a control group formed by 
native English speakers was to validate the perception instruments. On 
the one hand, one could argue that the participants’ perception might 
have been affected by the knowledge of other languages, or by the fact 
that they do not share the same L1 dialect, a standpoint supported by 
several scholars (e.g., Bjork & Bjork, 1992). On the other hand, other 
researchers affirm that perceptual skill level is positively correlated with 
ratio of L2/L1 usage (Flege, MacKay & Meador, 1999; Flege & 
MacKay, 2004) and that extensive L1 use keeps the perceptual 
competence attuned to the L1 (e.g., Flege et al., 1995; Flege et al., 1997; 
Meador et al., 2000), a position borne by the present study. Hence, 
taking into consideration the period they had been living in London and 
the fact that English was indeed the major language used in everyday 
activities, it was assumed that all participants were familiar with the 
accent spoken in the region and were not perceptually affected by 
another phonological system rather than English. 

 
 

2.1.2 French Participants 
 
The data were gathered with French participants in two different 

towns, Bar-sur-Aube and Troyes, between late December 2008 and 
February 2009, in quiet rooms at their homes or universities. The group 
was equally divided into ten women and ten men, ages ranging from 20 
to 45 years (mean = 24.1 years). With the exception of Participant 2, 
who is a French teacher, the remaining participants were majoring in 
different programs at local universities, such as law, electrical, 
mechanical and chemical engineering. 

Four out of the twenty participants had had some amount of 
experience in English-speaking countries (England and Ireland), but all 
of them attended to the criteria of having stayed in these countries for 
less than two months and returned at least six months before the day of 
the data collection. Individual’s background information of the twenty 
participants can be seen in Tables x and x in Appendix B.  
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All participants were born in France and spoke French as their L1, 
although eight participants reported being able to speak or to be learning 
another L2 rather than English (Italian, Portuguese, and German). None 
of these languages were used on a regular basis, however. With regard 
to EFL, age of learning (AOL) ranged from 7 to 14 years (mean = 10.6 
years), whereas length of learning (LOL) ranged from 6 to 13 years 
(mean = 8.6 years). Concerning AOL, the present study considered the 
first contact with English and, bearing in mind that the participants 
might not have had continuity in their EFL studies since the first 
contact, LOL does not always correspond to the equation current age 
minus AOL.  

Although the variations in AOL and LOL are considerably high, 
the participants have in common the fact that almost all of them received 
L2 formal instruction only, did not have much contact with native 
speakers of English, and did not have opportunities to use the L2 
actively. When asked how often they spoke and/or listened to English in 
everyday situations, such as at home, school, work, with family and 
friends, on the internet, radio, and TV, they reported that approximately 
2.5% and 12.5% of their days were spent in each of these L2 skills, 
respectively. Twelve participants responded being aware of the fact that 
the English // has a distinct pronunciation from any other consonant, 
whereas for the remaining eight participants this was an unknown aspect 
of the L2.  

 
 

2.1.3 Brazilian Participants 
 
The data collection with BP speakers took place in a quiet room at 

the Centro de Comunicação e Expressão of the Universidade Federal 
de Santa Catarina (UFSC) during May and June 2009. They were 
gathered among students majoring in Letras Inglês (English Language 
and Literature) at UFSC, all enrolled in Compreensão e Produção em 
Língua Inglesa I (Comprehension and Production in English I), a 
mandatory subject taken in the first semester as part of the English 
language learning curriculum.  

All 21 participants were Brazilian born, with Portuguese as their 
L1. The group was formed by 12 women and 9 men, ages ranging from 
17 to 41 years (mean = 24.4 years), and none of them had been to an 
English-speaking country in the year prior to data collection, or spoke 
another L2 frequently. Those that reported speaking Spanish also 
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informed their teachers were Brazilian speakers of Spanish and that the 
Argentinean and Uruguayan accents were the most often heard (more 
details in Appendix C). At the time of data gathering LOL ranged from 
2 to 15 years (mean = 7 years), and AOL ranged from 7 to 13 years 
(mean = 10.6 years). They reported speaking the L2 14% of their 
everyday situations and listening to it in an average of 32% of the time. 
Sixteen out of twenty-one participants reported knowing that the 
pronunciation of // is different from/f/, /t/, or /s/. 

It is noticeable that the two EFL groups differ considerably in 
their use of English, which could be pointed out as a caveat of the 
study—speaking represented 2.5% of French participants’ daily 
activities, and 14% of Brazilians’, whereas listening corresponded to 
12.5% among French speakers and 32% among Brazilians. As already 
explained in 5.2, the participants were chosen due to practical reasons 
and differences were minimized as much as possible. Brazilians 
majoring in English Language and Literature were selected because of 
their availability. Students in the first term were then chosen because 
they typically have a low level of English knowledge when entering the 
university. Therefore, it is acknowledged that French freshmen of 
English Language and Literature programs would ideally have made the 
best group but, unfortunately, they simply did not volunteer at the time 
of data collection in France. Thus, although it is recognized that both 
groups may show different performances due to these differences, 
commonalities between them were still taken into consideration. That is, 
both groups had (1) formal EFL instruction only by the time of data 
gathering; (2) little contact with high-quality native input; (3) no 
opportunities to actively use the L2 in an authentic communicative 
context; (4) similar AOL and LOL means, and (5) an L1/L2 
speaking/listening ratio that considerably favored the L1.  

 
 

2.2 MATERIALS AND PROCEDURES 
 
 
In order to answer the RQs of the present study, two 

questionnaires, a production test, and four perception tests were 
designed (the Perceptual Assimilation Test, the Discrimination Test, the 
Audiovisual Identification Test, and the Auditory Identification Test). 
Since the same set of speech material was used in all perception tests, 
the procedures for stimuli recording and editing, as well as the software 
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used for stimuli presentation will be explained before the explanation of 
the instruments themselves.  

 
 

2.2.1 Perception Tests Stimuli 
 
All the perception tests aimed at assessing listeners’ perception of 

the sound in a general-purpose auditory mechanism, as opposed to L1 or 
L2 related. In order to achieve this objective, three procedures were 
taken: (1) the use of nonwords rather than meaningful words—explained 
in 3.3.1.1; (2) the use of natural stimuli recorded by human speakers 
instead of synthetic stimuli—explained in 3.3.1.2, and (3) the use of 
short inter-stimulus interval—explained in 3.3.7. 

 
 

2.2.1.1 Speech material 
 
Twelve vowel-consonant-vowel (VCV) nonwords were used in 

the perception tests, in which Cs were one of the phonemes /, t, s, f/ 
and both Vs were one of the cardinal vowels /i, a, u/, as have been used 
in some studies (e.g., Hazan & Simpson, 1996; Simpson & Hazan, 
1997; Schmidt, 1996, 2007; Ortega-Llebaria et al., 2001; Hazan, 
Sennema, Faulkner, Ortega-Llebaria, Iba, & Chung, 2006). As a result, 
these were the twelve nonwords of the present study: /ii, aa, uu, iti, 
ata, utu, isi, asa, usu, ifi, afa, ufu/. 

Nonwords were favored rather than words given that Reis’ (2008) 
study showed that CV syllables were misinterpreted as real words. Her 
study used CV structures formed by /, t, s, f/ and the vowels /i, a, u/ 
and showed that some syllables, which were all expected to be 
meaningless, were in fact associated with real words. As shown by 
previous studies (e.g., Aoyama, Flege, Guion, Akahane-Yamada & 
Yamada, 2004, Mora, 2009), segmental speech perception tends to be 
more accurate if the phoneme is inserted in nonwords rather than real 
words. In addition, research indicates that words with unfamiliar 
phonological associations and without semantic meaning tend to 
produce greater brain activation than words (Price et al., 1996; Binder et 
al., 2000). Bearing in mind that familiar words lead to easier access to 
the language-specific neuronal network, it was reasoned that nonwords 
could, ultimately, lead to a more auditory form of perception.  



 110 

Keeping in mind that the acoustic cues of labiodental and 
interdental phonemes are easily confounded (issue reviewed in Chapter 
1, section 1.4), it would be important to provide listeners with as many 
acoustic cues as possible. For this reason vowels preceding and 
following the consonants were used because “the VCV environment 
provides acoustic cues associated with formant transitions for both the 
initial and final vowels” (Rvachew & Jamieson, 1995, p. 420), which 
thus enhances the perception of the consonants. 

The set of nonwords was used in all perception tests, three of them 
presenting the stimuli in auditory form only (the Perceptual Assimilation 
Test, the Discrimination Test, and the Auditory Identification Test), and 
one presenting the stimuli in both auditory and visual form (the 
Audiovisual Identification Test). 

 
 

2.2.1.2 Talkers, recording and editing procedures 
 
As suggested by Brannen (2002), natural stimuli, as opposed to 

synthesized stimuli, were used in the present study in order to lead 
perception into a more speech-like mode. For this reason, stimuli were 
recorded by three female British talkers whose production of the four 
consonants was phonetically distinctive.  

Female talkers were selected given the number of studies which 
have shown that female speakers are usually more intelligible than male 
speakers (e.g., Byrd, 1992; Bradlow, Torretta & Pisoni, 1996; 
Whiteside, 1996; Simpson & Hazan, 1997). In addition, multiple talkers, 
rather than a single talker, were preferred based on some authors’ claim 
that tokens produced by different talkers encourage listeners to disregard 
within-phonetic differences (e.g., Flege, 1995; Lively, Logan & Pisoni, 
1993).  

The 37-year old talker was originally from London, whereas the 
other two were from different regions of the UK—the 27-year old talker 
was from Swansea (Wales) and had been living in London for five 
years, and the 30-year old talker was from Southern England and had 
been living in the city for eleven years. Although they had different 
accents, they were part of the UCL faculty and had received some 
training in phonetics and phonology as they had been recording stimuli 
for a considerable number of studies in L2 phonetics and phonology.  

Each talker was recorded separately in a soundproof room at UCL 
laboratories (see room and equipment picture in Appendix D). In order 
to prepare the material for the visual and audio/visual tests, the talkers 
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were illuminated with a key and a fill light so that the talker’s head and 
shoulders were fully visible within the camera frame, and a blue 
background board was set behind the talker. Davis and Kim (2006) 
found that observing the talker’s upper face produces an improvement in 
speech intelligibility, particularly for longer expressive sentences. 
Although the present study uses words instead of sentences, the entire 
face, as opposed to the mouth only, was video recorded because it seems 
to the researcher that it is more natural to look at people’s face rather 
than the mouth. In addition, Lansing and McConkie (2003) found that 
gazing at the mouth depends on the difficulty of the speech 
identification task—participants tend to pay more attention to the mouth 
in visual-only tasks, a task not provided in the present study. 

Video recordings were made with a Canon XL-1 DV camcorder 
and, as the audio track of the video would not provide high quality 
sound, the audio recordings were made using a Bruel & Kjaer type 4165 
microphone to both the camcorder and to a digital audio tape recorder 
(Edirol USB UA-25 24 bit/96kHz Audio Capture). The video and audio 
recordings were digitally transferred to a laptop and time aligned. The 
video and audio stimuli were edited in order to start and end each visual 
frame or audio item with the VCV tokens only, so that each nonsense 
word was isolated from the carrier sentence Now I say ___. The edited 
video version showed a neutral facial expression with a down-sampled 
resolution of 250 x 300 pixels and the audio sampling rate of 22.05 kHz, 
in a window of 14 cm wide x 19 cm high within the 15-inch laptop 
computer screen.  

Each token was recorded four times by the three talkers, yielding 
a total of 144 items. Another BE speaker rated the items in a five-point 
scale as good exemplars of English consonants, one being the worst and 
five the best exemplar. Only tokens rated above 4 were used in the 
perception tests (Guion et al., 2000). As a matter of fact, in order to 
guarantee that results did not depend on intelligibility of a single token, 
two tokens of each talker were used in the elaboration of the tests, so 
that within-category phonetic differences were guaranteed for both 
different talkers and for the same talker. As a result, the set of stimuli 
was made up of 72 items, 24 items produced by each talker, and was 
used in the audio and audiovisual perception tests.  
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2.2.1.3 Stimuli presentation  
 
Stimuli were presented via the software Presentation Editor, 

developed by Dirk Vet at the Institute of Phonetic Science at the 
University of Amsterdam. Such software, previously used by Kluge 
(2009), was adapted for the present study in order to include tests that 
had not been used thus far, as the Production Test, the Perceptual 
Assimilation Test, and the Discrimination Test.  

Presentation Editor automatically generates randomized audio and 
audiovisual trials for each participant in each test, so that ordering 
effects are minimized. For the present study, the software was 
programmed not to play the same item twice in sequence in all but one 
test, the Perceptual Assimilation Test (each test will be explained in 
more details below). 

During the perception tests, the on-screen answer buttons were 
automatically enabled to receive participants’ responses immediately 
after each stimulus had been presented. Once the answer buttons were 
pressed, participants’ individual answers were automatically stored in 
the Results file and the program continued with the next stimulus, 
without feedback on the participants’ answers. Inter-trial interval was 
not set for any of the tests, as the software was programmed to present 
the following trial, either auditorily or audiovisually, only after answer 
buttons were pressed. Although the tests were self paced, participants 
could follow the remaining test time on a progress bar on the right top of 
the computer screen. The detailed procedures on how the software was 
used will be explained throughout the description of each test.  

The next subsections describe the design of each test and the data 
gathering procedures with more details, as follows: (1) the questionnaire 
for evaluating the biographical background of each of the three groups, 
and the questionnaire that assessed the participants’ opinions about the 
tests; (2) the Production Test, (3) the Perceptual Assimilation Test, (4) 
the Discrimination Test; and (5) the two Identification Tests.  

 
 

2.2.2 Instruments 
 
2.2.2.1 Questionnaires 

 
As previously mentioned, two types of questionnaires were 

elaborated in this study, both responded by the EFL groups, and an 
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adapted version responded by the control group. The first questionnaire 
aimed at assessing whether participants fit the selection criteria 
described in 2.2 (Appendix H and I for French and Portuguese versions, 
respectively), whereas the second questionnaire aimed at assessing the 
participants’ opinions on the perception tests.  

Both the BP and the EF participants answered the first 
questionnaire after the completion of the experiment, as some of the 
questions could give them clues about the purpose of the study. The 
English version of this questionnaire, answered by the control group 
(see Appendix J), differed with reference to assessing factors that could 
interfere in the English speakers’ speech sound perception, such as 
having spent time in a setting where English was not the main language, 
and having regularly spoken or listened to another language.  

The second questionnaire was an adaptation from Kluge’s (2009) 
study, which aimed at evaluating the participants’ impressions on her 
Three-condition Identification Test. The present study collected the 
participants’ opinions with regard to all perception tests being compared 
(Appendix K). Participants were asked, for example, if they usually pay 
attention to the movements of the mouth when using their L1 and L2, 
about the degree of difficulty among all perception tests, and whether 
the test with visual cues guided their attention to the articulation of the 
consonants. The English version of this questionnaire asked basically 
the same questions, the difference is the lack of questions concerning 
the Perceptual Assimilation Test, which was not taken by the control 
group. The second questionnaire was responded immediately after each 
perception test and, since it was important to collect participants’ 
opinions on all tests being compared, they could change their answers 
on previous questions as new tests were taken.  

 
 
 
 
 

2.2.2.2. The Production Test  
 
As discussed in Chapter 1, the underlying hypothesis of the 

present study is that perception and production of nonnative sounds are 
related. For this reason, production data were gathered in order to 
compare these results with those of the Perceptual Assimilation Test and 
see how related they are. 
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The Production Test consisted of a sentence-reading task done via 
the Presentation Editor software, for presenting the familiarization 
practice and the test’s randomized stimuli, and the Debut Video Capture 
software, for audiovisual recording the participants’ voice and face.  

The stimuli were made up of twelve words starting with the four 
consonants under investigation, (/, f, t, s/). The twelve words were 
divided into three minimal quadruplets—groups of four words that in 
BE differ in the pronunciation of the initial consonant only: (1) thought, 
fought, taught, and sought, (2) thin, fin, tin, and sin, and (3) thigh, fie, tie 
and sigh. As the pronunciation of some words could be unfamiliar to 
participants, their productions were guided via the rhyming words 
bought, pin and lie, respectively (see Figure 9 for the familiarization 
practice). Both the familiarization and the actual test used the same set 
of words, which in turn are different from the ones used in the 
perception tests.  

 

 
Figure 9. Familiarization practice for the Production Test. 
 
Under no circumstances more information or feedback was given 

with reference to the pronunciation of any word, only the rhyming 
words were read out loud by the researcher. In both practice and the 
actual test the words were embedded in the carrier sentence Now I 
say____ (X), with the rhyming word in parenthesis. Whereas the 
practice contained 10 trials, in the real test each of the twelve words was 
randomly presented four times, yielding a total of 48 sentences per 
participant.  

The test was self-paced, as the next screen only appeared after the 
participant pressed the button Next. They were instructed to read each 
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sentence in a regular conversation pace, and if they repeated any 
sentence or word, only the last output was considered for analysis.  

Acoustic analysis in the identification of // has proven not to be 
reliable, given its acoustic similarity with /f/. Miller and Nicely (1955, p 
347) argue that the distinction between /f, v/ and /, / “are among the 
most difficult for listeners to hear and it seems likely that in most natural 
situations the differentiation depends more on verbal context and on 
visual observation of the talker’s lips than it does on the acoustic 
differences”. Therefore, production accuracy assessment was evaluated 
by judge, based on both auditory and visual observation. Accuracy is 
related to Received Pronunciation, the BE accent that has been 
traditionally taught as the standard pattern in English schools. In other 
words, the participants’ production was considered accurate when // 
was realized as []. The judges evaluated accuracy of all four 
consonants included in the test and, concerning the production of //, 
they examined whether the phoneme was both heard and its interdental 
articulation visually observable in the video. To the best of my 
knowledge, no study has established a threshold for accurate production, 
or a modal type of production that demonstrates that the speaker is 
consistently following a pattern. In the present study, this threshold was 
arbitrarily set at 90%. The rationale is that if L2 speakers realize a 
nonnative sound according to the L2 norms in at least 90% of the 
instances, it suggests that they have grasped the L2 norm.  

The analysis of the EF data was done by the researcher and two 
BE native speakers, one with and the other without training in phonetics 
and phonology. BP productions were analyzed by the author and two 
other Brazilian researchers trained in English phonetics and phonology. 
As pointed out by Silveira (2009), native and nonnative raters may base 
their judgments on different criteria. Her study investigated how 
American and Brazilian EFL teachers holistically rated proficiency of 
32 Brazilians ESL speakers and two native speakers of English. The 
results showed that holistic scale is likely to incur subjective 
interpretation as even a native speaker of English was assigned lower 
rates. In the present study, however, the raters received more objective 
instructions for their evaluation—the production of // should be both 
heard and the interdental articulation seen in the video.  

In order not to miss any output in the statistical analysis, if an item 
received two different evaluations, the third judge should agree upon 
one of the previous evaluations. As a result, French speakers provided 
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960 samples to be statistically analyzed, 240 with each consonant, and 
BP speakers’ production resulted in 1008 samples, 252 with each 
consonant. 

 
 

2.2.2.3 The Perceptual Assimilation Test 
 
The purpose of this test was to assess the perceived relation 

between English // and EF and BP consonants. Parting from PAM and 
PAM-L2’s premise that different patterns of speech sound assimilation 
are responsible for different patterns of discrimination, the Perceptual 
Assimilation Test aimed at examining whether the model’s predictions 
are confirmed with regard to // (more details in 2.2.1.1). As 
Harnsberger (2001) remarks, category-goodness and discriminability are 
the most falsifiable aspects of these models. Thus, the results of this 
cross-language mapping test generated predictions with regard to 
discrimination of the target phoneme that were subsequently contrasted 
to the actual discrimination findings.  

More specifically, three were the main objectives of this test: (1) 
to assess how speakers of EF and BP assimilate English // onto their 
L1; (2) to assess whether the pattern of assimilation matches the pattern 
of discrimination found, as proposed by the models, and (3) to assess 
whether the pattern of assimilation is related to the pattern of 
substitution these two languages have of the target phoneme. With 
regard to the first objective, one could argue that in fact the test is 
evaluating how // is assimilated onto the participants’ interlanguage, as 
one cannot prevent the participants to shift from an L1 mode of 
perception, as they are asked to identify the consonants according to 
their L1 system, to an L2 mode. 

The Perceptual Assimilation Test consisted of two kinds of 
auditory evaluation—an identification test immediately followed by a 
category-goodness rating test, as used in previous studies (e.g., Schmidt, 
1996, 2007; Guion et al., 2000; Harnsberger, 2001). With this test 
design it is possible to assess the perceived relationship between the L2 
// and L1 categories in BP and EF, and to examine how well the chosen 
category fits onto the native phonological system.  

First, the participants were instructed to label the consonant of the 
twelve VCV nonwords as an instance present in their L1 inventory: F, 
T, or S (Figure 10). Reis (2008) showed that in an open identification 
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test in which BP and French speakers could use any grapheme to 
transcribe //, the labels T, F, and S were significantly more often used. 
Each nonsense word was repeated 6 times, yielding a total of 72 items 
per participant. As mentioned in 2.2.1.3, the trials were presented via the 
software Presentation Editor on a laptop computer. The program was set 
to present each nonsense word once, although the same stimulus could 
be heard a second time if the replay button was pressed. 

 

 
Figure 10. Example of the identification task in the Perceptual Assimilation 
Test. 

 
Participants were informed that the stimuli were produced by BE 

female speakers trying to pronounce the nonwords as if they belonged to 
the participants’ L1 sound system. Since // does not take part in either 
EF or BP inventory, and bearing in mind that this test intended to verify 
how the phoneme is assimilated onto both languages, it would not make 
sense to provide a label that corresponded to //, as TH for example. The 
rationale is that once encountering the non-existent consonant, 
participants would be forced to identify it by choosing a consonant 
present in their L1, and frequently cited as a common replacement. In 
addition, the rating task would show whether listeners are aware that the 
label chosen does not necessarily correspond to a good instance of the 
speech sound. Although the Auditory and the Audiovisual Identification 
Tests are still to be described, in order for the participants to show 
awareness that the // where none of the labels present in the Perceptual 
Assimilations Test, a fourth label was provided—none of the 
consonants.  
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Immediately after identifying each stimulus, the next screen was 
automatically generated (Figure 11). The participants then heard the 
same nonsense word again and were asked to rate the consonant’s 
goodness-of-fit to the chosen L1 category using a scale from 1 (totally 
different) to 5 (identical), as has been done in other studies (e.g., 
Harnsberger, 2000, 2001). Similarly to the identification task, the 
stimulus could be heard a second time if the replay button was pressed. 
In both tasks, however, very few participants used the replay button. 
Keeping in mind that each task had 72 trials, the entire test had 144 
trials for each participant, which resulted in 2880 responses completed 
by the French group, and 3024 by the Brazilian group. This test was 
taken only by the EFL groups, since // is phonetically distinctive for 
the BE speakers, thus assumed to be assimilated onto its own category. 

 

 
Figure 11. Example of the category-goodness rating task in the Perceptual 
Assimilation Test. 

 
 

2.2.2.4 The Discrimination Test 
 
The purpose of this perception test was to examine the 

discrimination of the target phoneme and its most common replacements 
by speakers of EF, BP, and BE as controls. Based on the relationship 
between the results of the Perceptual Assimilation Test and those of the 
Discrimination Test, it is possible to address the question pertaining to 
PAM’s predictions about patterns of assimilation determining 
discriminability.  
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The discrimination task was an auditory categorial test in which 
the target phoneme was contrasted with the three consonants and the 
three vowel contexts altogether. Therefore, there were three consonant 
contrasts—/-f/, /-t/, and /-s/. As can be seen in Table 3, there was an 
odd item among each three-item trial, which appeared equally in all 
three possible positions. As a result, there were six orders of stimuli 
presentation—AAB, ABA, BAA, ABB, BAB or BBA, where A refers 
to //, and B to one of the other three consonants. Each token within the 
three-item trial was produced by a different talker (T), and the two 
tokens produced by the talkers were counterbalanced in the test (token 1 
or 2 in parenthesis).  

 
Table 3. A: //. B: /f/, /t/ or /s/. T: talker—1, 2 or 3. Number in parenthesis 
represents the token produced by each talker, whether the first (1) or second (2).  

Order /iAi – iBi/ 
1 /iAi/ T2 (1) /iBi/ T1 (1) /iBi/ T3 (1) 
2 /iBi/ T3 (1) /iAi/ T2 (1) /iBi/ T1 (1) 
3 /iBi/ T1 (1) /iBi/ T3 (1) /iAi/ T2 (1) 
4 /iAi/ T2 (2) /iAi/ T1 (2) /iBi/ T3 (2) 
5 /iAi/ T3 (2) /iBi/ T2 (2) /iAi/ T1 (2) 
6 /iBi/ T1 (2) /iAi/ T3 (2) /iAi/ T2 (2) 

 /aAa/ – /aBa/ 
1 /aAa/ T2 (1) /aBa/ T1 (1) /aBa/ T3 (1) 
2 /aBa/ T3 (1) /aAa/ T2 (1) /aBa/ T1 (1) 
3 /aBa/ T1 (1) /aBa/ T3 (1) /aAa/ T2 (1) 
4 /aAa/ T2 (2) /aAa/ T1 (2) /aBa/ T3 (2) 
5 /aAa/ T3 (2) /aBa/ T2 (2) /aAa/ T1 (2) 
6 /aBa/ T1 (2) /aAa/ T3 (2) /aAa/ T2 (2) 

 /uAu/ – /uBu/ 
1 /uAu/ T2 (1) /uBu/ T1 (1) /uBu/ T3 (1) 
2 /uBu/ T3 (1) /uAu/ T2 (1) /uBu/ T1 (1) 
3 /uBu/ T1 (1) /uBu/ T3 (1) /uAu/ T2 (1) 
4 /uAu/ T2 (2) /uAu/ T1 (2) /uBu/ T3 (2) 
5 /uAu/ T3 (2) /uBu/ T2 (2) /uAu/ T1 (2) 
6 /uBu/ T1 (2) /uAu/ T3 (2) /uAu/ T2 (2) 

 
Inter-stimulus interval was set to 0.5 second, and as explained in 

2.3.2, the software Presentation Editor did not set inter-trial intervals, 
given that the program played the next trial only after the answer button 
was pressed. Keeping in mind that several authors argue that longer 
intervals lead listeners to perceive sounds in terms of their L1 categories 
(e.g., Werker & Logan, 1985; Flege, 1995), the present study favored 
short inter-stimulus intervals instead.  
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Participants were told that each trial stimulus was always 
produced by different talkers and that they should ignore their accents or 
particularities as much as possible and focus on the pronunciation of the 
consonant. They heard each trial once and were asked to indicate which 
was the odd item by pressing one of the on-screen buttons 1, 2 or 3, 
referring to the first, second or third item, respectively (Figure 12).  

 

 
Figure 12. Example of a Discrimination Test trial. 

 
The three common consonants in the participants’ L1 (/f/, /t/ and 

/s/) were not contrasted among them in this test due to time constraints. 
That is, if /f-t/, /f-s/, and /t-s/ were contrasted within the three vowel 
contexts, the test would have had 54 trials more and, consequently, 
would have taken more time to complete. Considering that the entire 
experiment was done in one session only and that it was reported to be 
considerably memory loading, it was decided to leave these contrasts 
out.  

Therefore, due to the test design there were 54 trials (6 orders of 
presentation x 3 consonant contrasts x 3 vowels) and, as each trial was 
repeated twice, the entire test yielded 108 trials for each listener. 
Keeping in mind that the number of participants varied in each group, 
the total number of trials per group was 1836 for the control group, 2160 
for the French group, and 2268 for the Brazilian group. 

The Discrimination Test results are only interpretable in light of 
how the listener groups assimilate the contrasts. Thus, in order to verify 
whether the predictions on the discriminability are supported (see Table 
6 in 3.3) the relation between the perceived phonetic distance of L2 and 
L1 consonants and the discrimination of those consonants is done by 
comparing the assimilation patterns found in the Perceptual 
Assimilation Test with the actual discrimination results.  
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2.2.2.5 The Identification Tests 

 
With the purpose of evaluating whether visual cues play a role in 

the identification of the target phoneme, both the native speakers of BE 
and the EFL speakers took the two Identification Tests. The same set of 
stimuli was used in both tests, which differed only in the presentation 
modes—one with auditory presentation (Auditory, Figure 13), in which 
the stimuli could only be heard, and the other with auditory and visual 
presentation (AV, Figure 14), in which the stimuli could be both heard 
and seen.  

 

 
Figure 13. Example of the Auditory Identification Test. 

 

 
Figure 14. Example of the Audiovisual Identification Test. 

The tests were based on previous studies (Hazan et al., 2006; 
Kluge, 2009) that had, however, a third condition of stimuli 
presentation, visual alone, in which stimuli could only be seen. The 
reason for not having such a task is that both studies were dealing with 
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minimal pair contrasts, whereas the present study works with four 
consonants being compared, with only the interdental having salient 
visual cues that could help identifying it.  

The same set of twelve nonwords and the entire design of the 
identification task of the Perceptual Assimilation Test were used in the 
two Identification Tests. That is, the same 72 trials were used in both 
Identification Tests, but now each token was presented only once, and 
participants were asked to label the consonants by using one of the four 
labels given—T, F, S or none of the other consonants, which in theory 
would correspond to //. Thus, each of the Identification Test yielded a 
total of 1124 samples for the control group, 1140 for the French group, 
and 1512 for the Brazilian group.  

It is worth mentioning that although the EFL participants were not 
instructed to identify the consonants according to an L1 category, they 
were not informed that the speech sound belonged to any particular 
language.  

Bearing in mind that even the instruction in the slides were given 
in the participant’s L1, a methodological issue involving the type of 
label had to be solved—on the one hand, a label such as TH could lead 
participants to undeniably conclude that the test was assessing an 
English consonant. On the other, choosing a label such as none of the 
other consonants does not necessarily demonstrate that listeners were 
aware of which speech sound they were hearing. However, even if the 
participants chose a label as TH, this would not necessarily guarantee 
that they were aware that the sound heard was indeed a //. That is, 
choosing a TH label could only indicate that the speech sound was not 
T, F or S. In addition, as the tests were meant to evaluate how the target 
phoneme is auditorily perceived, the label none of the other consonants 
was preferred rather than one that could shift participants’ perception to 
an English mode. Conversely, the control group was given the label TH 
instead of none of the other consonants, as for these speakers // is 
distinctively part of their inventory. Thus, it was important to assess 
whether they would recognize the tokens as appropriate exemplars of 
the target phoneme.  

 
 

2.2.3 General data collection procedures 
 
The data collection was carried out between December 2008 and 

June 2009, all participants were tested individually, in a single session, 
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through six instruments: (1) a questionnaire for evaluating the 
prospective participants’ profile, (2) the Production Test, (3) the 
Perceptual Assimilation Test, (4) the Discrimination Test, (5) the two 
Identification Tests (Audiovisual and Auditory conditions), and (6) the 
questionnaires that assessed the participants’ opinions about the tests. 
All tests were presented in a single block and were described in the 
sections from 2.2.2.2 to 2.2.2.5.  

Stimuli were presented binaurally over a headset with microphone 
and headphones connected to a 15-inch laptop computer. The volume 
was set at a comfortable level and listeners were advised to control it 
according to their needs. The viewing distance was approximately 70 
cm.  

In order to familiarize participants with the design of each test, a 
ten-trial practice session was provided. In the practice session, the 
twelve VCV nonwords of the actual tests were used, without feedback 
on the responses. As shown by previous studies (Reis, 2006, 2008), 
familiarization practice with the use of the same stimuli used in the test, 
but without feedback, appears to guide participants’ attention. As a 
consequence, it seems that, by participants knowing what to expect, 
response time is kept consistent since the beginning of the real test, 
which avoids the typical waste of analysis of initial trials when 
familiarization is done with different items from the test. In addition, 
participants affirm that they end up expecting what to hear in the actual 
tests if the same set of stimuli is used throughout the experiment. 
Therefore, unless different stimuli are used in all tests, it seems useless 
to use stimuli in the familiarization practice that differ from those of the 
actual tests.  

With the purpose of maintaining participants’ perceptual system 
tuned to a general auditory speech-like mode, all oral and written 
instructions, including the questionnaires and familiarization practices, 
were given in the participants’ own language27. Moreover, participants 
were instructed to ignore phonetic differences such as voice quality, 
duration, or tone, and concentrate on the consonant of each word, as has 
been done in previous studies (e.g., Schmidt, 1996, 2007; Guion et al., 
2000; Harnsberger, 2001; Guion & Pederson, 2007). 

Although the purpose of the study was only revealed after the 
completion of all tasks, participants were informed about the overall 
experiment and asked to sign a consent form prior to data collection 
                                                
27 In France, Melanie Preece-Pinet, a French UCL PhD researcher in the area L2 
phonetics and phonology led the data gathering. 
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(Appendix E for the English control group version, F for the French 
version, and G for the Portuguese version). Then, all five tests were 
done, followed by each respective test evaluation questionnaire, and, 
finally, the questionnaire with background information was answered. 

Although the presentation of the tests was, as much as possible, 
counterbalanced across participants in order to avoid ordering effects 
(Table 4), two tests had a fixed order of presentation: first the 
Production Test followed by the Perceptual Assimilation Test. 

 
Table 4. Counterbalancing table for the administration of the tests. Production 
(Prod.), Perceptual Assimilation Test (PAT), Discrimination Test (DT), 
Auditory Identification Test (Aud. Id.), Audiovisual Identification Test (AV 
Id.). 

Order 1st Test 2nd Test 3rd Test 4th Test 5th Test 
1 Prod. PAT DT Aud. Id. AV Id. 
2 Prod. PAT Aud. Id. AV Id. DT 
3 Prod. PAT AV Id. DT Aud.Id. 
4 Prod. PAT DT AV Id. Aud. Id. 
5 Prod. PAT Aud. Id. DT AV Id. 
6 Prod. PAT AV Id. Aud. Id. DT 

 
The Production Test and the Perceptual Assimilation Test were 

then followed by a counterbalanced sequence among the Discrimination 
Test and the two Identification Tests, yielding six different orders of test 
presentation. The entire table was used for the EFL groups, whereas for 
the control group only the third, fourth and fifth columns were used for 
data gathering. 

It was reasoned that if the perception tests were taken before the 
Production Test, participants could notice that // was evidently 
involved in the experiment. In addition, because in the Perceptual 
Assimilation Test participants were asked to relate the consonants heard 
to categories of their own language, this test preceded all other 
perception tests. 

In general, each participant of the EFL groups took about 90 
minutes to complete the entire experiment. Considering the time spent 
for the familiarization practice and the actual test altogether, the 90 
minutes were distributed as follows: (1) 10 minutes for the Production 
Test; (2) 20 minutes for the Perceptual Assimilation Test; (3) 20 
minutes for the Discrimination Test; (4) 10 minutes for each of the 
Two-condition Identification Test—Audiovisual and Auditory, and (5) 
15 minutes for answering the background information questionnaire. In 
addition, 5-minute breaks were taken between each perception test so 
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that the participants could rest and judge/evaluate the tests on a specific 
questionnaire. As the control group took only three tests (the 
Discrimination Test and the two Identification Tests), each BE 
participant completed the experiment in approximately 60 minutes.  

All participants volunteered to take part in the study and, although 
not paid, they all received a sweet type of award, literally: sweets, 
chocolate bars or cakes were available throughout the experiment and 
were particularly consumed after the most long-lasting tests, that is, the 
Perceptual Assimilation Test and the Discrimination Test.  

 
 

2.3 STATISTICAL ANALYSES  
 
 
In quantitative studies, statistics is a fundamental tool for 

analyzing, interpreting, and explaining findings. Chapter 3, which 
analyzes and discusses the results, starts every analysis depicting each 
test results with the descriptive statistics of the data gathered, that is, 
reporting the mean, median, and standard deviation of the language 
groups in each test.  

Brown (1988) explains the mean (M) is the mathematical average 
of a set of scores, obtained by summing all terms and dividing this value 
by the total number of terms. The median (Mdn) is explained as the 
middle value of a distribution—50% of the scores is located above and 
50% below the median. Both mean and median demonstrate the general 
performance tendency, but as the mean is more sensitive to extreme 
scores than the median, means are not necessarily the best measure for 
showing central tendencies.  

Another important measure in statistical analyses is that of 
standard deviation (SD). SD is a measure that demonstrates the 
dispersion of the data from the central tendency, that is, it shows how 
much the data deviate from the mean. SD is “a regular distance that is 
expressed in score points that can be thought of as marking off certain 
portions of the distribution” (Brown, 1988, p. 83).  

Data that have a Gaussian distribution, or normal distribution, are 
symmetrically spread around the mean, so that a histogram displays an 
image of a bell shape (see Figure 15). As can be seen, the symmetric 
image shows a pattern, or the portions as described by Brown (1988), 
that can be measured in score points (the SD). For normally-distributed 
data the SD can work as an estimator of scale: 68% of the scores are 
around the mean, which in statistics comprises 1 SD of the mean, and 
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95% of the data are around 2 SD of the mean. Thus, SD allows the 
observation of how homogeneous or heterogeneous the scores are—the 
larger the SD, the more heterogeneous the data.  

 

 
Figure 15. A typical bell-shape histogram showing normal, or Gaussian, 
distribution. 

 
The Brazilian working time can be used as an example of the 

correspondence between SD and the mean. In 2007 Brazilians worked 
an average of 39.4 hours per week (Amorim, Matijascic, Dias, Dias, 
Silva, Castro & Portari, 2009). Assuming that the data are normally 
distributed and that the SD equals 0, for example, it means that all 
working sampled population worked the exact mean value, 39.4 hours. 
On the other hand, if SD equals 5, one can draw the conclusion that 68% 
of the population works within 5 hours of the mean (34.4 – 44.4 hours), 
and 95% of the population works within 10 hours of the mean (29.4 – 
49.4 hours).  

However, this interpretation is extremely straightforward and does 
not necessarily take place, frequently due to participants whose scores 
vary markedly from other participants of the sample (named outliers), 
and even more within non-normally distributed dataset. For dataset not-
normally distributed, the SD is not a reliable source of estimator of 
scale. It can, for example, overestimate the variability of the scores in 
the presence of a single outlier. Nevertheless, SD still can express the 
dispersion of the data around the mean—the higher the SD, the larger 
the variation. . 

For datasets that present normal distribution, mean and median are 
the same or extremely close, and statistical significance is verified via 
parametric tests. Two are the main assumptions that statistical tests 
should fulfill: “(1) to be sensitive to specific factors tested, (2) to be 
insensitive to changes, of a magnitude likely to occur in practice, in 
extraneous factors” (Box & Anderson, 1955, cited in Gibbons & 
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Chakraborti, 2003, p. 6). In statistics, the first assumption is called 
power the second robustness. Gibbons and Chakraborti (2003) state that 
parametric tests are derived in a way that the first requirement is 
satisfied, but robustness is of great concern if the second assumption is 
not fulfilled. Similarly, Thatcher, North and Biver (2005) argue that 
parametric tests are known to be simple, easy to compute and of great 
robustness if the assumption of Gaussian distribution is not violated.  

Possible parametric tests that deal with variables with two and 
three levels are: (1) comparison of means with two levels: Independent 
t-test (for between-group) and Paired-Sample t-test (for within-group); 
(2) comparison of means with three or more levels: One-Way ANOVA 
with Scheffe as post hoc test (for between-group) and Repeated-
Measures ANOVA with Bonferroni for post hoc analysis (for within-
group), and (3) analysis of correlation of results: Pearson’s product-
moment correlation coefficient.  

However, if the data are not normally distributed, the histogram 
will not be symmetric, but skewed. Skewedness characterizes the degree 
of asymmetry of a distribution around its mean, which results in one of 
the histogram’s tail longer than the other. On the one hand, positive 
skew has a long tail in the positive direction and indicates, for example, 
that the test may have been difficult to perform. On the other hand, 
negative skew shows a long tail in the negative direction and suggests 
that the test may have been easy to perform. Therefore, if the data is 
skewed and the histogram has a tail, the peak of the distribution is 
moved to the right or the left, what in statistics is termed kurtosis. 
Positive kurtosis shows a relatively peaked distribution, indicating that 
the variance is due to infrequent extreme deviations, whereas negative 
kurtosis shows a relatively flat distribution.  

To verify statistical significance of a dataset whose distribution is 
skewed and/or present kurtosis, non-parametric tests are recommended. 
Such statistical tests are useful because they are “distribution 
independent and insensitive to extreme values and outliers” (Thatcher et 
al. 2005, p. 1) and are “inherently robust because their construction 
requires only very general assumptions” (Gibbons & Chakraborti, 2003, 
p. 6). Among disadvantages, non-parametric tests are known to be 
complex and require more time for computation than parametric tests, as 
well as for being less powerful because they are based on general 
assumptions—ironically, the same characteristic that endows the tests 
with robustness, also diminishes their power. In addition, nonparametric 
tests can only be used with a nominal scale (e.g., nationality, marital 
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status) or an ordinal scale (e.g., ranking; degree of difficulty, 
percentages) of measurement. 

For a dataset whose distribution violates the Gaussian assumption, 
statistical significance is verified via the following tests: (1) comparison 
of means with two levels: Mann-Whitney U test (for between-group) 
and Wilcoxon Signed Ranks (for within-group); (2) for comparison of 
means with three or more levels: Kruskal-Wallis test with Mann-
Whitney U test for post hoc analysis (for between-group) and Friedman 
test with Wilcoxon Singed Ranks for post hoc analysis (for within-
group), and (3) Spearman rho rank for analysis of correlation of results.  

The present study aims at investigating the assimilation, the 
discrimination, the production, and the use of visual cues in the 
identification of the fours consonants /, f, t, s/. In order to do so, five 
tests were taken by three groups with different L1s. Given that each 
group had a different number of participants, and the native group did 
not take all tests, the total number of responses increased from the 
British group, to the French group, to the Brazilian group, as can be seen 
in Table 5.  

 
Table 5. The total number of responses for each language group. 

Group N ProductionAssimilation 
Perceptual

Discrimination Auditory 
Identification 

Audiovisual 
Identification 

BE 17 - - 1836 1124 1124 
EF 20 960 2880 2160 1140 1140 
BP 21 1008 3024 2268 1512 1512 
 
The total dataset of each group included the results of all 

participants that attended to the selection criteria, even from those 
participants whose results deviated from the general tendency of the 
groups, the outliers. The decision to keep the outliers’ data was taken 
because (1) the general tendency showed that there seemed not to be an 
experimental problem with the instruments, (2) the analysis of the 
outliers’ profile indicated that their occurrence was due to chance—
there was no reason related to the selection criteria for the outliers to 
perform differently, such as hearing or visual impairment, experience in 
an English speaking country, or training in English phonetics and 
phonology. Maybe proficiency level could explain the existence of 
outliers, this aspect is analyzed in Chapter 3, on the reporting and 
discussion of the results. Thus, the outliers came from the same 
population as the other participants and represent actual possibilities to 
be found in that population.  
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Given that skewedness and kurtosis results of the present study 
revealed that the dataset are not normally distributed, non-parametric 
tests should be used for confirming statistical differences. However, as 
advised by Fife-Schaw (2006), when both parametric and nonparametric 
tests’ results converge, parametric test results should be reported 
instead, since they are more robust and require fewer number of test 
procedures. Therefore, whenever the conclusions driven from both sets 
of tests are the same, parametric tests results are reported. The tests were 
run with the use of the software SPSS for Windows version 17.0, and, in 
general, significance level (p value) was set at α-level .05, meaning that 
the possibility that a particular response is given by chance is 0.05%, or 
5 in a hundred. However, for Repeated –Measures ANOVA, post hoc 
analyses with Bonferroni had the p value adjusted in order to examine 
significance—the original 0.5 was divided by the number of levels being 
compared. That is, if comparison of means involves three levels, .05 is 
divided by 3, resulting in a p value of .017.  

The described statistical tests were run for all tests. However, the 
perception tests’ data received previous treatment before statistical 
significance was verified. Next, the procedures used for the Perceptual 
Assimilation Test is described, followed then by the description of the 
Signal Detection Theory, another statistical treatment that aims at 
dealing with response bias and sensitivity to stimuli. The theory was 
used for analyzing the Discrimination and the two modes of 
Identification Tests. Given the particularities of the theory and the way 
it was applied to the current tests’ results, the theory is described 
separately.  

As for the Perceptual Assimilation Test, a threshold for an L2 
speech sound to be consistently classified as an L1 category varies 
among researches—90% top labels for Harnsberger (2000), 75% for 
Guion et al. (2000), and 60% for Lengeris (2009), to cite some. The 
present study upholds 75% as a criterion for consistent categorization 
and, in order to investigate the relation between cross-language mapping 
and discrimination of L2 sounds, uses fit indexes as described by Guion 
and colleagues (2000) to analyze the test results. 

Fit index is a single metric that combines both the identification 
and the rating scores—the proportion of a particular identification is 
weighted by the mean rating given to it, or as Strange (2007) defines, fit 
indexes are generated “by multiplying the two scores [mean 
identification x mean rating]” (p. 50).  

As shown by Guion et al. (2000), high identification scores can 
occur either because the L2 token is a good category in the L1, or 
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because there is no other good possibility of categorization. Multiplying 
the identification scores by the rating scores helps distinguishing 
between these two possibilities—the rating data works raising the scores 
of good categorizations and lowering “the scores of those identifications 
that were selected because they had no good competitors” (p. 2723). 
Therefore, it is reasoned that the higher the fit index is, the better the L2 
sound fits onto the L1 sound system, whereas, on the contrary, lower fit 
indexes indicate that the sound is perceived as an imprecise instance of 
L1 category.  

Given that the phonemes /f/ and /s/ are phonetically similar in the 
three languages, their mapping was considered as an experimental 
control for the test. That is, it was expected that these sounds received 
higher fit indexes than the typically English // and /t/. As for the data 
analysis, since there could be a wide range of fit indexes and some could 
not be relevant to discriminability, subclasses of fit indexes were created 
based on a standard deviation criterion (SD) of the results of /f/ and /s/. 
That is, the mean fit index of these two sounds led the interpretation of 
the fit indexes of the other two consonants.  

Although the results will be further explored in Chapter 3, an 
example will be described for the sake of illustration on this specific 
method of analysis. Within the BP group, the mean identification of /f/ 
and /s/ was 97.87% and 99.73% as /f/ and /s/, respectively. The mean fit 
index for /f/ and /s/ was 4.05 with SD of .50. According to Guion and 
colleagues (2000), fit indexes that fell within 1 SD of the control fit 
index (3.55 or above in the present illustration) would be considered 
good instances of the L1 category. Fit indexes within 2 SDs (between 
3.05 and 3.54) were considered a fair instance of the L1 category. 
Finally, fit indexes below 2 SDs (below 3.04 in the example) were 
considered poor instances of an L1 category. These classifications are 
relevant not only for analyzing the categorization of the four consonants, 
but also for investigating the relation between the perceived cross-
language phonetic distance and the discrimination of the L2 sounds. 
That is, based on the PAM, Guion et al. (2000) suggest that these 
classifications provide testable predictions on discriminability as 
follows: 

 
i. Low fit indexes indicate poor instances of the L1 category and 

result in uncategorizable L2 sounds.  
ii. Intermediate fit indexes indicate fair instances of the L1 

category and result in categorizable L2 sounds.  
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iii. High fit indexes indicate good instances of the L1 category and 
result in categorizable L2 sounds.  

 
Therefore, based on Guion and colleagues (2000), the predicted 

discrimination for the Brazilian group would be as shown in Table 6—
whereas // had a poor fit index, thus uncategorized onto BP, fit indexes 
for /f/ and /s/ were good, and fair for /t/, thus all were categorized onto 
BP. As a consequence, the contrast between // and /f/, /t/ and /s/ were 
all uncategorized-categorized (UC Type), a type of assimilation that the 
PAM predicts very good discrimination. The predictions generated in 
the Perceptual Assimilation Test were further compared to the actual 
results of the discrimination test in order to verify the relation between 
the perceived phonetic distance of L2-L1 consonants and the 
discrimination of those consonants.  

 
Table 6. The predicted discrimination for the BP speakers according to Guion et 
al. (2000). 

L2 
sounds  

Mean Fit 
index 

PAM category 
type 

Contrast PAM assimilation type 
↔ predicted 

discrimination 
// .68 - poor uncategorized 

/f/ 3.90 - good categorized 
/t/ 3.00 - fair categorized 
/s/ 4.20 - good categorized 

 
 

// - /f/         uncat. x cat.: very good 
// - /t/         uncat. x cat.: very good 
// - /s/         uncat. x cat.: very good 

 
 

 
2.3.1 Signal Detection Theory 

 
Uncertainty is the core assumption of Signal Detection Theory 

(SDT)—any decision-making takes place facing some degree of 
uncertainty. SDT provides means of dealing and analyzing data in the 
presence of uncertainty, so that sensitivity to a stimulus can be evaluated 
regardless of response bias, that is, the decision-maker’s tendency to 
favor a single type of answer.  

SDT evolved from the development of communication systems 
and radar equipment in the first half of the twentieth century. The need 
to detect rival aircrafts on radar screens during World War II is the 
classic example of the application of SDT on human perception. The 
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soldiers should be able to look at the spots of light on the radar screen 
and discriminate between the signal stimuli (the enemy aircraft) and the 
noise stimuli (any other type of stimuli that could be disregarded, such 
as birds). It was crucial for the military forces to develop a way of 
determining sensitivity to stimuli without the interference of soldier’s 
response bias. In other words, a soldier might have a preference for a 
particular response and this could affect the outcome of the decision. 
Table 7 shows the four possible outcomes during decision-making 
process, whether the soldiers responded yes or no to the stimulus on the 
screen: (1) yes for seeing the signal is a hit response; (2) no for signal is 
a miss response; (3) yes for noise stimulus is a false alarm, and (4) no 
for noise is a correct rejection. Hits and correct rejections are the 
appropriate responses in the example. Misses and false alarms are 
responses with critical consequences. On the one hand, if the presence 
of the enemy were ignored (miss response), people would be killed. On 
the other hand, if harmless stimulus were considered a threat (false 
alarm response), ammunition would be wasted. 
 
Table 7. Possible outcomes depending on the response to the stimulus. 

  Response alternatives 

 Yes No 

Signal (enemy aircraft) Hit Miss 

 

Stimulus 

classes  Noise (birds) False alarm Correct rejection 

 
In the 1950’s and 60’s the SDT was adapted to psychology 

research not only for evaluating human performance, but also for 
solving a typical problem in psychophysics—response bias as an 
interfering factor in determining the sensitivity threshold. After Green 
and Swets’ (1966) book, observers were not considered only sensors any 
longer, but observers who are both sensors and decision makers, 
processes requiring methods and data analyses that separate sensory 
factors from decision factors (the criterion/bias).  

Although two observers can detect stimuli with the same accuracy 
level, they might differ in their perceptual ability. For example, two 
observers may detect 80% of the signal trials, but their false alarm rate is 
different: 10% for one individual, and 40% for the other. The second 
observer does not have high level of sensitivity, in fact, the high 
detection rate is because his response pattern is biased toward yes. A 
tendency for responding yes leads to more hits, but as a consequence it 
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also leads to more false alarms. In contrast, bias towards no leads to 
fewer hits and false alarms, as well as to more miss and correct rejection 
responses.  

Therefore, as Macmillan and Creelman (2005) remark, in order 
for a sensitivity measure to be invariant with reference to response bias, 
it should deal with both hit and false alarm in a way that the measure 
increases when either the number of hit (H) increases or false alarm (F) 
decreases. The authors also point out that an adequate sensitivity 
measure cannot depend on the responses to one of the stimuli only, 
either the signal or the noise, and that this was the mistake made by 
early psychophysics studies—“an important characteristic of sensitivity 
is that it can only be measured between two alternative stimuli and must 
therefore depend on both H and F” (Macmillan & Creelman, 2005, p.6) 

In the framework of SDT, sensitivity measure works as a function 
of H and F rates, also called indexes or statistic measures. The H and F 
rates give independent information about the observers’ performance. 
Each rate is found by dividing the number of H or F by the total number 
of trials in the experiment. Thus, the H rate is the proportion of signal 
trials to which the observer correctly responded yes, whereas the F rate 
is the proportion of noise trials to which the observer incorrectly 
assigned yes.  

A hypothetical example of the calculation of H and F rates is 
given in Table 8 (example taken from Macmillan & Creelman, 2005, p. 
4-5). Twenty-five is the total number of trials in the experiment, having 
the observer made 20 hits and 10 false alarms, H rate reaches 0.8, and F 
rate 0.4. 
 
Table 8. Example of hit (H) and false alarm (F) rates calculation. 

 Response alternatives  
 Yes No Total 
 Hit H 

rate 
Miss Miss rate trials 

Signal (enemy aircraft) 20 0.8 5 0.2 25 
Noise (birds) False 

alarm 
F rate Correct 

rejection 
Correct 

rejection rate 
 

 10 0.4 15 0.6 25 
 
 A H rate of 1 and F rate of 0 shows that the observer is 

perfectly sensitive to the stimuli, whereas a completely insensitive 
observer is not able to distinguish the contrast. In the latter case, there is 
still the possibility that the observer performs well, but the probability of 
responding yes or no does not depend on the observer attending to the 
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stimuli, so the H and F rates would be similar. Macmillan and Creelman 
(2005) state that good sensitivity usually falls between these two 
possibilities, with H rate greater than F rate, as the example above (H = 
0.8, F = 0.4). 

 For dataset with both signal and noise scores normally 
distributed, the parametric sensitivity measure d’ (pronounced dee-
prime) is the most used in SDT (Green & Swets, 1966). SDT rests upon 
several assumptions in order to consider d’ an invariant measure of 
sensitivity: 

1. As mentioned above, signal and noise data must be normally 
distributed;  

2. Signal and noise distributions must have the same SD; 
3. Noise is always within the signal stimulus, in the form of 

external noise (the nature of the stimulus, its strength), or in the form of 
internal noise (how the subject receives and processes the stimulus). 
This is what makes decision-making an uncertain process—noise is a 
noise-alone stimulus, whereas signal is a signal-plus-noise stimulus. 
Thus, the response is based on internal and external factors and can be 
graphically displayed as in Figure 16. The curve on the left represents 
the noise-alone distributions, and the curve on the right the signal-plus-
noise distribution; 

 

 
Figure 16. Noise and Signal+Noise distribution. d’ as the sensitivity measure 
between noise and signal+noise means. 

 
4. The presence of the signal causes the shifting of the distribution 

upward along the X axis. That is, signals can change the mean value of 
the stimulus, not its variability;  

5. In decision-making, an observer establishes a decision criterion 
(CR in Figure 16) that sets the minimum value for the person to respond 
yes or no to the stimulus; 
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6. Perceptual sensitivity does not depend on the criterion the 
observer sets—this is why d’ is an invariant measure of sensitivity. In 
SDT observers are assumed to have fixed sensitivity expressed through 
the difference between the means of H and F rates. Thus, given that the 
d’ is a measure that deals with both H and F rates, it increases when 
either hits increase or false alarms decrease, as a good sensitivity 
measure should do, according to Macmillan and Creelman (2005).  

Therefore, sensitivity to a signal depends both on the separation 
and the spread of the signal and noise distributions. The larger the 
difference between them, the better the observer's sensitivity is. The d’ 
is an index that measures the separation between the means of the noise 
and the signal+noise distributions, or between H and F rates (see d’= 1.5 
as an example in Figure 16 above). However, the calculation of d' is not 
merely H-F, the index is defined in terms of SD of the noise distribution 
(z-score). That is, the z transformation converts the H and the F rates 
into z-scores so that d’ can be determined as follows: 

d' = z(H) - z(F) 
The mathematical explanation about the calculation of the 

measure d’ is beyond the scope of the present study. Even experienced 
scholars (e.g., Macmillan & Creelman, 2005, p. 20, p. 433) suggest the 
use of software or websites for calculating the measure28 once the 
proportions of H and F rates have been found.  

What is important to bear in mind is that high d’ indicates high 
sensitivity to the stimulus. Macmillan and Creelman (2005) state that d’ 
= 0 when H = F because there is a complete overlap between the two 
distributions and the observers are not able to discriminate signal from 
noise. Moreover, Stanislaw and Todorov (1999) assert that d’ = 2.0 
implies that the distance between the means of noise and signal+noise is 
twice as large as the SDs of the two distributions. Roeser, Valente and 
Hosford-Dunn (2007) affirm that discriminability is considered near 
perfect when d’ is above 3.0, given that noise and signal+noise 
distributions have little or no overlap. Macmillan and Creelman (2005) 
also state that whereas perfect sensitivity implies a virtual infinite d' 
value, the effective ceiling value for near perfect sensitivity is d’ = 4.65, 
given that it is derived from H = 0.99 and F = 0.01. As the present 

                                                
28 
http://www.psych.utoronto.ca/users/creelman/ 
http://memory.psych.mun.ca/models/dprime/ 
http://wise.cgu.edu/sdtmod/signal_applet.asp 
http://twickens.bol.ucla.edu/sdt.htm 
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study’s dataset are not normally distributed, another measure was used 
instead, which is next explained.  

To sum up, SDT states that d’ is a sensitivity measure unaffected 
by response bias but, as Stanislaw and Todorov (1999) remark, it is so 
only if the two d’ assumptions are fulfilled: (1) the signal and noise data 
must be normally distributed, and (2) the signal and noise distributions 
must have the same SD. The authors also affirm that certain signal 
detection tasks cannot test the d’ assumptions, that the second 
assumption is controversial, and that if either the assumptions is 
violated, bias does affect the measure of d’. When the d’ assumptions 
are not completely fulfilled or if d’ cannot be calculated, the authors 
recommend the use of nonparametric measures of sensitivity. The most 
widely used is A’ (pronounced A-prime), first developed by Pollack and 
Norman (1964). Similarly to the d’, A’ works in function of hit and false 
alarm rates. A’ has been incremented over the years by other 
researchers, the present study adopted the A’ formula as proposed by 
Snodgrass, Levy-Berger and Haydon (1985). The use of the formula 
depends on which rate, hit or false alarm, exceeds the other:  

 
i. If H exceeds F, then A’ = 0.5 + [(H - FA) * (1 + H - FA)] / [4 * 

H * (1 - FA)] 
ii. If H = F, then A’ = 0.5 
iii. If F exceeds H, then A’ = 0.5 + [(FA - H) * (1 + FA - H)] / [4 * 

FA * (1 - H)] 
 
A’ scores for revealing sensitivity to a stimulus typically range 

from 0.5, which indicates that signal and noise cannot be distinguished, 
to 1, which indicates perfect discrimination between the stimuli. Values 
below 0.5 may occur, usually due to sampling mistakes or response 
confusion, as pointed out by Stanislaw and Todorov (1999).  

Although SDT assumes that both parametric d’ and nonparametric 
A’ are sensitivity measures unaffected by response bias, both indexes 
have their corresponding measures of bias. The observer’s inclination to 
respond yes is called a liberal tendency, which leads to higher H and F 
alarm rates. In contrast, inclination to respond no is called a 
conservative tendency that leads to lower H and F rates. The parametric 
measures of bias are Criterion Location (C), Relative Criterion Location 
(C’), and Likelihood Ratio (), and the nonparametric versions are B” 
(Grier, 1971) and B”D (pronounced B double prime D, Donaldson, 
1992). 
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Again, the explanation about the computation of the measures of 
bias is beyond the scope of the present study, and the mentioned 
software and websites are helpful in this task. However, it is relevant to 
know the values that indicate the observers’ inclinations toward a 
response. According to several scholars (e.g., Stanislaw & Todorov, 
1999; Macmillan & Creelman, 2005), for the parametric C, values above 
0 indicate a conservative bias (tendency for responding no), whereas 
values below 0 indicate a liberal bias (tendency for responding yes). For 
, values below 1 indicate a liberal bias, whereas values greater than 1 
indicate a conservative bias. For the nonparametric B” values can range 
from -1, which indicates extreme liberal bias, to 1, which indicates 
extreme conservative bias, and a value of 0 indicates no response bias. 
Finally, for the B”D, values greater than 0 indicate conservative bias, 
whereas values below 0 indicate liberal bias.  

Apart from the classic use in psychology studies, the theory is 
applied in several different areas, such as medical diagnosis (yes or no 
for a tumor in an X-ray), lie detection (yes/truth or no/lie for a 
statement), jury decision-making (yes/innocent or no/guilty), or speech 
perception research (yes/no for a new/nonnative sound, for perceptually 
trained phoneme, etc). However, each study has its own objectives and, 
for this reason, the design of the tasks may differ to a great extent. 
Although SDT deals with several task designs, this section focus on the 
description of the tasks used in the present study.  

SDT is a theory that can be applied whenever two stimuli have to 
be discriminated. Under the theory, the word discrimination is related to 
“the ability to tell two stimuli apart” (Macmillan & Creelman, 2005, p. 
1), not necessarily to the type of task used to measure sensitivity. The 
present study worked with three types of perception tests, in speech 
sound studies typically called perceptual assimilation or categorization, 
discrimination, and identification tests. Sensitivity measures as proposed 
by SDT were conducted in two of them, the discrimination and the 
identification tests.  

Perception experiments can have a variety of stimuli presentation, 
one or more stimuli per trial can be presented to the participants. In 
SDT, a task that presents a single stimulus per trial is named one-
interval task, in contrast to tasks that present more than one stimulus per 
trial. If the task has the same number of stimuli and of possible 
responses, it is a classification task. The present study has a one-interval 
classification task, usually called identification test in the field of speech 
perception studies.  
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In the present identification test (described in 2.2.2.5), the stimuli 
consist of nonsense VCV words that differ only with regard to the 
phonemes //, /f/, /t/, and /s/. The words are individually presented along 
with the four onscreen labels F, T, S, and none of the other consonants. 
Participants are required to single-label the consonant heard. Given that 
the test is a one-interval task with each phoneme presented 18 times, all 
sounds can be either signal or false alarm. Table 9 shows the possible 
outcomes when the signal is //.  

 
Table 9. Possible outcomes in the identification test. 

Response alternatives Total  
Yes No trials 

Signal (//) Hit (label none of the 
other consonants) 

Miss (labels F, T or S) 18 

Noise (/f/, /t/, /s/) False alarm (label none of 
the other consonants) 

Correct rejection 
(labels F, T or S) 

54 

 
As remarked by Macmillan and Creelman (2005), different task 

designs require distinct methods for measuring sensitivity and, due to 
different objectives, studies with similar, or distinct, designs may have 
distinct, or similar, ways of computing hits and false alarms29. In the 
present study’s identification test, for the phoneme //, hit was 
calculated when the label none of the other consonants was used, 
whereas false alarm occurred when /f/, /t/, or /s/ were labeled as none of 
the other consonants. Thus, hit rate was calculated as the proportion of 
hits divided by the total number of times the signal trials (18), whereas 
the false alarm rate was the proportion of false alarm divided by 54 
noise trials (3 phonemes x 18 presentations = 54). The identification test 
had two forms of stimuli presentation, auditory and audiovisual, in both 
conditions hit and false alarm rates were calculated as described above.  

The second test in which sensitivity was measured according to 
SDT was the three-stimulus discrimination task (explained in 2.3.7). 
The theory describes two types of multi-interval tasks that present three 
                                                
29 Identification studies: Lambacher et al., 2001; McAnally, Martin, Doman, 
Eberle & Parker, 2005; Hazan, Sennema, Faulkner & Ortega-Llebaria, 2006; 
Kim & Davis, 2007; Zhang, Kuhl, Imada, Iverson, Pruitt, Stevens, Kawakatsu, 
Tohkura & Nemoto, 2009. Discriminatin studies: Iverson & Kuhl, 1995; Guion 
et al, 2000; Iverson, Kuhl, Akahane-Yamada , Dieschd & Tohkurae, 2003; 
Soto-Faraco, Navarra, Weikum, Vouloumanos, Sebastián-Gallés & Werker, 
2007; Iverson, Ekanayake, Hamann, Sennema & Evans, 2008; Clarke-
Davidson, Luce, James & Sawusch 2008, Zhang, et al., 2009. 
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stimuli, the 3 Alternative Forced Choice (3AFC) method, and the 
Oddity or Triangular method. Because the present study’s test used 
properties of both types of tasks, each one is briefly described next. 

In the 3AFC task, each trial presents one signal (S) and two noise 
(N) stimuli so that only three sequences of signal and noise are possible 
SNN, NSN, and NNS. The participants receive specific information on 
the nature of the signal and are required to indicate the item that better 
represents the aspect described. Delwiche and O’Mahony (1996) 
illustrate the method with food tasting examples—participants are 
instructed that they are about to taste three types of biscuits, one is sweet 
(the signal), whereas the two remaining are unsweet (the noise stimuli), 
and that they should indicate which item in the three-stimulus trial is the 
sweetest one.  

In the Oddity or Triangular method each trial presents one or more 
signal and one or more noise stimuli, which can result in six possible 
signal and noise sequences: SNN, NSN, NNS, NSS, SNS, and SSN. In 
the biscuit tasting example, participants are required to locate the 
different item in the sequence, which can be either the signal or the 
noise.  

The two methods are different not only in the type of instruction 
and number of sequences, but also in the cognitive strategies for 
decision-making. In the 3AFC, the observers have to locate the item 
with the greatest intensity difference, whereas in the Oddity method they 
have to consider the intensity of the three stimuli and compare the 
differences between them. Thus, in the Oddity method, the two stimuli 
which present the most similar intensities are paired, whereas the third 
stimulus is selected as the odd item (Frijters, 1979). 

Discrimination performance is typically higher in the 3AFC than 
in the Oddity method, a phenomenon known as the paradox of 
discriminatory non-discriminators (Gridgeman, 1970). However, the 
sensitivity measure, either d’ or A’, remains the same regardless the type 
of three-interval task, which thus disprove the paradox. That is, as 
Delwiche and O’Mahony (1995) remark, the difference in performance 
lies in the fact that distinct cognitive strategies are used for decision-
making, 3AFC requires finding the greatest specified aspect of the 
signal, whereas “in an oddity task the difference to be detected is 
unspecified” (MacRae, 1995).  

Two aspects were considered in the formulation of the present 
study’s discrimination test: (1) the type of instruction could alter the 
performance—a 3AFC method would specify that // was the signal, 
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providing the undesired clue that this was the object of the study, and 
(2) the type of instruction does not alter the sensitivity measure. 
Therefore, in order to avoid revealing which stimulus was the signal, 
instructions were given as in an oddity method. However, in order for 
the task to have only the signal as the odd item in the trials, there were 
three sequences of stimuli presentation, SNN, NSN, and NNS, as in a 
3AFC method. Thus, sensitivity should be measured as in a 3AFC 
method.  

Sensitivity for the 3AFC is measured in accordance with a multi-
interval AFC method called mAFC where m represents the total number 
of stimuli in the trials. In a mAFC method, one signal and m-1 noise 
stimuli are presented. In mAFC tasks the decision variable for selecting 
the signal stimulus change at each stimulus presentation. As a 
consequence, this type of task is only suitable for measuring sensitivity, 
not bias (Stanislaw & Todorov, 1999). In a mAFC method the scores 
should be corrected for guess, as pointed out by Macmillan and 
Creelman (2005): in multiple choice questions “students who answer 
more questions are probably guessing more often on problems that they 
cannot solve, and that the ‘correction’ will rectify an otherwise unfair 
advantage of this strategy” (p. 252). In mAFC guessing rate ranges from 
1/m, which indicates chance performance, to 1, which indicates perfect 
performance (Stanislaw & Todorov, 1999). Thus, in a 3AFC, if the 
subject is guessing the response, there is 33.33% chance of succeeding, 
so that sensitivity ranges from 0.33 for chance performance to perfect 
discrimination of 1.  

However, in order to further analyze the data and given that hit 
and false alarm rates could be calculated, A’ scores were used as an 
unbiased measure of sensitivity. The participants heard 108 trials with 
nonsense VCV words in which the single difference was the 
pronunciation of the phonemes //, /f/, /t/ and /s/. It is important to bear 
in mind that this task had only signal trials—SNN, NSN, and NNS, 
where S is always // and noise could be /f/, /t/ or /s/. Thus, the signal 
// could appear in any of the three positions: first and in / - N –N/, 
second as in /N -  - N/, or third as in /N – N - / (Table 10).  
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Table 10. Hit and false alarm calculations in the discrimination test. 
 Stimuli Sequences Total 
 
 

Signal (//) 
Noise (/f/, /t/, /s/) 

1. / - N –N/ 
2. /N-  - N/ 
3. /N –N - / 

trials 
108 

Calculation Hit False Alarm  
 Participants correctly 

indicates the correct position 
of the signal 

Participants incorrectly 
indicates any noise position 

as the signal 

 

 
Participants were required to use the onscreen labels 1, 2 or 3 to 

locate the position in which the odd interval (signal) was. Hits were 
calculated when // was correctly selected as the odd item, whereas false 
alarms were computed when /f/, /t/ or/s/ were incorrectly selected as //. 
Thus, hit and false alarm rates were the proportion of hits and false 
alarms divided by 108 total trials, as summarized in Table 10. 

To conclude, SDT strongly states that sensitivity threshold cannot 
be based on the stimulus intensity only. That is, there is not a stimulus 
intensity that leads to a determined detection threshold. SDT argues that 
if there were a detection threshold, the observer’s decision-making 
process should then be ignored. However, there are other points of view 
concerning the issue, which led to models and theories that treat 
sensitivity to a stimulus in different ways, such as the Choice Theory 
(Luce, 1959), the Threshold Theory (Krantz, 1969; Luce, 1963a, 
1963b), the Pre-labeling model (Braida, 1991), the Fuzzy Signal 
Detection Theory (Parasuraman, Masalonis & Hancock 2000), or the 
SDT Compound Decision (SDT-CD) Model (Duncan, 2006). 
Nonetheless, the present study held the SDT’s assumption that both d’ 
and A’ are invariant sensitivity measures. In addition, to the best of my 
knowledge, speech perception research seems to rely on the premise that 
either d’ or A’ are sensitivity measures unaffected by observers’ 
response tendencies and does not report their corresponding measures of 
bias. Therefore, given that the noise and signal+noise data were not 
normally distributed in both identification and discrimination tests, the 
present study assumed that A’ is the unbiased measure of sensitivity that 
indicates how well observers can discriminate // from /f/, /t/ and /s/. 

In Chapter 4 the data are analyzed following the four research 
questions that guided the study, that is, the analysis and discussion 
attempts to answer the RQs as they are displayed in the Introduction: 
first the pattern of assimilation, followed by discrimination, the 
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identification, and finally the production results. More details on 
statistical analysis are given throughout the discussion, and tables and 
graphs provide descriptive and comparative statistics between and 
within language groups and tests. 
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CHAPTER 3 - RESULTS AND DISCUSSION 
 
 

This chapter reports the results of the five tests taken by speakers 
of BE, EF, and BP in order to examine the perception and production of 
the target phoneme // and its main substitutes, /f, t, s/. The analysis of 
the results follows the four research questions (RQs) that guided the 
study, that is, whether (1) speakers of EF and BP assimilate // 
differently, (2) there is a relationship between pattern of assimilation 
and discrimination, as predicted by the PAM, (3) the participants make 
use of visual cues when identifying the target phoneme, and (4) there is 
a relationship between pattern of assimilation and production.  

Each analysis initiates with the descriptive statistics of the results, 
and whenever available, analyses start with the results of the BE 
controls, followed by the EF group, and then by the BP group. Thus, 
each section displays the results first for within-group comparison of 
means, then for between-group comparison of means and, finally, a 
general discussion summarizes the section with regard to the RQ 
analyzed.  

 
 

3.1 THE ASSIMILATION PERCEPTION TEST  
 
3.1.1 Analysis of RQ1 

 
The first RQ is concerned with the assimilation of // by speakers 

of EF and BP. Its analysis is based on the results of the Perceptual 
Assimilation Test: 2880 responses completed by the 20 French 
participants, and 3024 samples by the 21 Brazilians (144 trials x total 
number of participants). They heard nonwords containing English /, /f/, 
/t/, or /s/ and had to identify them according to their own L1 consonants 
by using the labels F, T, or S. Next, they had to rate the identified 
consonant in a category-goodness scale that varied from 1 (totally 
different) to 5 (identical).  

As explained in 2.3, a mean identification of 75% was the 
threshold for an L2 consonant to be considered consistently categorized 
as an L1 instance. In addition, fit indexes were used in order to further 
investigate the patterns of assimilation found. That is, the results of the 
two tasks were joined into a single metric, the fit index, generated “by 
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multiplying the two scores [mean identification x mean rating]” 
(Strange, 2007, p. 50). Higher fit indexes suggest that the L2 speech 
sound fits well onto the L1, whereas low fit indexes suggest imprecise 
categorization.  

The analysis starts investigating the pattern of assimilation of /f/, 
/t/, and /s,/ as these sounds are present in the three inventories. Table 11 
displays the mean (M), the median (Mdn) and the standard deviation 
(SD) for identification, rating, and fit index of the three consonants for 
the EF and the BP speakers. Within the French group, the mean 
percentage of identification was high for all consonants: 96.66% for /f/ 
as F, 99.16% for /t/ as T, and 100% for /s/ as S. The consonants also 
received relatively high mean fit indexes—3.39 for F, 3.89 for T, and 
4.10 for S, as well as relatively high mean category-goodness ratings—
3.52 for F, 3.92 for T, and 4.10 for S.  
 
Table 11. EF and BP groups: Mean (M), median (Mdn), and standard deviation 
(SD) of identification (Iden.), goodness rating (Rat.), and fit index (Fit) of 
English /f/ /t/ and /s/ in terms of L1 categories. 

  /f/ as F /t/ as T /s/ as S 
  Iden. Rat. Fit Iden. Rat. Fit Iden. Rat. Fit 

M 96.66 3.52 3.39 99.16 3.92 3.89 100.00 4.10 4.10 
Mdn 100.00 3.38 3.35 100.00 3.77 3.77 100.00 3.94 3.94 

EF 
N=20 

SD 9.08 .35 .45 2.72 .65 .68 .00 .52 .52 
           

M 97.87 4.00 3.90 99.73 3.00 3.00 99.73 4.21 4.20 
Mdn 100.00 4.10 4.00 100.00 2.80 2.80 100.00 4.40 4.40 

BP 
N=21 

SD 5.41 .46 .48 1.21 1.10 1.10 1.21 .77 .77 
 

As for the Brazilian group, the mean percentage of identification 
was also high for all consonants, ranging from 97.87% for /f/ as F, and 
99.73% for both /t/ as T and for /s/ as S. Similarly to the French results, 
the consonants also received relatively high mean goodness ratings (4 
for F, 3 for T, and 4.21 for S), and mean fit indexes (3.9 for F, 3 for T, 
and 4.2 for S). Thus, both groups achieve results considerably above the 
75% threshold, which indicates a straightforward pattern of 
categorization for all three consonants, even the aspirated English [t]. 

Another important aspect to consider is that the means and the 
medians of all consonant identifications were reasonably close, showing 
that the dataset is normally distributed. Thus, for both groups, 68% of 
the scores are around the mean, or within 1 SD of the mean, and 95% of 
the data are around 2 SD.  
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In 2.3 it was also explained that the results of /f/ and /s/ served as 
experimental control for the test, given that these phonemes are 
phonetically similar in BE, EF, and BP. That is, due to these similarities, 
it was expected that /f/ and /s/ mirrored the participants’ L1 perceptual 
system in a way that the mean fit index given to these consonants 
provided the SD for creating the subclasses of fit indexes in which the 
interpretation of the assimilation results is based.  

Following the SD criterion used by Guion et al (2000), L2 
assimilation patterns vary according to where the fit indexes fall: good 
assimilation for high fit indexes, those within 1 SD of the control fit 
index, fair assimilation for intermediate fit indexes— within 2 SDs, and 
poor assimilation for low fit indexes—below 2 SDs. In accordance to 
the PAM, each of the assimilation patterns is related to a type of 
categorization that, ultimately, can predict the degree of 
discriminability. That is, L2 sounds with poor assimilation tend to be 
uncategorizable onto the L1—they are assimilated as a speech sound but 
not as any clear instance of the native categories. In contrast, fair and 
good L2 assimilation are categorized as a particular L1 segment and 
“may be heard either as:  

 
i. a good exemplar of that category 
ii. an acceptable but not ideal exemplar of the category 
iii. a notably deviant exemplar of the category” (Best, 1995, p. 

194). 
 
Within the French group, the mean fit index for /f/ and /s/ was 

3.75 (SD = .39). Thus, according to the SD criterion, L2 sounds that 
received fit indexes of 2.96 or below are poorly mapped onto the L1, 
between 2.97 and 3.35 suggest sounds that are fairly assimilated onto 
EF, and of 3.36 or above indicate sounds that are well mapped onto the 
L1. The results show that /f/, /t/, and /s/ were well mapped onto EF, the 
mean fit indexes were 3.52 for /f/, 3.92 for /t/, and 4.10 for /s/, all of 
them above the 3.36 SD creterion.  

For the BP participants, the mean fit index for /f/ and /s/ was 4.05 
(SD = .50). Therefore, consonants that received fit indexes of 3.04 or 
below are poorly assimilated and uncategorized onto the L1, fit indexes 
ranging between 3.05 and 3.54 indicate sounds that are fairly 
assimilated and categorized onto BP (as happened with the fit index for 
/t/ = 3), and fit indexes of 3.55 or above suggest sounds that are well 
assimilated and categorized onto the L1 (for /f/ = 3.9, and for /s/ = 4.2).  
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Table 12 summarizes the information just described and shows the 
subclasses of fit indexes for both the French and the Brazilian groups, 
subclasses that drive the analysis of assimilation of // onto EF and BP. 

 
Table 12: Mean fit index and SD for /f/ and /s/ in EF and BP. The relation 
between the fit index SD criterion (and corresponding subclasses) with the 
PAM type of L2 assimilation. 

 EF BP 
Mean /f/ and /s/ fit index 3.75 4.05 

SD .39 .50 
Fit Indexes SD criterion ↔ PAM  

Fit index SD 
criterion  

L2 
assimilation 

PAM category 
type 

 
Fit indexes subclasses 

low poor uncategorizable ≤2.96 ≤3.04 
intermediate fair categorizable 2.97 ↔ 3.35 3.05 ↔ 3.54 

high good  categorizable ≥3.36 ≥3.55 
 
As for the assimilation of //, Tables 13 and 14 display the results 

of the EF and BP groups, respectively, showing that, differently from 
the consistent categorization of /f/, /t/, and /s/ in both L1s, there was no 
modal identification for // in either EF or BP—neither of them 
obtained the 75% threshold of categorization consistency.  

In EF // was identified 39.44% of the instances as F, 7.49% as T, 
and 53.05% as S. A Repeated-Measures ANOVA reveals that the mean 
identification differences are statistically different (F(2,38) = 12.338, p 
= .001), and post hoc analyses with Bonferroni (α = .017) confirm 
significance between the results of //-F and //-T, and of //-T and //-
S, but not between the identification of //-F and //-S.  

 
Table 13. EF group: Mean (M), median (Mdn), and standard deviation (SD) of 
identification (Iden.), goodness rating (Rat.), and fit index (Fit) of English // in 
terms of L1 categories. 

  // as F // as T // as S 
  Iden. Rat. Fit Iden. Rat. Fit Iden. Rat. Fit 

M 39.44 2.47 .91 7.49 1.37 .20 53.05 1.85 .83 
Mdn 38.88 2.22 .88 2.77 .75 .05 50.00 1.87 .77 

EF 
N=20 

SD 26.60 1.58 .57 15.10 1.53 .43 28.92 1.01 .47 
 
A Repeated-Measures ANOVA test also yields significance for 

the differences (F(2,38) = 9.686, p = .001) between the mean fit indexes 
given to each type of identification—.91 for F, .20 for T, and .83 for S,. 



 147 

Post hoc analyses with Bonferroni confirms that significant differences 
are found between the fit indexes of //-F and //-T, and between //-T 
and //-S, but again not between //-F and //-S.  

To sum up, the results suggest that the French group favor 
labeling // more as S than as F or as T. However, four aspects should 
be taken into account before assuming that this pattern of assimilation 
points toward a single pattern of categorization. First, the mean 
identification of // as S (53.05%) is below the 75% criterion used in 
this study and statistically similar to the identification of // as F 
(39.44%). Second, the fit index given to //-S is statistically as low as 
//-F, and was only higher than //-T, a type of identification that 
appeared in only 7.49% of the instances. Third, although the tests 
showed significant differences between the mean percentages of 
identification, the mean fit indexes, which can reach up to 5, were below 
1 for all three types of identification. Finally, bearing in mind the 
correspondence between fit indexes given to each type of identification 
and the fit index subclasses established by /f/ and /s/, all types of // 
assimilation fell within the lowest fit index subclass, being then poorly 
assimilated. Thus, two conclusions can be drawn: statistically, the 
assimilation of // overlapped between /f/ and /s/ and, in relation to the 
PAM, this is an uncategorized type of assimilation.  

In BP (Table 14), // was identified as F in 40.94% of the 
instances, as T in 33.24%, and as S in 25.63% of the instances, 
differences not statistically significant, as shown by Repeated-Measures 
ANOVA (F(2,40) = 1.197, p = .310). Also non-significant (F(2,40) = 
2.570, p = .103) was the difference between the mean fit indexes given 
to the three labels—.99 for F, .47 for T, and .59 for S.  

 
Table 14. BP group: Mean (M), median (Mdn), and standard deviation (SD) of 
identification (Iden.), goodness rating (Rat.), and fit index (Fit) of English // in 
terms of L1 categories. 

  // as F // as T // as S 
  Iden. Rat. Fit Iden. Rat. Fit Iden. Rat. Fit 

M 40.94 2.06 .99 33.24 2.03 .47 25.63 1.69 .59 
Mdn 33.33 1.80 .80 27.77 1.80 .40 22.22 1.80 .40 

BP 
N=21 

SD 26.01 1.10 .90 29.54 1.07 .42 22.54 1.11 .64 
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Therefore, the results indicate that for BP speakers // is equally 
assimilated as F, T, or S. Again, considering the fit indexes given to 
each label and the fit indexes subclasses established by /f/ and /s/, all 
types of // assimilation fell within the low SD criterion, which resulted 
in poor assimilation. With regard to the PAM, once again // showed an 
uncategorized type of assimilation.  

To conclude, differently from the normally-distributed data in the 
identification of /f/, /t/, and /s/, the results of both groups showed that 
the identification of // yielded larger variations between the means and 
the medians, a typical result of a non-normally distributed dataset, also 
reflected in higher SDs from those of /f/, /t/, and /s/.  

Boxplots (Figures 17 and 18) visually depict the skewedness of a 
distribution, which in the identification of // shows why the data are 
non-normally distributed for both groups. A boxplot graphically depicts 
the median, the upper and lower quartiles, and the minimum and 
maximum data values. As a reminder, median is the middle value of a 
data distribution—50% of the scores are located above and 50% below 
the median. 

 

Figure 17. Identification of // as F, T and S. 
 

Quartiles separate a data set into four equal parts, thus the lower, 
or first, quartile represents the value under which 25% of the data lie, 
whereas the upper, or third, quartile represents the value over which 
25% of the data are found. In the boxplot, the box itself encloses the 
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middle 50% of the data. The lower edge of the box indicates the first 
quartile of the data set, whereas the upper edge indicates the third 
quartile, and the line inside the box indicates the median value of the 
data set. The minimum and maximum data values are represented by the 
ends of the vertical line. Boxplots can also indicate the existence of 
outliers in the data set—those participants whose results deviate from 
the members of the sample. SPSS 17.0 represents outliers by closed dots 
and asterisks. Participants whose data are more than 1.5 times away 
from the median are indicated by closed dots, whereas data that are 3 
times away from the median are represented by asterisks.  
 

Figure 18. Fit indexes of // as F, T and S. 
 
Figure 17 shows the identification of // as F, T and S, and Figure 

18 the fit indexes given to these labels by the two EFL groups. Both 
figures show a considerable variation between minimum and maximum 
values, the reason why the data is not normally distributed, as well as 
the presence of outliers in both groups, which certainly have an impact 
on the data distribution. Therefore, the results show that the assimilation 
of // is inconsistent for both EFL groups, neither of them showing a 
clear cut pattern of assimilation.  

An Independent Samples t-test was conducted in order to evaluate 
between-group differences concerning mean percentages of 
identification and mean fit indexes. For the assimilation of // as F, no 
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differences were found concerning the mean percentages of 
identification (EF = 39.44%, BP = 40.94%), and mean fit indexes (EF = 
0.91, BP = 0.99).  

In contrast, significant differences were found for the assimilation 
of // as T with relation to mean percentages (EF = 7.49%, BP = 
33.24%; [t (39) = -3.486, p = .001]), and to mean fit indexes (EF = 0.20, 
BP = 0.47; [t (39) = -2.023, p = .050]). For the assimilation of // as S, 
differences were found between mean percentages of identification (EF 
= 53.05%, BP = 25.63%; [t (39) = 3.395, p = .002]), but not between 
mean fit indexes (EF = 0.83, BP = 0.59; [t (39) = 1.339, p = .188]).  

To sum up, the results indicate that both groups assimilate // as F 
in the same way, BP speakers tend to assimilate and rate // as T more 
often than EF speakers, whereas EF participants tend to identify // as S 
more than the BP participants, although both groups rate this type of 
categorization similarly.  

In order to further analyze the results of the assimilation of //, 
one could consider splitting the entire results into three subgroups 
according to the pattern of identification preferred. That is, some 
participants seemed to have shown a preference for identifying // using 
one particular label. Table 15 displays the results of the 20 French and 
the 21 Brazilian participants divided into three subgroups—those who 
identified // more as F, those that showed preference for T, and those 
who preferred S.  

 
Table 15. EF and BP groups: Identification of English // in terms of L1 
categories according to preference of identification. 

 // as F //as T //as S Favored 
label  EF BP EF BP EF BP 

M 66.66 63.88 5.55 17.71 27.77 18.27 
Mdn 61.11 55.55 .00 13.61 27.77 19.16 

F 
EF N = 7 

BP N = 10 SD 15.71 17.22 8.48 15.45 14.34 13.11 
        

M 38.88 15.64 33.33 74.99 27.77 9.25 
Mdn 38.88 13.61 33.33 72.22 27.77 8.33 

T 
EF N = 2 
BP N = 6 SD 23.56 8.16 47.13 7.65 23.56 7.59 

        
M 22.21 25.44 4.03 14.21 73.73 59.99 

Mdn 22.22 22.22 5.55 16.11 66.66 61.11 
S 

EF N = 11 
BP N = 5 SD 17.21 7.62 4.36 9.23 19.09 8.24 
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The columns detail the mean, the median and the SD of the 
identifications of // when labeled as F, T, and S within each subgroup’s 
preference, and the boldfaced values indicate the modal responses as 
revealed by statisctical tests (Repeated Measures ANOVA with post hoc 
Bonferroni  = .017).  

For the French group, the subgroup F preference identified // as 
F in 66.66% of the instances, as T in 5.55%, and as S in 27.77%, 
differences statistically significant (F(2,12) = 25.533, p = .000), only 
between the identification of //-F and //-T (p = .001). In the subgroup 
T preference only two participants showed this preference, a limited 
sampled population for considering as a statistical tendency. In the S 
preference, // was labeled as F in 22.21% of the instances, as T in 
4.03%, and as S in 73.73%, resutls statistically different (F(2,20) = 
42.283, p = .000), between the identification of //-S and //-F (p = 
.002), //-S and //-T (p = .000), and between //-F and //-T (p = .012).  

Within the Brazilian group, the subgroup F preference identified 
// as F in 63.88% of the instances, as T in 17.71%, and as S in 18.27%, 
differences statistically significant (F(2,18) = 19.847, p = .000), 
between the identification of //-F and //-T (p = .003), and //-F and 
//-S (p = .001). In the T preference, // was labeled as F in 15.64%, as 
T in 74.99%, and as S in 9.25%, results statistically different (F(2,10) = 
86.213, p = .000), between the identification of // as T and // as F (p 
= .000), and // as T and // as S (p = .000). For the S preference, // 
was identified as F in 25.44% of the instances, as T in 14.21%, and as S 
in 59.99%, differences statistically significant (F(2,8) = 26.955, p = 
.000). Post hoc analyses reveal differences between the identification of 
//-S and // as F (p = .011), and //-S and // as T (p = .009). 

Thus, statistical analyses revealed that each subgroup tended to 
identify // within the preferred label. In other words, although the EF 
and the BP groups did not show a specific pattern of assimilation of //, 
individual participants tended to maintain a specific label throughout the 
test.  

The first RQ deals with the issue of assimilation of // onto EF 
and BP. Its first hypothesis states that // would be assimilated as /s/ in 
EF and as /t/ in BP. The results showed that // did not achieve the 75% 
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criterion for consistent categorization in any group. For the EF group, 
// identified as S seemed to indicate a pattern, but the differences 
between //-S and //-F are not significant and the fit indexes between 
the labels are statistically similar and low. For the BP group, // was 
similarly identified and rated as any of the three labels. Hence, H1a is 
not confirmed—assimilation of English // did not vary consistently 
between the two EFL groups. To conclude, the results show that, 
similarly to Guion and colleagues’ (2000) findings, there was an overlap 
in the assimilation of //: for the EF speakers it was assimilated as both 
/f/ and /s/, whereas for the BP speakers it was assimilated as /f/, /t/ or /s/. 

The second hypothesis stated that the acoustic similarity between 
// and /f/ would affect the assimilation of //, which would eventually 
affect the discrimination between the two sounds. Again, the results 
refute this hypothesis—given that in none of the groups the assimilation 
of // as /f/ consistently predominated over other types, the acoustic 
similarity between // and /f/ did not affect assimilation patterns.  

Concerning the relationship between patterns of L2 assimilation 
and discriminability of sounds, as posited by the PAM, the results of the 
Perceptual Assimilation Test provided the ground for testing the 
model’s postulates. As reviewed in Chapter 2, the PAM claims that the 
degree of discriminability between two members of an L2 contrast can 
be predicted from the type of assimilation found for them. Among the 
six types of pairwise predictions, one particular type was found for both 
EFL groups—the UC Type (uncategorized versus categorized sounds), 
predicted to elicit very good discriminability between the members. 
That is, whereas /f/, /t/, and /s/ were all categorized onto EF and BP, // 
demonstrated three poor types of assimilation, which corresponds to an 
uncategorized consonant, as shown in Table 16.  
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Table 16. Summary of the Perceptual Assimilation Test results and the 
predicted discrimination for EF and BP groups. 

  EF BP 
L2  L1 Mean 

FI 
L2 

assim 
Mean 

FI 
L2 

assim 

PAM 
category 

type 

L2 
pairwise 
contrast 

PAM type: 
predicted 

discrimination 
F .91 poor .99 poor uncat. // - /f/ UC: very good 
T .20 poor .47 poor uncat. // - /t/ UC: very good 

 
// 

S .83 poor .59 poor uncat. // - /s/ UC: very good 
/f/ F 3.39 good 3.90 good cat.   
/t/ T 3.89 good 3.00 fair cat.   
/s/ S 4.10 good 4.20 good cat.   

 
Only the contrast //-/f/, //-/t/, and //-/s are considered in the 

present study given that these were the pairs assessed by the Oddity 
Discrimination Test, as explained in 2.2.2.4.  

Therefore, the discriminability predictions raised by the 
Perceptual Assimilation Test will next be compared with actual results 
from the Oddity Discrimination Test in the following section. Due to the 
overlapping in the assimilation of // by both groups, two possible 
findings are expected: (1) in accordance with the PAM’s prediction, 
discrimination between the UC Type of contrasts //-/f/, //-/t/, and //-
/s/ will be very good, or (2) compatible with Guion and colleagues 
(2000), discrimination between the members will be poor.  
 
 
3.2 THE DISCRIMINATION TEST 
 
3.2.1 Analysis of RQ2 

 
The analysis and discussion of RQ2 are based on the results of the 

Oddity Discrimination Test in comparison to the results of the 
Perceptual Assimilation Test, which provided the discriminability 
predictions for the present analysis. Its first hypothesis suggests that the 
pattern of assimilation determines the discrimination between // and its 
most common replacements, whereas the second hypothesis proposes 
that discrimination between // and /f/ will be affected by their acoustic 
similarity.  

The discrimination test, taken by the two EFL groups and the 
control group, was a categorial test in which // was contrasted with /f/, 
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/t/, and /s/ by the means of the nonwords /ii, aa, uu, iti, ata, utu, isi, 
asa, usu, ifi, afa, ufu/. Participants heard each three-item trial and were 
asked to indicate which item contained the different consonant, whether 
the first, the second, or the third. There were 36 trials with each pairwise 
comparison (//-/f/, //-/t/, and //-/s/), totaling 108 trials for each 
participant. As a result, there were 1836 responses for the 17 British 
participants, 2160 responses for the 20 French participants, and 2268 for 
the 21 Brazilians. Each aspect analyzed in the data is done by presenting 
the results of the control group, followed by the EF group, and by the 
BP group, so that the entire picture of each aspect is known before the 
analysis moves forward.  

As discussed in 2.3.1, the analysis of the results falls within the 
Signal Detection Theory sensitivity measures. The present 
discrimination test has a 3AFC method that, presumably, is unaffected 
by response bias. However, as pointed out by Macmilland and Creelman 
(2005), sensitivity can be estimated whenever hit and false alarm rates 
are available.  

It is important to bear in mind that in this discrimination test 
design all trials are signal trials testing the ability to discriminate // 
from its most common substitutes. Thus, hits were calculated when // 
was correctly selected as the odd item, whereas false alarms were 
calculated when // was incorrectly selected as /f/, /t/ or/s/. Given that 
most of the dataset was not-normally distributed, A-prime (A’) scores 
provided the unbiased measure of perceptual sensitivity. Hits and false 
alarms were computed in the A’ formula provided by Snodgrass and 
colleagues (1985) so that A’ scores of 1 indicate perfect discrimination 
of the contrast, whereas A’ scores of 0.5 or lower indicate discrimination 
at chance level.  

Instead of first analyzing each group’s scores in the discrimination 
test, one should verify the possibility that memory affected the results. 
Most participants reported that this was the most mentally tiring test of 
the experiment, and that half way through the test they had lost their 
initial attention. If this is true, more errors are to be found in the second 
half of the test. It is important to keep in mind that not only were the 
tests counterbalanced, but the stimuli in each test were also randomized, 
so that order effect is minimized. Therefore, even if more errors are 
indeed found in the second half, the reliability of the results is not 
compromised. However, for methodological reasons it is worth 
investigating whether memory was a distressing factor. 
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Table 17 displays the mean, median, standard deviation of the raw 
scores, and mean percentage of errors in the first and the second half of 
the discrimination test, that is, the total 108 trials equally split into two 
blocks of 54 trials each. The control group obtained a mean of 6.59 
errors in the first half and 4.76 errors in the second half, differences 
statistically not significant as revealed by a Wilcoxon Signed Ranks test 
(Z = .474, p = .636). Similarly to the BE results, the EF group also made 
more errors in the first half (M = 9.40) than in the second half of the test 
(M = 7.90), but now the difference was statistically significant (Z = -
2.859, p = .004).  

 
Table 17. Mean (M), median (Mdn), standard deviation (SD), and mean 
percentage of errors (%) of BE, EF, and BP groups in the first and second 
halves of the discrimination test. 

  First half N = 54 Second half N = 54 
M  / % 6.59 / 12.19 4.76 / 8.81 

Mdn 5.00 4.00 
 

BE  
N = 17 SD 8.20 3.07 

    
M  / % 9.40 / 16.55 7.90 / 14.62 

Mdn 10.00 8.00 
 

EF  
N = 20 SD 4.01 3.33 

    
M  / % 9.48 / 17.54 12.10 / 21.17 

Mdn 9.00 13.00 
 

BP  
N = 21 SD 3.61 5.30 
 
In contrast, the BP group made more errors in the second half (M 

= 12.10) than in the first half (M = 9.48), a significant difference again, 
as shown by a Wilcoxon test (Z = -2.511, p = .012). To sum up, the 
results are not clear regarding whether the test overloaded participants’ 
memory capacity in the course of 108 trials. Despite the limited number 
of participants in each group, the results seem to indicate that there is no 
need to split the test into two blocks, given that only one of the three 
groups obtained more errors in the second half. 

Perhaps a more informative analysis should investigate whether 
the participants tended to make more errors in one specific position 
within the three-item trials, a finding that could suggest not only 
memory overload, but also whether the participants favored a particular 
position, which would show response bias. Table 18 shows the three 
groups mean errors in each position within the trials. In general the 
errors were similarly distributed among the three positions. A Repeated-



 156 

Measures ANOVA confirms that the mean differences were not 
statistically significant for the control group (M 1st = 4.41, M 2nd = 3.35, 
M 3rd = 3.65, F(2,32) = 1.146, p = .330) or for the BP group (M 1st = 
7.29, 2nd = 8.19, M 3rd = 6.00, F(2,40) = 2.866, p = .080). For the EF 
group, the test confirmed significant differences, (M 1st = 5.95, 2nd = 
6.75, M 3rd = 4.40, F(2,38) = 6.110, p = .009), but the post hoc analysis 
with adjusted Bonferroni reveals that the difference is only between the 
means of the second and the third position. Therefore, it seems 
reasonable to conclude that the participants were not biased toward one 
particular position, and that memory did not seem to have affected the 
results. However, this suggestion, together with the question of whether 
the test was in fact measuring discriminability, can only be confirmed 
with the analysis of the actual discrimination results, which follows.  

 
Table 18. Mean (M), median (Mdn), standard deviation (SD) of the raw scores, 
and mean percentage of errors (%) of BE, EF, and BP groups in the first, 
second, and third position of the discrimination test. 

Position within the trial First Second Third 
M  / % 4.41 / 12.25 3.35 /9.31 3.65 / 10.13 

Mdn 4.00 2.00 3.00 
 

BE  
N = 17 SD 4.40 3.74 2.78 

     
M  / % 5.95 / 16.52 6.75 / 18.75 4.40 / 12.22 

Mdn 6.00 6.00 4.00 
 

EF  
N = 20 SD 2.64 2.46 3.33 

     
M  / % 7.29 / 20.23 8.19 / 22.75 6.00 / 16.66 

Mdn 7.00 8.00 6.00 
BP  

N = 21 
SD 3.42 4.19 2.73 

 
The descriptive statistics of the discrimination results include the 

mean scores of correct discrimination of each contrast //-/f/, //-/t/, and 
//-/s/ (N = 36), the corresponding percentages, and the means of the A’ 
scores, this last measure being the one that in fact provides the grounds 
for the interpretation of the results. The analysis starts with the results of 
the BE controls, as they serve as reference for within and between-
subject/group comparisons of means.  

Table 19 shows that for the contrast //-/f/ the controls had a mean 
score of 27.82 correct responses (77.22%), with a mean A’ score of 0.93. 
For the contrast //-/t/, the mean score reached 34.41 (96.53%), and the 
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A’ score 0.98; and for the contrast //-S, the mean score was 33.18 
(94.74%) and the A’ score of 0.98.  

 
Table 19. BE group: Correct discrimination of the contrasts //-/f/, //- /t/, and 
//-/s/. Mean (M), median (Mdn) and standard deviation (SD) of the Number of 
Correct (NC) discrimination, mean percentage (%) and mean A’ scores. 

Contrasts  //-/f/ //-/t/ //-/s/ 

(N = 36)  
NC 

% A’  
NC 

% A’  
NC 

% A’ 
M  27.82 

77.22 
.93  34.41 

96.53 
.98  33.18 

94.74 
.98 

Mdn  28.00 .94  36.00 1.00  35.00 .99 

 
BE 

N = 17 
SD  4.99 .035  3.06 .022  4.73 .023 

 
Bearing in mind that A’ scores of 1 indicate perfect 

discrimination, and A’ scores of 0.5 or lower indicate insensitivity to a 
contrast, the results show that for BE speakers none of the contrasts 
caused discrimination difficulty. However, Repeated-Measures ANOVA 
show that there are differences in the mean A’ scores (F(2,32) = 38.182, 
p = .000). Adjusted post hoc Bonferroni analyses reveal that the 
differences lie between the contrasts //-/f/ (A’ = 0.93) and //-/t/ (A’ = 
0.98), //-/f/ and //-/s/ (A’ = 0.98). In other words, although all 
contrasts reached high A’ scores, the contrasts //-/t/ and //-/s/ seemed 
to be easier to discriminate than //-/f/. Probably the acoustic similarity 
between // and /f/ affected discriminability of the contrast for the 
controls.  

Table 20 displays the results for the EF speakers, showing that for 
the contrast //-/f/ the mean number of correct responses reached 25.20 
(69.81%), with a mean A’ score of 0.88. For the contrast //-/t/, the 
mean score was 34.41 (96.53%) with a mean A’ score of 0.99; and for 
the contrast //-/s/, the mean score was 30.85 (85.65%) and the A’ score 
0.95.  
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Table 20. EF group: Correct discrimination of the contrasts //-/f/, //- /t/, and 
//-/s/. Mean (M), median (Mdn) and standard deviation (SD) of the Number of 
Correct (NC) discrimination, mean percentage (%) and mean A’ scores. 

Contrasts  //-/f/ //-/t/ //-/s/ 

(N = 36)  
NC 

% A’  
NC 

% A’  
NC 

% A’ 
 

M  25.20 
69.81 

.88  34.95 
97.06 

.99  30.85 
85.65 

.95 

Mdn  25.00 .92  35.00 .99  31.50 .96 

 
EF 

N = 20 
SD  5.21 .14  1.14 .01  3.01 .02 

 
Again, A’ scores were closer to the perfect discrimination of 1 

than to the chance level discrimination of 0.5. Repeated-Measures 
ANOVA confirmed differences among the mean A’ scores (F(2,38) = 
8.873, p = .007), and post hoc analyses with adjusted Bonferroni 
revealed that the differences are between the contrasts //-/f/ (A’ = 0.88) 
and //-/t/ (A’ = 0.99), and //-/f/ (A’ = 0.88) and //-/s/ (A’ = 0.95). 
Therefore, one more time all contrasts obtained high A’ scores, and 
similar to the BP speakers, the EF speakers showed that the English 
contrasts //-/t/ presented the same level of discriminability of //-/s/, 
whereas the contrast //-/f/ seemed to be the most difficult to 
discriminate. Once again the acoustic similarity between // and /f/ 
could explain the finding that this contrast received the lowest A’ score 
among the three.  

Finally, Table 21 displays the results of the BP group, showing 
that the two EFL groups had a similar pattern of performance: for the 
contrast //-/f/ mean correct responses was 23.38 (64.90%), with an A’ 
score of 0.86; for the contrast //-/t/, mean score was 32.38 (89.90%), 
with an A’ score of 0.97, and for the contrast //-/s/, mean score was 
30.76 (85.41%), with an A’ score of 0.96.  
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Table 21. BP group: Correct discrimination of the contrasts //-/f/, //- /t/, and 
//-/s/. Mean (M), median (Mdn) and standard deviation (SD) of the Number of 
Correct (NC) discrimination, mean percentage (%) and mean A’ scores. 

Contrasts  //-/f/ //-/t/ //-/s/ 

(N = 36)  
CN 

% A’  
CN 

% A’  
CN 

% A’ 
 

M  
23.38 
64.90 

.86 
 

32.38 
89.90 

.97 
 

30.76 
85.41 

.96 

Mdn  24.00 .91  34.00 .98  31.00 .96 

 
BP 

N = 21 

SD  3.50 .14  3.89 .02  4.603 .03 
 
Once again A’ scores were all high, with Repeated-Measures 

ANOVA revealing differences among the mean A’ scores (F(2,40) = 
9.398, p = .004), and a post hoc Bonferroni confirming significance 
between the contrasts //-/f/ (A’ = 0.86) and //-/t/ (A’ = 0.97), and //-
/f/ and //-/s/ (A’ = 0.96). Hence, one more time the contrast //-/f/ 
obtained the lowest A’ score, probably due to the acoustic similarity 
between the phonemes, whereas the contrasts //-/t/ and //-/s/ showed a 
similar higher level of discriminability.  

Cross language comparisons (Figure 19) shows that there was 
more variation for the //-/f/ than for the other two contrasts, especially 
within the control group. The A’ scores for each contrast by each group 
were submitted to a One-Way ANOVA analysis. As can be seen, the 
lower A’ scores given to the contrast //-/f/ did not reach significance for 
any group comparison of means (BE = 0.93, EF = 0.88, BP = 0.86).  
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Figure 19. BE, EF, and BP groups: A’ scores for the contrasts //-/f/, //-/t/, and 
//-/s/. 

 
The test revealed significant differences for the contrast //-/t/ 

(F(2,55) = 4.801, p = .012), and Scheffe post hoc analysis confirmed 
significance only between the French speakers (A’ = 0.99) and the BP 
speakers (A’ = 0.97), despite the small 2 percentage-point difference 
between the means.  A One-Way ANOVA also revealed differences for 
the contrast //-/s/ (F(2,55) = 4.899, p = .011), and the post hoc Scheffe 
confirmed significance between the controls (A’ = 0.98) and the EF 
group (A’ = 0.95), and between the controls and the BP speakers (A’ = 
0.96). That is, the controls have less difficulty to discriminate between 
// and /s/ than the EFL speakers. To sum up, the three groups showed 
high level of sensitivity in discriminating // from its most common 
substitutes—A’ scores for the three contrasts ranged from 0.86 to 0.99, 
with the contrast //-/f/ having the lowest mean A’ scores among all 
groups.  

One-Way ANOVA and Scheffe post hoc analyses confirmed 
significant between-group comparisons of percentages of correct 
discrimination for all three contrasts (Figure 20): (1) for //-/f/ (F(2,55) 
= 4.300, p = .018), with differences between BE (77.22%) and BP 
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(64.90%, p = .019); (2) for the contrast //-/t/ (F(2,55) = 4.924, p = 
.011), with differences between BE (96.53%) and BP (89.90%, p = 
.050), and between EF (97.06%) and BP (89.90%, p = .024); and (3) for 
the contrast //-/s/ (F(2,55) = 4.701, p = .013), with differences between 
BE (94.74%) and EF (85.65%, p = .037); and between BE (94.74%) and 
BP (85.41%, p = .029). To summarize, with the exception of the mean 
identification scores for the contrast //-/s/, the control group did not 
outperform the EFL groups.  

 

Figure 20. BE, EF, and BP groups: Mean percentage of correct discriminations 
of //-/f/, //-/t/, and //-/s/.  

 
Considering the results of the EFL groups only, a comparison of 

mean A’ scores and mean percentages of correct discrimination shows 
that only the discrimination between //-/t/ was significantly different 
between the two groups. For A’ scores, Scheffe post hoc analyses 
showed that EF participants’ scores (A’ = 0.99) were significantly higher 
(p = .027) than those of the BP speakers (A’ = 0.97). As for mean 
percentages of correct discrimination, EF speakers’ scores (M = 
97.06%) were also higher than those of BP speakers (M = 89.90% p = 
.024). Bearing in mind that in the Perceptual Assimilation Test the EF 
overall percentage of identification of // as T (M = 7.49%) and its mean 
fit index (M = .20) were significantly lower than those of the BP 
speakers (33.24% for identification and 0.47 for fit index), it is 
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somehow expected that EF speakers would have less difficulty in 
discriminating the contrast //-/t/. That is, given that the EF participants 
did not associate // with /t/, the discrimination between the contrast is 
likely to be undemanding.  

Finally, the actual discrimination findings can be compared with 
the discriminability predictions made after the results of the Perceptual 
Assimilation Test and in accordance with the PAM. As a reminder, 
Table 22 shows that for both EF and BP speakers // was an 
uncategorized L2 sound, whereas /f/, /t/, and /s/ were all well 
categorized into the L1s. Therefore, all pairwise contrasts with the target 
phoneme fell within the UC Type of assimilation, which predicts very 
good discrimination. The discrimination of the three contrasts was 
closer to perfect sensitivity, as measured by high A’ scores. However, 
the A’ scores for the contrasts //- /t/ and //-/s/ were closer to the 
maximum value of 1 than that of the contrast //-/f/. 

 
Table 22. EF and BP groups: Summary of the Perceptual Assimilation Test 
results, the predicted discrimination of the contrasts //-/f/, //- /t/, and //-/s/, 
and their actual discrimination values, expressed in A’ scores. 
L2  L1 PAM 

categor
y 

L2 
pairwis

e  

 
PAM type: 

predicted  

 
A’ scores - Discrimination 

found  
  type contras

t 
discrimination EF BP 

F uncat. //-/f/ UC: very good 0.88 good 0.86 good 

T uncat. //-/t/ UC: very good 0.99 very 
good 

0.97 very 
good 

 
// 

S uncat.  //-/s/ UC: very good 0.95 very 
good 

0.96 very 
good 

 
In the analysis of the Perceptual Assimilation Test at the end of 

section 3.1.1, it was stated that due to the overlap in the assimilation of 
//, two possible findings were expected: the discriminations between 
// and /f, t, s/ could corroborate the PAM’s predictions—very good, or 
it would align with Guion and colleagues’ (2000) findings—poor 
discrimination.  

The actual discrimination findings corroborated neither 
expectation because of the categorization of // as /f/. On the one hand, 
the results were different from those of Guion et al. (2000). Their cross-
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language mapping experiment showed that // was an uncategorized 
sound, assimilated onto two native Japanese categories—either /s/ or 
//. Although the PAM predicts very good discrimination for UC Types 
of assimilation, they found poor discrimination of the contrast //-/s/. 
The authors suggest that the overlapping between the two types of 
categorization, //-/s/ and /-//, was responsible for the finding. As a 
result, they propose that the PAM should be revised in order to include 
poor discrimination derived from this type of overlapping 
categorization. The same type of overlapping categorization was found 
in the present study, but the discrimination ranged from good to very 
good, more in accordance with the PAM’s prediction.  

On the other hand, although all A’ scores were closer to the 
perfect discriminability value of 1 than to the chance level of 0.5, 
statistical analyses confirmed that the A’ scores obtained by the contrast 
//-/f/ (EF = 0.88, BP = 0.86) were significantly lower than those 
obtained by the other two contrasts (EF //-/t/ = 0.99, //-/s/ = 0.95; BP 
//-/t/ = 0.97, //-/s/ = 0.96). Thus, not all UC Types of assimilation 
elicited the predicted very good discrimination scores. Thus, a possible 
contribution to the PAM could be suggested: instead of predicting very 
good discrimination for all UC Type categorizations, the model could 
propose that discrimination for this type is expected to range from good 
to very good, as measured by the A’ scores. In accordance with this 
reasoning, the findings showed that //-/f/ was well discriminated, 
whereas //-/t/ and //-/s/ were very well discriminated, the difference 
being attributed to higher A’ scores shown by the contrasts //-/t/ and 
//-/s/, than to //-/f/. Therefore, due to the conflicting results between 
Guion et al.’s (2000) study and the present study, further research could 
investigate the need to revise the PAM and shed some light into the 
issue. 

As a matter of curiosity, if the results are compared to those of 
Harnsberger’s (2001) study, the conclusions are quite similar. 
Harnsberger worked with mean percent correct scores in his ABX 
discrimination test. For the UC Type of assimilation he found 87% of 
correct discrimination, with mean scores ranging from 42% to 100%. 
The means found for the BP group (//-/f/ = 64.90%, //-/t/ = 89.90%, 
and //-/s/ = 85.41%) and the EF group (//-/f/ = 69.81%, //-/t/ = 
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97.06%, and //-/s/ = 85.65%) of the present study were not much 
different.  

To conclude, the second RQ asked whether the pattern of 
assimilation of // could predict its discrimination. The first hypothesis 
stated that the pattern of assimilation would determine the 
discrimination between // and its most common substitutes. The 
hypothesis is partially corroborated—all pairwise contrasts were UC 
Type of assimilation, which predicts very good discrimination, a pattern 
found for the contrasts //-/t/ and //-/s/. However, for the contrast //-
/f/, an equally UC Type, discrimination was good instead of very good. 
The second hypothesis suggested that the acoustic similarity between // 
and /f/ would affect discrimination, supported by the results. Although 
all contrasts had high mean A’ scores, the contrast //-/f/ had 
significantly lower results than the other two contrasts.  

Although the predictions concerning discriminability based on the 
Perceptual Assimilation Models were all confirmed with the actual 
discrimination data, the overall results have not hitherto shown a clear 
relationship between perception and production of the target phoneme, 
as put forward by the Speech Learning Model (Flege, 1995), for 
example, and implicit in the PAM. Drawing upon the models, EF 
speakers would be expected to substitute /s/ for // (Brannen, 2002) and 
BP speakers to substitute /t/ for // (Reis, 2006) because this would 
presumably be the way they hear the English //. That is, the reasoning 
would be for EF and BP speakers to unambiguously and consistently 
assimilate // as /s/ and /t/ respectively and to have greater difficulty in 
discriminating the contrasts //-/s/ and //-/t/ than the remaining 
contrasts. However, neither assimilation nor discrimination results have 
shown a clear cut pattern on the perception of //. 

Perhaps there is an aspect in these two tests, particularly the 
Perceptual Assimilation Test, that might prevent further analysis of the 
issue: the impossibility to show what is actually heard. Maybe with the 
possibility of showing that // is not part of the L1 inventory the 
participants could provide a clearer picture of the perception of the 
target phoneme. Perhaps the analysis of the type of perceptual errors the 
participants make when they hear // could shed some light on the issue. 
For these reasons, and also to examine whether the participants make 
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use of visual cues when identifying the target phoneme, identification 
tests with the label none of the consonants were included in the present 
study—the Auditory and the Audiovisual Identification Tests.  
 
 
3.3 THE IDENTIFICATION TESTS 
 
3.3.1 Analysis of RQ3 

 
The analysis of the two hypotheses of RQ3 is based on the results 

of the two Identification Tests in which the twelve nonwords differed in 
the presentation conditions—auditory and audiovisual (AV) mode. In 
both tests, taken by the two EFL groups and the control group, each 
nonword was repeated 6 times, resulting in 72 trials for each 
Identification Test. Consequently, each test resulted in 1124 responses 
for the 17 BE speakers, 1140 responses for the 20 EF speakers, and 
1512 for the 21 Brazilians. Each stimulus was presented once and 
participants had to identify the consonants by using one of the four 
labels—T, F, S or none of the other consonants for the EFL groups, and 
T, F, S or TH for the control group. As explained in Method section 
2.3.1, the A’ formula as proposed by Snodgrass and colleagues (1985) 
was used as the unbiased signal detectability measure. Accurate 
responses provided the hit rate (i.e., identification of // as TH or none 
of the other consonants), whereas incorrect responses for the signal // 
provided the false alarm rate (i.e., identification of // as as F, T or S). 
An A’ of 1 indicates perfect sensitivity to the sound, whereas a score of 
0.5 or lower suggests chance performance or insensitivity to the sound. 

The first hypothesis proposes that identification will vary between 
the two EFL groups. The second hypothesis affirms that visual cues will 
aid the identification of //.  

 
 

3.3.2 Analysis of the Auditory Identification Test 
 
Table 23 presents the mean, the median, and the standard 

deviation of the raw scores and of the mean A’ scores of each consonant 
in the auditory mode for the three groups. All consonants reached high 
A’ scores, values ranging from 0.87 to 1, which indicates that 
identification was not due to chance. 
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The control group obtained a mean A’ score of 0.94 for both // 
and /f/ and a close-to-perfect 0.99 for /t/ and /s/, values not statistically 
different according to analyses of variance (ANOVAs) for repeated 
measures (F(3,48) = 2.635, p = .121). With mean A’ scores close to 1 
the BE speakers demonstrate high sensitivity to all segments.  

 
Table 23. BE, EF, and BP groups: Correct identification of //, /f/, /t/, and /s/ in 
auditory mode. Mean (M), median (Mdn) and standard deviation (SD) of the 
Number of Correct (NC) identification, and means of the A’ scores. 

  // /f/ /t/ /s/ 
  NC A’ NC A’ NC A’ NC A’ 

M 16.70 0.94 16.70 0.94 17.94 0.99 17.58 0.99 
Mdn 18.00 1.00 18.00 1.00 18.00 1.00 18.00 1.00 

 
BE 

N = 17 SD 2.46 1.26 2.46 1.26 0.24 0.16 1.27 0.02 
          

M 14.30 0.84 16.00 0.92 18.00 1 17.55 0.98 
Mdn 15.00 0.90 17.00 0.97 18.00 1.00 18.00 1.00 

 
EF  

N = 20 SD 2.36 0.15 2.31 0.10 0.00 0.00 0.75 0.26 
          

M 15.14 0.87 15.38 0.87 17.33 0.97 16.48 0.94 
Mdn 16.00 0.93 17.00 0.97 18.00 1.00 17.00 0.97 

 
BP  

N = 21 SD 3.11 0.17 3.96 0.22 1.01 0.03 1.94 0.08 
 
The results of the EF speakers also indicate sensitivity to the L2 

consonants, as all mean A’ scores were high—0.84 for //, 0.92 for /f/, 1 
for /t/ and 0.98 for /s/. Contrary to the BE group, the differences 
between these scores were statistically significant (F(3,57) = 12.040, p 
= .000), adjusted Bonferroni post-hoc analyses revealed significance 
between the scores of // and /t/ (p = .002), and between those of // and 
/s/ (p = .001).  

Sound sensitivity was also shown by the BP participants—// 
obtained a mean A’ score of 0.87, /f/ also of 0.87, /t/ of 0.97, and /s/ of 
0.94, differences not statistically significant (F(3,60) = 2.522, p = .102).  

Thus, the results indicate that in the Auditory Identification Test 
native and nonnative speakers of English have almost perfect sensitivity 
to the English consonants, as shown by the high A’ score values (Figure 
21). A One Way ANOVA statistical test reveals that between-group 
comparisons of means were not significantly different for // (F(2,55) = 
1.868, p = .164) or for /f/ (F(2,55) = 1.002, p = .374 ), but significantly 
different for /t/ (F(2,55) = 5.435, p = .007) and for /s/ (F(2,55) = 4.454, 
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p = .016). The Post hoc Scheffe indicates that for /t/ the differences lie 
between the EF group (M A’ = 1) and the BP group (M A’= 0.94, p = 
.012), and for /s/ between the BE group (M A’ = 0.99) and the BP group 
(M A’= 0.94, p = .036). 

Figure 21. BE, EF, and BP groups: Mean A’ scores of //, /f/, /t/, and /s/ in 
Auditory mode. 

 
Despite the differences, it is important to keep in mind that A’ 

scores indicate perceptual sensitivity, which in this case shows that EF 
and BP speakers were overall almost as sensitive to the four English 
consonants as native speakers of English. However, these results do not 
satisfactorily confirm or disconfirm the first hypothesis of RQ3—
whether EF and BP speakers identify the target phoneme differently. 
The issue may be better analysed with the results of the mean 
identification scores, as in Table 24.  

 
Table 24. BE, EF, and BP groups: Mean percentages of correct identification of 
//, /f/, /t/, and /s/ in auditory mode. 

Stimuli //  /f/ /t/ /s/ 

Marked as 
TH or None of the 

consonants F T S 
BE 92.64 92.64 99.64 97.64 
EF 78.80 88.65 100.00 97.30 
BP 83.71 85.14 96.09 91.33 
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For the control group, mean percentages were 92.64% for // and 
for /f/, 99.64% for /t/, and 97.64% for /s/, results that do not show 
statistical differences according to Repeated Measures ANOVA 
(F(3,48) = 2.801, p = .103). The results indicated that the auditory 
identification of the four consonants seem to entail the same degree of 
complexity, or simplicity.  

For the EF speakers, mean percentages were 78.80% for //, 
88.65% for /f/, 100% for /t/, and 97.30% for /s/, differences statistically 
significant (F(3,57) = 28.233, p = .000). Post-hoc analyses revealed 
significance between the identification of // and /t/ (p = .000), // and 
/s/ (p = .000), and between /f/ and /t/ (p = .005). Therefore, 
identification of either /t/ or /s/ seemed to have been easier than // for 
EF speakers. 

For the BP speakers, mean percentages were 83.71% for //, 
85.14% for /f/, 96.09% for /t/, and 91.33% for /s/, results that are not 
statistically different (F(3,60) = 2.988, p = .063). Thus, although // 
achieved the lowest mean identification score, the four segments seemed 
to have presented the same degree of difficulty. 

Finally, a One-Way ANOVA revealed that that three between-
group comparison of means reached differences for // (F(2,55) = 3.983, 
p = .024), and for /t/ (F(2,55) = 7.174, p = .002). For //, Scheffe post-
hoc analyses confirm differences between BE speakers (M = 92.64%) 
and EF speakers (M = 78.80%, p = .026), and for /t/ between BE 
speakers (M = 99.64%) and BP speakers (96.06%), and between EF 
speakers (M = 100%) and BP speakers (96.06%, p = .026) (Figure 22).  

Figure 22. BE, EF, and BP groups: Mean percentage of correct identification of 
//, /f/, /t/, and /s/ in Auditory mode. 
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Once again, despite the differences, all in all the results show that 
the both EFL groups and the control group have similar performance 
regarding the identification of the four segments, which suggests that 
these L2 consonants do not impose perceptual uncertainty to nonnative 
speakers of English. Therefore, up to now the first hypothesis of RQ3 is 
not supported—the identification of English // did not vary between EF 
and BP speakers, both groups identified the target phoneme using the 
label none of the consonants significantly more often than using another 
label.  

Further analysis on the type of errors participants made when 
identifying // could reveal whether EF and BP speakers identified the 
target phoneme differently—as /s/ for French and as /t/ for BP 
participants, as assumed in H3a. As discussed at the end of the analysis 
of RQ2, an identification test which had a label such as none of the 
consonants could reveal whether listeners are aware that // is not part 
of their L1 sound system. In addition, the remaining labels F, T, and S 
could indicate whether // is recognized as one of these consonants.  

In order to seek for patterns of errors within the groups, the total 
number of errors was distributed according to the indicated wrong label 
for the stimulus heard. It should be noted, however, that the present 
analysis deals with the limited percentage of errors within the total 
number of trials per group: 3.91% for the BE speakers (44 errors in a 
total of 1124 trials), 10.78% for the EF speakers (123 errors in 1140 
trials), and 10.84% for the Brazilians (164 errors in 1512 trials). 

Once having the type of error distribution, a methodological 
problem appeared—what percentage of errors could be considered a 
genuine pattern of error, one that could indicate perceptually based 
reasons. As can be seen in Table 25, percentage of errors ranged from 
0.81% to 50% and, to the best of my knowledge, no threshold has been 
set for this type of data analysis. If the 75% threshold for consistent 
categorization suggested by Guion and colleagues (2000) were adopted, 
none of types of errors would have achieved the criterion. Moreover, 
given the small number of errors within the entire dataset, statistical 
comparison of means seemed not to reveal a tendency. Instead, the 
higher mean percentages are described, indicated in boldfaced values in 
the table, with the aim of finding a pattern in the type of error.  
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Table 25. BE, EF, and BP groups: Raw scores of errors and its corresponding 
percentage in relation to total number of errors in Auditory mode. 

Stimuli 
 // // // /f/ /t/ /s/ /s/ 
 

Marked F T S 
TH 

None 
TH 

None 
TH 

None F 
BE 

Errors N = 44 22 1 - 13 1 7 - 
% 50.00 2.27 - 29.54 2.27 15.90 - 

EF 
Errors N = 123 40 - 9 45 1 28 - 

%  32.52 - 7.31 36.58 0.81 22.76 - 
BP 

Errors N = 164 48 7 4 56 14 31 4 
% 29.26 4.26 2.43 34.14 8.53 18.90 2.43 

 
All the groups showed higher mean percentages of errors in the 

misperception of // as F and for /f/ as TH / none of the consonants, a 
result which suggests that the acoustic similarity between // and /f/ 
might have affected the labeling task. The BE group marked 50% of // 
as F, and 29.54% of /f/ as TH, which suggests that the acoustic 
similarity between // and /f/ have probably affected their cross-
identification.  

For the French group, // was marked as F in 32.52% of the error 
trials, and /f/ as none of the consonants in 36.58%. Still for the EF 
speakers, /s/ as none of the consonants in 22.76%. The finding that /s/ 
was more misperceived as none of the consonants and not the opposite, 
// as S, is somehow against the proposition made in H3a that // would 
be identified as /s/ by EF speakers. However, it may indicate perceptual 
confusion between // and /s/.  

For the BP group // was marked as F in 29.26% of the error 
trials, and /f/ as none of the consonants in 34.14%. Again the acoustic 
similarity between // and /f/ might have been responsible for this cross-
confusion. It is also important to note that, likewise the EF speakers, /s/ 
as none of the consonants was also a common error among BP speakers 
(18.90%). A tentative explanation may lie in the remark made by Wester 
et al. (2007) that phonologically // and /s/ are the most similar 
phonemes, differing only in the feature [strident]. This might have led 
participants to misperceive /s/ for //. However, if this reasoning were 
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true, it would be logical to expect that mean percentages of // as S were 
higher than /s/ as none of the consonants.  

Another possibility for the finding that both EFL groups 
misperceived /f/ and /s/ as none of the consonants could be that the 
English realization of either /f/ or /s/ did not correspond to the L1 
phonetic categories the EFL speakers have in their native inventory. 
However, the general results of the identification of /f/ and /s/ (Table 24 
above) show that these consonants received high scores that were not 
statistically different from the control group.  

In the present study the label none of the consonants was reasoned 
to correspond to the auditory awareness that // is not a sound present in 
any of the L1 sound systems. However, the fact that both EFL groups 
indicated none of the consonants for /f/ and /s/ may be accounted for the 
undesirable shifting to the L2 perceptual mode. Although the phonemes 
/f/ and /s/ are present in the three sound systems, their realization in the 
stimuli is embedded in L2 context—produced by BE speakers and, 
inevitably, within an English voice quality setting as defined by Laver 
(1994)30.  

In addition, by the moment participants took the Auditory 
Identification Test they had already done at least the Production and the 
Perceptual Assimilation Test. As a consequence, they might have 
noticed the presence of the English // in the test. By the end of the 
experiment participants were first asked if they could point out whether 
there was a specific speech sound being tested—none of them were able 
to put into words that // was the target sound. Next, they were informed 
that the English sound that corresponds to the spelling th as in theater 
was the target sound—all of them affirmed being unaware of it.  

The results as shown in Table 24 above show that the participants 
did notice the presence of a sound (//) that does not correspond exactly 
to any L1 category by consistently using the label none of the 
consonants (EF = 78.80%, BP = 83.71%). Perhaps, willing to 
demonstrate this awareness, participants over-corrected their responses 
by excessively indicating that the label none of the consonants 

                                                
30 Voice quality setting: the “tendency underlying the production of the chain of 
segments in speech towards maintaining a particular configuration or state of 
the vocal apparatus” Laver (1994, p. 396) 
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corresponded not only to // but also to /f/ and /s/, sounds that are, 
respectively, phonetically and phonologically similar to //.  

In order to rule out the possibility that the order of tests 
presentation affected the results, Kruskal-Wallis with Mann-Whitney U 
test for post hoc analysis were run comparing the results of the 
participants according to the sub-group of stimuli presentation they were 
set, as explained in section 2.2.3. It is important to keep in mind, 
however, that due to the limited number of participants in each L1 
group, between two to four participants were allocated in each 
presentation sub-group. The statistical tests revealed that results were 
not significantly different for any between-sub-group comparison of 
means and in any L1 group.  

Therefore, the analysis of errors does not support, again, H3a—
the pattern of errors did not clearly reveal that EF and BP speakers tend 
to identify the English // differently. Perhaps a final elucidating point is 
making a parallel between the results of the two auditory tests that 
involve identification tasks: the Auditory Identification Test, which had 
the labels F, T or S and TH/none of the other consonants, and the 
Perceptual Assimilation Test, which had the labels F, T or S only.  

Once given the chance to demonstrate that // is not an L1 sound, 
listeners take it. The results of the Auditory Identification Test show that 
the participants did notice that // does not correspond to the labels F, T 
or S. The label none of the consonants was used in 76.06% and 73.42% 
of the instances by the EF and BP groups, respectively. Whether they 
are able to openly identify that the phoneme // corresponds to the 
spelling th, that is, able to name the sound by using any letter of the 
alphabet, is beyond the scope of the present study.  

The results of the Auditory Identification Test somehow converge 
to the ones of the Perceptual Assimilation Test—even when a fourth 
label is not provided and participants are forced to assimilate the L2 
sound onto an L1 category, the participants did not present a 
straightforward pattern—both EF and BP speakers assimilated // 
poorly onto their L1s, contrary to the assimilation of /f/, /t/ and /s/. In 
addition, the low rating for // in the category-goodness task, and its 
consequent low fit index, indicate that the sound is not perceived as any 
specifi L1 category.  

Taking the results of these two auditory tests together, which 
show that both groups are aware that // is different from /f/, /t/ and /s/, 



 173 

and that no group have a clear pattern of assimilation, the reasoning that 
the type of // substitution is perceptually based can be questioned. 
However, as discussed in 1.3, perception is a multimodal cognitive 
ability and the results of the auditory tests should be complemented with 
those of an audiovisual experiment. Therefore, the analysis of how 
native and nonnative speakers of English identify the target phoneme 
when provided visual cues may enlighten the issue. 
 
 
3.3.3 Analysis of the Audiovisual Identification Test 

 
In order to examine the second hypothesis of RQ3, that is, 

whether visual cues aid the identification of // in the Audiovisual 
Identification Test, it is necessary to verify whether the identification of 
// reaches higher scores in the presence of visual cues. The same kinds 
of within and between-group comparison of means used in the Auditory 
Identification Test are used in the analysis of the Audiovisual (AV) 
Identification Test, as well as Paired Samples t-tests for between-mode 
comparison of means in order to confirm statistical differences between 
the two modes of stimuli presentation.  

As explained in 2.2.2.5, the AV Identification Test had a total of 
72 trials per participant, totaling 1124 responses for the control group, 
1140 responeses for French group, and 1512 for the Brazilian group. 
Each stimulus was auditorily and visually presented once and the EFL 
groups had to label the sounds using the buttons T, F, S or none of the 
other consonants, whereas the control group had to use the buttons T, F, 
S or TH. The A’ formula (Snodgrass et al., 1985) was used as the 
unbiased signal for sensitivity measure, values of 1 indicate perfect 
sensitivity to the sound, whereas values of 0.5 or lower suggests chance 
performance.  

Table 26 displays the mean, the median, and the standard 
deviation for the number of correct identification, and the mean A’ 
scores of each consonant in the AV mode.Similarly to the findings in the 
Auditory Identification Test, all consonants’ A’ scores were high, 
ranging from 0.86 to 1, values that indicate L2 sound sensitivity. For the 
results of the control group, A’ scores of both // and /f/ were 0.99, and 
1 for both /t/ and /s/. Analyses of variance (ANOVAs) for repeated 
measures did not yield significance (F(3,48) = 1.006, p = .332). In other 
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words, in the AV mode the control group reached ceiling effect for all 
consonants.  

 
Table 26. BE, EF, and BP groups: Correct identification of //, /f/, /t/, and /s/ in 
AV mode. Mean (M), median (Mdn) and standard deviation (SD) of the 
Number of Correct (NC) identification, and mean A’ scores. 

  // /f/ /t/ /s/ 
  NC A’ NC A’ NC A’ NC A’ 

M 17.70 0.99 17.52 0.99 18.00 1.00 18.00 1.00 
Mdn 18.00 1.00 18.00 1.00 18.00 1.00 18.00 1.00 

 
BE 

N = 17 SD 0.98 0.02 1.94 0.01 0.00 0.00 0.00 0.00 
          

M 15.90 0.90 17.45 0.97 17.95 0.99 17.55 0.98 
Mdn 18.00 1.00 18.00 1.00 18.00 1.00 18.00 1.00 

 
EF  

N = 20 SD 3.24 0.17 1.60 0.07 0.22 0.00 1.39 0.05 
          

M 15.19 0.86 16.85 0.95 17.23 0.96 18.00 1.00 
Mdn 17.00 0.97 18.00 1.00 18.00 1.00 18.00 1.00 

 
BP  

N = 21 SD 3.45 0.20 1.95 0.08 2.38 0.13 0.00 0.00 
  
The results of the French group also indicate sensitivity to the L2 

consonants: mean A’ score of 0.93 for //, 0.97 for /f/, 0.99 for /t/, and 
0.98 for /s/. Although the results are statistically different (F(3,57) = 
4.326, p = .035), Bonferroni post-hoc analyses with adjustments for 
repeated measures (α-level at .013) revealed that none of the pairwise 
comparisons achieved statistical differences. 

Similar high results were found among Brazilian participants: 
mean A’ score of 0.86 for //, 0.95 for /f/, 0.96 for /t/, and 1 for /s/. 
Again, although analysis of variance yields significance (F(3,60) = 
4.705, p = .017), adjusted Bonferroni (α = .013) revealed no statistical 
differences.  

A series of between-group comparison of mean A’ scores with 
One Way ANOVA reveal that none of the results were statistically 
different (F(2,55) = 2.785, p = .070 for //, F(2,55) = .401, p = .671 for 
/f/, F(2,55) = 1.474, p = .230 for /t/, and F(2,55) = 1.745, p = .184 for 
/s/), as can be seen in Figure 23. Therefore, the results demonstrate that 
the three groups showed similar high sensitivity to the four English 
consonants.  
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Figure 23. BE, EF, and BP groups: Mean A’ scores of //, /f/, /t/, and /s/ in AV 
mode. 

 
Concerning the analysis of the mean percentages of correct 

identification (Table 27), the control group obtained 98.29% for //, 
97.35% for /f/, and 100% for both /t/and /s/, results not statistically 
different in Repeated Measures ANOVA analyses of variance (F(3,48) 
= 1.054, p = .322), similarly to the findings in the Auditory condition. 

 
Table 27. BE, EF, and BP groups: Mean percentages of correct identification of 
//, /f/, /t/, and /s/ in AV mode. 

Stimuli // /f/ /t/ /s/ 
Marked TH or None of the consonants F T S 

BE 98.29 97.35 100.00 100.00 
EF 88.15 93.25 99.70 97.40 
BP 81.42 91.09 95.71 100.00 
 
For the French group, mean percentages were 88.15% for //, 

93.25% for /f/, 99.70% for both /t/, and 97.40% for /s/. Although 
Repeated Measures ANOVA yielded statistical differences (F(3,57) = 
3324, p = .049), adjusted Bonferroni (α = .013) revealed no statistical 
differences for any contrast.  

For the Brazilian group, mean percentages were 81.42% for //, 
91.09% for /f/, 95.71% for /t/, and 100% for /s/. Once again, although 
the differences are statistically significant (F(3,60) = 5.052, p = .007), 
post-hoc analyses showed no differences between the contrasts, only a 
tendency between // and /s/ (p = .015). Therefore, the results of within-
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group analyses in AV condition indicate that the identification of the 
four English segments seem to have entailed the same level of difficulty. 

Between-group comparison of means with One Way ANOVA 
indicated statistical differences only in the identification of // (F (2,55) 
= 3.882, p = .026), and post-hoc Scheffe analyses revealed that 
differences lie between BE speakers (M = 98.29%) and BP speakers 
(81.42%, p = .027) (Figure 24) 

 

Figure 24. BE, EF, and BP groups: Mean percentage of correct identification of 
//, /f/, /t/, and /s/ in AV mode. 

 
In conclusion, the results indicate that the three groups have 

similar high performance in the identification of /t/ and /s/. Taking 
together the results of the mean percentage of correct identification and 
the mean A’ scores, one can conclude that /t/, /f/ or /s/ do not impose 
perceptual difficulty to EFL speakers. In the identification of //, both 
EFL groups showed no statistical differences, either in mean percentage 
of correct identification or the mean A’ scores. Moreover, the control 
group seems to have been more favored by visual cues than the BP 
group, given that its mean score (98.29%) was significantly different 
from the Brazilian group (81.42%).  

Hence, similar to the findings in the Auditory condition, the first 
hypothesis of RQ3 is not supported in the AV mode—the identification 
of English // did not vary significantly between groups, both EF and 
BP speakers notably identified the target phoneme using the label none 
of the consonants.  
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Before heading for the analysis of the second hypothesis, maybe 
the investigation of pattern of errors can enlighten the issue of how the 
target phoneme is perceived by EF and BP speakers. Again, it is 
important to bear in mind that the analysis is based on the limited 
percentages of errors within the total number of trials per group: 1.56% 
for the BE speakers (13 errors in a total of 1124 trials), 5.528% for the 
French participants (63 errors in 1140 trials), and 6.54% for the BP 
participants (99 errors in 1512 trials). 

Table 28, shows that percentages of errors ranged from 1.61% to 
37.09%. All groups showed that even with visual cues the cross-
misperception between the two acoustically similar phonemes remained. 
The misperception of // as F occurred in 30.76% of the error trials for 
the BE speakers, 16.12% by the EF speakers, and 18.11% by the BP 
speakers. The segment /f/ as TH / none of the consonants was also a 
common type of misperception (BE = 15.38%, EF = 37.09%, BP = 
18.89%). Unexpectedly, the cross-misperception between // and /s/ was 
frequent in then AV mode: for the French group, // as S occurred 
14.51% of the trial errors, and for the Brazilian group in 22.83%. The 
segment /s/ as TH / none of the consonants happened in 29.03% for the 
EF speakers, and 18.89% for the BP speakers.  

 
Table 28. BE, EF, and BP groups: Raw scores of errors and its corresponding 
percentage in relation to total number of errors in AV mode. 

Stimuli // // // /f/ /t/ /s/ /t/ 
 

Marked F T S 
TH 

None 
TH 

None 
TH 

None F 
BE N = 13 

errors 8 - - 4 - 1 - 
% 30.76 - - 15.38 - 3.84 - 

EF N = 62 
errors 10 1 9 23 - 18 1 

%  16.12 1.61 14.51 37.09 - 29.03 1.61 
BP N = 127 

errors 23 9 29 24 18 24 - 
% 18.11 7.08 22.83 18.89 14.17 18.89 - 

 
The results show that in the AV condition all groups made fewer 

errors than in the Auditory mode for the misperception between // and 
/f/. Raw scores indicated that visual information helped disambiguating 
the two acoustically similar phonemes. That is, the misperception of // 
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as F reduced from 22, 40, and 48 for the BE, EF, and BP groups, 
respectively, to 8, 10 and 23. For the misperception of /f/ as TH / none 
of the consonants, raw scores reduced from 13, 45, and 56 for the BE, 
EF, and BP groups, to 4, 23, and 24. Visual information did not have 
this clear reduction in errors for the other types of misperception. The 
segment // as S increased from 4 errors in Auditory mode to 29 in the 
AV, but /s/ as TH / none of the consonants reduced from Auditory 7, 28, 
and 31 errors to to AV 1, 18, and 24 for the BE, EF, and BP groups, 
respectively. As can be seen, visual information seemed to have been 
more relevant to disambiguate // and /f/ than // and /s/. A tentative 
explanation for the finding that visual cues affected the identification of 
/s/ may lie in the remark made by Kenstowicz and Suchato (2005) that 
the auditory cues may sometimes be overridden by visual information of 
/s/, given that its production involves dental articulation as well as // 
does. 

Thus, no pattern of error was clearly found for either group, 
similarly to the results in the Auditory mode, and the cross-confusion 
between // and /f/ seem to have benefited with the presence of visual 
cues. The influence of visual information in the identification of the 
consonants was examined with a series of within-group Paired Tokens t-
test analysis,run with the results of the Auditory and AV Identification 
Tests (Table 29).  

 
Table 29. BE, EF, and BP groups: Mean percentage of correct identification of 
//, /f/, /t/, and /s/ in Auditory and AV modes. Boldfaced values indicate 
significant differences for within-group comparisons of means. 

 // /f/ /t/ /s/ 
 Audit. AV Audit. AV Audit. AV Audit. AV 

BE 92.64 98.29 92.64 97.35 99.64 100.00 97.64 100.00 
EF 78.80 88.15 88.65 93.25 100.00 99.70 97.30 97.40 
BP 83.71 81.42 85.14 91.09 96.09 95.71 91.33 100.00 

 
For the BE speakers none of the segments was positively affected 

by the presence of visual cues as the differences between Auditory and 
AV modes’ results were statistically not significant. For the EF speakers 
only the identification of // was significantly different between 
Auditory (78.80%) and AV (88.15%, [t (19) = -3.589, p = .002]). For 
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the BP group only the identification of /s/ was significantly different 
betwen Auditory (91.33%) and AV (100%, [t (20) = -3.662, p = .002]).  

Therefore, the results indicate that, apart from the EF speakers, 
visual cues were not a determinant cue in the identification of //. 
Although there is an increase in the mean identification scores from 
Auditory to AV modes for the BE participants, visual cues seemed not 
to have been the decisive information in identifying the phoneme. Thus, 
H3b is partially corroborated—visual cues affected only the 
identification of // in the AV Identification Test for the EF speakers. 
However, it is important to keep in mind that the present study 
contrasted four consonants, which might have affected the use of visual 
cues. Several studies that found a clearer benefit of visual information 
(e.g., Hardison, 2003, 2005b; Hazan et al., 2006; Hazan & Sennema, 
2007; Kluge et al., 2009; Kluge, 2009) were contrasting two consonants 
at a time, in which one had a more marked visual articulation than the 
other.  

All in all, the results of both conditions of stimuli presentation 
show that overall all the groups were aware that // is different from /f/, 
/t/ and /s/. As a matter of fact, statistical differences either within or 
between-groups all concerned the identification of //—in the Auditory 
mode EF speakers had higher scores for /t/ and /s/ than for //, whereas 
BE speakers had higher performance than BP speakers in both modes of 
presentation. However, despite the differences, both A’ scores and mean 
percentage of identification were high and associated each segment and 
the expected label—// as TH / none of the consonants, /f/ as F, /t/ as T, 
and /s/ as S. Therefore, it seems reasonable to conclude that in general 
the participants were aware that each segment belonged to different 
phonetic categories, results that contradict H3a—the identification of 
English // did not vary between EF and BP speakers.  

In addition, the results of the Perceptual Assimilation Test showed 
that no group had a straightforward pattern of assimilation of //, and 
the results of the Discrimination Test demonstrated that the participants 
can distinguish // from its most common replacements. For these 
reasons, one could speculate whether the frequently mentioned pattern 
of replacements of // by EF and BP speakers are due to different 
patterns of perception. A possibility of examining the issue is by 
correlating the results of perception tests with those of the production 
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test. Thus, next section describes the results of the Production Test and 
the correlations between its results with those of the Assimilation, 
Discrimination, Auditory and AV identification Tests.  
 
  
3.4 THE PRODUCTION TEST 
 
3.4.1 Production results  

 
The analysis of the Production Test is based on the results of the 

two EFL groups only. As explained in 2.2.2.4, given that the BE 
speakers all realized // as [] and did not take the Perceptual 
Assimilation Test, there would be no reason to collect their production 
data. 

The Production Test consisted of a sentence-reading task in which 
the phonemes //, /f/, /t/ and /s/ appeared in three minimal quadruplets 
(thought, fought, taught, sought, thin, fin, tin, sin, and thigh, fie, tie, 
sigh), all read within the carrier sentence Now I say____. Each stimulus 
was repeated four times, which resulted in 48 sentences per subject, 12 
sentences for each consonant. Thus, the French group had a total of 960 
results (20 participants x 48 sentences), and the Brazilian group 1008 
results (21 participants x 48 sentences).  

As explained in 2.2.2.2, the pronunciation of all four consonants 
was evaluated by judges. Production was considered accurate when 
according to the Standard English norms. However, although within 
Standard English realization the words taught, tin and tie require the 
aspiration of the alveolar stop, both [t] or [t] were considered accurate 
given that this consonant is not the target sound under investigation and 
that aspiration does not distinguish this consonant from the other three. 
The results are reported in terms of mean percentages of pronunciation 
within each type of realization. Due to the use of percentages rather than 
raw scores, only non-parametric statistical tests were run, as suggested 
by Brown (1988). 

The fourth RQ concerns the relationship between the patterns of 
assimilation of // and its pattern of substitution in EF and BP, and the 
hypothesis is that pattern of assimilation corresponds to the pattern of 
substitution found within each L1.  

The results of the Perceptual Assimilation Test showed that the L2 
/f/, /t/ and /s/ were consistently categorized as L1 /f/, /t/ and /s/ 
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respectively. The assimilation of //, however, overlapped between L1 
categories: it was assimilated as both /f/ and /s/ by EF speakers, and as 
/f/, /t/ and /s/ by BP speakers. Therefore, if the substitution of the L2 
consonants corresponds to their pattern of assimilation, /f/, /t/ and /s/ are 
expected to be produced as [f], [t], and [s], respectively, whereas the 
substitution of // is expected to occur with /f/ and /s/ for the EF group, 
and with /f/, /t/ and /s/ for the BP group. It is important to bear in mind 
that in the Production Test the realization of // could show a wide 
variety, whereas in the Perceptual Assimilation Test the only labels 
available were T, F, and S. Therefore, it is pointless to investigate the 
relationship between rate of accurate realization of // and patterns of 
assimilation. Instead, the relationship between the pattern of 
assimilation and the patterns of substitution of // may reveal whether 
the replacements found within the two EFL groups are related to the 
way the phoneme is assimilated.  

Figure 25 displays the overall findings, for the time being omitting 
accurate outcomes of //, and shows that the expected patterns were 
partially borne out. That is, the production of /f/, /t/ and /s/ corresponds 
to their patterns of assimilation, whereas the production of // did not 
necessarily follow the patterns found in each group. The analysis starts 
with the question of whether there is a relationship between the patterns 
of assimilation and production of /f/, /t/ and /s/. 

 

Figure 25. Production of /f/ as [f], /t/ as [t], /s/ as [s], and // as [f], [t], and [s]. 
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Table 30 shows the number of occurrences of each type of 
realization of /f/, /t/ and /s/, the mean percentage, the median, and 
standard deviation of boldfaced modal percentages, that is, realizations 
higher than 90% of the instances. As can be seen, each consonant had at 
least two realizations, although one, the modal (which in all cases was 
also the accurate production), was undeniably more consistent. This is 
why statistical analyses worked only for the modal productions, their 
distributions shown in Figure 26.  

 
 

Table 30. EF and BP groups: Number of occurrences (NO) within the types of 
realization of /f/, /t/ and /s/. Overall percentage (M), median (Mdn), and 
Standard Deviation (SD) of modal productions. 

Stimuli  /f/ /t/ /s/ 
 /f/ as 

[f] 
/f/ as 

[] 
/t/ as [t] 

or [t] 
/t/ as 

[]  
/t/ 
as 

[t] 

/t/ as 
[s] 

/s/ as 
[s] 

/s/ as 
[] 

NO 233 7 232 3 - 5 233 7 
M 97.08 2.91 96.66 1.25 - 2.08 97.08 2.91 

Mdn 100 - 100 - - - 100 - 

 
 
 
 

EF N = 
240 per 

consonant SD 8.33 - 8.33 - - - 8.23 - 
          

NO 245 7 239 6 7  248 4 
M 97.22 2.77 94.84 2.38 2.77 - 98.41 1.59 

Mdn 100 - 100 - - - 100 - 

BP 
N = 252 

per 
consonant SD 9.25 - 8.92 - - - 5.66 - 

 

 
Figure 26. EF and BP groups: Production of /f/ as [f], /t/ as [t], and /s/ as [s]. 

 
Mean percentages of accurate production in the EF group were 

97.08% for /f/, 96.66% for /t/, and 97.08% for /s/, values not statistically 
different by Friedman analysis  (X² (2, N=20) = 2.138, p =.343). 
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Therefore, the straightforward pattern of assimilation of /f/, /t/ and /s/ 
corresponded to a consistent pattern of production of the consonants.  

In the BP group, mean percentages of accurate production were 
97.22% for /f/, 94.84% for /t/, and 98.41% for /s/, again not statistically 
different (X² (2, N=21) = 3.938, p =.140). Thus, once more the results 
show that the consistent pattern of assimilation of /f/, /t/ and /s/ matched 
their pattern of production. In addition, a between-group comparison of 
means with Mann-Whitney showed that the production of each 
consonant was not significantly different between EF and BP speakers 
(Z = -.868, p = .385 for /f/ as [f]; Z = -.286, p = .775 for /t/ as [t], and Z 
= -.551, p = .582 for /s/ as [s]). Hence, both groups demonstrated the 
same pattern of production of /f/, /t/ and /s/, which corresponded to their 
pattern of assimilation found for the sounds.  

The production of /t/ as [t] by the BP speakers (2.77%) was not 
unexpected, as all instances of this realization occurred with the word 
tin. As some scholars point out (e.g., Monaretto, Quednau, & Hora, 
1999; Albano, 1999, 2001; Cristófaro Silva, 2002; cited in Bettoni-
Techio, 2005, p. 20), the alveolar stops /t/ and /d/ followed by front high 
vowels tend to be palatalized as [t] by BP speakers.  

On the other hand, the production of /t/ as [s] by the EF speakers 
was considered due to chance or misreading, as the overall percentage of 
this type of realization is extremely low, 2.08%. However, this finding 
can also be interpreted as a bias these participants have to realize an 
English word whose spelling reminds them of the th. That is, apart from 
words with /t/, only words with // had the consonant replaced with [s].  

Furthermore, it is worth mentioning that six EF speakers and 
seven BP speakers realized /f/, /t/ and /s/ as []. The consonants were 
mispronounced, respectively, in 2.91%, 1.25%, and 2.91% of the trials 
by the EF speakers, and 2.77%, 2.38%, and 1.59% by the BP speakers. 
Although the low overall percentages seem to indicate that this type of 
realization was due to chance or misreading, these results may also 
suggest that some participants were overly concerned with the 
pronunciation of //. Thus, one may argue that the participants might 
have figured out that // was being tested. However, at the end of the 
experiment the participants were asked whether they had noticed which 
sound was being tested and all of them reported not noticing. Perhaps, 
given the testing situation, participants were particularly eager to 
produce the consonants accurately. Moreover, the Production Test 
consisted of a sentence reading-task that allow for more native-like 
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pronunciation than spontaneous speech, as proposed by several authors 
(e.g., Tarone, 1979; Beebe, 1987; Major, 1994). As has been found with 
the production of // (e.g., Labov, 1970; Reis, 2006) more instances of 
[] are found in tasks that permit more attention to form. In addition, 
although accurate pronunciation of // will be analyzed later, these six 
EF speakers and three out of the seven BP speakers were among the 
seven French and the fifteen Brazilians who favored the realization of 
// as []. However, not all participants who produced // accurately 
necessarily made the same mistake of producing /t/ as []. 

As a matter of curiosity, although the number of participants that 
realized /f/, /t/ and /s/ as [] is too reduced for statistical treatment, the 
phonemes /f/, /t/ and /s/ followed by the vowel //, as in fin, tin and sin, 
seemed to have triggered most mispronunciations—ten among BP 
speakers, and eight among EF speakers. Mispronunciations were also 
found when the consonants were followed by //, as in fought, taught, 
and sought—five among BP speakers, and eight among EF speakers. 
Mistakes in the context of the diphthong //, as in fie, tie, and sigh, 
were rare—one in the BP group, and two in the EF group.  

As for the production of //, Table 31 shows the five types of 
realization found in the two groups—// as [], [f], [t], [s], and []. 

 
Table 31. EF and BP groups: (SD Number of occurrences (NO), overall 
percentage (M), median (Mdn), and Standard Deviation (SD) of types of 
realization of //.  

 // as [] // as [f] // as [t] // as [s]  // as [] 
NO 78 68 21 70 3 

M% 32.48 28.33 8.75 29.16 1.25 
Mdn 4.15 4.15 0.00 4.15 0.00 

 
 

EF 
N = 

240 // SD 39.61 40.31 14.15 37.10 5.59 
       

NO 172 13 60 1 6 
M% 68.25 5.15 23.80 0.39 2.38 
Mdn 75.00 0.00 16.66 0.00 0.00 

 
BP 

N = 
252 // SD 29.88 11.32 23.31 1.81 10.91 

 
As can be seen, there is no modal production for the target 

phoneme, its overall percentage of production ranging from 0.39% to 
68.25%, as shown in Figure 27.  
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Figure 27. EF and BP groups: Production of // as [], [f], [t], [s] and []. 
 
For the French group, mean percentages of production were 

32.48% for // as [], 28.33% as [f], 8.75% as [t], 29.16% as [s], and 
1.25% as []. Disregarding the inconsistent production of // as [], a 
non-parametric Friedman analysis revealed differences in the means (X² 
(1, N=20) = 12.040, p =.017), and post-hoc Wilcoxon analyses 
confirmed differences between the means of //-[t] and //-[] (Z = -
2.021, p = .043), and between //-[t] and //-[s] (Z = -2.224, p = .026). 
That is, the two main types of substitution of // (as [f] and [s]) did not 
differ between each other, but each one differed from the less common 
//-[t]. Bearing in mind that the cross-language mapping (see section 
3.1.1) showed that // was categorized as both /f/ and /s/, the results 
show that the pattern of production corresponds to the pattern of 
assimilation found. Thus, H4 is supported with regard to the EF group—
when // was replaced, [f] or [s] were the main replacemtnes, 
corresponding to the pattern of assimilation found for the target 
phoneme.  

In the BP group, percentages of production were 68.25% for // as 
[], 5.15% as [f], 23.80% as [t], 0.39% as [s], and 2.38% as []. 
Statistical analysis with Friedman revealed differences among the 
results (X² (4, N=21) = 55.505, p =.000), and post-hoc analyses 
confirmed significance between the pairs //-[] and //-[f] (Z = -3.757, 
p = .000), //-[] and //-[t] (Z = -3.031, p = .002), //-[] and //-[s] (Z 
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= -4.029, p = .000), //-[] and //-[] (Z = -3.924, p = .000), //-[f] and 
//-[t] (Z = -3.183, p = .001), //-[t] and //-[s] (Z = -3.362, p = .001), 
and //-[t] and //-[] (Z = -2.836, p = .005). In other words, whereas 
the accurate production of // was significantly more frequent than any 
of the substitutions, // as [t] was the main type of substitution for // for 
speakers of BP, significantly more frequent than both // as [f] and // 
as [s], which were both infrequent. Keeping in mind that the pattern of 
assimilation of // overlapped between /f/, /t/, and /s/, with statistically 
non-significant differences between them (see section 3.1.1), H4 is only 
partially supported for the BP group—[t] was the only consistent pattern 
of substitution when BP speakers mispronounced //. 
 
 
3.4.2 Analysis of RQ4 
 

In addition to the simple comparison of the most frequent patterns 
of substitution with the most frequent patterns of assimilation, another 
way of analyzing whether there is a correspondence between 
assimilation and substitution is through correlation analysis. That is, 
correlation can review whether these two variables covary, or whether 
those participants who favored a particular type of assimilation also 
favored that type of realization.  

This covariation was checked by first running a Spearman's rho 
rank correlation coefficient between the fit indexes of each favored type 
of assimilation and the production patterns for the participants who 
favored that type of assimilation. In the Perceptual Assimilation Test the 
three patterns of categorization of //, as [f], [t], or [s], were found 
through an identification and a rating task. Preference for a particular 
type of categorization was arbitrarily considered to exist when at least 
50% of the identification fell within that category. As reported above, 
five types of realization of // merged in the Production Test—[], [f], 
[t], [s], and []. However, only the realizations with corresponding 
assimilation could be correlated—// as /f/, as /t/, and as /s/—, and 
consequently, the total mean percentages of production does not reach 
100%. Each language group, thus, was divided into groups of 
participants who favored a type of assimilation, and the correlations 
were run within these small groups.  



 187 

The results for the EF group are displayed in Table 32, which 
shows the number of participants who favored each type of assimilation, 
its mean fit index (M Fit), and the mean percentage of realization (M % 
Real.) within each of the three types of assimilation. Spearman's rho 
rank correlation coefficient (α = .01) was run only between the 
corresponding pairs of assimilation and realization, the results also 
shown in the table.  

 
Table 32. EF group: Spearman's rho correlation between pattern of assimilation 
(fit index) and type of realization. 

Pattern of Assimilation 
 // as [f] // as [t] // as [s] 

N 7 2 11 
Type of 

Realization 
M Fit 
M % 
Real. 

Spearman's 
rho 

M Fit 
M % 
Real. 

Spearman's 
rho 

M Fit 
M % 
Real. 

Spearman's 
rho 

// as [f] 1.28 
45.82 

r = .172 
p = .684 

0.10 
0 

- 0.64 
18.17 

- 

// as [t] 1.00 
8.31 

- 1.94 
0 

- 0.50 
9.82 

- 

// as [s] 0.63 
8.32 

- 0.11 
83.30 

- 1.01 
39.37 

r = -.152 
p = .655 

 
From the 20 French participants, 7 favored the categorization // 

as [f], 2 // as [t], and 11 // as [s]. Within the type of assimilation of // 
as [f], mean fit index was 1.28 and percentage of production was 
45.82%. For the type of assimilation of // as [s], mean fit index was 
1.01 and percentage of production was 39.37%. Spearman's rho test 
showed no significant correlation between fit index and the 
corresponding type of realization (for // as [f], r = .172, p = 684, and 
for // as [s], r = .152, p = 655). Given that the type of assimilation of 
// as [t] did not reach a sufficient percentage of realization correlation 
could not be run between the variables within this type of 
categorization.  

Table 33 shows that from the 21 BP speakers, 10 favored the 
categorization // as [f], 6 // as [t], and 5 // as [s]. As for the type of 
assimilation of // as [f], the mean fit index was 1.60 with 5.83% of 
productions. For the type of assimilation of // as [t], mean fit index was 
1.00 with 23.60% of productions. There was no realization of // as [s] 
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among those participants who showed this type of assimilation of //, so 
a correlation was not run for this category. Once again Spearman's rho 
test showed no significant correlation between fit indexes and their 
corresponding types of realization (for // as [f], r = -.342, p = 334, and 
for // as [t], r = .277, p = 595).  

 
Table 33. BP group: Spearman's rho correlation between pattern of assimilation 
(fit index) and type of realization. 

Pattern of Assimilation 
 // as [f] // as [t] // as [s] 

N 10 6 5 
Type of 

Realization 
M Fit 
M % 
Real. 

Spearman's 
rho 

M Fit 
M % 
Real. 

Spearman's 
rho 

M Fit 
M % 
Real. 

Spearman's 
rho 

// as [f] 1.60 
5.83 

r = -.342 
p = .334 

0.37 
1.38 

 0.52 
11.66 

- 

// as [t] 0.30 
20.83 

 1.00 
23.60 

r = .277 
p = .595 

0.33 
26.66 

- 

// as [s] 0.23 
0 

 0.43 
1.38 

 1.39 
0 

- 

 
The second way of checking for covariation was to form groups 

by pattern of realization (excluding accurate realizations) and run a 
correlation between the type of realization and mean fit indexes for the 
corresponding assimilation pattern, as presented in Table 34. As // 
appeared twelve times per participant in the Production Test, a 
minimum of seven occurrences (half plus one) within a realization type 
was arbitrarily considered the pattern of a particular subject. The 
analysis per pattern of realization does not focus on the total number of 
the subjects in each group, but on the total number of participants who 
showed preference for a type of realization. For this reason, the 
calculations were based on the 11 participants that showed a pattern in 
the EF group, and on 2 subjects in the BP group. The remaining 
participants did not show a definite preference, by the criterion of seven 
occurrences, for any realization type, either because of a high accuracy 
rate or because of variability of substitutions. Due to the reduced 
number of subjects in the Brazilian group, statistical significance was 
not verified.  
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Table 34. EF and BP groups: Spearman's rho correlation between pattern of 
realization and type of assimilation (mean fit index). 

Pattern of Realization 
 // as [f] // as [t] // as [s] 
 EF BP EF 

N 5 2 6 
Type of 

Assimilation 
% Real. 

M Fit 
Spearman's 

rho 
% Real. 

M Fit 
Spearman's 

rho 
% Real. 

M Fit 
Spearman

's rho 
// as [f] 93.32 

1.29 
r = 0 
p = 1 

4.16 
1.15 

  8.33 
0.69 

 

// as [t] 1.66 
0.05 

 70.83 
1 

- 8.30 
0.50 

 

// as [s] 5.00 
.055 

 0 
0.55 

 80.51 
0.80 

r = .406 
p = .425 

 
In the French group five speakers favored the production of // as 

[f], and six as [s]. For the realization of // as [f], mean percentage of 
production 93.32% and mean fit index was 1.29. For the realization of 
assimilation of // as [s], mean percentage of production was 80.51% 
and mean fit index 0.80. Spearman's rho test showed no significant 
correlation between either of realization and the corresponding fit index 
(for // as [f], r = .0, p = 1, and for // as [s], r = .405, p = 425).  

To sum up, in the French group, assimilation of // overlapped 
between /f/ and /s/. The general results showed that when the 
participants substituted the target phoneme, [f] and [s] were the most 
common replacements. In the correlation analysis, however, there was 
no covariance, for either // as [f] or // as [s], between those 
participants that favored a particular type of assimilation and those who 
favored the corresponding pattern of realization. Thus, with regard to 
H4—whether the patterns of assimilation of // are aligned with their 
patterns of substitution—the correlation analysis showed that those 
participants who favored a type of assimilation, say // as [f], did not 
necessarily replace // with [f], and those who substituted // with [f] 
did not necessarily assimilate // as [f]. Therefore, H4 is not supported 
for the EF group. 

For the BP group, the assimilation of // overlapped between /f/, 
/t/, and /s/. The examination of the general analysis of the production 
results showed that [t] was the only consistent pattern of replacement of 
//, apart from the accurate production. However, in the correlation 
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analysis the number of cases within this pattern of realization was not 
enough for verifying statistical significance. Thus, H4 is again not 
supported for the BP speakers.  

Still with the purpose of seeking for a pattern, it was observed the 
highest fit index within a type of realization. Table 35 shows the main 
types of realization of // by the two EFL groups, following the criterion 
that a subject had a type of realization when at least seven out of the 
twelve outcomes were produced with the same consonant. Accordingly, 
within the French group, the seven speakers who produced // as [], 
two assimilated // as /f/, and five as /s/. The same pattern was found 
among the five participants who produced // as [f]: four instances were 
assimilated as /f/, and one as /s/. For the six participants that produced 
// as [s], three assimilated as /f/, one as /t/, and two as /s/.  

 
Table 35. EF and BP groups: Patterns of production of // and the types of 
assimilation found. 

Group EF BP 
Type of 

realization 
// as [] // as [f] // as [s] // as [] // as [t] 

N Realization 7 5 6 15 2 
M % Real.. 80.91 93.32 80.51 83.88 70.83 

F S F S F T S F T S F T  
2 5 4 1 3 1 2 8 4 3 1 1 

Mean Fit 1.1 1.8 1.4 1.1 1.0 1.9 1.4 1.6 0.9 1.3 1.6 1.6 
 
Within the Brazilian group, from the fifteen participants that 

realized // as [], eight assimilated // as /f/, four as /t/, and three as /s/. 
Among the two that produced // as [t], one assimilated // as /f/, and 
one as /t/. Therefore, the results show no clear association between 
patterns of production and type of assimilation. Even for the inaccurate 
productions of //, which could show a more straightforward association 
with the labels /f/, /t/ and /s/, such a connection was not apparent.  

In order to examine whether the vocalic context incited a 
particular pronunciation of //, the mean percentages of realization were 
submitted to Friedman with Wilcoxon for post hoc analyses, conducted 
in two ways: first, comparing the different types of realization within the 
productions of each of the three words, thin, thought, and thigh (the 
rows in Table 36), and second, comparing each type of realization 
among the three words (the columns in Table 36). The one participant in 
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each group that realized // as [] reported having misread the word 
thought as though. 

 
Table 36. EF group: Mean percentage of production of thin, though, and thigh 
realized with [], [f], [t], [s], and []. 

EF Realization of // as 
Stimuli [] [f] [t] [s] [] 

Thin 38.75 27.50 6.25 27.50 - 
Thought 27.50 30.00 6.25 32.50 3.75 

Thigh 31.25 27.50 13.75 27.50 - 
 
Within the EF group, the word thin was realized 38.75% of the 

instances with [], 27.50% with [f] and with [s], and 6.25% with [t], 
differences not statistically significant (X² (3, N=20) = 3.966, p =.265). 
The word thought was realized 27.50% of the instances with [], 30% 
with [f], 6.25% with [t], 32.50% with [s], and 3.75% with [], showing 
significant differences (X² (4, N=20) = 11.752, p =.019). Wilcoxon 
reveals differences between the realizations as [] and [t] (Z = -2.086, p 
= .037); [] and [] (Z = -2.266, p = .023); [f] and [t] (Z = -1.980, p = 
.048), [f] and [] (Z = -2.336, p = .019); [t] and [s] (Z = -2.275, p = 
.023), and [s] and [] (Z = -2.265, p = .024). The word thigh was 
realized 31.25% with [], 27.50% with [f] and with [s], and 13.75% 
with [t], differences that did not reach significance (X² (3, N=20) = 
1.358, p =.715).  

For the comparison of means within a particular type of 
realization across the words thin, though, and thigh, differences were 
found for the realization as [] (X² (2, N=20) = 7.655, p =.022), with 
differences between the words thought and thin only (Z = -2.309, p = 
.021). No statistical differences were found for the remaing types of 
realizations of thin, though, and thigh (as [f] (X² (2, N=20) = 1.200, p 
=.549); as [t] (X² (2, N=20) = 2.643, p =.267); as [s] (X² (2, N=20) = 
3.379, p =.186), and as [] (X² (2, N=20) = 2.000, p =.368). To sum up, 
within EF speakers no vowel seemed to have favored a particular 
realization of //, and the word thin appears to have favored accurate 
production.  
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In the BP group (Table 37) the word thin was realized 80.95% of 
the instances with [], 7.14% with [f], 7.19% with [t], and 1.19% with 
[s]. The mean differences are statistically significant (X² (4, N=21) = 
49.391, p =.000), with differences lying between the realization with [] 
and the three remaining realizations ([] and [f] (Z = -3.848, p = .000); 
[] and [t] (Z = -3.803, p = .000), [] and [s] (Z = -3.976, p = .000), [] 
and [] (Z = -3.900, p = .000), [], and [] (Z = -3.757, p = .000)). Thus, 
in the presence of the vowel // the accurate realization of // prevailed 
over the other three types found.  

 
Table 37. BP group: Mean percentage of production of thin, though, and thigh 
realized with [], [f], [t], [s], and []. 

BP Realization of // as 
Stimuli [] [f] [t] [s] [] 

Thin 80.95 7.14 7.19 1.19 - 
Thought 61.90 5.95 29.76 - 2.38 

Thigh 61.90 2.38 33.33 - 2.38 
 
The word thought was realized 61.90% with [], 5.95% with [f], 

29.76% with [t], and 2.38% with [], means statistically different (X² (3, 
N=21) = 30.454, p =.000). Post hoc confirmed significance between the 
realization with [] and all the other realizations ([] and [f] (Z = -3.403, 
p = .001), // and [t] (Z = -2.266, p = .023), // and [] (Z = -3.789, p = 
.000)), and between the realization with [t] and with [] (Z = -2.599, p = 
.009) Hence, again the realizations with [] was more frequent in the in 
the presence of the vowel //.  

The word thigh was realized 61.90% with [], 2.38% with [f], 
33.33% with [t], and 2.38% with [], differences statistically significant 
(X² (3, N=21) = 28.125, p =.000). Wilcoxon confirmed differences 
between the realization with [] and with [f] (Z = -3.525, p = .000); // 
and [] (Z = -3.525, p = .000); /f/ and [t] (Z = -2.848, p = .004), and /t/ 
and [] (Z = -2.848, p = .004). That is, either types of realization [] or 
[t] were more frequent in the context of the diphthong //.  

Concerning the comparisons between a particular type of 
realization across the words, differences were found for the realization 
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of // with [t] (X² (2, N=21) = 9.957, p =.007), differences between the 
production of thin and thought (Z = -2.404, p = .016), and between thin 
and thigh (Z = -2.971, p = .003). That is, the words thought and thigh 
showed higher mean percentage of substitution with [t] than the word 
thin. No differences were found for the realization of // with the 
remaining types of realization (with [] (X² (2, N=21) = 3.174, p =.205), 
with [f] (X² (2, N=21) = 3.263, p =.196), and with [s] (X² (2, N=21) = 
2.000, p =.368)).  

Therefore, the results indicated that the EF speakers tend to vary 
the realization of // regardless the following vowel, whereas the BP 
speakers use more // before // and //, and [] and [t] before //. For 
both groups the word thin seemed to have favored accurate production 
of //.  

Considering all the analyses thus far, two findings are important to 
take into consideration: first, although both EFL groups showed 
commonalities among their patterns of assimilation of //, as /f/ and /s/ 
by the EF group, and as /f/, /t/, and /s/ by the BP group, they 
demonstrated different patterns of substitution—as [f] and [s] by the EF 
group, and only as [t] by the BP group. And second, there was no 
covariance between pattern of assimilation and type of realization, and 
vice-versa, an indication that these variables are not related. Thus, the 
foremost questioning that these results instigate is whether perception, 
rather than the relationship between assimilation and production only, is 
involved in the patterns of substitution of EF and BP speakers. Next 
section reports and discusses the correlation of the production results 
with the results of the remaining perception tests: the Discrimination, 
the Auditory and the AV Identification Tests.  

 
 

3.4.3 Correlational Analyses 
 
As explained in section 1.2.2.1, the PAM does not clearly address 

the relationship between L2 perception and production. However, the 
ecological approach to speech perception claims that perceptual learning 
continues throughout the life span. Flege (1995), on the other hand, is 
assertive about the role of perception on production—in the seventh 
hypothesis of his Speech Learning Model (SLM, 1995, p. 239), he states 
that “the production of a sound eventually corresponds to the properties 
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represented in its phonetic category representation”. The PAM does not 
deny the hypothesis that perception precedes production, in fact, Best 
(1994a) affirms that it would be contradictory if correct production 
preceded accurate perception. Although the present study does not 
directly follow the postulates and hypotheses of the SLM, with the aim 
of examining the relationship between perception and production of // 
by EF and BP speakers, it is assumed that the pattern of production 
corresponds to the way the segment is perceived.  

Therefore, if such a reasoning is correct, as far as the perception 
and production of // is concerned, the results of the perception tests 
should covariate with those of the production test. In the left column, 
Table 38 displays what can be expected if mispronunciation of // is 
perceptually driven, and in the right column the results found thus far. 
 
Table 38. General expectations and results with regard to the perception and 
production of //. 
Expected Results 
That participants would show a clear 
pattern of assimilation of the sound, 
one related to the L1 category 
whereby the L2 segment is perceived 

In the Perception Assimilation Test, 
// was poorly assimilated as /f/ and 
/s/ onto EF, and as /f/, /t/ and /s/ onto 
BP. Thus, // was an uncategorized 
sound in both L1s, contrary to the 
categorized /f/, /t/ and /s/. This 
resulted in an uncategorized-
categorized (UC) type of assimilation, 
predicted to generate very good 
discrimination 

That participants would have 
difficulties to discriminate // from its 
pattern of assimilation 

In the Discrimination Test, all UC 
Types of assimilation were, indeed, 
well discriminated. The participants 
were able to recognize that // was 
different from its usual replacements 
in production (/f/, /t/ and /s/) 

That the pattern of identification of 
// would correspond to the pattern of 
assimilation, given that this is the way 
the L2 sound is heard 

In both Auditory and AV 
Identification Tests participants 
showed awareness that // was not /f/, 
/t/ or /s/ by consistently using the 
label none of the consonants 

That the pattern of substitution would 
correspond to the pattern of 
assimilation 

The results of the Production Test 
showed that the pattern of substitution 
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of // roughly corresponds to its 
pattern of assimilation by the EF and 
the BP groups. Whereas the former 
replaced the target phoneme with /f/ 
and /s/, the latter used /t/ significantly 
more than the other patterns 

 
Thus, the pattern of assimilation does not completely account for 

the patterns of substitution found. However, a finding not yet discussed 
is that accurate production of the target phoneme was found in both 
groups, in 32.48% of the instances by EF speakers, and 68.25% by the 
BP speakers, means that are significantly different, as shown by the 
Independent Tokens t-test (t (39) = - 3.274, p = .002). In order to 
examine whether the general production and perception results 
correlated, a series of Spearman's rho were run with the total number of 
participants in each group crossing production with general results of (1) 
the discrimination, (2) the Auditory Identification, and (3) the AV 
identification Test. The Spearman's rho test showed no significant 
correlation between any two tests or within any group. 

Further analysis looked for patterns between perception and 
production of // among those who produced it accurately and those 
who did not. In order to do so, the results of the participants who 
produced // as [] (the Accurate type of production) and // as /f/, /t/, or 
/s/ (the Inaccurate type) were compared with the results of the 
Discrimination, Auditory and AV Identification Tests. 

It was reasoned that, if there was a relationship between accurate 
production of // and the perception results, those who produced // as 
[] would have (1) higher mean percentages of discrimination results 
than those who produced the phoneme inaccurately, (2) their mean 
percentage of production correlated with their mean percentage of 
discrimination; (3) higher mean percentages of identification of // as 
none of the consonants in the two identification tests than those who 
produced the phoneme inaccurately, and (4) their mean percentage of 
production correlated with their mean percentage of identification. 

Table 39 shows the analysis of the production results in relation to 
the discrimination results. As mentioned, production of // was 
separated into two types of production, Accurate and Inaccurate, and 
mean discrimination results were computed for each type. The table 
displays the number of participants that favored each type—seven out of 
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twenty EF speakers produced // as [], and eleven produced it 
inaccurately, either as [f] or [s]. In the BP group, two major preferences 
were found: fifteen out of twenty one participants favored // as [], 
whereas two produced // as [t]. Given the extremely limited number of 
participants in the Inaccurate group, any statistical analysis within this 
BP group is considered only a tendency. The remaining participants in 
each group, two in the EF group and four in the BP group, varied their 
realization, not reaching the minimal number of seven that was 
considered to show a pattern. The analysis verified whether those who 
produced // accurately had higher discrimination means than those who 
produced it inaccurately, and whether the mean percentages of accurate 
production correlate with the mean percentages of discrimination. Due 
to the reduced number of participants in each type of production, 
statistical significances were verified through Mann-Whitney U test for 
comparison of means between types of production, and Spearman's rho 
for the correlation analysis. 

 
Table 39. EF and BP groups: Mean percentages of discrimination per pattern of 
realization (Accurate or Inaccurate), between-pattern comparison of means 
(Mann-Whitney U), and correlation between accurate production and 
discrimination results (Spearman's rho). 

 Production and Discrimination 
 EF BP 

Type of realization Accurate  
// as [] 

Inaccurate  
// as [f] + // as [s] 

Accurate  
// as [] 

Inaccurate  
// as [t] 

N participants 7 11 15 2 
Mean Discrimination 85.27 84.13 81.37 78.65 
Mean % Realization 80.91 86.33 83.88 70.83 

Mann-Whitney U (Z = .000, p = 1) (Z = -.748, p = .455) 
Spearman's rho r = -.550 

p = .200 
 r = .364 

p = .182 
 

 
For the EF group, mean percentage of discrimination was of 

85.27% for the Accurate type of production, and 84.27% for the 
Inaccurate type of production. Mann-Whitney U test did not confirm 
significance between the differences (Z = .000, p = 1), and the mean 
percentages of Accurate production did not significantly correlate with 
mean percentages of discrimination (r = -.550, p = .200).  

In the BP group, Mann-Whitney U test showed that the mean 
percentages of discrimination between the two types were not 
significant (81.37% for the Accurate, 78.65% for the Inaccurate, Z = -
.748, p = 455), and Spearman's rho did not confirm significant 
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correlation between mean percentages of Accurate production with 
mean percentages of discrimination (r = .354, p = .182).  

To sum up, the results indicate that, for both groups, the 
relationship between accurate production and better discrimination 
performance is not supported—those participants who produced // 
accurately did not necessarily discriminate the target phoneme from /f/, 
/t/, or /s/ better than those who produced // inaccurately. In fact, 
although the alpha level does not reveal significance (p = .200), the 
correlation coefficient within the EF group shows a moderate weak 
negative correlation (r = -.550), which indicates that whereas the values 
of one of the variables increase, the values of the second variable 
decrease. 

As for the analysis whether there is a relationship between type of 
realizaiton and identification performance, it aimed at examining 
whether those who produced // accurately had higher scores identifying 
// as none of the consonants than those who produced // inaccurately, 
and whether there is covariance between the mean percentages of 
accurate realization and the mean percentages of identification. Table 40 
shows the production of // separated into two types, Accurate and 
Inaccurate, the mean percentage of Auditory identification for each 
type, and the results of the between-pattern comparison of means 
(Accurate or Inaccurate), and the correlation between accurate 
production and identification results.  
 
Table 40. EF and BP groups: Mean percentages of Auditory identification per 
pattern of realization (Accurate or Inaccurate), between-pattern comparison of 
means (Mann-Whitney U), and correlation between accurate production and 
identification results (Spearman's rho). 

 Production and Auditory Identification 
 EF BP 

Type of realization Accurate  
// as [] 

Inaccurate  
// as [f] + // as [s] 

Accurate  
// as [] 

Inaccurate  
// as [t] 

N participants 7 11 15 2 
Mean % Realization 80.91 86.33 83.88 70.83 

Mean Identification of // as 
none of the consonants 

86.44 74.20 75.53 80.00 

Mann-Whitney U (Z = -2.665, p = 008) (Z = -.225, p = .822) 
Spearman's rho r = .406 

p = .366 
 r = .062 

p = .826 
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In the EF group, mean percentage of identification of // as none 
of the consonants was of 86.44% for those who produced // accurately, 
and 74.20% for those with inaccurateproduction. The Mann-Whitney U 
test revealed that the mean differences are statistically significant (Z = -
2.665, p = 008) but Spearman's rho did not confirm significant 
correlation between mean percentages of accurate production with mean 
percentages of identification (r = .406, p = .366). Thus, the results 
indicate that the Accurate group had higher mean identification scores 
than the Inaccurate group. In addition, although not statistically 
significant, a moderate positive correlation coefficient value indicates 
that both variables run in the same direction—when one increases the 
other increases and vice-versa.  

In the BP group, mean percentage of identification of // as none 
of the other consonants was lower within the Accurate type of 
production (75.53%) than within the Inaccurate type (80%). However, 
Mann-Whitney U test revealed no significant differences (Z = -.225, p = 
.822), as well as no significant correlation between mean percentages of 
Accurate production and mean percentages of identification (r = .062, p 
= .826), although the coefficient indicates a very weak negative 
correlation.  

As for the results in the Audiovisual condition, Table 41 shows 
that for the EF group, mean percentage of identification of // as none of 
the consonants was statistically higher (Z = -2.387, p = .017) for those 
who produced // accurately (92.81%), than for those who produced // 
inaccurately (78.74%). Spearman's rho test did not confirm significant 
correlation (r = -.481, p = .274) between mean percentages of Accurate 
production with mean percentages of AV identification. Therefore, once 
again the results indicate that identification scores are higher for those 
who produced // accurately, but that there is no significant covariance 
between perception and production. However, the negative coefficient 
indicates a moderate correlation in which the results run in opposite 
directions. 
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Table 41. EF and BP groups: Mean percentages of AV identification per pattern 
of realization (Accurate or Inaccurate), between-pattern comparison of means 
(Mann-Whitney U), and correlation between accurate production and 
identification results (Spearman's rho). 

 Production and Audiovisual Identification 
 EF BP 

Type of production Accurate  
// as [] 

Inaccurate  
// as [f] + // as [s] 

Accurate  
// as [] 

Inaccurate  
// as [t] 

N participants 7 11 15 2 
Mean % Production 80.91 86.33 83.88 70.83 

Mean Identification of // as 
none of the consonants 

92.81 78.74 85.86 94.00 

Mann-Whitney U (Z = -2.387, p = .017) (Z = -.460, p = .645) 
Spearman's rho r = -.481 

p = .274 
 r = .114 

p = .686 
 

 
In the BP group, again the mean percentage of identification of // 

as none of the other consonants was lower within the Accurate type of 
production (85.86%) than within the Inaccurate type (94%), although 
the differences were not statistically significant (Z = -.460, p = .645). 
Again, no significant correlation was found between mean percentages 
of accurate production and mean percentages of identification (r = .114, 
p = .686).  

To conclude, the relationship between accurate production and 
identification scores is not clearly supported. Positive moderate 
correlation, although not statistically significant, was found within the 
EF group in the Auditory mode, and weak correlation within the BP 
group in the Audiovisual mode. However, very weak negative 
correlation was found for the BP group in the Auditory mode, and 
moderate negative correlation for the EF group in the AV mode.  

The hypothesis that the group that produced // accurately would 
outperform the group that produced // inaccurately in the identification 
of // as none of the other consonants is not clearly corroborated too—
the Accurate EF group showed significant higher scores than the 
Inaccurate group in both the Auditory and AV modes, whereas no 
statistical difference was found among the two types of production BP 
groups. However, it is important to keep in mind that the limited number 
of participants within the Brazilian Inaccurate production group does no 
allow for reliable conclusions, thus the results are considered tendencies 
rather than conclusions. In other words, participants who produce 
accurately may have higher identification scores than those who produce 
inaccurately, as the EF speakers showed, but their identification scores 
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do not necessarily correlate with their production scores. The reasonings 
made for the participants who produced // accurately and the results 
found are summarized in Table 42. 

 
Table 42. Expectations and results for the participants who produced // 
accurately. 
Expectations Results 
They would show higher 
discrimination scores than speakers 
who produced // inaccurately 

No between-group differences were 
found for either the EF group of the 
BP group 
 

There would be covariance between 
mean percentage of production and 
mean percentage of discrimination 

No significant correlation was found 
between the variables; the EF group 
showed negative correlation  
 

They would show higher 
identification scores than speakers 
who produced // inaccurately in both 
identification tests (Auditory e AV) 

Only EF speakers who produced // 
accurately had significantly higher 
scores than those who produced it 
inaccurately in both identification 
tests. The BP groups, in contrast, did 
not show significant differences 
 

There would be covariance between 
mean percentage of production and 
mean percentage of identification in 
both conditions (Auditory e AV) 

No significant correlation was found 
between the variables in the two 
conditions; negative correlation was 
found for the EF group in the AV 
mode, and for the BP in the Auditory 
mode 

 
Therefore, overall results indicated that, for both EF and BP 

speakers, production of // is not clearly related to its perception, as 
measured by assimilation, discrimination, Auditory and AV 
Identification tests. That is, accurate perception of // does not 
necessarily result in accurate production and vice-versa. 

Surely the number of participants in each group is an important 
limitation in the analysis, particularly when the dataset is divided 
according to type of production. It is beyond doubt that a larger number 
of participants could have provided more means for revealing whether 
there is a relationship between the variables, especially for the BP 
group.  



 201 

Although the sampling of the participants aimed at selecting two 
EFL groups with similar characteristics, hence the use of the selection 
criteria described in Chapter 2, it is undeniable the fact that the Brazilian 
participants had had more L2 input than the French participants. As 
explained in 2.1.3, the BP speakers were gathered among novice 
students of English Language and Literature (Letras Inglês), whereas 
the EF speakers were majoring in different programs, none of them 
related to English learning. As a result, the EF participants reported an 
L2 use of 2.5% in listening activities, and 12.5% in speaking activities, 
whereas the BP participants reported an L2 use of 14% and 32%, 
respectively. Therefore, as suggested by several studies, the differences 
in the groups’ performances might have been due to differences in the 
relative use of L1/L2 (e.g., Flege, 1999, 2002; Flege & MacKay, 2004), 
and the relative quantity and quality of input (e.g., Flege & Liu, 2001; 
Jia & Aaronson, 2003; Jia, Strange, Wu, Collado & Guan, 2006). In 
addition, it is not unreasonable to speculate that people who are studying 
English in order to work with it probably have more interest in the 
language than those who are majoring in law or engineering. 

After completing the experiment, the participants were asked 
whether they were aware about the peculiarities of the pronunciation of 
//. Positive answers came from seventeen out of the twenty EF 
speakers, and twenty out the twenty-one BP speakers. From the 
seventeen French, six were among those who produced // as [], five 
produced // as [f], and three showed no particular type of production. 
Among the twenty Brazilians, fifteen produced // accurately, one was 
in the // as [t] type, and four had no clear pattern of production.  

In other words, all participants that produced // accurately were 
aware that it is not pronounced as /f/, /t/, or /s/. However, even those 
participants whose production fell onto the type // as [] did not always 
produce it accurately, as shown by their means of accurate production in 
Table 41 above (80.91% in the EF group, and 83.88% in the BP group). 
In addition, in both groups there were participants who reported 
awareness but have not produced a single accurate instance of the 
phoneme, and there were those who reported awareness and varied their 
type of production using different types of replacements.  

From the exposed above one could conclude that there is no 
accurate production of // without awareness of its peculiarity and, thus, 
that accurate perception precedes accurate production of the phoneme. 
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However, it is important to bear in mind that conscious awareness about 
the production of the sound does not necessarily mirror accurate 
perception as shown by the correlational results.  

To conclude, the results indicate that both the PAM and the PAM-
L2 predictions are supported—the UC (Uncategorized versus 
Categorized) type of assimilation found for // and /f, t, s/ generated 
good and very good discrimination of the sounds by speakers of either 
EF or BP. The PAM-L2 proposes two learning possibilities for UC 
Type: (1) the L1 and L2 categories are both phonologically and 
phonetically perceived as good equivalents, and little or no perceptual 
learning is expected, or (2), the L2 sound is perceived as a deviant L1 
exemplar, and perceptual learning is likely to happen in the course of L2 
development. The results of the Discrimination and both the 
Identification Tests demonstrated that perceptual learning seemed to 
have occurred for speakers of EF and BP. In addition, the results of the 
Production Test showed that native-like segmental pronunciation was 
achieved in 32.48% of the instances by EF speakers, and 68.25% by the 
BP. 
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CHAPTER 4 - CONCLUSION 
 
 
4.1 THEORETICAL IMPLICATIONS  
 
 

Departing from the perspective that linguistic experience narrows 
down the native speech perceptual system, and that speech perception 
may be related to speech production in SLA, the present study aimed at 
examining the perception and production of the English voiceless 
interdental fricative // by speakers of EF and BP. Apart from the EFL 
speakers, a control group with speakers of BE participated in the study. 
Table 43 displays the total number of participants in each group, 
separated into women and men, and the tests taken.  

 
Table 43. Number of participants (W = women, M = men) in each language 
group: British English (BE), European French (EF), and Brazilian Portuguese 
(BP), and the total number of responses per group. 

Tests Production Perceptual 
Assimilation 

Discrimination Auditory 
Ident. 

AV 
Ident. 

Groups      
BE 11W, 6M - - 1836 1124 1124 

EF 10W, 10M 960 2880 2160 1140 1140 
BP 12W, 9M 1008 3024 2268 1512 1512 

 
The experiment consisted of five tests: Production, Perceptual 

Assimilation, Discrimination, Auditory Identification, and Audiovisual 
Identification. As shown in Table 43, whereas the EFL groups took all 
the tests, the control group provided data for the Discrimination and the 
Identification Tests only, as it was observed that all controls produced 
// as [] and, thus, reasoned that they would assimilate // onto its own 
phonetic category in L1. Given that the number of participants varied in 
each group, the total number of responses also varied, as shown in the 
table..  

The interpretation of the data was grounded on the Perceptual 
Assimilation Model (PAM, Best, 1995) and its expanded version on 
second language perceptual learning (PAM-L2, Best & Tyler, 2007). 
Within this theoretical framework, the assimilation of L2 sounds onto 
the L1 can predict the way they are discriminated, and ultimately, 
whether they can be perceptually learned or not. In addition, two main 
reasonings guided the conduction of the present study: (a) production is 
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perceptually driven, and (b) the differential substitution of // is related 
to different patterns of assimilation.  

In the Production Test the participants read the carrier phrase Now 
I say____ (X), in which X was always one of the twelve words from the 
three minimal quadruplets (a) thought, fought, taught, sought, (b) thin, 
fin, tin, sin, and (c) thigh, fie, tie sigh. The respective rhyming words 
bought, pin and lie, assumed to be more familiar to the participants, 
guided the pronunciation of the target words.  

For the perception tests, stimuli consisted of VCV nonwords in 
which Cs were either //, /f/, /t/ or /s/, and both Vs one of the cardinal 
vowels /i, a, u/. Thus, there were twelve nonwords: /ii, aa, uu, iti, 
ata, utu, isi, asa, usu, ifi, afa, ufu/. 

In the Perceptual Assimilation Test each consonant had to be 
labeled as F, T or S and then rated for goodness-of-fit to the chosen L1 
category. The purpose of this test was to assess (1) how EFL speakers 
assimilate English // onto EF and BP; (2) whether the pattern of 
assimilation predicts the pattern of discrimination as proposed by the 
PAM, and (3) whether the pattern of assimilation is related to the pattern 
of production in EF and BP.  

In the Discrimination Test each three-item trial contrasted // with 
one of the remaining three consonants and the participants had to 
indicate the odd item within each trial. The purpose of this test was to 
examine (1) the discrimination of the target phoneme from its most 
common replacements by speakers of EF, BP, and BE, and (2) whether 
the PAM’s predictions about the relationship between pattern of 
assimilation and discrimination were supported. 

In the Identification Tests each of the twelve nonwords repeated 
six times, the participants had to label each one as F, T, S or none of the 
consonants. The same set of stimuli was used in two different modes of 
presentation, Auditory and Audiovisual. The purpose of these tests was 
to evaluate whether visual cues played a role in the identification of // 
by speakers of BE and of EFL.  

In order to achieve the objectives described, the data was analyzed 
according to the four research questions (RQ) and hypotheses (H), now 
summarized with their answers in Table 44: 
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Table 44. Summary of the Research Questions (RQ), Hypotheses (H) and their 
Answers. 

Research Questions 
Hypotheses (H) Answers 
 

RQ1: How is English // assimilated by speakers of EF and BP? 
H1a: Assimilation of English // will 
vary—as /s/ by EF speakers, and as /t/ 
by BP speakers 

Partially confirmed—for speakers of EF 
// was assimilated as both /f/ and /s/, 
whereas for speakers of BP it was 
assimilated as /f/, /t/ or /s/ 
 

H1b: The pattern of assimilation will be 
influenced by the acoustic similarity 
between // and /f/ 

Not confirmed—neither EF speakers 
nor BP speakers assimilated // as F 
more than as T or as S  
 
 

RQ2. Can the pattern of assimilation of // predict its discrimination? 
H2a: The pattern of assimilation will 
determine the discrimination between 
// and its most common replacements 

Partially confirmed—UC Type of 
assimilation was found for all pairwise 
contrasts, which predicts very good 
discrimination. Very good 
discrimination was found for the 
contrasts //-/t/ and //-/s/, whereas for 
the contrast //-/f/ discrimination was 
good. 
 

H2b: The acoustic similarity between 
// and /f/ will affect discrimination 

Confirmed—although high 
discrimination sensitivity was found for 
all contrasts, as measured by mean A’ 
scores, the contrast //-/f/ had the 
lowest scores among the contrasts 
 
 

RQ3. How do EF and BP speakers of EFL identify the English //? 
H3a: Identification of English // will 
vary—as /s/ by EF speakers and as /t/ 
by BP speakers  

Not confirmed—both EFL groups 
labeled // as none of the consonants 
significantly more than using the 
remaining three labels. 
 

H3b: Visual cues will aid the 
identification of // in the Audiovisual 
Identification Test 

Partially confirmed—visual cues 
affected only the identification by the 
EF speakers 
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RQ4: Is the pattern of assimilation of // aligned to its pattern of production in each 
of the L1s? 
H4: The pattern of assimilation 
corresponds to the pattern of 
substitution each L1 uses for replacing 
// 

Partially confirmed—for the EF 
speakers, when // was replaced [f] and 
[s] occurred, but for the BP speakers, 
although // was assimilated as /f/, /t/, 
and /s/, [t] was the main substitute 

 
 
As discussed throughout Section 3.1, the first RQ is concerned 

with the assimilation of // onto EF and BP. H1a proposed that // 
would be assimilated as /s/ onto EF and as /t/ onto BP, hypothesis not 
corroborated by the results. Similarly to Guion and colleagues’ (2000) 
findings, there was an overlap in the assimilation of //: as both /f/ and 
/s/ for the EF speakers, and as /f/, /t/ or /s/ the BP speakers. H1b 
proposed that the acoustic similarity between // and /f/ would affect the 
assimilation of //, which eventually would affect the discrimination 
between the two sounds. The hypothesis is again not supported— the 
acoustic similarity between // and /f/ did not affect assimilation 
patterns—for none of the EFL groups the assimilation of // as F 
significantly predominated over the other types. To sum up, the results 
showed that whereas // showed an overlapping pattern of 
categorization in both L1s, /f/, /t/ and /s/ were well categorized in both 
EF and BP. In accordance with the PAM, this is an Uncategorized-
Categorized Type of assimilation, predicted to generate very good 
discrimination. 

Section 3.2 discussed RQ2, which dealt with the discriminability 
predictions raised by the Perceptual Assimilation Test and compared 
with the actual results from the Discrimination Test. Given the 
overlapping pattern of assimilation of // by both groups, two possible 
findings were expected: (1) discrimination between the members of the 
contrasts //-/f/, //-/t/, and //-/s/ would be very good, according to the 
PAM’s prediction, or (2) discrimination between the members would be 
poor, according to the results of Guion and colleagues’ (2000) study. 
H2a proposed that the pattern of assimilation would determine the 
discrimination between // and its most common substitutes. The 
hypothesis was partially corroborated—very good discrimination was 
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found for the contrasts //-/t/ and //-/s/, wheresas for the contrast //-/f/ 
discrimination was good instead of very good. H2b suggested that the 
acoustic similarity between // and /f/ would affect discrimination, 
hypothesis supported by the results. Although all contrasts had high 
mean A’ scores, the contrast //-/f/ had significantly lower results than 
the other two contrasts.  

Section 3.3 discussed the results of the Identification Tests, both 
the Auditory Test (Section 3.3.1) and the Audiovisual Test (Section 
3.3.2). H3a proposed that the identification of // would differ within the 
two EFL groups, as /s/ by EF speakers and as /t/ by BP speakers. 
Overall results showed that the hypothesis was not supported in both 
Auditory and AV modes—the identification of English // did not vary 
between EF and BP speakers, both groups identified the target phoneme 
using the label none of the consonants significantly more often than 
using another label. The analysis of the pattern of errors, which could 
reveal whether EF and BP speakers identify the target phoneme 
differently, also showed that both groups did not differ in the 
identification of the phoneme. H3b proposed that visual cues would aid 
the identification of // in the AV Test. The results showed that 
hypothesis is partially supported—visual cues affected positively only 
the identification of // by the EF speakers Test. In addition, the results 
demonstrated that in the AV condition all groups made fewer errors than 
in the Auditory mode for the misperception between // and /f/. 
Therefore, the results of both Identification Tests indicated that the 
speakers of EF and BP were aware that // is different from /f/, /t/ and 
/s/, and that visual cues seemed not to have been the decisive 
information in identifying the phoneme.  

Section 3.4 analysed the results of the Production Test (Section 
3.4.1), the correlation between Production and Assimilation results 
(Section 3.4.2), and the correlations between the remaining perception 
tests and the production results (Section 3.4.3). RQ4 was concerned with 
the relationship between the pattern of assimilation and pattern of 
substitution of // in each L1. H4 proposed that the pattern of 
assimilation corresponds to the pattern of substitution each L1 uses for 
replacing the phoneme. The results showed that the H4 is confirmed 
only within the EF group and that there is no covariance between pattern 
of assimilation and type of realization, or vice-versa.  
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Moreover, taking all correlational results together, the two main 
underlying reasonings of the present study are analyzed as follows:  

Reasoning: production is perceptually driven; that is, accurate L2 
perception is related to accurate production.  

Results: The results do not clearly corroborate this assumption—
the perception and production correlations showed that the two variables 
covaried for the EF speakers in the Auditory Identification Test, and for 
the BP speakers in the AV Identification Test, although the results were 
not statistically significant. All the other correlations, production with 
assimilation and with discrimination for both EFL groups, showed no 
relationship. Thus, the suggestion that inaccurate perception of // leads 
to its inaccurate production (Brannen, 2002; Blevins, 2006) is not 
entirely supported. 

Reasoning: the differential substitution of // by speakers of EF 
and BP is related to the pattern of assimilation. On the one hand, the 
literature mentions that in production EF speakers typically replace // 
with [s] (Hyman, 1970; Brannen, 2002), whereas BP speakers tend to 
produce // with [t] in word-initial position (Jorge, 2003; Reis 2006; 
Leitão, 2007; Rodrigues, 2008; Osborne, 2009). On the other hand, 
perception of // by EF speakers occurs as either /f/ or /s/ (Brannen, 
2002), and as /f/ by BP speakers (Reis, 2008).  

Results: The results show that // was assimilated as /f/ and /s/ by 
EF speakers and as /f/, /t/, and /s/ by BP speakers. Yet, production data 
shows that EF speakers replaced // with [f] and [s], whereas BP 
speakers tended to replace // with [t]. Thus, the results indicate that in 
the present study, differential substitution may have a perceptual 
underlying determinant, more evident within the French group, the less 
EFL experienced speakers. 

Equally important to remember is that in production EF speakers 
pronounced // accurately in 32.48% of the instances, and BP speakers 
in 68.25%, values that are not different from the scores for the 
substitutes in each group, as reported in 3.4.1. Differences in the way // 
was perceived throughout the tests do not seem to indicate an 
explanation for differences in production. As can be seen in Table 45, 
statistical differences between the results of the French and the Brazilian 
groups were found in the Assimilation, the Discrimination, and the 
Auditory Identification Tests. However, the differences in assimilation 
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the French higher scores in Discrimination and Auditory Identification 
do not seem to explain why BP speakers had more accurate production 
than EF speakers.  

 
Table 45. Statistical differences between EF and BP groups in the four 
perception tests. 

Statistical 
differences 

Assimilation Discrimination Auditory 
Ident. 

AV Ident 

  // - /t/ /t/  
EF // as /f, s/ 97.06 100 - 
BP // as /f, t, s/ 89.90 96.06 - 

 
Perhaps other linguistic and extralinguistic factors might be 

needed to explain this finding. Several authors suggest that 
extralinguistic factors such as personality and motivation to learn play a 
role in L2 acquisition (e.g., Major, 1987, 1994; Bongaerts et al., 1995, 
Flege et al., 1995, 1996a; Birdsong, 2007). Within this perspective, one 
can assume that the Brazilian EFL speakers majoring in English 
Language and Literature are more motivated to learn the language than 
the French participants, who are majoring in other programs and are 
historically resistant to the English language. In addition, the 
sociolinguistic viewpoint advocated by Paradis and LeCharité (1997) 
about the replacement of // by EF speakers cannot be disregarded. That 
is, the authors affirm that French EFL learners are taught to pronounce 
// as [s] at school, typically by French teachers of English.  

To the best of my knowledge, no scholar has examined 
specifically the way // is taught by Brazilian teachers of EFL. 
However, two studies indicate that Brazilian learners of English may be 
receiving both accurate and inaccurate // input: Reis (2004) found that 
thirteen proficient Brazilian speakers of EFL, 8 of them teachers of 
English, produced // inaccurately in 52% of the instances—[t] occurred 
in 63% of the inaccurate productions, followed by [f] in 35%, and by [s] 
in 2%. Trevisol (in preparation) studied the production of eleven BP 
speakers of English, five participants with EFL teaching experience, and 
found that // was produced accurately in 89.55% of the word-initial 
instances. Within the 10.45% of inaccuracies, [t] occurred in 82.67% of 
the cases, and [f] in 17.41%. Thus, whereas in France learners are taught 
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to pronounce // as [s], in Brazil they may have either accurate or 
inaccurate input.  

In addition, linguistic factors may shed some light on the 
differences between the EFL groups—the BP speakers have more 
English input and use the L2 more than the French participants. That is, 
questionnaires showed that the BP speakers spoke and listened to 
English in 14% and 32% of their everyday activities, whereas the EF 
speakers used the L2 in 2.5% and 12.5% of their activities. Thus, the 
results support the suggestion that the relative L1/L2 use affect L2 
learning (e.g., Flege, 1999, 2002; Flege & MacKay, 2004), and the 
relative quantity and quality of input (e.g., Flege & Liu, 2001; Jia & 
Aaronson, 2003; Jia et al., 2006). To sum up, the results suggest that for 
these speakers of EF and BP, the accurate perception and production of 
// seem not to be clearly related. In fact, in the two tests which yielded 
statistical differences—the Discrimination and Auditory Identification 
Tests—it was the less experienced EFL speakers who outperformed the 
more experienced group.  

However, although the results showed that differential substitution 
is not clearly perceptually driven, and that perception and production do 
not covariate, it seems unreasonable to think that EFL speakers would 
pronounce // accurately without having noticed that the phoneme is 
acoustically and articulatorily distinct from any other familiar speech 
sound. As a matter of fact, seventeen out of the twenty French 
participants and twenty out the twenty-one Brazilians affirmed that they 
were aware of the peculiarities of the pronunciation of //. As discussed 
in 3.4.2, there were participants who reported awareness but did not 
produce a single accurate response, and even those who produced // as 
[] did not maintain the accurate pattern throughout the Production Test.  

Therefore, pedagogically speaking, maybe instruction and practice 
on the articulatory aspects of the phoneme would be more effective for 
production of this sound than the segmental perceptual training, which 
has been shown to be effective in other areas of phonetics and 
phonology (e.g., Logan, Lively & Pisoni, 1991; Rochet, 1995; Bradlow 
et al., 1997; Hardison, 2000, 2003, 2004, 2005; Hazan et al., 2005). 
Examining the effect of training on the perception of // by BP speakers, 
Ruhmke-Ramos (2009) found that instruction+listening-training was 
more effective than listening-training only, in which accurate input was 
provided to students.  



 211 

Another aspect that seems not to be lawfully related is the 
relationship between pattern of assimilation and discrimination of L2 
sounds as predicted by the PAM. The results from the Perceptual 
Assimilation Test provided data for testing the predictions made by the 
model. For both EFL groups // was assimilated as an uncategorizable 
sound, whereas /f/, /t/, and /s/ were well categorized, which resulted in 
UC type of assimilation for all pairwise contrasts. Although the PAM 
predicts very good discrimination for UC types, Guion and colleagues 
(2000) found poor discrimination for the UC contrast // and /s/, which 
led them to suggest that the model should be revised in order to 
encompass poor discrimination for the UC type of assimilation. 
However, the present study found two types of discrimination for the 
UC type of assimilation—very good for //-/t/ and //-/s/, and good for 
//-/f/. It is important to bear in mind that // and /f/ are acoustically 
similar and probably were perceived in relative proximity in the L1 
phonological spaces of the speakers of EF and BP. Nevertheless, the 
findings that the UC type of assimilation can generate very good, good, 
and poor discrimination suggest that further studies could investigate the 
need to revise the PAM.  
 
 
4.2 LIMITATIONS AND SUGGESTIONS FOR FURTHER 
RESEARCH 
 
 

The limitations of the present experiment can also provide insight 
for future studies. The main limitation concerns the number of 
participants, particularly for correlational inspection when the language 
groups are split into subgroups according to type of realization, 
assimilation, discrimination, and identification. Given that the number 
of participants in each subgroup could not have been pre-arranged 
because they were specified according to the actual results, a larger 
number of participants in each language group might have shown clearer 
conclusions on the relationship between perception and production of 
//.  

The influence of phonological context, more precisely of the 
vowel, on the production of the consonants was analyzed in the present 
study. The analysis of production according to vowel context showed 
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that the EF speakers varied the realization of // regardless the vowel, 
whereas accuracy within the Brazilian group occurred more in the 
context // and //. However, this influence was not examined in the 
perception tests. Previous study on the identification of the fricatives /, 
f, s, / in CV structures found higher scores in the context of /u/ (83%) 
than of /a/ (75%) or /i/ (73%), although the differences were not 
statistically significant (Jongman et al., 2003).  

Another limitation concerning the vowels is that, although the 
talkers who recorded the stimuli for the perception tests have provided 
stimuli for previous studies in L2 phonetics and phonology, several 
participants reported that the vowels were typically English. This might 
have affected the Perceptual Assimilation Test, in which the listeners 
were informed that the nonwords did not belong to any particular 
language and that they had to identify and rate the consonants according 
to their L1 system. As the present study aimed at having VCV structures 
in which the Vs were the cardinals /i, a, u/, not present in English, the 
elicitation of the stimuli should have been modeled by a recording done 
by talker with appropriate training in phonetics and phonology.  

Another aspect that could have been done different is the stimuli 
for the Perceptual Assimilation Test. On the one hand, the PAM 
advocates that L2 assimilation should be tested with two sounds of the 
nonnative language. On the other hand, Guion et al. (2000) argue that in 
order for the test to examine the perceived relationship between the L1 
and the L2, native sounds that belong to the same L2 phonetic category 
should be tested as controls. Thus, in their Perceptual Assimilation Test 
the authors used both English and Japanese consonants. Overall results 
of Guion and colleagues showed that if both languages shared a 
phoneme, such as /b/, the L2 counterpart was well assimilated into 
Japanese. The present study, however, did not use EF or BP stimuli in 
any test. In the same vein as discussed about the English-like quality in 
the VCV nonwords, it was assumed that nonwords uttered by speakers 
of EF and BP could have vowels with French and Portuguese qualities, 
which could interfere even more in the results. Even if the consonants 
were produced within English standards, the vowels could have 
undesirably attracted the listeners’ attention and confounded segmental 
perception. Instead, it was reasoned that /f/ and /s/ could work as 
controls given that they are present in the BE, EF, and BP inventories. 
In fact, both nonnative /f/ and /s/, and even the English /t/, were well 
assimilated into the EF and BP systems. Nonetheless, the present study 
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could have used synthesized L1 stimuli in order to verify whether L1 
and L2 /f/, /t/, and /s/ are assimilated the same way by speakers of EF 
and BP. 

Moreover, Guion and colleagues also used native stimuli in the 
discrimination test, so that the test consisted of contrasts with English-
English consonants, as well as English-Japanese, and Japanese-
Japanese. Given that the present study aimed at examining the 
perceptual relationship between L1 and L2 sounds, it could have had 
more than L2 contrasts in the Discrimination Test. Despite the fact that 
participants were asked to perceive the nonwords within their L1 
system, nothing can prevent them from shifting their perceptual system 
to an L2 mode, particularly because they were informed that the stimuli 
were produced by speakers of English. Thus, maybe the English // is 
not necessarily heard as an EF or BP /f/, /t/, or /s/. Therefore, although 
English /f/, /t/ and /s/ were well assimilated onto both EF and BP, in 
order to test the possibility that the English // is perceived within an L1 
or an L2 mode, the three-item trials could have contasted // with L2 /f, 
t, s/ and with L1 /f, t, s/. 

As a final remark, the present research was based on the PAM as 
the theoretical framework—the results served as the means for testing 
its predictions concerning assimilation and discrimination of L2 sounds. 
Moreover, it was reasoned that the way the L2 sound is assimilated into 
the L1 can not only predict discrimination but also show a relationship 
with patterns of production. However, this aspect is not addressed by the 
model. As a matter of fact, neither the PAM nor the PAM-L2 are clear 
about the relationship between L2 perception and production. Perhaps 
future studies could investigate whether patterns of assimilation predict 
production, an aspect that could be then tackled by the models. 
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Appendix A – British participants’ background information  
 
Part. Age Sex Origin  In London 

years 
Travel abroad Time 

abroad  
 Days 

Back 
within 
months 

1 22 F London  22    
2 23 F Orpington  12 Sweden 15 6  
3 21 F Oxford  5 France 300 6  
4 37 F London  37 Spain 7 8  
5 24 F London  24 Russia, Croatia 15 6  
6 22 F Basingstoke  8 India,  

Nepal 
40 9  

7 50 F London  50    
8 24 F Reading  22 South America 90 6  
9 24 F Salisbury  9 Cyprus 7 6  
10 33 F London  33    
111 51 F London  51 Spain 7 10  
12 45 M London  45 Spain, Greece, 

Portugal 
21 2  

13 38 M Aberdeen 11 Spain 15 10  
14 26 M Bristol  6    
15 49 M London  45 France, Portugal, 

New Zealand, South 
Africa 

40 7  

16 30 M London  24    
17 40 M Lincoln  12 Bali 21 6  
 
Part. L2 % L2  

speaking 
% L2 listening  

1    
2 French 0-5 0-5 
3 French 

Italian 
0-5 0-5 

4 French 0-5 0-5 
5 French 0-5 0-5 
6 French 0-5 0-5 
7    
8    
9 French 0-5 0-5 
10    
111    
12    
13    
14 Romanian 0-5 0-5 
15 French 0-5 0-5 
16    
17    
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Appendix B – French participants’ background information  
Part. Age Sex Origin  Travel to an 

English 
speaking 
country 

Time 
abroad  
 days 

Back 
within 
months 

Occupation 

1 22 F Proverville England 10 6 Student 
2 45 F Proverville    French 

teacher 
3 22 F Proverville    Student 
4 22 F Magny-

Fouchard 
   Student 

5 22 F Bar-sur-Aube    Student 
6 26 F Picardic     
7 20 F Troyes    Student 
8 23 F Fontette    Student 
9 20 F Troyes    Student 
10 22 F Romilly-sur-

Reine 
   Student 

11 27 M Bar-sur-Aube England 45 48 MA Student 
12 26 M Bar-sur-Aube    Student 
13 26 M Loire et Cher    MA Student 
14 26 M Bar-sur-Aube    Student 
15 27 M Bar-sur-Aube    MA Student 
16 20 M Troyes    Student 
17 21 M Troyes    Student 
18 22 M Virey-sous-Bas    Student 
19 21 M Sainte-Savine Ireland 20 24 Student 
20 22 M Sens England 15 18 Student 

 
Part. EFL age of 

learning  
Length of 
learning 
(years) 

% EFL  
speaking 

% EFL 
listening  

Another L2 

1 9 10 0-5 10-20 Italian 
2 14 8 0-5 0-5 German 
3 10 11 0-5 10-20 German 
4 12 10 0-5 0-5  
5 10 9 0-5 10-20  
6 7 11 0-5 10-20  
7 13 6 0-5 0-5  
8 10 13 0-5 10-20  
9 10 9 0-5 10-20 German 
10 11 7 0-5 10-20  
11 10 8 0-5 10-20  
12 10 7 0-5 10-20 Italian 
13 10 10 0-5 10-20  
14 13 6 0-5 10-20  
15 13 5 0-5 10-20 Portuguese 
16 10 9 0-5 10-20  
17 11 10 0-5 10-20 Italian 
18 10 6 0-5 10-20 German 
19 9 10 0-5 10-20  
20 10 8 0-5 0-5  
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Appendix C – Brazilian participants’ background information  
Part. Age Sex Origin  Travel to an 

English 
speaking 
country 

Time 
abroad  
 days 

Back 
within 
months 

1 19 F Florianópolis SC    
2 22 F Criciúma SC    
3 29 F Natal-Breves – PA    
4 17 F Gravataí – RS    
5 18 F Sto Amaro da Imperatriz 

– SC 
   

6 26 F Porto Alegre – RS    
7 32 F Florianópolis SC    
8 18 F São José – SC    
9 21 F Florianópolis SC    
10 29 F Florianópolis SC    
11 19 F Florianópolis – SC    
12 29 F Florianópolis – SC    
13 21 M São Paulo – SP    
14 26 M  São José – SC    
15 42 M São Paulo – SP    
16 21 M Florianópolis – SC    
17 41 M Crato – CE    
18 21 M Florianópolis – SC    
19 20 M São José – SC    
20 19 M São José – SC    
21 23 M Florianópolis – SC    

 
Part. EFL age of 

learning  
Length of 
learning 
(years) 

% EFL  
speaking 

% EFL 
listening  

Another L2 

1 8 12 10-20 50-60  
2 12 9 10-20 30-40 Spanish 
3 13 4 0-5 30-40 French 
4 11 7 10-20 3040  
5 11 8 0-5 0-5  
6 11 15 10-20 30-40  
7 11 5 0-5 0-5  
8 11 9 30-40 30-40  
9 11 9 0-5 30-40  
10 11 2 10-20 10-20 Spanish 
11 11 3.6 0-5 0-5  
12 11 3 0-5 0-5  
13 7 10 0-5 50-60  
14 11 2 10-20 30-40  
15 11 9 30-40 50-60 Spanish 
16 12 8 0-5 10-20  
17 11 6 10-20 50-60  
18 11 6 10-20 50-60  
19 7 5 10-20 30-40  
20 9 7 10-20 30-40  
21 13 12 50-60 50-60 Spanish 
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Appendix D – UCL soundproof room and recording equipment 
 

 
 

 



 250 

Appendix E – Consent form: English version 
 

 
 

University College London  
 
Speech, Hearing and Phonetic Sciences 
 
Division of Psychology and Language Sciences  
 
Faculty of Life Sciences  

 
CONFIDENTIAL - VOLUNTEER CONSENT FORM 
STUDY: Perception and production of English sounds  
Investigators: Ms Mara Reis and Prof. Valerie Hazan 
   c/o Speech Hearing and Phonetic Sciences 
University College London 
   Chandler House 
   2 Wakefield Street 
London WC1N 1PF 
 
To be completed by the volunteer: 
 
1. Have you been given information about this study? YES/NO* 
2. Have you had a chance to ask questions?  YES/NO* 
3. If you had questions, have you received satisfactory answers? 
YES/NO/NA* 
4. Have you received enough information about this study? YES/NO* 
5. Do you understand that you are free to withdraw from this study 
  • at any time?    YES/NO* 
  • without giving a reason for withdrawing?
 YES/NO* 
6. Do you agree to take part in this study?   YES/NO* 
 
Signed.................................................................................................. 
Date............................. 
 
Name in block letters 
......................................................................................... 
* Delete as applicable 
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Appendix F – Consent form: French version 
 

 
 

University College London  
 
Speech, Hearing and Phonetic Sciences 
 
Division of Psychology and Language Sciences  
 
Faculty of Life Sciences  

 
CONFIDENTIEL - FORMULAIRE DE CONSENTEMENT POUR 
LES VOLONTAIRES 
Etude: Perception et production en Anglais 
Investigateurs: Mara Reis et Prof. Valerie Hazan 
   c/o Speech Hearing and Phonetic Sciences 
University College London 
   Chandler House 
   2 Wakefield Street 
London WC1N 1PF 
 
A remplir par le volontaire: 
 
1. Avez-vous été fournie avec les informations nécessaires sur l’étude? 
 OUI/NON* 
2. Avez-vous pu poser des questions?   OUI/NON* 
3. Si vous aviez des questions, avez-vous reçu des réponses adéquates?
 OUI/NON* 
4. Avez-vous reçu assez d’informations sur l’étude? OUI/NON* 
5. Comprenez-vous que vous être libre d’arrêter l’expérience… 
 • À tout moment     OUI/NON* 
 • Sans donner de raison ?  OUI/NON* 
6. Consentez-vous à participer à cette étude?  OUI/NON* 
 
Signature.................................................................................................. 
Date............................. 
Nom et prénom en capitales: 
....................................................................................... 
* Entourez votre réponse 
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Appendix G – Consent Form – Portuguese Version 
 

 

Universidade Federal de Santa Catarina 
Centro de Comunicação e Expressão 
Programa de Pós-Graduação em Letras/Inglês 
e Literatura Correspondente 
Pesquisadora: Mara Reis 
Orientadora: Profª. Drª. Barbara Baptista 

 

 
Confidencial – formulário de consentimento voluntário 
STUDO: PERCEPÇÃO E PRODUÇÃO DE SONS DA LÍNGUA 
INGLESA 
 
Para ser respondido pelo voluntário: 
 
1. Você foi informado sobre este estudo?  (não)*  (sim) 
2. Você teve a oportunidade de fazer perguntas sobre o estudo?
 (não)*  (sim) 
3. Se você teve perguntas, elas foram respondidas satisfatoriamente?
 (não)*  (sim) 
4. Você recebeu informação suficiente sobre este estudo  

(não)*  (sim) 
5. Você está consciente de que é livre para desistir deste estudo 
 • a qualquer momento?  (não)*  (sim) 
 • sem dar nenhuma razão pela desistência? (não)*  (sim) 
6. Você concorda em participar deste estudo? (não)*  (sim) 
 
 
Assinatura...................................................................................................
......................... 
Data............................./2009 
Nome em letra de 
forma...................................................................................................... 
 
Suas dados serão desconsiderados 
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Appendix H – Biographical questionnaire: French version 
 
Merci de répondre aux questions suivantes: 
Ce questionnaire a pour but unique de réunir des informations qui seront 
utilisées pour l’analize des donées de l‘étude. Les noms des participants 
ne seront révélés sous aucunes circomstances car cette recherche est 
strictement quantitative. 
 
Date:_____________ Age ____________    
Sexe: (  ) masculin  (  ) feminin          
 
1. D’où venez-vous (l’origine de votre acent)?  
Ville______________________region/département/pays____________
2. Quelle est votre langue natale/dominante? 
3. Avez-vous été/résidé dans un pays Anglophone dans l’année passée 
(dans les derniers 365 jours)? ( ) non  ( ) oui, où? __________________ 
3.1. Combien de temps avez-vous passé là-bas?  
(  ) moins de 30 jours (  ) plus de 60 jours  (  ) autre 
3.2. Quand êtes-vous revenu dans votre pays?  
(mois)______________________________(année)_________________ 
3.3. Dans ce pays Anglophone, est-ce que la prononciation des mots 
suivants est exactement la même? 
thin - sin (  ) non (  ) oui  (  ) je ne sais pas 
thin - fin (  ) non (  ) oui  (  ) je ne sais pas 
thin - tin (  ) non (  ) oui  (  ) je ne sais pas 
4. Quel âge aviez-vous quand vous avez commencé à apprendre 
l’Anglais régulièrement? 
(  ) moins de 7 ans  (  ) plus de 11 ans (  ) plus de 15 ans 
(  ) autre__________ 
4.1. Pendant combien d’années avez-vous étudié l’Anglais (école 
normale ou leçons privées)? 
4.2. Vous êtes en étudiant le français en ce moment? (non)  (oui) 
4.3. Combien de temps, ce serait, que vous dire que vous êtes en 
étudiant le français? (ans) 
4.4. Votre enseignant est English native speaker? (oui)   (non), 
nationalité  
4.5. Vous avez perçu si votre enseignant Il prononce les mots suivants 
exactement de la même façon?  
thin - sin (  ) non (  ) oui  (  ) je ne sais pas 
thin - fin (  ) non (  ) oui  (  ) je ne sais pas 
thin - tin (  ) non (  ) oui  (  ) je ne sais pas 
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5. Dans une journée typique, combien de temps passez-vous à parler en 
Anglais dans vos activités quotidiennes (à la maison, à l’école, au 
travail, en famille, avec les amis, etc.)?  
(  ) 0 – 5% (  ) 10 - 20%  (  ) 30 - 40 %   
(  ) 50 – 60% (  ) autre 
5.1. Et s’exprimant en français? 
(  ) 0 – 5% (  ) 10 - 20%  (  ) 30 - 40 %   
(  ) 50 – 60% (  ) autre 
6. Dans une journée typique, combien de temps passez-vous à ecouter 
de l’Anglais dans vos activités quotidiennes (radio, TV, films, internet, 
avec les amis, la famille, etc.)? 
(  ) 0 – 5% (  ) 10 - 20%  (  ) 30 - 40 %   
(  ) 50 – 60% (  ) autre 
6.1. Et en écoutant en français? 
(  ) 0 – 5% (  ) 10 - 20%  (  ) 30 - 40 %   
(  ) 50 – 60% (  ) autre 
7. Parlez-vous d’autres langues étrangères fréquement (autres que 
l’Anglais)? (  ) non (  ) oui,________________________________ 
8. Avez-vous des problèmes d’ouïe? (  ) non; (  ) oui: _____________ 
Avez-vous des problèmes de vue (  ) non; (  ) oui:. ________________ 
Est-ce que vous avez des moyens de les corriger(avec des lunettes ou 
des lentilles, par exemple)? (  ) non; (  ) oui 
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Appendix I – Biographical questionnaire: Portuguese version 
 
Por favor, responda as questões abaixo. Este questionário tem como 
objetivo obter informações que auxiliem na análise dos dados desta 
pesquisa. Em hipótese alguma os nomes dos participantes serão 
revelados, já que a análise é estritamente quantitativa.  
Date: _________________Idade:__________________________  
Sexo: (F)  (M) 
1. Onde você passou a maior parte de sua vida (origem de seu sotaque) 
Cidade________________________________________Estado_______ 
2. Português é sua lingual materna ou dominante? (não)  (sim)  
3. Você esteve em algum país de língua inglesa nos últimos 365 dias? 
(não)  (sim) onde 
3.1. Quanto tempo você passou neste país?  
(  ) até 30 dias (  ) até 60 dias  (  ) mais de 60 dias (  ) especifique 
3.2. Quando você voltou de lá? (mês)_____ (ano)___________ 
3.3. Neste país de língua inglesa, a pronúncia das seguintes palavras é 
realizada exatamente da mesma forma? 
thin – sin: (não) (sim) (não sei) 
thin – fin: (não) (sim) (não sei) 
thin – tin: (não) (sim) (não sei) 
4. Que idade você tinha quando começou a aprender inglês regularmente 
(seja escola regular ou particular)?  
(  ) menos de 7  (  ) mais de 11 (  ) mais de 15 (outra)  
4.1. Teve longos períodos de parada nestes estudos?  
(não)      (sim), quanto tempo ao todo: (  ) até 1 ano  
(  ) até 2 anos (outro) 
4.2. Está estudando inglês nesse momento? (não)  (sim)  
4.3. Quanto tempo, portanto, você diria que estuda inglês? (anos) _____ 
4.4. Seu (sua) professor(a) é falante nativo de inglês? (sim) (não), 
nacionalidade ______ 
4.5. Você percebeu se seu (sua) professor(a) pronuncia das seguintes 
palavras exatamente da mesma forma? 
thin – sin: (não) (sim) (não sei) 
thin – fin: (não) (sim) (não sei) 
thin – tin: (não) (sim) (não sei) 
5. Nas suas atividades regulares do dia a dia, quanto tempo você passa 
falando em inglês (casa, escola, trabalho, com família, amigos, etc.)? 
(  ) 0 - 5%  (  ) 10 - 20%  (  ) 30 - 40 %  (  ) 50 – 60%  (outra) 
5.1. E falando em português?  
(  ) 0 - 5%  (  ) 10 - 20%  (  ) 30 - 40 %  (  ) 50 – 60%  (outra) 
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6. Nas suas atividades regulares do dia a dia, quanto tempo você passa 
escutando a língua inglesa (rádio, TV, filme, internet, com amigos, 
família, etc.)? 
 (  ) 0 – 5%  (  ) 10 - 20%  (  ) 30 - 40 %  (  ) 50 – 60%  (outra) 
6.1. E escutando em português?  
(  ) 0 - 5%  (  ) 10 - 20%  (  ) 30 - 40 %  (  ) 50 – 60%  (outra) 
7. Você fala alguma outra língua estrangeira com freqüência que não 
seja o inglês?  
(não)  (sim) _____________ 
8. Você tem algum problema: Auditivo? (não)  (sim) _______ 
       Visual (não)  (sim) ____Corrige com 
lentes? (não)  (sim) 
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Appendix J – Biographical questionnaire: English version 
 
Please answer the questions below. 
This questionnaire aims only at gathering information that will help in 
the analysis of the research data. Under no circumstances will the names 
of the participants be revealed, as this research is strictly quantitative. 
 
Date: ______________ Age _____________    
Sex: (  ) male  (  ) female          
 
1. Where are you from (the origin of your accent)? 
City____________________________County___________________ 
2. Is English your first/dominant language? (no) (yes) 
3. Do you speak any other language? (no) (yes)__________________ 
4. In the English dialect you speak, is the pronunciation of the following 
words exactly the same? 
thin - sin (  ) no (  ) yes 
thin - fin (  ) no (  ) yes 
thin - tin (  ) no (  ) yes 
5. Have you been to a country where English is not the main spoken 
language in the past year? (no) (yes), where? _____________________ 
5.1. What is the language spoken there? 
5.2. How long did you spend there? 
5.3. When did you come back? (month) ___________ (year) ________ 
5.4. Did you learn this language? (no) (yes) 
5.5. Are you still speaking /listening to this language or any other 
foreign language? (no) (yes) __________________________________ 
6. On a typical day, how much time do you spend speaking any foreign 
language (at home, at school, at work, with family, friends, etc.)? 
(  ) 0–5% (  ) 10-20% (  ) 30-40 % (  ) 50–60% (  ) 
other 
7. On a typical day, how much time do you spend listening to any other 
foreign language (radio, TV, movies, at work, at the internet, with 
friends, family, etc.)? 
(  ) 0 – 5% (  ) 10-20% (  ) 30-40 % (  ) 50–60% (  ) 
other 
8. Do you have any hearing problem or difficulty? (no) (yes)_________ 
9. Do you have any visual problem or difficulty? (no) (yes)_________ 
9.1. Do you correct it (with glasses or lenses, for example)? (no) (yes) 
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Appendix K – Test evaluation questionnaire 
 
Please answer to the following questions about the tests you are doing.  
Use the scale given, from 1 to 5, mark the number that correspond to 
your opinion on the test. You can change your opinion as the tests are 
being done, going back to previous answers if you think it is convenient.  
 
1. Perceptual Assimilation Test  
A. What is your opinion on this test? Was it... 
(1) Very easy ___ (2) ___ (3) ___ (4) ___(5) Extremely difficult  
B. As duration of this test is concern, you thought it was : 
(1) Very short ______ (2) _____ (3) _____ (4) _____(5) Extremely long  
C. How tiring was this test?  
(1) Not tiring ______ (2) _____ (3) _____ (4) _____(5) Extremely tiring  
 
2. Odditiy Discrimination Test 
A. What is your opinion on this test? Was it... 
(1) Very easy ___ (2) ___ (3) ___ (4) ___(5) Extremely difficult  
B. As duration of this test is concern, you thought it was : 
(1) Very short ______ (2) _____ (3) _____ (4) _____(5) Extremely long  
C. How tiring was this test?  
(1) Not tiring ______ (2) _____ (3) _____ (4) _____(5) Extremely tiring  
 
3. Auditory Identification Test 
A. What is your opinion on this test? Was it... 
(1) Very easy ___ (2) ___ (3) ___ (4) ___(5) Extremely difficult  
B. As duration of this test is concern, you thought it was : 
(1) Very short ______ (2) _____ (3) _____ (4) _____(5) Extremely long  
C. How tiring was this test?  
(1) Not tiring ______ (2) _____ (3) _____ (4) _____(5) Extremely tiring  
 
4. Audiovisual Identification Test 
A. What is your opinion on this test? Was it... 
(1) Very easy ___ (2) ___ (3) ___ (4) ___(5) Extremely difficult  
B. As duration of this test is concern, you thought it was : 
(1) Very short ______ (2) _____ (3) _____ (4) _____(5) Extremely long  
C. How tiring was this test?  
(1) Not tiring ______ (2) _____ (3) _____ (4) _____(5) Extremely tiring  
 
In regular conversation in your own language, do you pay attention to 
the movements of mouth, lips, tongue of the person you are talking to?  
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(no)  (yes), in what situations? ________________________________ 
In regular conversation in you a second or foreign language, do you 
pay attention to the movements of mouth, lips, tongue of the person you 
are talking to?  
(no)  (yes), in what situations? 
Do you think that the test with video clips helped you identifying the 
consonant? (no)  (yes) 
How exactly has the image helped you? _________________________ 
 


