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 The denasalization of French nasal vowels in Liaison 

Adam Frank McBride, Ph.D. 

The University of Texas at Austin, 2017 

Supervisor:  Barbara E. Bullock 

Traditional descriptions have characterized nasal vowels in Northern Metropolitan 

French (NMF) as either maintaining nasality or denasalizing completely in position of 

liaison. However, while research in both vowel nasality and liaison has progressed 

greatly in recent decades, little has been said of their intersection, particularly at an 

acoustic level. This study uses a variety of acoustic measures to describe how nasal 

vowels are produced in liaison and how vowel denasalization is manifested acoustically 

for speakers of NMF.  

Findings indicate that many speakers seem to fully denasalize in liaison but other 

patterns emerge. A few speakers seem to denasalize very little in liaison, while others 

produce partially nasalized vowels that appear to be neither fully oral nor fully nasal. 

This suggests a possible, partially-nasalized allophone for oral-nasal vowel pairs. 

Additionally, an alternative production for the possessive determiner son ‘his/her/one’s’ 

in liaison is observed. The nasal vowels of these determiners are traditionally described 

as maintaining nasality in liaison, but in a considerable number of the determiners, the 

nasal vowel was deleted in liaison, with the nasal onset consonant syllabifying with the 

onset of the following vowel.  

Just as the realization of liaison has been shown in recent years to vary from 

speaker to speaker and word to word, the acoustic findings presented in this work imply 
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that nasal vowels in liaison are not always denasalized as predicted. The implication is 

that other factors such as phonological context, frequency of collocation, and 

social/individual difference influence whether or not a vowel is denasalized. 
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Chapter 1:  The Phenomena 

1.1 Introduction 

This work aims to offer an acoustic description of the nasal vowels of Northern 

Metropolitan French (NMF) in positions of liaison, as well as to contribute to an acoustic 

definition of denasalization. Specifically, I seek to determine whether the full nasal 

quality of a nasal vowel is maintained in a liaison context or whether the vowels are 

denasalized, as is often claimed. In the latter case, I seek to determine how denasalization 

is acoustically manifest. This is, does this process yield a fully oral vowel or does 

nasalization persist in liaison contexts? To this end, I examine and compare various 

acoustic qualities of nasal vowels, both in and out of liaison context in a controlled 

laboratory setting. By so doing, I hope to update and give greater detail to the existing 

descriptions of the patterns of liaison, specifically with regards to nasal vowels. A better 

understanding of the modern usage of liaison is a topic of interest not just to French 

linguists, but to teachers and learners of the language alike. The patterns outlined in the 

early grammars (e.g., Delattre, 1947/1966) for mon and bon, elaborated below, are taught 

to both native and second-language (L2) speakers. However, speakers’ adherence to 

those patterns in contemporary NMF has yet to be verified in replicable and measurable 

ways. Thus, it may be that these grammatical descriptions are no longer accurate. By 

learning how native speakers produce these vowels in liaison contexts, our descriptions 

of the phonological patterns in liaison contexts will be more accurate.  

A broader aim of this thesis is to contribute to the understanding and refinement 

of the acoustic measurement of nasality. While articulatory methods for the detection of 

coupling to the nasal tract exist–e.g., electromagnetic articulography, MRI, etc.–the fact 

that acoustic measures are non-invasive, inexpensive, and can be performed on corpus 
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data make them highly desirable. However, they are only useful if they are accurate. 

While these measures have been refined over the years (Chen, 1997; Pruthi & Espy-

Wilson, 2004; Schwartz, 1968; Styler, 2015), many are still cumbersome to perform and 

none is singly reliable. It is my hope to advance our understanding of the acoustic 

correlates of nasality as applied to the issue of denasalization in French liaison. This first 

chapter provides background information on liaison, nasality, and the acoustic 

measurement of nasality. It also proposes four research questions concerning the 

effectiveness of acoustic measures for nasality, the production of nasal vowels in liaison 

and their relationship with pre-nasal oral vowels in the sandhi process of enchaînement, 

and the acoustic attributes of vowel denasalization in NMF. 

The topic of liaison in French has garnered much attention by scholars for 

centuries from early prescriptions (Martin, 1874), to the phonological rules established by 

the phonetician, Delattre (1947/1966), to more contemporary studies on the productivity 

of liaison by Sampson (2001), Durand and Lyche (2008), and Côté (2013). The contexts 

in which liaison occurs were long-considered to be strictly categorical, syntactically-

governed conditions, somewhere at the intersection of phonetics, phonology, and 

morphosyntax. However, in recent years a transition toward a usage-based understanding 

of the phenomenon has allowed for more nuanced views of variation in production (Gess, 

Lyche, & Meisenburg, 2012). However, despite the continual advancements in our 

understanding of the productivity and acquisition of liaison as a phonological process, the 

acoustic behavior of nasal vowels in liaison has been regularly overlooked or, perhaps, 

intentionally ignored in descriptions of the phenomenon. This lacuna in the scientific 

literature means that our descriptions of the behavior of nasal vowels in a liaison context 

are incomplete. 
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Before beginning our discussion of nasal vowels in liaison, it is necessary to state 

that NMF is characterized as having three distinctive nasal vowels in its phonemic 

inventory: <ɛ,̃ɑ̃,ɔ>̃ (Cohn, 1990; Hansen, 2001a, 2001b). In other varieties of modern 

French, a fourth nasal vowel <œ̃> may be part of the inventory. In NMF, this vowel has 

merged with <ɛ>̃ such that sequences like l’un ‘the one’ and lin ‘flax’ are homophonous. 

For this thesis, only the three distinctive vowels are considered. 

 

1.2 Liaison 

Liaison is the phonetic realization of an otherwise silent consonant that occurs at 

the end of a word (Word 1 (W1)), when followed by a vowel or h-muet that occurs 

initially in a following word (Word 2 (W2)). Whether an orthographic final consonant is 

fixed, hence always pronounced (e.g., bus <bys>), or ‘floating’ as a liaison consonant is 

lexically determined. For example, the final consonant of the masculine, singular 

adjective petit ‘small’ is typically silent when phrase-final or before a consonant, as in 

(1a), below. However, when the adjective is followed by a vowel-initial, singular noun 

(e.g., ami ‘friend’), the ‘t’ is generally realized overtly as the pronounced onset of that 

following vowel-initial syllable, as in (1b), below. The so-called floating or linking 

consonants (Prunet, 1986; Tranel, 1990) in a liaison context, such as the <t>1 in (1b), are 

typically identical to the final consonants represented in the orthography. 

 

 

                                                 
1 The identity of the liaison consonant (e.g., whether it exists in an underlying form, or simply in a surface 
form) is an important question that has led to interesting discussion (Schane, 1968; Tranel, 1990). 

However, this is outside the scope of the present study. To avoid confusion as to whether the segments 

presented here represent underlying or surface forms, representations of the sounds will be given in IPA, 

neither as /_/ nor [_], but as <_>.  
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(1) a.  petit x garcon 

‘little boy’ 

<pø.ti.gaʀ.sɔ̃>2 

b. petit‿ ami 

<pø.ti.ta.mi> 

‘little friend(m.)/boyfriend’ 

c. petite amie 

<pø.ti.ta.mi> 

‘little friend(f.)/girlfriend’ 

 

This process of resyllabification, which causes the word-final consonant to 

undergo "linking to the following vowel" (Armstrong, 2001, p. 178) as the syllable onset 

of the following W2, is called enchaînement in French, and is not limited to consonants 

in liaison. An example of the enchaînement of a stable consonant is given in (1c), above, 

where the invariably pronounced final <t> of the feminine form is also resyllabified. The 

phonetic realization of word-final consonants can vary between the masculine and 

feminine forms (Armstrong, 2001; Sampson, 2001). The most common change is in the 

historical devoicing of the non-nasal stop consonants (e.g., <d>  <t>, <g>  <k>, etc.), 

and the voicing of <s>  <z>. Of the potential linking consonants in French, only <n>, 

<t>, and <z> occur with regularity (Pagliano & Laks, 2005). 

When the linking consonant is <n>, resulting from a nasal vowel-final W1 in 

liaison, it is the quality of the vowel, and not the consonant, that can undergo change. For 

example, when liaison is made with a nasal vowel-final word, the linking -n will be 

                                                 
2 In all multisyllabic transcriptions, (.) will be used to represent syllable boundaries, according to 
convention. 
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realized as <n>, but the nasal vowel may either lose its nasal quality—denasalization—or 

maintain it, as seen in (2a) and (2b), respectively: 

 

(2)  bon‿ argument  

  ‘good argument’ 

a. <bɔ.naʀ.gy.mɑ̃> 

b. <bɔ.̃naʀ.gy.mɑ̃> 

 

For descriptions of the government of this variable behavior (i.e., following either pattern 

(2a) or (2b)), see section 1.2.1, below. 

The contexts in which liaison with a nasal vowel is possible are limited. However, 

because liaison is partially governed by morphosyntax, there exist certain prescriptive 

guidelines for its production, which describe where nasal vowels in position of liaison are 

most likely to occur. These include descriptions of the kinds of words with which liaison 

should, can, and ought not be made. 

 

1.2.1 Categories of liaison 

Delattre’s (1947/1966) work on French liaison is both descriptive and prescriptive 

in its tone and content. Although he was unclear as to how data for his observations were 

collected, his work on and categorization of the diverse cases in which liaison is possible 

is still held as a standard reference today, and it continues to influence studies on liaison 

some sixty years after its initial publication (e.g., Durand & Lyche, 2008). A simplified 

presentation (see Delattre, 1947/1966, for greater detail) of liaison categories is provided 

in Table 1, below: 
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 Obligatory liaison Optional liaison Prohibited liaison 

Noun 
determiner/adjective + 

noun, pronoun, adjective 
plural noun + X singular noun + X 

Verb 
personal pronoun + verb 

verb + personal pronoun 
verb + X - 

Invariable 

invariable monosyllabic 

words (e.g., adverb, 

preposition, etc.) + X 

invariable multisyllabic 

words (e.g., adverb, 

preposition, etc.) + X 

et + X 

Special fixed expressions - 

h-aspiré 

X + vowel- or glide-

initial numerals 

Table 1: A simplified table of liaison categories (adapted from Delattre, 1947/1966) 

While the categories describing the behavior of a word in position of liaison have 

been traditionally defined by phono-syntactic criteria or syntactic cohesion, it is clear that 

other factors, such as word usage, historical origin (e.g., h-aspiré, which blocks liaison, 

vs. h-muet, which permits liaison) and frequency (e.g., fixed expressions), can also have 

an effect. 

Ågren (1973) auditorily analyzes speech from 134 radio broadcasts from the early 

1960s in an effort to observe what factors might be influencing whether optional liaisons 

are made or not. He notices that the more frequently the W1 in question is used in the 

language generally, the more frequently it makes a liaison with the W2. For example, in 

the data he examined, liaison was made more regularly with the more frequently 

occurring forms of the verb être ‘to be’ (e.g., third person, present indicative) than with 

less frequent verb forms (e.g., third person, present subjunctive). 

Bybee (2001), relying on Ågren’s frequency counts, argues that the syntactic 

cohesion to which the source of liaison is often attributed, follows from collocation 

frequency. She concludes that while liaison seems to occur less and less in everyday 
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speech, it remains fairly strong in sequences that occur together with greater frequency 

(e.g., c’est‿à dire ‘that is to say’). She further suggests that frequent word sequences are 

learned together in lexical chunks, and not necessarily as single words that are fed into 

the syntactic component (Bybee, 2005). She hypothesizes that the sequences need to 

occur with a certain measure of frequency to maintain liaison. 

In contrast, Côté (2013), in her study of Laurentian French, proposes that 

frequency may not be the primary force driving liaison for single words. She focuses 

instead on transition probabilities. The transition probability of a word (W1) is the ratio 

of the number of sequences that may support liaison (whether or not W2 begins with a 

vowel) and the total number of occurrences of W1 itself (in any context). She speculates 

that frequency may have a very minor role to play in the obligatory liaison context [adj + 

noun], though she observes that sites of potential liaison here are fairly rare. Durand & 

Lyche (2008) echo this observation in that their search for [adj + noun] sequences in 

liaison context yielded several instances of petit followed by a noun, but that “other 

adjectives occur only sporadically in a liaison environment” (p. 44). And, when they did 

occur, liaison was not always made. An example of the rarity of this context in speech 

can be seen by noting that in their corpus they observed just under 100 occurrences of 

ancien ‘old/former’, which made it one of the more frequently occurring words they 

targeted, “but never in a potential liaison site” (p. 45).  

For some word sequences, it may be that liaison has become a part of the 

established and learned collocation. For example, Sampson (2001) provides insight into 

the productivity of liaison in [adj + noun] pairs by placing a few adjectives that are 

normally W2 into W1 position (e.g., fin ‘thin/fine’, malin ‘cunning’, mignon ‘cute’, etc.). 

He observes very little liaison with these new collocations, concluding that speakers 

typically avoid liaison in novel W1+W2 sequences in position of what is traditionally an 
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obligatory liaison; instead, speakers make no liaison at all, or what he calls a ‘ZERO-

liaison’. This supports Bybee’s (2001, 2005) work, in that these novel sequences are by 

definition infrequent and could not have been learned with liaison as a characteristic of 

the collocation.  

With regards to nasal vowels in NMF, Delattre (1947/1966) observed that nasal-

vowel followed by nasal stop sequences (the nasal stop being the potential liaison 

consonant), unlike oral vowels followed by non-nasal liaison consonants, resist optional 

liaison. Thus, nasal vowel-final W1 in position of potential liaison—that is, before a 

vowel-initial W2—are described as either requiring or proscribing liaison. Delattre 

describes the possibility of liaison with examples of this latter group (i.e., proscribed 

liaison) as "absolument impossible, quel que soit le style" ('absolutely impossible, 

whatever the style') (p. 41). As the focus of the present study is the behavior of a nasal 

vowel when liaison is made (and not necessarily whether or not a speaker chooses to 

make a particular liaison), it is the obligatory category that is of greatest interest. 

Most nasal vowel-final words can be found in liaison in the context of [determiner 

+ adjective] (un‿ancien) or [pronoun + adjective] (son‿ancien). In French, determiners 

are preposed. Adjectives are predominantly postposed, but a specific set of adjectives can 

be preposed. A few of these can be either preposed or postposed, but the difference in 

placement can affect the meaning (e.g., mon ancien prof ‘my old/former professor’ vs. 

mon prof ancien ‘my old/elderly professor’). The nasal vowel-final adjectives that are 

typically considered to be a part of the preposed set are listed in (3): 
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(3) Ancien  ‘old/former’ 

Bon  ‘good’ 

Certain ‘certain/particular’ 

Divin  ‘divine’ 

Moyen  ‘middle/mid’ 

Plein  ‘full/complete’ 

Prochain ‘next’ 

Vilain  ‘villainous’ 

 

It is important to note that it is the masculine singular forms here that are of 

interest, as the feminine forms of these adjectives all end in pronounced, fixed nasal 

consonants (e.g., bonne <bɔn>)—whether before a following vowel, consonant, or 

pause—and thus do not enter into liaison. Additionally, plurality is suffixal, such that the 

plural <z> can replace the nasal vowel in liaison position (e.g., in bons‿amis <bɔ.̃za.mi>, 

the -s becomes the liaison consonant). 

The nasal vowel-final possessive determiners (i.e., mon ‘my’, ton ‘your’, and son 

‘his/her’) are always preposed (e.g., mon ami ‘my friend’), and, consequently, can be 

found in position of what has traditionally been obligatory liaison, like the singular, 

preposed adjectives. However, descriptions of how the nasal vowels of these two word 

types are produced when liaison is made have differed (Delattre, 1947; Durand & Lyche, 

2008; Fouché, 1959; Prunet, 1986). 
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1.2.3 Nasal vowels in liaison 

Grammatical descriptions of the behavior of nasal vowels in liaison typically 

detail two patterns. The first pattern suggests that the nasal vowel retains full nasality, 

and the linking nasal consonant becomes the onset for the following syllable; that is, they 

“…surface with a sequence of nasal vowel + linking <n>, as in mon ami <mɔ.̃na.mi>” 

(Sampson, 2001, p. 242), as seen in (4a), below: 

 

(4) a. mon ami  

‘my friend’ 

<mɔ.̃na.mi> 

b. bon ami 

‘good friend (m.)’ 

<bɔ.na.mi> 

c. bonne amie 

‘good friend (f.)’ 

<bɔ.na.mi> 

 

Typically, functional lexemes are described as following this pattern: the masculine, 

singular possessive determiners mon, ton, son (‘my, your, his/her/one’s’), and the 

masculine, indefinite article un (‘a/an/one’), among others. Delattre (1947/1966) 

described this category as making obligatory liaison with no change to vowel quality with 

respect to these morphemes in a non-liaison environment. 

As for the pattern seen in (4b)—associated primarily with nasal vowel-final, pre-

posed adjectives—he describes a pattern of denasalization of the nasal vowels, yielding a 

sequence of oral vowel followed by nasal consonant. Descriptions of the resulting 
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sequence claim it to be pronounced identically to the nasal consonant-final, feminine 

forms of these same adjectives in position of enchaînement, as seen in (4c) (Delattre, 

1947/1966; Dell, 1973). Fouché (1959) notes that <ɛ>̃ typically denasalizes to <ɛ> in 

liaison (e.g., bien‿élégant <bjɛ.ne.le.gɑ̃>), but that the other nasal vowels (i.e., <ɑ̃,ɔ>̃) 

generally maintain their full nasal qualities resulting in a pronunciation considered 

"meilleur" (better) (p. 436). Martin (1874), before him, had suggested that the pattern of 

(4a) should apply to all nasal vowels in liaison, regardless of their grammatical function. 

More recently, scholars remark that either pattern may be used, although there is a slight 

tendency toward denasalization (Durand & Lyche, 2008), as in (4b), rather than 

maintaining nasal quality, as in (4a), as argued by Dell (1973). In descriptions that 

account for both patterns, the division is typically made between word types, and not 

individual nasal vowels. For example, Dell (1973) describes the maintenance of nasality 

in liaison for word-final nasal vowels in articles and pronouns only, remarking that the 

specific category of pre-nominal adjectives is “a class of cases…[that] never yields a 

nasal vowel” (p. 145). 

Variation from both patterns described in (4a) and (4b) has been 

impressionistically observed by many commentators and researchers throughout the last 

100 years, providing invaluable insights into earlier norms of production and linguistic 

attitudes (Martinet, 1971; Martinet & Walter, 1973; Martinon, 1913; see Tranel (1981) 

for an excellent summary). Additionally, works in generative phonology have attempted 

to provide explanations for the distribution of both patterns and variation from them from 

a generative perspective (Dell, 1973; Encrevé, 1988; Tranel, 1981).  

The majority of the descriptions of nasal vowel behavior rarely account for more 

than a page of the greater works on liaison in which they are found. This might be 

because an in-depth exploration of nasal vowels was not within the scope of research. It 
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may also be due to the fact that the nature of nasality makes it difficult to detect and 

analyze nasal vowels at a phonetic level, which might prompt researchers to focus on the 

more frequent and more clearly identifiable liaison consonants, such as <t> and <z>. It is 

likely that a combination of factors has kept the question of the behavior of nasal vowels 

in liaison at the periphery of research. In order to understand the difficulties related to the 

identification of the quality of the nasal sounds, specifically denasalization, in liaision, it 

is important to understand how nasal sounds are produced. The next section turns to the 

acoustics of nasalization. 

 

1.3 Nasality 

1.3.1 Source-Filter Theory 

Both nasal and oral sounds are produced by the same basic, phonetic principles. 

The source-filter theory describes in accessible terms the basic mechanics of human 

speech production. This theory is composed of two primary principles or processes: the 

creation of one or more source sounds, and the modification of those sounds by means of 

various filters in the vocal tract. Sources may include the vocal folds (as in voiced 

sounds) or constrictions and closures along the vocal tract (e.g., a supralaryngeal 

constriction that creates turbulence, resulting in a fricative). The sound generated by these 

sources may be either aperiodic or (quasi-)periodic.  

Aperiodic sounds—such as the voiceless fricative <ʃ>, seen in Figure 1, below—

are those produced without consistent oscillation, and are thus without any repeating 

pattern. 
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Figure 1: Spectrogram and waveform illustrating the aperiodic nature of the fricative 

<ʃ>; recorded using Praat (Boersma & Weenink, 2016) 

Periodic sounds have the quality of a consistent, oscillating pattern over a particular 

duration, as seen in Figure 2, below. In speech, this repeating pattern is quasiperiodic, 

meaning that while the individual cycles in the repeated pattern aren't exactly identical 

one to another, they are similar enough to appear and behave very similarly to true 

periodic waves. The source of this speech signal is the rapid, yet somewhat controlled, 

movement of the vocal folds as they send out pulses of air that alternate at regular 

intervals between high and low pressure, thus creating the peaks and troughs of the sound 

wave. 
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Figure 2: Spectrogram and waveform illustrating the periodic nature of the vowel 

<ɔ>; recorded using Praat (Boersma & Weenink, 2016) 

The cyclical pulsing of the vocal folds produces a sound that is carried through 

the tube-like vocal tract. The length of the vocal tract and the glottal pulse rate determine 

the wavelength of the sound. The frequency of each wavelength is measured by dividing 

a given number of sine waves by the time it takes for them to occur (f = waves/time). 

This fundamental frequency (F0) is perceived as vocal pitch, and the effects of the filters 

(e.g., mouth and lip shape) on the source are manifest in the other formant frequencies; as 

Reetz & Jongman (2011) summarize: "F0 is a property of the vocal fold vibration...and 

the formant frequencies are properties of the vocal tract” (p. 233). In each fundamental 

frequency (F0) produced, there are a number of component frequencies produced as part 

of that larger frequency. The frequencies at which these harmonics occur are multiples of 

F0. For example, if F0 (the first harmonic, or H1) = n Hz, then H2 = 2n Hz, and H3 = 3n 

Hz, etc. These harmonics are important to the present discussion, as nasality is often 

manifest in the strengthening or weakening of harmonics, as will be discussed below. 
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Objects (be they wine glasses, tuning forks, or vocal tracts) have natural 

resonances based on their size, shape, and composition. These properties determine at 

which frequencies sound can naturally escape from the object and not be damped. The 

sound generated by a source in the vocal tract is modified by the length, shape, and—to 

an extent—material of the tract. For example, as the mouth takes on a particular shape 

when producing a vowel (e.g., a mid-back tongue position with rounded lips), that shape 

(as part of the vocal tract) enhances harmonics around those natural resonances (Reetz & 

Jongman, 2011; Stevens, 1998). These frequencies that pass through are the defining 

features of that vowel sound (e.g., <o>) and are called formant frequencies (or poles). 

They are characterized by higher concentrations of energy (manifest by increased 

amplitude of wave peaks) than can usually be observed in surrounding frequencies. When 

the oral cavity takes on another shape (e.g., a high front tongue position with unrounded 

lips), the resonating space changes, and different frequencies are allowed to pass and 

others to be damped, thus producing a different vowel (e.g., <i>). For most speech 

sounds, this filtering occurs primarily in the oral cavity. However, the oral cavity is not 

the only possible location for source filters. Sound can also be filtered through the nasal 

passage. 

 

1.3.2 Nasal sounds 

Nasal sounds (i.e., nasal consonants and nasal vowels) are typically defined as 

being articulatorily distinct from oral sounds by the lowering of the velum, which causes 

the velopharyngeal port (VP) to open (see Figure 3, below), a phenomenon referred to as 

nasal coupling (NC). The coupling allows sound from the source to exit through the nasal 

cavity. This coupling fundamentally changes the shape of the vocal tract: where there was 
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but one primary tube before, there is now a second tube that branches off the first. The 

nasal cavity, like the oral cavity, has its own particular resonant frequencies (nasal 

formants or poles), or frequencies which naturally pass through without experiencing 

extreme damping (Maeda, 1993; Stevens, 1998). 

 

 

Figure 3: Midsaggital section of the vocal tract for nasal vowel (adapted from 

Stevens, 1998.) 

When a nasal consonant is produced, the acoustic path of the sound begins at the 

glottis, and then travels up the vocal tract and out the nose, with the mouth acting as a 

side cavity. The length of this side cavity can change depending on tongue and lip 

position (e.g., the bilabial nasal consonant <m> makes a longer side cavity than the velar 

nasal consonant <ŋ>). Side branches can create the acoustic phenomenon known as 

zeros. A zero is a sharp drop in acoustic signal; more drastic than a simple damping 

between formant frequencies. When a side branch is coupled to a resonator, sounds can 
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get reflected from the side branch back onto the signal, which can cause certain 

frequencies to cancel each other out (Maeda, 1993; Reetz & Jongman, 2011; Stevens, 

1998; Styler, 2015). Or, as Huang, Acero, and Hon (2001) put it: zeros are produced 

when “the wave reflected in the closure cancels the wave at the pharynx” (p. 287). 

Without side branches, there are only poles in the signal; no zeros (Stevens, 1998). The 

sinus resonators have been observed to produce pole/zero pairs in speech around 400 Hz 

and 1300 Hz (Hattori, Yamamoto, & Fujimura, 1958; House and Stevens, 1956; Stevens, 

1998). The exact location of these pole/zero pairs will depend on the individual speaker 

and the physiology of her vocal tract. 

Side branches in the vocal tract can include parts of the mouth, the nasal passage 

as a whole (as will be discussed below), or sinus cavities within the nasal passage. The 

nasal passage itself is more than simply another tube through which air can pass; it is a 

network of side branches in which new poles and zeros can be produced. As the 

configuration of the vocal tract (i.e., the nasal cavity and sinuses) for a given individual is 

unique, the effects of the shape of the tract on speech will "show considerable variability" 

(Stevens, 1998, p. 189) from speaker to speaker. This complicated network yields 

complex phenomena in the production of nasal vowels.  

 

1.3.3 Production of nasal vowels and their unique speech signal 

As mentioned, nasal coupling alters the vocal tract shape and length. So, when a 

nasal vowel is produced, air simultaneously travels through both the oral cavity and the 

nasal cavity (see Figure 3, above). It is true that each resonator has its own resonant 

frequencies, but when air is flowing through both, it is not two separate resonators 

creating two different sounds simultaneously. Rather it is one tract with multiple 
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resonating spaces (e.g., oral cavity, nasal cavity, sinuses within nasal cavity, etc.) which 

produces a single, complex sound. If one were to drill a hole halfway down an alto 

saxophone, then couple a tenor saxophone to that hole and then try to play the new 

instrument, the sound produced wouldn’t be that of a normal tenor sax discernably 

playing over the sound of a normal alto sax. Rather, a new sound would be created by the 

new, complex resonating shape. Or, as Stevens (1998) states: "the natural frequencies for 

such a configuration are not simply the natural frequencies for each component 

separately, since the individual resonances are changed due to acoustic coupling between 

the components” (p. 142). 

This coupling has been observed to have many effects on the speech signal. To 

name a few: greater bandwidth of formants—particularly in the regions of the first 

formant (Hattori et al., 1958; Hawkins & Stevens, 1985; Stevens, 1998)—due to "greater 

viscous friction and thermal loss because of the large surface area of the nasal cavity" 

(Huang, Accero, & Hon, 2001, p. 287), dampening of vowel formants by nasal zeros 

(Maeda, 1993; Schwartz, 1968), the observance of both oral and nasal poles (Schwartz, 

1968), lack of prominent spectral peaks in the frequency range of the first 1500 Hz 

(Stevens, 1998), and the reinforcement of certain harmonics in lower frequencies (Chen, 

1997). Coupling is also known to shift the distribution of energy in the spectrum. This is 

often referred to as spectral tilt, which Kiefte & Kluender (2005) define as “the relative 

amplitudes of high- to low-frequency components” (p. 1395). Gordon and Ladefoged 

(2001) describe it differently as "the degree to which intensity drops off as frequency 

increases" (p. 397).  

In Delvaux, Demolin, Harmegnies, and Soquet’s (2008) aerodynamic study of the 

coarticulatory influence of nasality, they describe nasal vowels as having a bump or 

plateau of nasality—as measured by increased nasal airflow—in the middle of the vowel, 
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which is absent in oral vowels. Although data from nasal airflow experiments must be 

interpreted with caution (as will be discussed later), it is apparent that nasal vowels are 

produced differently from oral vowels; and it’s not just due to velo-pharyngeal opening 

(VPO).  

Some of the differences in the shape and quality of nasal vowels are caused by 

and/or reinforced by secondary oral articulations associated with the production of nasal 

vowels (Carignan, 2013, 2014; Carignan, Shosted, Fu, Liang, & Sutton, 2015; Shosted, 

Carignan, & Rong, 2012; Styler, 2015). That is, lip and tongue positions in the 

articulation of the nasal vowels have been observed to be distinctly different from their 

positions in the nasal vowels’ oral counterparts. Shosted et al. (2012) aim to determine 

what, if any, oral articulation supports or reinforces nasal coupling in the production of 

Hindi nasal vowels. In order to provide a better description of the articulation of these 

vowels, they use the three aforementioned methods to analyze their data: nasal airflow, 

tongue movement, and relative changes in formant amplitudes. They calculate the 

relative changes in the amplitude of F2 and F1 (F2-F1) from measurements taken from a 

spectrum with an LPC overlay. The amplitude of these two formants might be important 

in detecting nasalization by acoustic means because of the damping and flattening effects 

nasality can have on lower frequencies, which have previously been discussed. After 

comparing the effects of each of these measurements by means of a linear mixed effects 

model, they conclude that nasal coupling isn't the only way by which nasal quality is 

produced in Hindi. They note that "there is a general tendency for nasal back vowels to 

lower and nasal front vowels to raise, with respect to their oral counterparts" (p. 459) in 

order to reinforce or enhance the acoustic queues associated with nasality. While their 

work reflects the articulation of nasal vowels in a language other than French, it 
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demonstrates an important phenomenon, which is that there can be more to making a 

vowel sound nasal-like than a simple lowering of the VP.  

Carignan and colleagues (Carignan, 2014; Carignan, Shosted, Fu, Liang, & 

Sutton, 2013; Carignan et al., 2015) apply similar methods to French data, and their work 

echoes the findings of Shosted et al. (2012). For example, in Carignan’s (2014) study, he 

observes that French nasal vowel <ɛ>̃ is regularly produced with a more retracted tongue 

position than <ɛ> for all 12 of the NMF speakers in his study. The retracted tongue 

position makes for a lower F2, and a lowered F2 is an effect that VPO has in nasal 

vowels. Coupling to the nasal cavity often does lower F2 on its own, but oral articulation 

can cause it to shift further, thus enhancing this acoustic cue of nasality resulting in a 

given phone sounding even more nasal-like. Thus, nasal vowels can achieve greater 

nasal-likeness and greater articulatory and acoustic distinction from their oral 

counterparts, beyond simple VP opening, by means of additional assistance from the oral 

articulators (i.e., further lip rounding, tongue position, etc.). 

It might seem that with the many effects that are caused by nasal coupling and 

nasality-reinforcing oral coarticulation, it would be easy to acoustically identify nasal 

from oral vowels with great precision. However, this is not the case. Because of the many 

differences that can and do exist between <ɑ> and <ɑ̃>, the acoustic signatures of the 

nasal vowel may appear to be very similar to those of a different oral vowel when 

observed by an acoustician. For example, a vowel with formants around 500 Hz (F1), 900 

Hz (F2), and 2500 Hz (F3) might appear on the waveform or spectrum to be the vowel 

<u>. However, it could be the nasalized <ɑ̃> with a nasal formant around 500 Hz that 

looks like the oral F1, a nasal zero that is dampening what would have been the oral F1 

around 900 Hz that causes it to look like F2, and a change in the place of vowel 

articulation, which shifts the F2 for what would be <ɑ>, slightly further back toward what 
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would be the normal place of articulation for <u>, thus creating greater distinction 

between oral and nasal. While a human perceiver can listen to the sound in context and 

easily identify it as sounding like <ɑ̃> rather than <u>, when automatically processing 

large, spoken corpora, the need for an automated and quantitative measurement becomes 

keenly felt. For this reason, scholars have proposed various measurements that have been 

used to identify and quantify nasality in speech (descriptions of a select few of these 

measures are given in 1.4 and the implementation of the measures selected for the present 

study is given in 2.5.1). 

These studies are important because they not only attest to the complications 

inherent in studying nasal signals, but also, perhaps, because they highlight the need for 

analyzing multiple features in order to parse them. These studies are important to my 

work because they provide yet another way to acoustically measure the changes that 

happen in the lower frequencies during nasalization. As Glass and Zue (1985) observe 

early on, it takes more than one feature to detect nasality with any kind of accuracy and 

reliability. The other methods used in their studies (i.e., airflow and articulography) could 

prove useful in establishing how exactly nasal vowels are produced and how a nasal 

quality is achieved in the production of certain vowels in French, though their 

invasiveness make them difficult to administer, and impossible to apply to existing 

corpus data. The desirability of an acoustic-only analysis comes not only from its non-

invasiveness, but also from the fact that listeners primarily rely on acoustic—and not 

articulatory—information in their perception of nasality. After all, Laver (1980) states 

that “nasality is above all else an auditory concept, and not primarily an articulatory one 

able to be specified in terms of the position of the velum during speech” (p. 77).  
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1.3.4 Denasalization 

While different acoustic measurements have been applied to both nasal and oral 

vowel data, in order to distinguish whether a given sound is categorically one or the 

other, to my knowledge these measurements have yet to be applied to denasalized nasal 

vowels. This exclusion leaves the phenomenon of denasalization inadequately observed 

and described. A general definition for the concept of denasalization is any process that 

“minimizes the occurrence of audible nasality” (Laver, 1980, p. 88). The actual form that 

the minimizing process takes can vary from application to application within this broad 

definition. For example, it can refer to a diachronic process in which nasal phonemes lose 

their nasal quality entirely and are replaced by or evolve into other phonemes (Sampson, 

1999). This minimization of audible nasality can also refer to synchronic alternations. For 

example, Kim (2011) describes the denasalization of word-initial nasal consonants in 

modern Korean, which results in their realization as oral occlusive (e.g., <m>  <b>). 

Cohn (1990, 1993a) describes the denasalization and blocking of Nasal Spread (or 

assimilation of nasality) on nasalized vowels in French and nasalized continuants in 

Sundanese. As the nasal quality of nasal vowels has been shown to be achieved through 

varied means of production, there are many ways in which that minimization or reduction 

of nasality might be accomplished. 

A denasalized nasal vowel in NMF is frequently described in grammars as 

becoming its oral counterpart (e.g., <ɛ>̃  <ɛ>). Acoustic differences between nasal and 

oral vowels have previously been identified for NMF. These include effects on formants 

from the introduction of nasal poles and zeroes (Chen, 1997; Maeda, 1993; Schwartz, 

1968), reinforcement or weakening of spectral peaks (Chen, 1995, 1997), and vowel 

length, all relative to oral vowels (Delattre, 1968; Martin, Beaudoin-Bégin, Goulet, & 

Roy, 2001). Many of these differences between oral and nasal vowels—particularly those 
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focusing on formant and spectral cues—have been attributed solely to differences in 

VPO, when—as previously described—there are other articulatory differences between 

nasal vowels and their oral counterparts, such that the term ‘oral counterpart’ doesn’t 

seem to be entirely accurate, at least, not phonetically (Chen, 1997; Carignan, 2014). 

The many different effects of nasality on the speech signal are relevant to the 

question of denasalization because it is unclear which of the many factors contributing to 

the distinctive nasal quality of a given vocalic segment are minimized in denasalization. 

It may be that denasalization involves a weakening of one or more of the articulatory 

gestures that enhance the nasal quality of the vowel, resulting in a less nasal vowel 

(perhaps closer to the articulation of an oral vowel) that is neither completely the original 

nasal vowel nor completely the traditional oral counterpart. For example, if 

denasalization of <ɛ>̃ were to mean a simple closure of the VPO, and the tongue were to 

remain in a more retracted position (as observed by Carignan, 2014), the resulting 

denasalized vowel might resemble something closer to <ɐ> than <ɛ>. It is also possible 

that full denasalization of the vowel take place and, as traditionally understood, the 

resulting vowel merges with its oral counterpart in certain contexts (e.g., liaison). 

 

1.4 Measuring nasality 

In view of the acoustically complex nature of nasal sounds, it is sometimes 

surprising that the human ear can discern nasal vowels with reliable accuracy (Shosted et 

al., 2012; Styler, 2015). Although nasal vowels are distinct phonemes in the inventory of 

NMF, the acoustician’s ability to distinguish nasal from oral vowels is still in 

development. The disparity between the ear’s acoustic understanding of nasality and our 

ability to distinguish nasality by acoustic instrumentation has inspired many studies that 
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aim to identify and refine methods of detecting the quantifiable and perceptually salient 

features of nasality. As nasal sounds are a part of the phonemic inventory of speakers 

throughout the world, many different languages have been the object of such studies, 

including Portuguese (Goodin-Mayeda, 2016; Kelm, 1989; Rothe-Neves & Valentim, 

2013), Taiwanese (Pan, 2004), Hindi (Shosted et al., 2012), English (Carignan, Shosted, 

Shih, & Rong, 2011, Chen, 1995; Chen, 1997; Cohn, 1990; Glass & Zue, 1985; House & 

Stevens, 1956; Pruthi & Espy-Wilson, 2004; Schwartz, 1968; Styler, 2015), Sundanese 

(Cohn, 1990; Cohn, 1993a), Spanish (Goodin-Mayeda, 2016), Japanese (Hattori et al., 

1958), and, of course, French (Boula de Mareüil, Adda-Decker, & Woehrling, 2007; 

Carignan, 2013; Carignan, 2014; Carignan et al., 2013; Chen, 1997; Cohn, 1990; Delattre 

& Monnot, 1968; Delvaux, 2006; Delvaux, Metens, & Soquet, 2002; Feng & Castelli, 

1996; Maeda, 1993; Styler, 2015). Although not all of these studies proposed novel 

methods for quantifying nasality, they—and many like them—highlight both the existing 

need for and reliance on the dozens of different methods that have been proposed to 

measure nasality.  

As part of his dissertation on vowel nasality, Styler (2015) tests 29 perceptual 

features, which have previously been used in the literature to identify the acoustic 

indicators of nasality in order to discern which methods best identified those oral-to-nasal 

feature differences. After a preliminary test (i.e., several Linear Mixed-Effects 

Regressions predicting expected nasality), he reduces the features down to a shorter list 

of seven. These he puts to the test again on French and English data by training two 

machine-learning algorithms (i.e., Support Vector Machines and RandomForests) to 

identify effective measures. He finds that certain measures were more effective and 

certain features of nasality were more salient in English than in French (see also Shosted 

et al. (2012)); perhaps due to articulatory differences. By considering results from the 
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regression models and the machine-learning algorithms, he demonstrates that the 

ordering of the most important–that is, most reliable in predicting nasal vs. oral vowel–

features for English (i.e., in descending order of effectiveness: F1 bandwidth, A1-P0, 

vowel duration, etc.) do not correspond with the most important features for French (i.e., 

in descending order of effectiveness: A3-P0, A1-P0, F1 bandwidth, etc.). He emphasizes 

the necessity to select the measures for the language to be analyzed. This is particularly 

crucial in the present study where the measures used must be well-suited to NMF so as to 

reflect the subtle differences in degree of nasalization that may exist between fully nasal 

and fully oral, as I attempt describe the denasalization of nasal vowels in liaison contexts. 

In the following sections, I will discuss a few of the more effective or well-known 

acoustic measurements, then summarize Styler’s (2015) findings on each them as he 

applied them to French data. Most of these features will be implemented in the present 

study. 

 

1.4.1 A1-P0 and A1-P1 

The measures proposed by Chen (1995, 1997) are some of the most frequently-

used acoustic indicators of nasality. They rely on the difference in amplitude between 

spectral peaks (i.e., A1, P0, and P1, which are specific harmonics within the vowel’s 

spectrum that are often affected by nasal coupling), which can either be reinforced or 

dampened by the coupling of the nasal tract to the oral cavity, as indicators of nasality. 

Chen suggests that nasal coupling typically dampens A1, which represents the amplitude 

of the harmonic with the highest peak near the expected first formant (see Figures 4 and 

5, below). The dampening of oral formants is a well-known feature of nasality (Delattre, 

1968; Hattori et al., 1958; House & Stevens, 1956; Schwartz, 1968). Delattre (1968), 
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writing about the effect that the dampening of F1 has on the perception of vowels, 

observed that when just the amplitude of the first formant of <ɛ> was artificially reduced 

by 12dB, French-speaking subjects unanimously heard <ɛ>̃ (p. 65). In Chen’s 

observations, most nasal vowels manifest a drop in the amplitude of A1 by about 5 dB, 

relative to A1 in a corresponding oral vowel. Although the automatic detection and 

measurement of this peak is possible, manual verification is always required. This is due 

to the fact that A1 isn’t always located at the same F1 frequency as detected by speech 

analysis software (e.g., Praat). For example, the software may indicate F1 at 600 Hz, but 

the harmonic of the formant with the highest amplitude is located at 750 Hz; the peak is 

still a part of the formant but it is further away from the detected center of energy of the 

formant. 

 

 

Figure 4: Peaks A1 and P0 in <ɔ> of votre ‘your’ 
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Figure 5: Peaks A1 and P0 in <ɔ>̃ of bon film ‘your high school’ 

The second feature that Chen identifies with nasal coupling is P0. This measure 

corresponds to the amplitude of the higher of the vowel’s first two harmonics, which is 

typically located around ~200-250 Hz. Chen observed that a wider VPO can cause 

greater nasal coupling, which in turn typically introduces a prominent, reinforced peak in 

the lowest frequencies. The wider the VPO, the stronger and more prominent the lower 

nasal resonance frequencies. Because this is a specific harmonic that is reinforced by 

nasal resonances, the frequency at which P0 is located is not expected to vary 

significantly from one vowel to another for a given speaker (Styler, 2011/2013). This is 

due to the fact that the shape and contours of the nasal cavity of a given speaker don't 

change during speech; although variations in velopharyngeal aperture can cause minor 

shifts in position of nasal poles and zeros. According to Chen's estimations, the amplitude 

of P0 in nasal vowels could increase by 3-6 dB with respect to P0 in a corresponding oral 

vowel.  
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The third feature, P1, corresponds to the amplitude of a nasal resonance (or pole) 

located above F1; it is described as the highest harmonic peak in a nasal vowel around 

950 Hz. Chen hypothesizes P1 amplitude to be about 13 dB greater in nasalized vowels 

than in oral vowels. This peak reinforcement is due to the addition of the nasal pole 

between F1 and F2, where there would normally not be any formant at all. However, that 

said, P1 is very difficult to locate in oral vowels as—without nasal reinforcement—it is 

only one of many harmonics located between F1 and F2.  

Chen uses these measurements to calculate the differences between the peaks (i.e., 

A1-P1 and A1-P0) in oral and nasal vowels. The idea is that A1 will be greatly more 

prominent than P0 or P1 in an oral vowel, but the VPO associated with a nasal vowel will 

cause A1 to be dampened and P0 and P1 to be amplified; thus, the value resulting from 

A1-P0 (or A1-P1) in an oral vowel will be greater than the value resulting from the same 

measurement in the vowel’s nasal counterpart. Chen tests these measurements for their 

efficacy in quantifying nasality for French and English data. When applied to French 

data, measurements of A1-P1 and A1-P0 were taken at the beginning and end of each 

vowel so as to get both a less-nasalized value (i.e., the measurement at the beginning of 

the vowel) and a more-nasalized value (i.e., the measurement at the end of the vowel). 

The results for these two measurements on the French nasal vowel data was a 9-12 dB 

decrease in A1-P1 and a 3-9 dB decrease for A1-P0 (which falls within the range 

perceivable difference), when compared to their oral counterparts.  

In Styler’s (2015) assessment of these measurements, A1-P0 reliably detected the 

expected differences in oral vs. nasal vowel data for French, in that an expected drop in 

A1-P0 correlated with nasal vowels when compared against the same measurement of 

their oral counterparts. He suggested that this was likely due more to the drop in A1 than 

to a rise in P0. While A1-P1 was observed to detect reliably the expected differences in 
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oral vs. nasal vowel data in general, it was less reliable on the French data. He suggested 

that this is because the typical location of P1 (~950 Hz) is often assimilated into part of 

F1 for low vowels. For that reason, he concludes that P1 is somewhat more helpful when 

measuring high nasal vowels; and as NMF is without high nasal vowels, all the nasal 

vowels having lowered with respect to their oral counterparts diachronically (Sampson 

1999), it is an irrelevant—or inconsistent at best—measurement for its phonemic mid- 

and low-nasal vowels. As P0 generally falls well below F1 (and therefore A1), it is both 

easier to locate than P1 and P1 is freer from the influence of both oral formant and nasal 

antiformant interference. Nevertheless, the measurement A1-P0 is of interest in the 

present study because of the wide acceptance of it by others in the field as one of the 

most reliable indicators of nasality (Pruthi & Espy-Wilson, 2007; Styler, 2015).  

 

1.4.2 A3-P0 

Another measure that fits into the same family as Chen’s (1997) measurements 

(discussed in 1.4.1) is A3-P0. This measure sums the difference between P0 and A3, 

which measures the amplitude of the harmonic with the highest peak near the expected 

third formant. It was proposed by Styler (2015) as an attempt to capture the strong 

spectral tilt that is so common to French nasal vowels. Although the spectral features 

most often associated with the perception of nasality occur in the range of 0 Hz to around 

1.3 kHz (Delvaux, 2009; Maeda, 1993; Stevens, 1998), the progressive decrease in 

spectral amplitude that results from nasal coupling can have a profound effect on the 

higher frequencies, as well. As frequency increases in a nasal vowel, the amplitude of 

formants begins to drop more sharply (e.g., F1 amplitude may drop a little, F2 amplitude 

drops more, F3 amplitude drops even more). This phenomenon, paired with the expected 
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increase of P0 amplitude in a nasal vowel, is what makes A3-P0 such an attractive 

indicator of the spectral tilt associated with nasality.  

Although this measurement is initially described by Styler (2015) as being 

"clearly the most promising nasal feature for French… [and that] it captures spectral tilt 

in a more nasality-specific way than simple Spectral [center of gravity]" (p. 64), he later 

suggests that it be used as a "secondary feature… [despite] the strong finding in French" 

because it can be influenced by other “non-nasal factors in speech” (p. 166).  

 

1.4.3 Spectral center of gravity 

Spectral Center of Gravity (CoG) is “the average [frequency] over the entire 

frequency domain” (Boersma & Weenink, 2016). While CoG is often used for measuring 

fricatives (Stuart-Smith, 2007) it has also proven effective at showing the influence of 

nasality (Carignan et al., 2011). According to Macmillan, Kingston, Thorburn, Dickey, 

and Bartels (1999), “The frequency of the nasal pole/zero complex relative to F1, and the 

frequency separation between the nasal pole and zero, affect both the center-of-gravity 

and bandwidth of the low-frequency region” (p. 2915). Both center of gravity (CoG) and 

formant bandwidth (discussed in 1.4.4, below) contribute to the spectral tilt that Styler 

(2015) was trying to capture with A3-P0. Although Styler (2015) opts for A3-P0 over 

spectral center of gravity in the later stages of his experiments it still proved to be an 

effective indicator of nasality. He observed a lower CoG in nasal(ized) vowels for both 

English and French data, though the difference in CoG from oral vowels to nasal vowels 

for French was considerably more pronounced. 
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1.4.4 Formant bandwidth 

The introduction of nasal peaks and zeroes can have significant effects on the 

bandwidth of the vowel formants. As previously mentioned, nasal peaks can reinforce an 

oral formant, causing the amplitude to increase. Nasal peaks may also appear next to an 

oral formant, resulting in a single, wide formant. The influence of a nasal zeros may 

cause a formant to flatten out. Maeda (1993) describes the perceptual results of these 

influences as "a spectral 'spreading' or 'flattening' in the low-frequency region up to about 

10 Bark (1.3 kHz)" (p. 160), which flattening is enhanced by absorption of the wave due 

to an increased surface area of the longer resonator. Delattre (1968) described several 

ways in which the vowel formants are influenced by nasality, including a decrease in 

formant intensity, and an increase in bandwidth. As the boundaries between F1 and F2 

are weakened—from the influences of both nasal poles and zeroes as well as the general 

dampening caused by greater surface area in the larger vocal tract configuration due to 

nasal coupling— the larger formant bandwidths can contribute to perceived nasality. 

Styler (2015) chose to test the bandwidth of the first three formants, as he had 

noticed that the formants of nasal vowels grew in bandwidth as they grew in frequency. 

That is, F2 typically had greater bandwidth than F1, and F3 had an even greater 

bandwidth than F2. However, he suggests that this might be due to the spectral tilt caused 

by nasality, “as a lowered formant peak will appear to have wider ‘shoulders’ on an 

[object generated by Linear Predictive Coding], and thus, a far wider bandwidth” (p. 65). 

The nasal influence that causes increased bandwidth of F2 and F3 might be better 

captured by a measure that is more directly targeted at spectral tilt, such as CoG or A3-

P0. In the end, only F1 bandwidth proved to be useful in Styler’s classification of nasal 

vowels, but it was one of the three most useful and reliable measures of nasality in both 

English and French data. 
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1.4.5 F2 

As previously discussed (see section 1.3.3), the production of perceivably-distinct 

nasal vowels has been shown to result not only from VPO, but also from changes in oral 

articulation (Shosted et al., 2012). Carignan (2014) demonstrates that one of the ways in 

which the distinguishing articulation for French nasal vowels is acoustically manifest, is 

in a lowered F2 frequency. By applying similar measures to data from 12 speakers of 

NMF, he observes that each of the three nasal vowels of NMF (i.e., <ɛ,̃ɑ̃,ɔ>̃), except for 

<ɔ>̃ for two speakers, were realized with lower F2 than their oral counterparts (i.e., 

<ɛ,a,o>, respectively). He provides different interpretations of this phenomenon for each 

vowel pair, but those interpretations were often similar: speakers of NMF also use 

different oral articulations to support and enhance the nasal quality that is introduced by 

nasal coupling; and that, in order to maintain stronger distinction between the oral vowels 

and nasal vowels. The downward shift in the frequency of F2 for nasal vowels (relative to 

their oral counterparts) is likely due to influences from the oft-mentioned nasal peaks and 

zeroes or other dampening effects, as well as to possible differences in the lingual 

articulation of nasal vowels. 

Styler (2015) recognizes the effects on vowel formant position, however, he 

suggests that they be considered in a speaker- and vowel-specific analysis, and not in a 

general analysis of nasal vs. oral, in which all nasal tokens are compared against all oral 

tokens. Although it is desirable to have measures that are more universally applicable, a 

secondary measure that accurately indicates the expected voice quality (i.e., nasal or oral) 

for some speakers may be very useful in intra-speaker analyses. In the present study, 

intra-speaker comparisons are made between measurements for a specific vowel (e.g., 

<ɛ> vs <ɛ>̃), and not between different vowels (e.g., <ɛ>̃ and <ɔ>̃) nor different speakers. 
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The use of F2 as an indicator or measure of nasality proved promising when applied to 

preliminary data. 

 

1.4.6 Duration 

It has been noted that nasal vowels in various prosodic contexts of NMF are 

typically longer than oral vowels (Delattre & Monnot, 1968; Delvaux, 2009; Nyrop, 

1902; Passy, 1932; Styler, 2015). Delattre & Monnot (1968) observe a nasal-to-oral 

vowel ratio of 1.42-1. It is unlikely that duration is the result of any of the articulatory 

gestures associated with nasality; although it does take time both to lower and raise the 

velum, the process often overlaps with neighboring consonants and is not confined to the 

duration of the vowel itself (Delvaux et al., 2008). Delattre and Monnot (1968) suggest 

that duration might be increased to create greater contrast between oral and nasal vowels. 

In their perception studies, native subjects were more likely to detect nasal vowels when 

the presented segments were longer. Duration might, therefore, be seen as a 

complementary cue used to distinguish nasal vowels from oral vowels; much like the 

differences in lingual articulation that exist between French oral and nasal vowels 

(Carignan, 2014; Carignan et al., 2013; Carignan et al., 2015). Duration proves to be a 

reliable tool for classifying nasal and oral vowels in Styler’s (2015) tests on French data. 

As it is both a very simple feature to extract and a very straightforward one to analyze, he 

found it to be “particularly useful for automated classification” (p. 162).  
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1.5 Research questions 

The present study seeks to observe how native speakers of NMF produce nasal 

vowels in liaison and to observe the process of nasal vowel denasalization that can result. 

To this end, I propose four research questions: 

The first question is: Can the acoustic measures of nasality that have been 

described as being the most reliable (e.g., A1-P0, CoG, F2, etc.) effectively indicate 

expected differences between oral vowels and nasal vowels? In order to describe what 

happens to nasal vowels in liaison–whether they retain nasality or denasalize to any 

degree–by acoustic means, the acoustic measures must first prove effective in 

distinguishing nasal vowels from the maximally different–with regards to nasality–oral 

vowels in non-liaison contexts. Styler (2015) suggests that no measure alone will 

necessarily work on all vowels or all speakers, therefore, measures that are appropriately 

suited to both speakers and vowels must be identified.  

As the acoustic measures selected for the present study (i.e., A1-P0, A3-P0, CoG, 

F1 Bandwidth, and F2) have proven reliable previously (Carignan, 2014; Chen, 1995, 

1997; Pruthi & Espy-Wilson, 2004; Schwartz, 1968; Styler, 2015), I hypothesize that 

they will, again, be effective in distinguishing oral vowels from non-liaison nasal vowels 

well for most speakers. However, as previously mentioned, these measures don’t always 

work for all speakers, and I do not expect every measure to be appropriate for both <ɛ>̃ 

and <ɔ>̃ for every speaker. Variation in production from one speaker to another may 

result from physiological and articulatory differences. Additionally, the difference in 

place of articulation of the vowels <ɛ>̃ and <ɔ̃> will likely influence measures that can be 

affected by F2 (i.e., F1 bandwidth, CoG, and F2 itself). Once the measures that reliably 

distinguish oral vowels and normal nasal vowels for each speaker have been identified, 

they can be applied to nasal vowels in liaison. 
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Following the results from Chen’s (1997) study, the measure A1-P0 seems to be 

marginally better-suited for detecting nasality in <ɔ̃> than in <ɛ̃> for spoken French data, 

though the measure reliably detected nasality on both vowels. Styler (2015) found this 

feature to be among the most useful predictors of nasality. I have no reason to believe 

that this measure would apply any differently to my spoken data. I predict that it will 

detect differences in nasality well for both vowels, but perhaps for more speakers on <ɔ>̃ 

than on <ɛ̃> tokens. The measurement of segments that are more nasal should yield a 

lower value than that of less-nasal segments. 

Spectral tilt can be influenced by factors other than nasalization (Styler, 2015); 

therefore, measures that indicate spectral tilt (i.e., A3-P0 and CoG) should not be relied 

on solely for predicting nasality. However, as nasality is one of the factors that can affect 

tilt, these measures may prove useful when other measures are also considered. As both 

A3-P0 and CoG have been used to indicate spectral tilt, I anticipate that they will yield 

similar results to each other when applied on the same data. I do not have any reason to 

expect that these measures will yield more consistent results on one vowel over another, 

or that they will predict nasality more reliably than other measures. Both measures are 

expected to yield lower values for more nasal segments. 

Styler (2015) found F1 bandwidth to be a good predictor of nasality for all data, 

as well as an important perceptual feature. Given these findings, I hypothesize that F1 

bandwidth will reliably indicate nasality for most vowels and speakers. It is expected to 

yield similar results for both vowels as F1 bandwidth seems to be affected more by 

thermal loss due to coupling, and less by articulation. The values of F1 bandwidth are 

expected to be greater for more nasal segments. 

Carignan (2014) uses F2 as an acoustic indicator of nasality to great effect when 

comparing the acoustic and articulatory qualities of nasal vowels to their likely oral 
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counterparts. In that study, the normalized scores for <ɛ>̃ and <ɛ> are more spatially 

distinct in the vowel space, with regards to F2, than are <ɔ̃> and <o>; likely due to the 

fact that <ɔ> has less room to move back in the vowel space than does <ɛ>̃. I predict that 

F2 will be a reliable measurement for both vowels, but perhaps even more reliable for 

<ɛ>̃. It is expected that F2 will lower for segments that are more nasal. 

Once the acoustic measures that can reliably detect normal nasal vowels from oral 

vowels have been identified for each speaker and vowel (i.e., for <ɛ>̃ and <ɔ̃>, 

respectively), then we can begin to approach the second research question: how are nasal 

vowels produced in position of liaison? As previously reported (see 1.2.3), conflicting 

descriptions have been given in grammars of whether or not nasal vowels are denasalized 

in liaison, and, if they are denasalized, confirmation on which ones (if not all of them) are 

denasalized (Delattre, 1947/1966; Fouché, 1959; Martin, 1874). Variation from the 

grammatical descriptions has been observed before (Martinon, 1913; Martinet, 1971; 

Martinet & Walter, 1973), but only impressionistically. I seek to determine whether a 

nasal vowel in liaison is different from an oral vowel, a non-liaison nasal vowel, and/or a 

pre-nasal oral vowel, such as the <ɔ> in the feminine bonne ‘good.’ 

While I expect to see a certain measure of adherence to the general patterns that 

were given in the early grammars: I do not anticipate the patterns of denasalization to be 

so cleanly distributed along the lines of word categories (e.g., adjectives, possessive 

determiners, etc.). Those descriptions of nasal vowels in liaison were more based on 

phono-syntactic constraints than on usage. Given the recent findings on liaison with a 

usage-based approach, I expect there to be a greater variety of patterns based on the word 

pairs themselves. Although the frequency of word pairs will not be assessed in the 

present study, it is not unlikely that there be greater denasalization in more frequent 

collocations, such as bon ami ‘good friend’, and less denasalization in less frequent 
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collocations, such as bon artisan ‘good artisan’. Greater variety in the patterns of nasality 

is expected for the vowel <ɛ>̃, due to the fact that <ɛ>̃ is found in more W1 that can be 

found in liaison than <ɔ>̃ (e.g., bon ‘good’ vs ancien ‘former,’ prochain ‘next,’ etc.). The 

anticipation of variation is also reinforced by recent articulatory work on nasal vowels, 

which suggests that individuals have “idiosyncratic” patterns of nasal vowel production 

with regards to articulation (Carignan, 2014, p.31). As concerns the possessive 

determiners specifically, the more recent work on the subject suggests that they typically 

retain nasality in liaison (Sampson, 2001). Consequently, I do not expect to see regular 

denasalization of <ɔ>̃ in the possessive determiners.  

The third question is: Are denasalized nasal vowels produced with timbres 

identical to pre-nasal oral vowels? Examples of these two contexts are given in (4b) and 

(4c), here reiterated: bon ami ‘good friend’ (m.) vs bonne amie ‘good friend’ (f.). In the 

masculine bon ami, the denasalization process is traditionally described as yielding a 

sequence of vowel then consonant between the words that is identical to the same 

sequence one would find in the feminine bonne amie. It may be the case that the two 

vowels are similar in two ways: either both the denasalized vowel and the oral vowel 

appear to be mostly free of nasal quality, or they both have a certain measure of nasality. 

In the latter instance, the vowels may be nasalized through co-articulatory nasalization. 

Cohn (1990) observed that “in all cases when a vowel is followed by a [+nasal] 

segment…, the transition is during the oral vowel” (p. 102). Delvaux et al. (2008) echo 

this observation by specifying that the final 19% of the vowel shows nasality. While 

these observations are valuable, they were made, in both studies, from aerodynamic data. 

Airflow data indicate VPO but not necessarily–or directly–a change to the acoustic 

signal. However, it may be that the vowels in both contexts (i.e., nasal vowels in liaison 

and oral vowels in pre-nasal environments) are affected by co-articulatory nasalization.  
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Frequency of collocation may also have an effect on how much or how little the 

vowels are nasalized. As Bybee (2005) suggested, more frequent collocations are 

sometimes treated more as single-word units (e.g., Moyen Orient ‘Middle East’) with 

liaison and denasalization as learned qualities of the unit, rather than a constructed two-

word sequence to which the processes of liaison and denasalization can be applied. A 

corpus study of the frequency of word pairs to test this aspect of liaison lies without the 

scope of the present study, but mention of the possible effects of frequency must be 

made. It is likely that the liaison-enchaînement pairs that occur most frequently in the 

language (e.g., bon ami vs bonne amie) are produced indistinguishably (again, based on 

the usage-based studies of liaison), while other liaison-enchaînement pairs that occur less 

frequently in the language (e.g., certain humour ‘certain/particular humor’ vs certaine 

humilité ‘certain/particular humility’) may not be as acoustically indistinguishable.  

With regard to the specific quality the nasal vowels in question, the vowel <ɔ>̃ 

only appears word-finally in one pre-nominal adjective, bon, that has an alternate 

feminine form, bonne. As these are very frequently used adjectives (Lonsdale & LeBras, 

2009; Quasthoff, Fielder, and Hallsteinsdóttir, 2013), and as they are more easily paired 

with a great variety of nouns, they are commonly found in frequent collocations (e.g., bon 

ami). Consequently, it may be hypothesized that <ɔ̃> in liaison (i.e., in the adjective bon; 

and not in the possessive determiners) is produced indistinguishably from <ɔ> in the 

feminine, adjectival counterparts. The relationship between <ɛ>̃ in liaison and <ɛ> in pre-

nasal environments is more difficult to predict. There are certain collocations that are 

very frequent (e.g., the compound noun moyen orient ‘Middle East’), which will likely be 

produced differently from a less-frequent collocation, such as moyenne altitude ‘average 

altitude’, but I am not able to hypothesize as to the degree of difference, due to the 

paucity of existing acoustic data and description. 
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The fourth question is: What are the acoustic attributes of vowel denasalization in 

NMF? I define a denasalized vowel as either: (1) a vowel that is free from acoustically-

measurable nasal influence (outside of coarticulatory effects), resulting in what is 

essentially an oral vowel; or (2) a partially-nasal vowel that exhibits nasal features less 

prominently than normal nasal vowels would. If (or when) the former possibility is 

observed, it would mean that the acoustic cues of vowel denasalization are the acoustic 

attributes that distinguish the realization of a normal oral vowel from the realization of 

the nasal vowel. If (or when) the latter possibility is observed, it would mean that the 

acoustic cues of denasalization are a dampening or weakening of some or all of those 

distinguishing features. 

As discussed (§1.3.3), the nasal vowels of NMF seem to achieve their nasal 

quality through a combination of gestures, which can vary from one speaker to another. 

This variation can be due to physiological differences that can affect nasality (e.g., shape 

and structure of the sinus cavities), idiolectal differences between speakers in the 

articulation of the same sounds (Carignan, 2014), or the pronunciation learned for the 

word sequence (Bybee, 2001). Consequently, there is a need to rely on more than one 

measure in a thorough acoustic analysis. As Styler (2015) identifies the three most useful 

measures for detecting nasality on his French data to be A1-P0, A3-P0, and F1 

bandwidth, these (and others) should be able to detect a full or partial denasalization. 

There is no a priori reason to believe that the gestures that produce nasality and the 

measures that reflect their influence are any different from those associated with 

denasalization. 

My hypotheses for the last three questions are closely related. Just as I expect 

there to be acoustic differences that reflect the oral vs. partially denasalized vs. nasal 

production. When denasalization occurs, I do not expect the resulting vowel to have the 
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same acoustic identity for every speaker or even for every nasal vowel (i.e., <ɔ>̃ and 

<ɛ>̃). For instance, it may be that a denasalized <ɛ>̃ for one speaker is produced 

indistinguishably from <ɛ>, but for another speaker it is produced neither like <ɛ>̃ nor 

like <ɛ>, but is perhaps a less-nasal <ɛ>̃. 
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Chapter 2:  Methodology 

 2.1 Production experiment 

The primary goals of this study are to test the efficacy of acoustic measures on 

nasal vowel data, to provide an acoustic description of how nasal vowels are produced in 

liaison, and to clarify the relationship between pre-nasal, denasalized vowels and oral 

vowels in pre-nasal environments. This chapter details the protocol of a production 

experiment in which 21 native speakers of NMF performed a brief series of reading tasks 

in a lab setting: a list of words delivered in carrier phrases and two brief, prose texts. 

These structured tasks were designed to elicit a large number of tokens that normally 

occur with limited frequency in spontaneous speech.  

 

2.2 Participants 

As has been seen, a great number of studies on both nasal vowels (e.g., Carignan, 

2014; Hansen, 2001a; Maeda, 1993;) and liaison (e.g., Durand & Lyche, 2008; Pagliano 

& Laks, 2005; Tranel, 1990) have focused on the variety of French that is found in and 

around the Paris area, as well as in other regions in the northern half of France. Although 

these phenomena have been studied in other varieties of French (e.g., Durand, 1988; 

Martin et al., 2001; Delvaux, 2006), the more established understanding of nasality and 

liaison that exists for the Northern varieties allows us to proceed on a surer 

methodological footing (e.g., relying on existing descriptions and tried measures of 

nasality) than would be possible with study of another variety of French, such as 

Meridional or Laurentian French.  

Native speakers of NMF of normal hearing (self-reported) were recruited from the 

city of Austin, Texas by means of an advertisement placed both on a student events 
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calendar of the University of Texas at Austin, as well as in a Facebook group for 

Francophones living in the Austin area. Both male and female speakers aged 18-45 were 

welcome to participate. The age restriction was implemented in an effort to avoid 

dramatic generational differences in speech (see Hansen (2001a) for possible evidence 

for a generational shift in nasal vowel production). Affiliation with the University of 

Texas at Austin was not a prerequisite for participation. As participants were recruited 

from within the Austin area, all spoke English well enough either to work as a 

professional in Austin or to attend courses at the University of Texas at Austin. 

As I am aware of no widely-accepted, geographic boundaries that determine what 

is and is not NMF, I called for speakers of “non-meridional French.” Many scholars have 

attempted definitions of what is and is not “Standard French”, though these range from 

being as specific as the speech of the oldest Parisian families which produce military 

officers and bishops (Pichon, 1938), to the speech of “the well-educated middle classes 

from the northern two-thirds of France” (Coveney, 2001, p. 3). Although the latter 

description covers many sub varieties of French, it was applicable to the present study as 

a working definition for a neutral metropolitan variety. Though variation in production by 

speakers from such a wide group is expected, it is important to point out that even the 

speech of a restricted group (e.g., only the educated living in Paris) can manifest variation 

in production (Hansen 2001a; Martinet & Walter, 1973). Additionally, as I am aware of 

no study that attributes a particular production of nasal vowels to speakers of any variety 

of French spoken in France proper (other than Meridional French in which nasal vowels 

are produced with the percept of a velarized nasal consonant), I did not exclude speakers 

from anywhere within the northern two-thirds of France. It might be desirable to reduce 

the number of variables by accepting speakers from a smaller geographic area, but a 

certain measure of flexibility was required as speakers were not being recruited on 
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location in France itself, but in the greater Austin area. When recruiting participants, 

primarily those from cities north of Lyon were allowed to participate. 

Through email correspondence, interested participants were vetted to ensure they 

qualified, given the advertised criteria (i.e., their identity as native speaker of normal 

hearing, their age, and their city of origin). Those whose suitability was confirmed were 

invited to perform the experiment tasks and then fill out a background questionnaire, 

which asked not only if they spoke non-meridional French, but it asked for their city of 

origin. After the questionnaires were completed, it was discovered that a few participants 

were from cities located just beyond the established boundary of Lyon (from locales 

about 10 miles further south); the data of these participants were retained for analysis. 

Additionally, participant number 10 (P10) indicated through her initial correspondence 

(before her participation in the study) that, although she was from the South (from the 

Hautes-Pyrénées (65)), she had spent most of her adult life in Paris. She also stated that 

“Southerners say I have a northern accent, northerners say I have a meridional accent. I’d 

say I don’t have an accent, except for my vowels (e/ɛ and o/ɔ merged)” (P10, personal 

correspondence). Because of her self-identification as a speaker of non-meridional 

French, this participant was included in the study.  

The post-experiment questionnaire also elicited minimal information concerning 

the participant’s highest completed level of education and their length of residence in the 

United States. While no cap on length of residence was included in the recruitment 

document, over half (n=13) of the participants had been residing in the United States for 

less than one year. Two of the speakers (i.e., P3 and P9) had moved to the United States 

before the age of 5, though both claimed that French was their first language (L1) and the 

language spoken in their home. They also disclosed that they spend a few months each 
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year in France, visiting French-speaking family members. These participants were also 

included in the study. 

In total, 21 native speakers were recruited, 12 female participants and 9 male 

participants (see Table 2, below). All speak English as an L2 well enough to work 

professionally in the Austin area or to study at the University of Texas at Austin where 

their courses are presented in English. 

 

Speaker Age Sex City of Origin Highest Completed 

Level of Education 

Length of Residence 

in the United States 

P1 20 Male Lyon Baccalauréat 2 months 

*P2 18 Female Chartres Baccalauréat 4 years 

P3 18 Female Paris High School 15 years 

P4 20 Male Caen Baccalauréat 2.5 months 

P5 20 Male Cieux Baccalauréat 10 months 

P6 19 Female Saint-Saturnin Baccalauréat 2 months 

P7 19 Female Paris Baccalauréat 3 months 

P8 20 Male Paris Baccalauréat 3 months 

P9 19 Female Besançon High School 15 years 

P10 28 Female Tarbes MA 1 year 

P11 19 Male Puteaux Baccalauréat 3 months 

P12 20 Female Lyon Baccalauréat 3 months 

P13 21 Male Metz Baccalauréat 10 months 

P14 20 Male Paris Baccalauréat 5 months 

P15 20 Female Paris Baccalauréat 8 months 

P16 33 Female Ancenis MA 5 years 

P17 21 Female Dijon Licence 6 months 

P18 33 Male Chambery PhD 4.5 years 

*P19 31 Female Langres MA 10 years 

P20 35 Female Paris Licence 3 months 

P21 29 Male Paris MA 2.5 years 

Table 2: Participant information. Asterisk indicates participants whose data were 

eventually rejected because of technical issues 
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2.3 Stimuli  

2.3.1 Reading tasks  

Nasal vowels appear in position of liaison in a restricted set of words and 

morphosyntactic constructions, as discussed previously in 1.2.1. Among the most 

common of these words and constructions are pre-nominal adjectives (e.g., bon(ne) 

‘good’, ancien(ne) ‘former/old,’ etc.) and a few determiners (e.g., mon ‘my,’ ton ‘your,’ 

etc.). Many of these words occur with great frequency in the language. For example, in 

their frequency dictionary (based on a 1.5 billion-word corpus built using internet 

crawling techniques), Quasthoff et al. (2013) rank the adjective bon (‘good’) as the 257th 

most frequent word and the possessive determiner son as the 30th most frequent word. 

Lonsdale and Lebras’ (2009) frequency dictionary (based on a 23 million-word corpus 

from more curated sources, which included balanced data from spoken and written 

corpora) ranks bon as the 94th most frequent word and son as the 26th most frequent word. 

These data are sufficient to say that many of these words are among the most frequent in 

the language.  

However, as accessible as these adjectives and determiners are, and as frequently 

as the may occur in the language, they occur much less regularly in position of liaison 

than they do in other environments. In a traditional sociolinguistic interview, typically no 

more than a handful of nasal-vowel final adjectives in position of obligatory liaison can 

be found. For example, in Durand, Laks, and Lyche’s (2002, 2009) Phonologie du 

français contemporain (PFC) corpus, a 15- or 20-minute interview generally yields no 

more than 2-3 usable tokens. A description of the phenomena in question requires 

considerably more data than can be obtained from the semi-spontaneous speech of an 

interview. Additionally, interviews obviously do not elicit the same tokens for all 

speakers. For these reasons, the present study employs two types of reading tasks to elicit 
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a larger volume of usable tokens from each speaker and to guarantee that most of the 

speakers will produce the same tokens, which makes inter-speaker comparison more 

reliable and informative. 

A word list comprised of 150 word pairs was assembled to elicit tokens. Each 

word pair includes a singular adjective followed by a singular noun (see Appendix 4). An 

effort was made to use as many minimal or near minimal pairs as possible, so that the 

target vowels might be maximally differentiated by the speakers who differentiate them 

within similar phonetic environments. For example, an adjective was paired with both the 

masculine and the feminine forms of the same nouns, which have (near) identical 

phonemic structure (e.g., bon architecte ‘good architect’ (m.) and bonne architecte ‘good 

architect’ (f.)). With such similar phonetic environments, the main difference in 

pronunciation of the adjective and the following syllable would be in the production of 

the nasal vowel in liaison (see 2.3.2, below). Efforts to avoid hyper-articulation of tokens 

included randomization of the word list and instruction to read the list in a normal, 

conversational manner (as much as is possible with a word list in a laboratory setting). 

To avoid a sing-songy, listing intonation, the word pairs were embedded into the 

carrier phrase je dis X encore une fois (‘I say X one more time.’). No distractor pairs are 

included in this list, as distractor pairs in pilot studies did little to distract participants 

from the fact that they were participating in a study on liaison; rather, attempts to distract 

from liaison resulted in drawing greater attention to it. This was likely due to the fact that 

the adjectives that are known to make an obligatory liaison in French comprise a rather 

short and well-documented list. In early pilot studies on nasal vowels in liaison, 

participants had been told that they were participating in a study on French vowels. 

However, many of them noticeably changed their speech after encountering the first few 

tokens of liaison embedded in the task. It seems that some of the participants had noticed 
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some of the classical examples of liaison with <n>, and immediately assumed they were 

being tested on whether or not they were following established conventions for liaison, 

such as those outlined by Delattre (1947/1966). Although none of the participants seemed 

to consider the vowel quality of the nasal vowels, some participants began to hyper-

correct their performance; one went so far as to produce liaison with non-existent 

consonants. Thus, no distractors were used in the present study. In order to obtain quickly 

several dozen tokens and to keep it the task from being tedious for the participants, the 

word list was limited to the 150 usable word pairs with no distractors. 

The other type of reading task includes two brief texts written in prose for this 

study, each containing several targeted liaison pairs (see Appendices 2 and 3 for the prose 

reading tasks). Prose texts were selected in hopes that they might allow for more natural, 

though still not conversational, speech acts than can be obtained by means of a word list. 

The prose texts were each presented on single-page PDF files, and each contains both 

oral- and nasal-vowel tokens. Fewer tokens can be packed into a prose text than into a 

word list, but the prose texts provided a second source for eliciting data without making 

the task of reading the word list any more tedious. The two prose texts contain 83 target 

words and word pairs. The total number of tokens between the prose texts and reading list 

is 233.  

 

2.3.2 Word pairs  

In order to determine how the nasal vowels in liaison were produced, both oral 

and nasal vowels need to be observed and analyzed. For this reason, several types of 

word pairs (i.e., W1 +W2 sequences) must be represented in the data (their respective 

functions in the analysis will be discussed in 2.6.1), as seen in Table 3, below: 
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Word types Description Example(s) 

Nasal vowel-final 

W1 before 

consonant-initial W2 

Masculine, singular adjectives 

and possessive determiners 

occurring before consonant-

initial nouns. (ṼC) 

prochain train ‘next train’ 

<pʀɔ.ʃɛ.̃tʀɛ>̃ 

son père ‘his father’ 

<sɔ.̃pɛʀ̃> 

Nasal vowel-final 

W1 before nasal 

consonant-initial W2 

Masculine, singular adjectives 

and possessive determiners 

occurring before nasal 

consonant-initial nouns. (ṼN) 

prochain navire ‘next ship’ 

<pʀɔ.ʃɛ.̃na.viʀ> 

Nasal vowel-final 

W1 before vowel-

initial W2 

Masculine, singular adjectives 

and possessive determiners 

occurring before vowel-initial 

nouns. (liaison; ṼL) 

prochain arrêt ‘next stop’ 

<pʀɔ.ʃ(ɛ/ɛ)̃.na.ʀɛ> 

Nasal consonant-final 

W1 before 

consonant-initial W2 

Feminine, singular adjectives 

occurring before consonant-

initial nouns. (VC) 

bonne situation ‘good 

situation’ 

<bɔn.si.tɥa.sjɔ>̃ 

Nasal consonant-final 

W1 before vowel-

initial W2 

Feminine, singular adjectives 

occurring before vowel-initial 

nouns. (VE; enchaînement) 

bonne étudiante ‘good 

student’ (f.) 

<bɔ.ne.ty.djɑ̃t> 

Oral vowels in a non-

nasal sequence 

Occurring in words of varying 

types (nouns, verbs, etc.), but 

never in nasal environments; in 

word-initial, -medial, and -final 

positions. (V) 

votre 

‘your’ (pl. and/or formal) 

<vɔtʀ> 

Table 3: The different types of W1 (+ W2) sequences used as the primary stimuli 

with accompanying descriptions and examples 

Included in each of the masculine adjective groups are the possessive determiners 

ton ‘your’ and son ‘his/her’, which contain the nasal vowel <ɔ>̃. Because these are 

typically described as resisting denasalization, they are not included in all analyses (see 

2.6.1, below). Additionally, a few glide-initial nouns were paired with the different types 

of adjective and determiner. These will not be formally analyzed in the present study, but 

were included in the reading tasks as a preliminary test for future studies to see how they 

are produced in position of obligatory liaison, as they are said to behave either as a 

vowel-initial or a consonant-initial W2 in context of liaison.  



 49 

Both the masculine and feminine forms of the following adjectives were paired 

with vowel-initial, consonant-initial, and nasal consonant-initial nouns: ancien 

‘former/old’, bon ‘good’, certain ‘certain/particular’, moyen ‘middle/average’, plein 

‘full/in the middle of’, and prochain ‘next’. This is an exhaustive list of the nasal-final 

pre-posed adjectives with which liaison can be made3. Additionally, the possessive 

determiners ton ‘your’ and son ‘his/her/one’s’ were paired with a similar set of nouns. 

The first-person, singular, possessive determiner mon (‘my’) was excluded from the 

study, as there were concerns that the nasal quality of the <m> might have an effect on 

the following nasal vowel, obscuring denasalization (Cohn, 1990; Delvaux et al., 2008).  

The phonological contexts in which the target nasal vowels occur differ 

considerably for each vowel. The vowel <ɔ>̃ occurs only in three words: the possessive 

determiners son ‘his/her/one’s’ and ton ‘your’, and the adjective bon ‘good’. These three 

words provide a fairly controlled environment as they are all monosyllabic, and none 

positions the nasal vowel in contact with a liquid or a glide within the word itself. The 

vowel <ɛ>̃–in the adjectives listed in the previous paragraph–occur in more varied 

phonological contexts including post-glide (e.g. moyen <mwa.jɛ̃>) and post-liquid (e.g. 

plein ‘full’) positions. This variety of phonological contexts in the <ɛ>̃ W1s may have an 

effect on the production of the target vowels4, but an effort is made to exclude as many of 

the preceding continuants as possible from the vowels as they are isolated via TextGrid 

and prepared for analysis (see 2.5, below).  

Certain adjective-noun collocations are so common, they have practically become 

lexicalized, such as Moyen Age ‘Middle Ages’ or bon ami ‘good (male) friend’. By 

                                                 
3 The words divin ‘divine’, vain ‘vain’, vilain and a few others are also known to make a liaison, but they 

occur primarily in “semi-idiomatic phrases” (Sampson, 2001, p. 253), and are typically restricted to usage 

in the phrases divin enfant ‘divine child’, vain espoir ‘vain hope’, etc.  
4 I did consider including phonetic context as a variable in the analysis, but there are not enough tokens of 
each individual, phonetic context to yield reliable results. 
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selecting certain pairings that are less frequent than others (e.g., a common pairing, such 

as bon étudiant ‘good student,’ versus a less-common pairing, such as bon architecte 

‘good architect(m.)’), I will also be able to get a small insight into the productivity of 

liaison in addition to denasalization in liaison5. As summarized earlier, Sampson’s (2001) 

work on liaison with nasal vowels suggests that liaison may no longer be productive with 

novel adjective-noun pairings. This means that speakers may avoid liaison with 

seemingly novel or unfamiliar adjective-noun sequences, or–at the very least–produce 

that liaison differently than they otherwise might with a more frequent collocation. This 

may be supported by other recent findings, which suggest that the frequency of a word 

sequence can have an effect on whether or not liaison is made between them (Bybee, 

2001, 2005; Côté, 2013; Durand & Lyche, 2008). Although Sampson’s (2001) results 

were from nouns pre-posed by adjectives that are typically post-posed, there does seem to 

be a potential danger of speakers treating less-common–though technically both 

grammatical and felicitous–word sequences differently from more frequent colocations. 

While this is a danger, precautions were taken to minimize, as much as possible, effects 

that could result from the frequency or infrequency of certain pairings. 

No nonce words were used in this study. While such a practice would have made 

the selection of word pairs much easier and the phonemic identity of the word pairs more 

similar, production of the sequences would likely have been inconsistent and unnatural, 

and would have told us little to nothing about how actual words are produced in liaison, 

which may be past the stage of application to novel collocations, as demonstrated by 

Sampson (2001). Accordingly, only grammatical and felicitous word pairings were 

selected. Only those adjectives which are traditionally characterized as being positioned 

                                                 
5 Full reporting on this aspect of the study will be given post-publication of the present work. 
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as W1 were used. Although a few of these adjectives can also be placed in W2 position, 

this change usually affects the meaning of the noun phrase (see 1.2.1). An adjective was 

placed with a noun only if the meaning was felicitous with a pre-nominal adjective. 

An effort was also made to use attested pairings. I consulted Branca-Rosoff, 

Fleury, Lefeuvre, and Pires’ Corpus de français parlé des années 2000 (CFPP2000), 

which is a corpus of oral French spoken in and around Paris, in order to find adjective-

noun sequences appropriate for the present study. By using the corpus’ search tool, 

several word pairs, which were used in the somewhat natural speech of the interviews 

were identified. Similarly, examples from literary works were located using the online 

edition of Le petit Robert (2016). For many entries in the dictionary, examples of the 

word in question are provided from prominent works in French literature. Under the 

entries for the adjectives in question, examples were given specifically for their use in 

pre-nominal constructions. When certain types of word pairs were still missing, Google 

searches for the exact phrasing of [adj + vowel] (e.g., “prochain o”) were performed. 

Only pairings that had at least 1,000 matches were used. 

There are a number of nouns that were selected which have minimally different 

pronunciation between their masculine and feminine forms (e.g., étudiant <e.ty.djɑ̃> and 

étudiante <e.ty.djɑ̃t> ‘student’, respectively m. and f.). Many words of this kind were 

used, as they provided a phonemically identical context in which masculine liaison and 

feminine enchaînement could be produced. However, not all nouns in French have both a 

masculine and a feminine form; in fact, most have only one possible grammatical gender. 

For these contrasting pairs (that is, W2 nouns to be paired with adjectives of contrasting 

grammatical gender), nouns were selected that had a similar phonemic sequence in the 

first syllable (e.g., certain orgueil ‘certain/particular pride’ and certaine organisation 
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‘certain/particular organization’). For the complete list of adjective/determiner-noun 

pairings, see the reading tasks in Appendices 2, 3, and 4. 

 

2.4 Data collection 

2.4.1 Presentation of study and stimuli 

Before beginning the reading tasks, participants were required to review and agree 

to the conditions of the study as outlined by the Institutional Review Board. As a part of 

this procedure, the participants were presented with a brief description of the study in 

which they are considering participating. Participants were told outright that the study 

was to analyze certain aspects of French liaison, although no mention was made of nasal 

vowels or denasalization. No attempt was made to disguise the study as anything other 

than a study on liaison. This is due to previous experience, as previously mentioned. In 

order to avoid hyper-articulation or excessively unnatural speech in the present study, 

participants were told that certain aspects of liaison in normal speech are being studied. 

They were further instructed to speak how they normally would, in as much as that is 

possible. They were reassured that the researcher would not be sitting quietly nearby with 

a red pen and grammar book in hand. Overall, this decision seems to have served its 

purpose. One participant, after completing the tasks, expressed her surprise at some of the 

liaisons she found herself avoiding because they seemed unnatural to her despite them 

being grammatically correct. 

The reading tasks were presented to the participant on a computer monitor. The 

prose texts were provided as PDF documents. Each text was less than one single page in 

length, which allowed participants to read them without having to scroll down while 

reading. The word list was presented as a PowerPoint presentation with one word pair 
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and the carrier phrase presented on each slide (as seen in Figure 6, below). The 

participants read the word pair into the carrier phrase once, then pressed the space bar or 

right arrow key on the computer’s keyboard to advance to the next slide with a new word 

pair. The order of the slides was randomized for each participant, and then checked 

manually to ensure that sequences of minimal pairs were not in immediate succession 

(e.g., bonne étudiante ‘good student’ (f.) immediately preceding bon étudiant ‘good 

student’ (m.)). Although participants were aware of the general focus of this study, this 

careful check of the slide ordering was done in an effort to obscure the focus on vowel 

quality. When such sequences were discovered (a rarity), the slides were further 

randomized. When the presentation order had been verified, an additional slide was 

inserted in the exact middle of the presentation, with instructions to pause for 10 seconds 

before continuing. This recommended pause allows a brief pause from the monotonous 

nature of the task. Figure 6 depicts an example slide from the word list task. 

 

 

Figure 6: Example of a PowerPoint slide from the word list task 
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2.4.2 Equipment and location for data collection 

As the acoustic differences between tokens may be subtle, high quality recordings 

are preferred for a more accurate analysis. Therefore, data were recorded in the Phonetics 

Laboratory on the University of Texas at Austin campus. The participants wore a Shure 

SM10A unidirectional, dynamic, head-worn microphone, which was connected to a 

MOTU UltraLite mk3 audio interface. Recordings of each speaker’s performance of the 

experiment tasks were made using Audacity (Audacity Team, 2016). The recordings 

were then exported as individual .wav files, using a sample rate of 44.10 kHz at 1024 

samples per buffer.  

 

2.4.3 Background questionnaire and compensation 

Upon completion of the reading tasks, each participant was asked to fill out a 

simple background questionnaire, which asked for their age, sex, city of origin, highest 

completed level of education, and length of residence in the United States. More detailed 

information might have provided insight into the potential cause of variation in the 

performance of the speakers, though, as the normal acoustic behavior of the phenomenon 

in question has yet to be adequately described, a sociolinguistic perspective will be 

postponed for a later study. 

Upon completion of the reading tasks and the background questionnaire, each 

speaker was compensated $20 cash for their participation. On average, the tasks and 

background questionnaire took 30 minutes to complete. 

 



 55 

2.5 Processing the sounds 

A TextGrid file was created for each sound file using Praat (Boersma & Weenink, 

2016). For each of the tokens, boundaries for the vowel were created by hand on the 

TextGrid. For vowels that occurred after an occlusive, the first boundary was placed after 

the first cycle of the vowel’s quasi-periodic wave cycle (as seen in Figure 7, below).  

Figure 7: TextGrid boundaries for the nasal vowel <ɔ>̃ in bon 

For vowels that occurred after a glide (e.g., the nasal vowel <ɛ>̃ in ancien <ɑ̃.sjɛ>̃ 

‘old/former’), the TextGrid boundary for the start of the nasal vowel was placed after the 

beginning of the steady state of the vowel (as seen in Figure 8, below). 
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Figure 8: TextGrid boundaries for a vowel following the glide <j>  

The end of the vowels was typically determined by a change in vowel formants or a loss 

of energy (as seen in Figure 8, above). Although forced alignment tools do exist, manual 

measurements are typically more precise. 

 

2.5.1 Acoustic measures protocol 

In order to obtain a more accurate and detailed picture of the measured nasality of 

each vowel, measurements were taken at five equidistant points within the vowel (i.e., at 

0.166…, 0.333…, 0.5, 0.666…, 0.833…), rather than simply at the center of the stable 

period of the vowel. In addition to yielding a more detailed and accurate measure of the 

vowel, this process also provided insight into the variance in nasality within a vowel. A 

Praat script was developed (see Appendix 5) that took several measurements at each of 
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these 5 points across the vowel, as defined by the TextGrid boundaries. The 

measurements taken at each point were: F1, F2, F3, and F1 bandwidth. While only F2 is 

directly used as a measure of nasality, F1 and F3 are useful when used to locate certain 

spectral peaks (i.e., A1 and A3). The measurements generated by the script were stored in 

an Excel spreadsheet. After these preliminary measurements were taken by script, several 

measurements were taken by hand.  

 

2.5.2 Measuring A1-P0 

As discussed in 1.4.1, the spectral peak measures proposed by Chen (1995, 1997) 

are often used for their reliability in indicating how nasal a vowel is. As the measure is 

relative, it must be done for both oral and nasal vowels for a given speaker. Only by 

comparing the resulting values of nasal vowels against those of oral vowels can any 

meaning be derived from these measures.  

Measurement of P0 and A1 is obtained by first generating a spectrum of a given 

point in the vowel by using Lennes’ (2002) script Draw Spectrum From Selection (See 

Appendix 6). Within the resulting spectrum, P0 is found by taking the more prominent of 

the first two harmonics, which is typically located in the vicinity of 200-250 Hz. 

Consultation of two to three vowels of the same speaker to see at what frequency the 

higher of the two peaks generally occurs is recommended to verify the identity of P0, as 

it can change frequency from speaker to speaker. The amplitude (measured in dB) of P0 

is then noted. The peak corresponding to A1 is found by measuring the amplitude of the 

highest peak in the expected F1, as found on the same spectrum (see Figure 9, below). 

The shape of the first formant can vary considerably from one vowel (or one point in a 

vowel) to another, particularly in the wider formants that can be found in nasal vowels. 



 58 

Occasionally, many high peaks are found in what could conceivably be called F1. When 

such a case was confronted, the highest peak near the frequency of F1, as indicated by the 

aforementioned script, was used. Once the amplitude of each peak (i.e., A1 and P0) were 

obtained, the difference between the two was calculated. 

 

 

Figure 9: Peaks A1, A3, and P0 indicated for the vowel <ɔ> in votre ‘your’ 

 

2.5.3 Measuring A3-P0 

This measure proposed by Styler (2015) is taken in a manner similar to A1-P0. In 

fact, the P0 used here is the same measurement as taken for A1-P0. The value of A3 was 

obtained from the same spectrum generated by Lennes’ (2002) script. Although A3 may 
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be located automatically by script6, I elected to locate it manually, both for greater 

reliability and for want of an adequate script. Similar to determining the location of A1, 

finding A3 requires consultation of the spectrum in the vicinity of the expected F3 (see 

Figure 9, above), as indicated by Praat’s Formant Listing function. However, the location 

of F3 provided by Praat ought to be verified. When several points within the same vowel 

token are measured (as is done in the present study), occasionally the Formant Listing 

function indicates that the F3 location varies from one point to another. For example, in a 

real example from the present study’s data, measurement of F3 was taken at five equally-

spaced points across a single nasal vowel (i.e., certain ‘certain/particular’). The resulting 

values were: 2806 Hz, 3215 Hz, 1407 Hz, 2574 Hz, and 2965 Hz. When this happens, 

and one of the values is considerably different from the others (i.e., 1407 Hz), it is 

possible that slight variations in the source or filters made for a more difficult automatic 

reading at that point than at the others. In such instances, it is recommended to rely on the 

expected F3 location of the other points in the vowel, and measure the highest peak in the 

energy concentration nearest that more common frequency.  

 

2.5.4 Measuring center of gravity 

The spectral CoG is the average of the frequencies of whole bandwidth of the 

selected segment (i.e., 22.05 kHz). To obtain the CoG, the Get center of gravity… 

function is performed in Praat with the spectrum generated by Lennes’ (2002) script 

Draw Spectrum From Selection as the object of the function. The value is given in Hertz. 

                                                 
6 Styler (2015) used a complex script to locate A3 automatically, though it required manual verification. In 
my experience locating A3 manually, I would be wary of automatic detection of A3, as it relies on Praat’s 

automatic detection for the location of F3, which—because of the formant smoothing that can happen in 

nasal vowels—is occasionally sporadic. 
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2.5.5 Measuring formant bandwidth 

The function that Praat (Boersma & Weenink, 2016) uses to calculate formant 

bandwidth is less clearly indicated than that of other measurements, but the process is 

performed easily enough. If performing the measure once (as was done when verifying 

unusually high values generated by the script; see below), the command Get first 

bandwidth can be accessed under the Formant menu on a sound object window. The 

resulting value is given in Hertz. When performed on a larger data set as part of a script 

(as was done in the present study), the command Get Bandwidth at time… is used (see 

Appendix 5).  

One peculiarity was noticed about this function in Praat: the value generated can, 

with certain sounds, vary considerably depending on how zoomed in the window is on 

the point in question when the measurement is taken. Occasionally, the bandwidth of a 

formant at a given point was several hundred Hertz greater than that of the neighboring 

points a mere 13ms in either direction. For this reason, the values generated by the script 

for the present study were manually checked. When values that appeared to be irregular 

were found (e.g., CoG at a given point in a vowel is 600 Hz higher than at the 

surrounding points in the same vowel), the same measurement was taken manually at the 

exact same point. Typically, this resulted in a value more similar to those in the 

neighboring points in the vowel. 

Occasionally the original measurements were accurate, despite their marked 

difference from the measured formant bandwidth at other points in the vowel. Because 

measurements were taken of the vowel from beginning to end, sometimes the contour of 

the vowel or the change in nasality is manifest as the vowel progresses from less to more 

nasal; consequently, formant bandwidth may change drastically. Similarly, the formants 

and anti-formants comprising F1 and F2 would sometimes shift closer to each other, if 
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only briefly, creating what is essentially a single, merged formant with wide bandwidth at 

one point within the vowel (see Figure 10, below). 

 

 

Figure 10: Example of the shifting that can occur in F1 and F2 over the duration of a 

nasal vowel. The selected portion is <ɔ>̃ in bon 

 

2.5.6 Measuring duration 

In the present study, vowel duration was determined by taking the difference 

between the values generated by the Get start point… and Get end point… commands for 

a given vowel, the boundaries for which had previously been defined on a Praat TextGrid 

file. 
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2.6 Methods of analysis 

As Carignan et al. (2013) indicates, there is more than one way for a speaker to 

make a sound take on a nasal quality. Styler (2015) also demonstrates that different 

measurements of nasality are more effective than others on different speakers and 

different vowels. For all these reasons, no single measurement seems to be able to 

reliably detect nasality in every case. Consequently, multiple measures must be applied to 

any data set. Each of the measurements outlined in 2.5.2-2.5.6 were used to distinguish 

one vowel type from another7.  

For each vowel pair (i.e., <ɛ,ɛ>̃ and <o,ɔ>̃) several t-tests (see 2.6.2) were fit in 

order to determine three things: (1) which acoustic measures are well-suited to the given 

vowel and speaker in accurately distinguishing nasal from oral vowels according to 

expected outcome (i.e., A1-P0, A3-P0, CoG, and F2 are expected to yield a lower value 

from nasal vowels than from oral vowels, and F1 bandwidth is expected to yield a higher 

value from nasal vowels than from oral vowels), (2) in what ways the oral vowels were 

different from and similar to nasal vowels, and (3) whether the denasalized nasal vowels 

more closely resembled oral vowels or nasal vowels. Tokens of the different vowel 

contexts were run against each other to determine whether or not they were significantly 

different with regards to the acoustic cues of nasality (see Table 3 in 2.3.2, above, for 

further descriptions and examples). The vowel categories were as follows:  

ṼC: Adjective-noun sequences involving a masculine adjective before a 

consonant-initial noun. An example of this vowel type is prochain train ‘next train’ 

<pʀɔ.ʃɛ.̃tʀɛ>̃. 

                                                 
7 Duration was abandoned because of an imbalance in the location of certain tokens. All of the oral vowels 
were located in the prose text reading tasks, in which some occurred in phrase-final or pre-pausal contexts. 

Consequently, many of the oral vowel tokens were longer than their nasal counterparts that were located in 

both the prose and word-list tasks. The text type became more a predictor for vowel duration than did the 

quality of the vowel itself. 
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ṼN: Adjective-noun sequences involving a masculine adjective before a nasal 

consonant-initial noun. An example of this vowel type is prochain navire ‘next ship’ 

<pʀɔ.ʃɛ.̃na.viʀ>. 

ṼL: Adjective-noun sequences involving a masculine adjective before a vowel-

initial noun. These are sequences in which liaison–thus the L in ṼL–is expected to occur. 

An example of this vowel type is prochain arrêt ‘next stop’ <pʀɔ.ʃɛ.na.ʀɛ>. 

VC: Adjective-noun sequences involving a feminine adjective before a 

consonant-initial noun. An example of this vowel type is bonne situation ‘good 

situation’<bɔn.si.tɥa.sjɔ>̃. 

VE: Adjective-noun sequences involving a feminine adjective before a vowel-

initial noun. These are the sequences in which enchaînement–thus the E in VE–is 

expected to occur. An example of this vowel type is bonne étudiante ‘good student’ (f.) 

<bɔ.ne.ty.djɑ̃t>. 

V: Oral vowels (i.e., <ɛ> and <ɔ,o>) in a non-nasal sequence. An example of this 

vowel type is votre ‘your’ (pl. and/or formal) <vɔtʀ>. Although the identity–and even 

existence–of the phonemic, oral counterpart of a French nasal vowel is debated 

(Carignan, 2014; Chen, 1997), there likely exist allophonic, oral counterparts for each of 

the nasal vowels. For the nasal vowel <ɛ>̃, typically <ɛ> is used. For <ɔ>̃, the identity of 

its allophonic, oral counterpart is more complicated to determine. Carignan (2014) and 

Carignan et al. (2015) use <o> as the oral counterpart, as it typically has a place of 

articulation more similar to that of <ɔ>̃. However, if the denasalized nasal vowel in bon 

ami is indeed identical to the pre-nasal <ɔ> in bonne amie (both <bɔ.na.mi>), as is 

traditionally understood to be the case, then it seems plausible that <ɔ>̃ may also alternate 

with <ɔ>. This is not to say that there can be only one oral counterpart. It may be that <ɔ> 

is the pre-nasal alternate, and <o> is the alternate in other contexts. As no definitive 
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evidence for either has yet to be found, I proceeded to use both <ɔ> and <o> as oral 

vowels to compare against <ɔ>̃. 

 

2.6.1 Pairings 

By comparing the tokens of one vowel type (e.g., oral vowel (V)) against another 

(e.g., word-final nasal vowel before a consonant (ṼC)) it is possible to determine which 

of the acoustic measures (e.g., CoG, F2, etc.) are able to capture the differences between 

the two vowel types, if any. For example, we can use a t-test to determine whether CoG 

can be used to distinguish the production of a set of oral vowels in non-nasal 

environments (V) from a set of word-final nasal vowels before consonants (ṼC). Should 

the result reach significance in the expected direction (just being significantly different is 

not enough; the direction of the difference must be consistent), we might infer that the 

two vowel types–which are expected to be acoustically very different in this example 

pairing–are, indeed, distinct for the given speaker. Similarly, if we pair tokens of the type 

ṼL (liaison) against those of the type VE (enchaînement), we might be able to determine 

if the two vowel types are produced differently (significance is reached in the t-test) or 

not (significance is not reached in the t-test). Because no single measure will indicate this 

difference for every vowel or every person, the measures that are suitable for each 

speaker and vowel must be identified. 

Each pairing can reveal something about the relative quality and identity of the 

oral and nasal vowels in question, as well as something about the reliability of the 

acoustic measures used here. In order to verify the reliability of the acoustic measures in 

predicting the differences between oral and nasal vowels, three different pairings were 

conceived. These comparisons (i.e., V:ṼC, ṼC:ṼN, and VC:VE) were selected to test the 
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suitability of the measures for each speaker because they each have predictable outcomes; 

that is, some pairings are expected to show no significant difference between the vowel 

contexts (i.e., ṼC:ṼN and VC:VE), and others are expected to show significant 

difference between the vowel contexts (see Table 4, below). In the case of ṼC:ṼN, the 

goal is to test whether or not the nasal vowel <ɔ>̃ is being measured similarly in 

sequences like bon nombre ‘good number’ and bon film ‘good film’ for a given speaker.  

 

Pairing Expected relationship of pairing 

V:ṼC A1-P0, A3-P0, and F2 are expected to yield significantly 

lower values for ṼC than for V.  

CoG is expected to yield significantly lower values for 

<ɔ>̃ than for <ɔ>, and significantly higher8 values for 

<ɛ>̃ than for <ɛ>. 

F1 bandwidth is expected to yield significantly higher 

values for ṼC than for V. 

ṼC:ṼN All measures expected to indicate no significant 

differences between these ṼC and ṼN.  

VC:VE All measures expected to indicate no significant 

differences between VC and VE. 

Table 4: Pairings used as indicators of the effectiveness of the selected acoustic 

measures of nasality. Measures are understood to be different if their p-

values were found to be less than 0.05 in the expected direction 

                                                 
8 When directionality of differences was analyzed, it was observed that CoG for <ɛ̃> was consistently in a 

direction opposite to that of the expected direction. That is, <ɛ̃> had a higher CoG than <ɛ>, which is 

different from the expected direction for <ɔ̃>. 
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Not every speaker will perform as expected. It may be that three measures 

indicate a given speaker to produce two sounds differently that we would expect to be 

essentially identical (e.g., 3 measures reach significance for the ṼC:ṼN paring for <ɛ̃>). 

This could suggest that the person produces them slightly differently with some sort of 

regularity. It could also indicate that these particular measures don’t work as well as 

expected for that speaker or for a particular vowel for that speaker. Or, unfortunately, it 

could mean that the measurements were performed incorrectly (e.g., identifying the 

wrong peak for A1 in the A1-P0 measure). For this reason, all measurements should be 

regarded with the understanding that, despite the refinement that these measurement 

processes have undergone, they are still imperfect measurements for a voice quality that 

is difficult to measure with certainty (i.e., nasality).  

In order to determine whether or not nasal vowels in liaison are acoustically 

distinct from non-liaison nasal vowels and oral vowels, the acoustic measures that are 

suitable for predicting nasality for each speaker, as well as each vowel for each speaker, 

must be identified, as has been outlined previously. Ideally, all five acoustic measures 

would be fitted to a regression model in order to determine whether the vowels in two 

given contexts are produced significantly differently one from another, based on the five 

measures analyzed in concert. However, the regression models were abandoned in the 

present study due to issues relating to data convergence and inter-variable interference9.  

Due to the problems encountered in the multivariate analyses, a different, less-

conventional approach is proposed. While the results of a single acoustic measure are 

                                                 
9 When run in an ANOVA or a log regression that allows for multiple variables, the presence of one 
variable in the analysis significantly affected the results of another variable. For example, in one analysis of 

two vowel types, when both CoG and F1bandwidth were included in a model, neither reached significance. 

However, when either one was removed from the model, the other indicated a highly significant difference 

between the two vowel contexts in question. For reasons unknown, the presence of one negatively 

influenced the results of the other. 
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somewhat questionable when it comes to measuring nasality, the results of multiple 

measures allow us to make inferences about the sounds in question with more confidence. 

In the present study, for a dataset (e.g., <ɔ>̃ of P7) to be analyzed with any measure of 

confidence, at least three suitable measures (i.e., those for which the t-tests indicate a 

significant difference between V and ṼC in the expected direction) must be identified for 

each vowel (e.g., at least three measures for the vowel <ɔ>̃ of P7). Once at least three 

reliable measures have been detected on the pairing V:ṼC, those three measures will be 

used to gauge the relationships between the vowels of the other pairings for that speaker 

(e.g., V:ṼL).  

When significance is not reached in the expected direction on at least three of the 

five acoustic measures for the pairing V:ṼC, where the oral–nasal contrast should be 

robustly manifested, the vowel dataset for the speaker in question (e.g., the <ɛ>̃ dataset 

for speaker X) is removed from further analysis. For, if acoustic measures, which have 

been tested in previous studies, fail to show significant difference between oral vowels in 

a pre-nasal environment and a word-final nasal vowel before a consonant, it is unlikely 

that any measure of partial nasality (as may be found in denasalized vowels) would be 

reliable. When three or more acoustic measures reach significance on the V:ṼC pairing, 

the other measures that failed to reach significance (if there be any that failed) will be 

ignored in measuring the remaining pairings (e.g., V:ṼL) for that speaker. For example, 

if A1-P0 failed to reach significance in the right direction on the pairing V:ṼC, A1-P0 

will not be considered reliable in analyzing other vowel pairings. If a measure does not 

indicate a significant difference between the vowels in these two maximally-different 

contexts (i.e., V and ṼC), it is doubtful that they would be able to detect any difference in 

less-different contexts (e.g., ṼL and VE, or liaison and enchaînement).  
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After the measures that failed to reach significance are eliminated, the measures 

that do reach significance will be tested to ensure that the difference is in the expected 

direction. For the measures A1-P0, A3-P0, CoG, and F2, it is expected that the resulting 

value for nasal vowels be lower than the resulting value for oral vowels (Carignan, 2014; 

Chen, 1997; Styler, 2015). For the measure F1 Bandwidth, it is expected that the resulting 

value for nasal vowels be greater than the resulting value for oral vowels (Delattre, 1968; 

Maeda, 1993; Styler, 2015). If an acoustic measure does not demonstrate a difference in 

the expected direction, it is considered unreliable.  

The pairings and their intended purposes for analysis are as follows: 

V vs ṼC: Comparison of the vowels in V (e.g., bref ‘brief’ <bʀɛf>) and ṼC 

sequences (e.g., prochain train ‘next train’ <pʀɔ.ʃɛ.̃tʀɛ>̃) allows us to test the suitability 

of a given acoustic measure (e.g., CoG) for the given vowel and speaker. The vowels in 

these sequences are expected to be maximally different from one another with regards to 

the acoustic measures in question (e.g A1-P0, CoG, F2, etc.). Should no significant 

difference result from the regressions, it is likely that the measures selected are a poor fit 

for the vowel and/or speaker in question. 

ṼC vs ṼN: Comparison of the vowels in ṼC (e.g., prochain train ‘next train’ 

<pʀɔ.ʃɛ.̃tʀɛ>̃) and ṼN (e.g., prochain navire ‘next ship’ <pʀɔ.ʃɛ.̃na.viʀ>) sequences acts 

as a secondary gauge of reliability for the acoustic measurements in use. Although Styler 

(2015) stated that “nasal vowels are quite capable of exhibiting coarticulation with 

surrounding nasal consonants” (p. 17), ṼC vowels and ṼN vowels are not expected to be 

significantly different from one another with regards to their nasal quality. The sequences 

of this pairing are run against each other in order to verify that the selected acoustic 

measures do not indicate the vowels in these sequences to be significantly different from 

one another. Should one of the measures indicate a significant difference, this may be due 
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to some coarticulatory effects from the nasal consonant-initial W2 that is reinforcing the 

nasal quality of the preceding nasal vowel. Although Delvaux and colleagues (2008) 

suggest that the regressive influence of nasality in French is less potent than its 

progressive influence, a minimal difference may be observed. Or, it may simply be due to 

a poor fitting of that particular measure to the vowel and/or speaker in question. 

ṼL (ton) vs ṼC (ton): Comparison of the vowels in ṼL and ṼC sequences for the 

possessive determiners ton and son (e.g., son ordinateur ‘his computer’ vs son père ‘his 

father’) allow us to determine whether or not there is any significant difference in the 

production of the determiners in contexts where liaison was made and contexts where 

liaison was not possible. As stated previously, the nasal vowels of the possessive 

determiners in NMF are typically described as fully maintaining their nasal quality in 

position of liaison. Therefore, it is not expected that analysis of these two sequences 

return any strongly significant differences for multiple acoustic measures. If no difference 

is detected, it may be inferred that the nasal vowels in these determiners are not produced 

in liaison any differently from in other, non-liaison contexts. However, if a significant 

difference is detected on several measures, it may be that the traditional descriptions of 

the production of these possessive determiners in liaison require reevaluation.  

ṼC vs ṼL: Comparison of the vowels in ṼC (e.g., prochain train ‘next train’ 

<pʀɔ.ʃɛ.̃tʀɛ>̃) and ṼL (e.g., prochain arrêt ‘next stop’ <pʀɔ.ʃɛ.na.ʀɛ>) sequences allows 

us to see whether any significant difference in production of nasal vowels in liaison can 

be detected by the selected acoustic measures for these two vowel contexts. Should no 

significant difference be detected, it may be inferred that little denasalization occurs for 

the given vowel in position of liaison; or, perhaps, it may be that the denasalization is 

manifest in ways that are undetectable by the acoustic measures selected. Should a 

difference in production be detected by multiple acoustic measures, it may be inferred 



 70 

that the nasal vowel in liaison does indeed denasalize, or, at the very least, is produced 

differently from the same nasal vowel elsewhere in the language. For the vowel <ɔ>̃, the 

tokens found in the possessive determiners ton and son are excluded from both the ṼC 

and ṼL categories, as the nasal vowels in these determiners are reported to resist 

denasalization; only vowels that are reported to denasalize constitute this group. 

V vs ṼL: Comparison of the vowels in V and ṼL sequences may give us an 

indication as to whether or not denasalized nasal vowels are produced like their 

traditional oral counterparts. If a difference is detected on multiple acoustic measures for 

this pairing, it may be inferred that the nasal vowel in liaison is produced differently from 

its traditional oral counterpart; should the mean values of the ṼL tokens pattern more like 

the expected values of a non-liaison nasal vowel, it may be that the nasal vowel in liaison 

is still partially nasalized. Should no difference be detected, it may be inferred that the 

nasal vowel in liaison has fully denasalized, and is produced relatively indistinguishably 

from an oral vowel (though only a perception study would allow us to know if it is 

perceived differently or not). Again, the possessive determiners were excluded from the 

group ṼL for this paired analysis.  

ṼL vs VE: Comparison of the vowels in ṼL (e.g., bon étudiant ‘good student’ 

(m.) <bɔ.ne.ty.djɑ̃>) and VE (e.g., bonne étudiante ‘good student’ (f.) <bɔ.ne.ty.djɑ̃t>) 

sequences directly addresses the question of whether the masculine, nasal vowel-final 

adjectives in liaison (ṼL) are produced identically to their feminine, nasal consonant-

final counterparts in enchaînement (VE). As previously described (see 1.2.3), the nasal 

vowels in ṼL sequences have typically been described as having the same pronunciation 

as the oral vowels of their feminine VC and VE counterparts (recall bon ami vs. bonne 

amie, both produced as <bɔ.na.mi> in (4) of 1.2.3). Significant differences detected by 
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multiple acoustic measures in this pairing may indicate that the nasal vowel in liaison is 

produced differently from the pre-nasal oral vowel in enchaînement.  

 

2.6.2 R models 

To test the efficacy and accuracy of acoustic measures in his study, Styler (2015) 

ran a Linear Mixed Effects Regression on each feature/measure with nasality as one of 

the fixed effects. Because multivariate models failed to run on several datasets10 in the 

present study, I opted to compare one variable (i.e., single acoustic measures) at a time in 

a series of t-tests in R (R Core Team, 2016). A generalized linear model in R allows for 

multiple variables to be run together, but it was abandoned due to issues of non-

convergence. Consequently, Firth’s Bias-reduced Logistic Regression (Heinze & Ploner, 

2016) was then used to help reduce the problems of convergence. However, as noted in 

2.6.1, above, problems arose when running more than one of the measures together as 

variables (e.g., for sample data run on the Firth model with CoG, F1 bandwidth, A1-P0, 

F2 and A3-P0 as fixed effects, measures of CoG and F1 bandwidth each proved to be 

significant when the other was not present in the analysis, suggesting that the some of the 

measures were interfering with the results of other measures). For this reason, each 

measure was run individually in a t-test. That is, the vowels in the ṼC vs. V pairing for 

<ɔ>̃ were run first for A1-P0, then for A3-P0, CoG, F1 bandwidth, and, finally, F2. The 

results of each t-test were recorded in a spreadsheet.  

 

                                                 
10 It was initially proposed to perform a linear mixed effects model in the R package lme4 (Bates, 
Maechler, Bolker, & Walker, 2015), which allows for multiple variables to be run in concert, as well as a 

random effect. The set of words in which the target vowels are found was to be the designated random 

effect, however there were problems running the model that seem to have been due to the random effect. 

Some of the vowels (i.e., oral vowels) were found in many different words; however, a nasal vowel like 

<ɔ̃> was only found in three words: ton, son, and bon. Due to this imbalance, the model would not run. 
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2.7 Chapter summary 

This chapter has outlined a production experiment that aims to answer the 

research questions–outlined in 1.5–in the following ways: (1) it tests the effectiveness of 

a small set of acoustic measures on oral-nasal data, (2) it compares nasal vowels (i.e., <ɔ>̃ 

and <ɛ>̃) and their oral counterparts in various contexts (e.g., non-nasal environments, 

enchaînement, etc.) so as to better understand the relationships and pronunciation of these 

vowels by capturing some of the acoustic similarities and differences that exist between 

them, (3) it also helps define denasalization acoustically by providing insight into what 

other sounds denasalized vowels resemble and which acoustic measures work more 

consistently on the various pairings.  
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Chapter 3:  Results and discussion: Efficacy of measures 

3.1 Chapter overview 

This chapter addresses the first research question: Can the acoustic measures of 

nasality that have been described in the literature as being the most reliable (i.e., A1-P0, 

A3-P0, CoG, F1 bandwidth, and F2) effectively indicate expected differences between 

oral vowels and nasal vowels? To answer this question, details on the tokens that were 

included in (and excluded from) the analyses are presented. Results for the pairings 

V:ṼC, ṼC:ṼN and ṼC:VE are given for each speaker, and the procedure for how 

acoustic measures were determined reliable or not is outlined. Possible problems in the 

stimuli, which may have caused the unexpected acoustic measures for some of the 

datasets are discussed. The acoustic measures seem to detect the expected differences in 

V:ṼC for most speakers.  

 

3.2 Token totals 

The audio recordings from 19 speakers performing the three reading tasks (i.e., 

two prose texts and a word list of 150 word pairs) yielded 3,803 usable tokens for the key 

analyses discussed in Chapters 4 and 6. Data for two of the 21 speakers who performed 

the tasks were rejected due to technical issues. The total number of usable tokens for each 

vowel context is given in Table 5, below. The vowel contexts are as follows: (1) oral 

vowel in a non-nasal environment (V), (2) nasal vowel-final W1, consonant-initial W2 

(ṼC), (3) nasal vowel-final W1 before nasal-initial W2 (ṼN), (4) nasal vowel-final W1 

before vowel-initial W2 (i.e., liaison context) (ṼL), (5) W1-final oral vowel followed by 

consonant-initial W2 (VC), (6) oral-nasal sequence in W1 followed by a vowel-initial 

W2 (e.g., enchaînement context) (VE). 
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Vowel context Example <ɔ>̃ tokens <ɛ>̃ tokens Total 

V 

 
votre ‘your’ 324 216 540 

ṼC  bon film 

‘good film’ 
300 340 640 

ṼN  bon moment 

‘good moment’ 
171 368 539 

ṼL  bon étudiant 

‘good student’ (m) 
475 570 1,045 

VC   bonne situation 

‘good situation’ 
114 300 414 

VE  bonne étudiante 

‘good student’ (f) 
165 460 625 

All contexts - 1,549 2,254 3,803 

Table 5: Observed token counts for each major vowel context across all 19 speakers 

for <ɔ>̃ and <ɛ>̃  

Before the tokens could be separated into pairs of nasal vowels versus their oral 

counterparts for analysis in R, some tokens had to be removed because an “obligatory” 

liaison in the ṼL condition was not made. Since the primary focus of the present study is 

the production of nasal vowels in liaison, only the tokens with a complete realization of 

the liaison consonant <n> were maintained. The totals in Table 5, above, represent the 

token counts that will be used in the present analysis. 57 tokens were removed from the 

dataset because of a failure to produce an expected liaison. These are listed in Table 6 

below according to the W1 nasal vowel-final lexical item. For each word in Table 6, the 

number deleted is given over the total token count for that word, as well as the resulting 

percentage. 
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 ancien 

former 

bon 

good 

certain 

certain 

moyen 

middle 

plein 

full 

prochain 

next 

son 

his/her 

ton 

your All 

Tokens 

removed 

over total 

tokens in 

liaison 

14/ 

171 

 

8.2% 

3/ 

187 

 

1.6% 

18/ 

130 

 

13.8% 

6/ 

57 

 

10.5% 

1/ 

113 

 

0.9% 

8/ 

150 

 

5.3% 

5/ 

150 

 

3.3% 

2/ 

166 

 

1.2% 

57/ 

1124 

 

5.1% 

Table 6: Tokens for each W1 removed from the datasets across all speakers because 

the expected liaison was not made 

Though the primary focus of this study is the production of nasal vowels in 

liaison, a brief mention ought to be made of the word sequences where liaison was 

expected to be obligatory yet was not made by all speakers for all items. Liaison was 

relatively consistent with <ɔ>̃ when it was the target vowel of W1; each of the three 

words with <ɔ>̃ (i.e. bon, son, and ton) were produced with liaison in at least 96% of the 

possible liaison sites. Liaison appeared to be more variably made with <ɛ>̃ when it was 

the target vowel of W1. The word plein induced the highest percentage of liaison and 

certain, the lowest: plein (99.1%) > prochain (94.7%) > ancien (91.8%) > moyen 

(89.5%), > certain (86.2%). This trend is likely not linked directly to the vowel itself, but, 

rather, to the frequency of the words and expressions in which the nasal vowels are 

located. As described earlier (1.2.1), production of W1 in liaison can vary depending on 

frequency, collocation, and other usage constraints. These findings of optional liaison 

when obligatory liaison is expected (summarized in Table 6) indicate a slight deviation 

from the traditional descriptions (Delattre, 1947/1966; Fouché, 1959), and may be 

interpreted as evidence for a usage-based understanding of liaison (Ågren, 1973; Bybee, 

2001, 2005; Côté, 2013). They support Sampson’s (2001) findings of what he calls 

ZERO-liaison: when liaison is not made in conditions where it is traditionally prescribed.  

 



 76 

 

Figure 11: Spectrogram and waveform illustrating the deletion of <ɔ>̃ in the word 

sequence son ordinateur ‘his/her computer’ as produced by speaker P6  

Another set of tokens was removed from the dataset for reasons of reduced 

pronunciation. Speakers deleted11 22 nasal vowels in liaison, which left no nasal vowel to 

analyze (see Figure 11, above). However, the liaison consonant was still present and, 

consequently, made enchaînement with the following word. This phenomenon occurred 

in the production of three words: moyen ‘middle’, prochain ‘next’, and son ‘his/her’ (see 

Table 7, below). Three occurrences occurred in the word moyen ‘middle’ (e.g., Moyen 

Age ‘Middle Ages’ realized as <mwaj.naʒ>), one occurrence was observed in the word 

prochain ‘next’ (i.e., prochain arrêt ‘next stop’ realized as <pʀɔʃ.na.ʀɛ>), and 18 

                                                 
11 The deleted tokens were initially identified when listening to the recordings, then they were examined 
more closely at the acoustic level. For the vowels in son and prochain, there was no measureable vowel 

between the preceding fricative (<s> and <ʃ>, respectively) and the following nasal consonant <n>. For the 

vowel in moyen, there was no leveling or steady state for the nasal vowel <ɛ̃> after the glide <j>; it may be 

that the vowels in these tokens were simply reduced, and not deleted, but because the preceding glide has 

robust formants (unlike the preceding fricatives of the other words in which vowels were deleted), it is 

difficult to determine whether the nasal vowel <ɛ̃> or the glide directly preceded the closure to the 

consonant <n>. However, as the formants of the <j> in moyen never appeared to stabilize or alter trajectory 

before closure, it was determined that they were essentially deleted. 



 77 

occurrences were observed with the possessive determiner son ‘his/her’ (e.g., son 

ordinateur ‘his/her computer’ was realized as <snɔʀ.di.na.tœʀ>). Although liaison with 

enchaînement was made for each of these tokens, they were also removed from the 

dataset, as there was no vocalic portion, hence no final syllable of W1, to analyze. 

Discussion of this phenomenon will be discussed in the following chapter, as it relates to 

how nasal vowels are produced in liaison.  

 

 

moyen 

‘middle’ 

prochain 

‘next’ 

son 

‘his/her’ 

# of tokens with Ṽ 

deletion over the total 

number of tokens in 

liaison per W1  

3/57 

 

5.3% 

1/150 

 

0.67% 

18/150 

 

12% 

Table 7: Tokens removed from the datasets of all speakers due to deletion of nasal 

vowel in liaison 

 

3.3 Results of pairings V:ṼC, ṼC:ṼN and ṼC:VE 

After the usable observations were identified, a first analyses (i.e., t-tests for each 

of the acoustic measures on the vowel pairing V vs. ṼC of a given speaker) was applied 

to the individual datasets to determine which of the acoustic measures selected (i.e., A1-

P0, A3-P0, CoG, F1 bandwidth, and F2) were best suited for predicting nasality for a 

given speaker and her vowels (i.e., <ɔ>̃ or <ɛ>̃). As the measures were selected based on 

their relative efficacy in discriminating nasal from oral vowels in earlier studies, tokens 

from the reading tasks were used to determine which measures were effective in 

detecting expected nasality (Carignan, 2014; Carignan et al., 2011; Chen, 1997; Styler, 

2015). That is, the measures were applied first to the vowel pairing that is assumed to be 
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maximally distinct with regards to nasality, V:ṼC (e.g., votre vs. bon film), for each 

vowel–either <ɔ>̃ or <ɛ>̃–for each speaker to assess which of the five measures were best 

suited for that speaker and her respective datasets for the vowel <ɔ>̃ (vs. <ɔ>) and the 

vowel <ɛ>̃ (vs. <ɛ>). This is a necessary step, as has been demonstrated (Styler, 2015), 

there is no single acoustic correlate to discern oral/nasal distinctions across speakers and 

across vowels.  

I’ll exemplify this process with the data of participant P7; to determine the 

efficacy of the acoustic measures on <ɔ>̃ for this speaker, five separate t-tests (one for 

each acoustic measure) were run for the most distinctive pairing V:ṼC. For example, a t-

test was fit to determine whether or not A1-P0 could accurately predict the difference 

between the two vowel types V and ṼC for <ɔ>̃. If the result was significant (p < 0.05) in 

the expected direction (e.g., if A1-P0 yields a lower value for ṼC than for V), the 

measure was retained as a suitable measure for the vowel for that speaker. For P7, for 

instance, four of the five measures for <ɔ>̃ reached significance in the expected direction 

on the pairing V:ṼC (see Table 8, below, or Appendix 12, where shaded columns 

indicate the measures that reached significance in the expected direction on at least three 

measures for V:ṼC, and that failed to reach significance on at least three measures for 

ṼC:ṼN and VC:VE where no significant differences between vowels were expected.). 

As these four measures (i.e., A1-P0, CoG, F1 Bandwidth, and F2) proved suitable in 

these three test pairings, they will be considered suitable for further analysis on other 

pairings (e.g., V:ṼL), and the failed measure (i.e., A3-P0) will not be used further.  
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P7 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 0.2759 0.0475 0.0001 0.0205 

ṼC:ṼN 0.8503 0.4864 0.2101 0.3325 0.1674 

VC:VE 0.8204 0.8605 0.6865 0.5827 0.6393 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.9755 0.7580 0.6196 0.0015 < 0.0001 

ṼC:ṼN 0.8941 0.9991 0.8066 0.7733 0.3879 

VC:VE 0.4507 0.6894 0.4602 0.2272 0.2228 

Table 8: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P7 

When two or fewer measures achieved significance in the expected direction, it 

was determined that not enough measures were suitable for the vowel for that speaker. 

Such was the case for the <ɛ>̃ dataset for P7, where only the measures F1 Bandwidth and 

F2 reached significance in the expected direction. With fewer than three reliable 

measures, the <ɛ̃> dataset for P7 will not be analyzed further.  

The measures for ṼC:ṼN, where both vowels are expected to be nasalized, and 

for VC:VE, where both vowels are expected to be oral (or at least similarly influenced by 

coarticulation), were used as a secondary test to make sure that the measures selected as 

adequate for distinguishing oral from nasal vowels were not actually generating false 

positives. If at least three measures failed to reach significance on these non-distinct 

pairings, the dataset was included in further analysis. In the example case, the <ɔ̃> dataset 

of P7 was included in further analyses, using the three measures that proved reliable to 

distinguish the V:ṼC pairing.  

This same process was applied to the datasets of each of the 19 speakers. The 

following Tables depict the results for each participant on the measures V:ṼC, ṼC:ṼN, 

and VC:VE. Bolded values indicate that significance was reached in the expected 

direction. Highlighted columns indicate that the measure seems reliable for further 
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analysis; that is, the measure indicates there to be significant difference in the expected 

direction in the production of the vowels in the maximally different pairing V:ṼC, and 

the measure also indicates there to be no significant difference in the expected direction 

in the pairings ṼC:ṼN and VC:VE: 

 

P1 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.1423 0.0076 0.0228 0.0002 0.2746 

ṼC:ṼN 0.0175 0.1024 0.8406 0.0176 0.1348 

VC:VE 0.4131 0.8876 0.4743 0.0724 0.2028 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.6037 0.5551 0.0001 < 0.0001 < 0.0001 

ṼC:ṼN 0.9540 0.7045 0.0359 0.9700 0.2378 

VC:VE 0.1309 0.0192 0.0443 0.6355 0.6479 

Table 9: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P1 

For P1, three measures for the <ɔ>̃ dataset (i.e., A3-P0, CoG, and F1 Bandwidth) 

and three measures for the <ɛ>̃ dataset (i.e., CoG, F1 Bandwidth, and F2) indicated 

significant differences where expected (see Table 9, above). These will be used to 

analyze other vowel pairings. 

 

P3 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0023 < 0.0001 0.0111 0.0052 0.0008 

ṼC:ṼN 0.0762 0.1675 0.1814 0.0379 0.5958 

VC:VE 0.1383 0.0025 0.0887 0.1468 0.0010 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.4887 0.0305 < 0.0001 0.0037 0.0001 

ṼC:ṼN 0.4789 0.4356 0.6143 0.5236 0.7270 

VC:VE 0.7500 0.5797 0.6563 0.8962 0.3887 

Table 10: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P3 
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For P3, all five measures for the <ɔ>̃ dataset and four measures for the <ɛ>̃ 

dataset (i.e., A3-P0, CoG, F1 Bandwidth, and F2) indicated significant differences where 

expected (see Table 10, above). These will be used to analyze other vowel pairings. 

 

P4 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0227 0.1441 0.4358 0.3084 0.0157 

ṼC:ṼN 0.0896 0.7064 0.3968 0.7764 0.2591 

VC:VE 0.1716 0.4919 0.2335 0.1623 0.8504 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.5297 0.9746 0.9845 0.4529 0.3075 

ṼC:ṼN 0.1921 0.3878 0.4526 0.0417 < 0.0001 

VC:VE 0.4201 0.0340 0.9066 0.0532 0.6006 

Table 11: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P4 

For P4, only one measure for the <ɔ>̃ dataset (i.e., A1-P0) indicated significant 

differences where expected, and no measure for the <ɛ>̃ dataset (i.e., F1 Bandwidth and 

F2) indicated significant differences where expected (see Table 11, above). These 

datasets will not be analyzed further. 

 

P5 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0055 0.0335 0.0052 < 0.0001 0.0663 

ṼC:ṼN 0.6006 0.4822 0.0211 0.1936 0.9200 

VC:VE 0.1924 0.1457 0.1412 0.3715 0.1640 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0175 0.0235 0.7211 0.0004 0.1158 

ṼC:ṼN 0.0861 0.3197 0.4333 0.8838 0.6837 

VC:VE 0.7800 0.7576 0.3017 0.7410 0.3178 

Table 12: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P5 
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For P5, four measures for the <ɔ>̃ dataset (i.e., A1-P0, A3-P0, CoG, and F1 

Bandwidth) and three measures for the <ɛ>̃ dataset (i.e., A1-P0, A3-P0, and F1 

Bandwidth) indicated significant differences where expected (see Table 12, above). 

These will be used to analyze other vowel pairings. 

 

P6 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0001 0.0039 0.0485 0.0250 0.0974 

ṼC:ṼN 0.1405 0.0639 0.0200 0.8836 0.3261 

VC:VE 0.6558 0.6237 0.1599 0.5763 0.4587 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.1161 0.1896 0.0090 0.0002 < 0.0001 

ṼC:ṼN 0.3575 0.2027 0.8749 0.2936 0.7313 

VC:VE 0.9836 0.0153 0.2151 0.1965 0.2555 

Table 13: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P6 

For P6, four measures for the <ɔ>̃ dataset (i.e., A1-P0, A3-P0, CoG, and F1 

Bandwidth) and three measures for the <ɛ>̃ dataset (i.e., CoG, F1 Bandwidth, and F2) 

indicated significant differences where expected (see Table 13, above). These will be 

used to analyze other vowel pairings. 

 

P7 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 0.2759 0.0475 0.0001 0.0205 

ṼC:ṼN 0.8503 0.4864 0.2101 0.3325 0.1674 

VC:VE 0.8204 0.8605 0.6865 0.5827 0.6393 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.9755 0.7580 0.6196 0.0015 < 0.0001 

ṼC:ṼN 0.8941 0.9991 0.8066 0.7733 0.3879 

VC:VE 0.4507 0.6894 0.4602 0.2272 0.2228 

Table 14: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P7 
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For P7, four measures for the <ɔ>̃ dataset (i.e., A1-P0, CoG, F1 Bandwidth, and 

F2) and two measures for the <ɛ>̃ dataset (i.e., CoG, F1 Bandwidth, and F2) indicated 

significant differences where expected (see Table 14, above). Only the four measures for 

the <ɔ>̃ dataset will be used to analyze other vowel pairings.  

 

P8 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 0.0010 0.0076 0.3073 0.0013 

ṼC:ṼN 0.1928 0.5359 0.0179 0.0122 0.7926 

VC:VE 0.0053 0.3021 0.7332 0.8590 0.7155 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0025 0.0135 0.3776 < 0.0001 < 0.0001 

ṼC:ṼN 0.9758 0.4843 0.3880 0.0778 0.0037 

VC:VE 0.2945 0.3038 0.4890 0.4455 0.3075 

Table 15: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P8 

For P8, three measures for the <ɔ>̃ dataset (i.e., A1-P0, A3-P0, and CoG) and four 

measures for the <ɛ>̃ dataset (i.e., A1-P0, A3-P0, F1 Bandwidth, and F2) indicated 

significant differences where expected (see Table 15, above). These will be used to 

analyze other vowel pairings. 

 

P9 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 0.0018 0.0167 0.0004 0.7804 

ṼC:ṼN 0.7353 0.3644 0.6298 0.5751 0.1179 

VC:VE 0.3427 0.4757 0.8002 0.4906 0.2371 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.9326 0.1235 0.0002 0.0001 0.0004 

ṼC:ṼN 0.5925 0.1750 0.3125 0.1365 0.7329 

VC:VE 0.6009 0.5245 0.1201 0.0173 0.2700 

Table 16: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P9 
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For P9, four measures for the <ɔ>̃ dataset (i.e., A1-P0, A3-P0, CoG, and F1 

Bandwidth) and three measures for the <ɛ>̃ dataset (i.e., CoG, F1 Bandwidth, and F2) 

indicated significant differences where expected (see Table 16, above). These will be 

used to analyze other vowel pairings. 

 

P10 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0017 0.0091 0.0798 0.8408 0.8304 

ṼC:ṼN 0.1471 0.1959 0.1264 0.8733 0.9712 

VC:VE 0.3155 0.4351 0.3950 0.9983 0.8947 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.2415 0.3980 < 0.0001 0.0198 < 0.0001 

ṼC:ṼN 0.3095 0.3940 0.9531 0.0786 0.1809 

VC:VE 0.2218 0.4579 0.6335 0.6656 0.4017 

Table 17: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P10 

For P10, only two measures for the <ɔ>̃ dataset (i.e., A1-P0 and A3-P0) appear to 

be reliable. This dataset will not be analyzed further. Three measures for the <ɛ>̃ dataset 

(i.e., CoG, F1 Bandwidth, and F2) indicated significant differences where expected (see 

Table 17, above). These will be used to analyze other vowel pairings. 

 

P11 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.1423 0.0076 0.0228 0.0002 0.2746 

ṼC:ṼN 0.0175 0.1024 0.8406 0.0176 0.1348 

VC:VE 0.5541 0.3395 0.4261 0.3311 0.7628 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.6037 0.5551 0.0001 < 0.0001 < 0.0001 

ṼC:ṼN 0.8490 0.9572 0.0471 0.7946 0.4722 

VC:VE 0.2331 0.2910 0.1363 0.5846 0.8899 

Table 18: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P11 
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For P11, three measures for the <ɔ>̃ dataset (i.e., A3-P0, CoG, and F1 Bandwidth) 

and three measures for the <ɛ>̃ dataset (i.e., CoG, F1 Bandwidth, and F2) indicated 

significant differences where expected (see Table 18, above). These will be used to 

analyze other vowel pairings. 

 

P12 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 0.0231 0.0103 < 0.0001 0.0339 

ṼC:ṼN 0.9179 0.0363 0.0545 0.1172 0.3168 

VC:VE 0.1157 0.5393 0.5257 0.2720 0.6873 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.4397 0.5793 < 0.0001 0.0014 < 0.0001 

ṼC:ṼN 0.8180 0.8315 0.1655 0.4857 0.0484 

VC:VE 0.8245 0.6423 0.7850 0.2119 0.2313 

Table 19: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P12 

For P12, all five measures for the <ɔ>̃ dataset and three measures for the <ɛ>̃ 

dataset (i.e., CoG, F1 Bandwidth, and F2) indicated significant differences where 

expected (see Table 19, above). These will be used to analyze other vowel pairings. 

 

P13 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 0.0122 0.0603 0.1223 0.1792 

ṼC:ṼN 0.3347 0.4389 0.4980 0.2673 0.3647 

VC:VE 0.9085 0.7828 0.1275 0.2460 0.9330 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 < 0.0001 0.1464 < 0.0001 < 0.0001 

ṼC:ṼN 0.0682 0.2333 0.3762 0.0295 0.0111 

VC:VE 0.4417 0.2693 0.5960 0.4109 0.9194 

Table 20: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P13 
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For P13, only two measures for the <ɔ>̃ dataset (i.e., A1-P0 and A3-P0) indicated 

significant differences where expected. This dataset will not be included in further 

analysis. Four measures for the <ɛ>̃ dataset (i.e., A1-P0, A3-P0, F1 Bandwidth, and F2) 

indicated significant, expected differences (see Table 20, above). These will be used to 

analyze other vowel pairings. 

 

P14 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.8109 0.1478 0.9353 0.0263 0.0909 

ṼC:ṼN 0.0893 0.9895 0.9118 0.2017 0.1969 

VC:VE 0.5870 0.4968 0.8101 0.8973 0.9327 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.1991 0.0003 0.0895 0.3225 < 0.0001 

ṼC:ṼN 0.0314 0.2087 0.5549 0.4210 0.5247 

VC:VE 0.3101 0.6451 0.7293 0.8843 0.1666 

Table 21: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P14 

For P14, none of the measures for the <ɔ>̃ dataset indicated significant differences 

where expected. This dataset will not be included in further analyses. Two measures for 

the <ɛ>̃ dataset (i.e., A3-P0 and F2) indicated significant differences where expected (see 

Table 21, above). This dataset will not be included in further analyses. 
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P15 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0362 0.9025 0.0002 0.0007 0.1087 

ṼC:ṼN 0.2062 0.3879 0.0514 0.7677 0.6163 

VC:VE 0.2092 0.9221 0.4074 0.4701 0.4229 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 0.0052 0.5063 < 0.0001 < 0.0001 

ṼC:ṼN 0.6505 0.8013 0.6701 0.7482 0.5287 

VC:VE 0.3017 0.7322 0.7751 0.4254 0.5198 

Table 22: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P15 

For P15, three measures for the <ɔ>̃ dataset (i.e., A1-P0, CoG, and F1 Bandwidth) 

and four measures for the <ɛ>̃ dataset (i.e., A1-P0, A3-P0, F1 Bandwidth, and F2) 

indicated significant differences where expected (see Table 22, above). These will be 

used to analyze other vowel pairings. 

 

P16 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0021 0.2070 0.1586 < 0.0001 0.5529 

ṼC:ṼN 0.9140 0.0788 0.0233 0.3144 0.1568 

VC:VE 0.8299 0.1757 0.1052 0.9086 0.5332 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 < 0.0001 0.4523 < 0.0001 < 0.0001 

ṼC:ṼN 0.5331 0.9050 0.6748 0.9394 0.9534 

VC:VE 0.2464 0.6629 0.7103 0.6092 0.3454 

Table 23: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P16 

For P16, only two measures for the <ɔ>̃ dataset (i.e., A1-P0 and F1 Bandwidth) 

indicated significant differences where expected. This dataset will not be analyzed 

further. Four measures for the <ɛ>̃ dataset (i.e., A1-P0, A3-P0, F1 Bandwidth, and F2) 
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indicated significant differences where expected (see Table 23, above). These will be 

used to analyze other vowel pairings. 

 

P17 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0009 < 0.0001 0.1186 0.0005 < 0.0001 

ṼC:ṼN 0.1956 0.1091 0.2552 0.4863 0.1651 

VC:VE 0.0937 0.2574 0.0852 0.0509 0.7294 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 0.0068 < 0.0001 0.0006 < 0.0001 

ṼC:ṼN 0.0052 0.5680 0.4314 0.3799 0.0001 

VC:VE 0.5523 0.0480 0.0128 0.6884 0.9229 

Table 24: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P17 

For P17, four measures for the <ɔ>̃ dataset (i.e., A1-P0, A3-P0, F1 Bandwidth, 

and F2) and all five measures for the <ɛ>̃ dataset indicated significant differences where 

expected (see Table 24, above). These will be used to analyze other vowel pairings. 

 

P18 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0007 0.0676 0.0086 < 0.0001 0.3925 

ṼC:ṼN 0.0851 0.0300 0.0807 0.0670 0.1418 

VC:VE 0.4987 0.0515 0.2202 0.8168 0.7556 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 < 0.0001 0.1687 < 0.0001 < 0.0001 

ṼC:ṼN 0.3008 0.2823 0.4194 0.1977 0.1736 

VC:VE 0.0694 0.0093 0.0712 0.0609 0.9172 

Table 25: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P18 

For P18, three measures for the <ɔ>̃ dataset (i.e., A1-P0, CoG, and F1 Bandwidth) 

and four measures for the <ɛ>̃ dataset (i.e., A1-P0, A3-P0, F1 Bandwidth, and F2) 



 89 

indicated significant differences where expected (see Table 25, above). These will be 

used to analyze other vowel pairings. 

 

P20 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 0.6527 0.0996 < 0.0001 0.0138 

ṼC:ṼN 0.0374 0.3123 0.5072 0.7191 0.8538 

VC:VE 0.1591 0.7784 0.9297 0.0140 0.1989 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0303 0.7680 0.0003 < 0.0001 < 0.0001 

ṼC:ṼN 0.1248 0.0077 0.0100 0.9414 0.0027 

VC:VE 0.3842 0.9488 0.2807 0.3020 0.7319 

Table 26: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P20 

For P20, only two measures for the <ɔ>̃ dataset (i.e., A1-P0 and F1 Bandwidth) 

indicated significant differences where expected. This dataset will not be analyzed 

further. Four measures for the <ɛ>̃ dataset (i.e., A1-P0, CoG, F1 Bandwidth, and F2) 

indicated significant differences where expected (see Table 26, above). These will be 

used to analyze other vowel pairings. 

 

P21 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC < 0.0001 0.0262 0.2079 0.0003 0.5445 

ṼC:ṼN 0.6609 0.6642 0.7782 0.5901 0.7836 

VC:VE 0.2626 0.9707 0.1931 0.2062 0.0915 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V:ṼC 0.0025 0.0009 0.9067 0.0080 < 0.0001 

ṼC:ṼN 0.3971 0.2254 0.6491 0.7109 0.2913 

VC:VE 0.4841 0.5220 0.4349 0.5759 0.2345 

Table 27: p-values for the logistic regressions performed for each acoustic 

measurement on the vowel pairings V:ṼC, ṼC:ṼN, and VC:VE for P21 
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For P21, three measures for the <ɔ>̃ dataset (i.e., A1-P0, A3-P0, and F1 

Bandwidth) and four measures for the <ɛ>̃ dataset (i.e., A1-P0, A3-P0, F1 Bandwidth, 

and F2) indicated significant differences where expected (see Table 27, above). These 

will be used to analyze other vowel pairings. 

 

3.4 Discussion of acoustic measures 

Overall the acoustic measures seem to have indicated more consistently the 

expected differences on the pairing of V:ṼC for <ɛ>̃ than for <ɔ>̃ for most speakers. That 

is, at least three acoustic measures indicated the expected differences between pre-

consonantal <ɛ>̃ and its oral counterpart for 16 of the 19 speakers; whereas, similar 

results were achieved for only 13 of the 19 speakers when analyzing data for <ɔ>̃ (see 

Table 28, below). Comparison of the pairing ṼC:ṼN, which was not expected to show 

any significant difference in production, indicated that significant differences were 

detected on one or fewer measures for all 19 participants. Comparison of the oral vowel 

pairing VC:VE (e.g., bonne situation ‘good situation’ vs. bonne amie ‘good friend’), 

which was similarly not expected to show any significant difference in production, 

indicates that one or fewer measures reached significance for all 19 participants.  

 

<ɔ,ɔ>̃ 

# of speakers to 

reach significance 

on ≥ 3 measures 

# of speakers to 

reach significance 

on ≤ 2 measures 
Expected 

difference 

V:ṼC 13 6 Yes 

ṼC:ṼN 0 19 No 

VC:VE 0 19 No 

Table 28: Comparison of the efficacy of the measures that reached significance 

(p<0.05) for the test <ɔ>̃ vowel pairings across all speakers  
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The acoustic measures that most frequently returned a significant result in the 

production of these vowels were A1-P0, which reached significance for 16 speakers, and 

F1 bandwidth, which reached significance for 14 speakers (see Table 29, below). The 

measure that appears to be least likely to show a difference between the oral and nasal 

vowels corresponding to the <ɔ>̃ category was that of F2, which reached significance for 

only five of the speakers. 

 

V:ṼC <ɔ>̃ 

Measure A1-P0 A3-P0 CoG F1Bw F2 

TOTAL 16 12 11 14 5 

Table 29: The number of speakers for whom each acoustic measure reached 

significance for the pairing of oral vowel V:ṼC for all speakers 

The measure of A1-P0, which predicted the expected difference in the pairing 

V:ṼC for 16 of the 19 speakers, seems to have been suitable for both male and female 

speakers for this vowel (See Table 30, below). Likewise, A3-P0 and CoG yielded similar 

values for both male and female speakers. The measure F1 bandwidth seems to have been 

better suited for female voices than for male voices, as four of the five speakers for whom 

the measure failed to indicate the expected difference in nasality were male. The measure 

of F2 was the least effective measure for all speakers, as it only indicated the expected 

difference in this vowel pairing for five speakers (see Table 29, above). Of those five 

speakers, only one of them was male (P21). The average F2 values for V and ṼC among 

male speakers were 1164.421 Hz and 1164.488 Hz, a remarkably small difference of only 

0.067 Hz (see Table 30, below). 
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<ɔ>̃ A1-P0 (dB) A3-P0 (dB) CoG (Hz) F1Bw (Hz) F2 (Hz) 

V (male) 7.815 -19.029 461.252 157.672 1164.421 

ṼC (male) 3.616 -23.079 403.604 261.522 1164.488 

Avg. difference 4.199 4.05 57.648 103.85 0.067 

V (female) 5.262 -26.944 489.283 105.127 1267.803 

ṼC (female) 0.566 -32.545 423.631 267.215 1199.913 

Avg. difference 4.697 5.601 65.652 162.087 67.890 

Table 30: Average values of A1-P0, A3-P0, CoG, F1 bandwidth, and F2 for <ɔ>̃ 

across all speakers in pairing V:ṼC, as well as average difference between 

V and ṼC values for each measure 

Results from the pairings V:ṼC, ṼC:ṼN and ṼC:VE indicate that the acoustic 

measures for 16 speakers detect differences in the pronunciation of <ɛ> and <ɛ>̃ as 

expected. Comparison of the pairing V:ṼC, which was expected to show the most 

significant difference in production, indicated that significant differences were detected 

on three or more measures for 16 (see Table 31, below). Comparison of the pairing 

ṼC:ṼN, which was not expected to show any significant difference in production, 

indicated that significant differences were detected on one or fewer measures for all 19 

participants. Comparison of the pairing with oral vowels, VC:VE, which was not 

expected to show any significant difference in production, indicated that significant 

differences were detected on one or fewer measures for all 19 speakers.  
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Table 31: The number of measures that reached significance (p<0.05) for the test <ɛ>̃ 

vowel pairings across all speakers 

The acoustic measures that most frequently indicated a significant difference in 

the production of V vs ṼC for <ɛ>̃ were F1 bandwidth and F2, which each reached 

significance for 17 speakers (see Table 32, below). The results for F2 on <ɛ>̃ were vastly 

different from what was observed for the <ɔ>̃ datasets where F2 was by far the least 

effective measure. For both F2 and F1 bandwidth, the two speakers for whom the 

measures failed to indicate the expected difference were male. The other three measures 

also proved to be moderately effective for this vowel pairing, with A3-P0 having reached 

significance for 10 speakers, and A1-P) and CoG each having reached significance for 9 

speakers. 

 

V:ṼC <ɛ>̃ 

Measure A1-P0 A3-P0 CoG F1Bw F2 

TOTAL 9 10 9 17 17 

Table 32: The number of speakers for whom each acoustic measure reached 

significance for the pairing V:ṼC for all speakers 

A peculiarity for the measure CoG appeared in the <ɛ>̃ datasets: when the 

measure CoG reached significance on V:ṼC (and all other pairings), it was consistently 

in a direction opposite from what was expected. CoG is typically characterized as being 

lower in nasal segments than in oral segments, as proved to be the case in the <ɔ>̃ 

<ɛ,ɛ>̃ 

# of speakers to 

reach significance 

on ≥ 3 measures 

# of speakers to 

reach significance 

on ≤ 2 measures 
Expected 

difference 

V:ṼC 16 3 Yes 

ṼC:ṼN 0 19 No 

VC:VE 0 19 No 
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datasets. However, for the <ɛ>̃ datasets of the present study, the opposite was consistently 

true. Because the measures for CoG reached significance in the V:ṼC pairing, I have kept 

the data for this measure for the <ɛ>̃ datasets with the proviso that it is the reverse of 

what is generally predicted for spectral CoG in oral vs. nasal vowels. In Table 33, below, 

we observe that the average CoG value for <ɛ̃> in the present study is higher for the nasal 

vowel (e.g., 611.079 Hz for male speakers) than for <ɛ> (e.g., 562.919 Hz for male 

speakers). Average values for each acoustic measure for each speaker and vowel are 

given in Appendices 8-44 (evens), and total mean values for all males and females are 

given in Appendices 45 and 46, respectively. 

 

<ɛ>̃ A1-P0 (dB) A3-P0 (dB) CoG (Hz) F1Bw (Hz) F2 (Hz) 

V (male) 6.996 -12.520 562.919 109.668 1633.774 

ṼC (male) 4.4175 -18.375 611.079 229.850 1281.976 

Avg. difference 2.579 5.855 -48.160 -120.182 351.798 

V (female) 4.245 -19.841 525.185 83.618 1986.663 

ṼC (female) 1.629 -21.919 664.501 214.508 1470.624 

Avg. difference 2.617 2.078 -139.317 -130.890 516.039 

Table 33: Average values of A1-P0, A3-P0, CoG, F1 bandwidth, and F2 for <ɛ>̃ 

across all speakers in pairing V:ṼC, as well as average difference between 

V and ṼC values for each measure 

The <ɔ>̃ dataset was removed for speakers P4, P10, P13, P14, P16, and P20 (for 

p-values on all pairings for each speaker, see Appendices 11, 23, 29, 31, 35, and 41). The 

data for the other 13 speakers remain for further consideration. The <ɛ>̃ datasets were 

removed for speakers P4, P7, and P14 (for p-values on all pairings for each speaker, see 

Appendices 11, 17, and 31), with data for the other 16 remaining.  
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3.5 The efficacy of the acoustic measures 

The acoustic measures selected by the procedures used in this study discriminated 

the vowels predicted to be nasal from those predicted to be oral. For most of the speakers, 

the majority of the measures indicated a difference between the different vowel pairings 

when expected (e.g., V:ṼC), and showed little to no significant difference in production 

when no difference was anticipated (e.g., ṼC:ṼN). However, the results evidenced 

individual differences in which some measures worked better on the productions of 

particular speakers than did others. This finding may correlate with the articulatory 

findings of Carignan (2014) who observes that “speakers use idiosyncratic combinations 

of…articulations” (p.31) to produce distinctions between oral and nasal vowels; it is, 

therefore, possible that the measures used here were not fully effective in capturing the 

particular way that each individual speaker produces nasality. However, it is also possible 

that the datasets contain errors in measurements themselves (e.g., misidentified F2, the 

wrong harmonic selected for P0, etc.). Despite the errors that undoubtedly persist in the 

data, user-error as the primary cause of failure to reach significance seems less likely in 

the case of the six rejected <ɔ>̃ datasets, as four of the six failed to reach significance in 

the ṼC:V pairing on the three acoustic measurements that were taken automatically (i.e., 

CoG, F1 Bandwidth, and F2), and not manually. And in the case of P14, all five measures 

failed to reach significance in the expected direction. 

It may also be that the variable phonological contexts of the vowels in the words 

in which the vowels were produced have had an influence on the outcome. This seems 

unlikely for the nasal vowels, given the distribution of failed datasets. The nasal vowel 

<ɛ>̃ is produced word-finally in a larger variety of words that appear in contexts of 

obligatory liaison (e.g., ancien, certain, prochain, etc.). Because of the variety of 

phonemes that can precede <ɛ>̃ in these adjectives (i.e., <j_, ʃ_, l_, t_>), it seems as 
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though these differences would influence the speech signal in the nasal vowels in such a 

way as to create too much variation in the group; especially given that the vowel 

immediately follows a glide or a liquid in some of these words. However, only three <ɛ>̃ 

datasets were removed due to failed measures. The pre-nominal adjectives and 

determiners in which <ɔ>̃ is produced form a very small group in the stimuli: bon, son, 

and ton. The preceding sounds are stops and fricatives (i.e., <b,t,s>), which have a more 

defined transition to the following vowel relative to the liquids and glides of the <ɛ>̃ 

words. Still, the acoustic measures were better suited for the more diverse <ɛ>̃ datasets 

than the more limited set of words with <ɔ>̃.  

The problem may actually lie in the oral vowels, and not the nasal vowels. 

Although the concept of oral counterparts to the nasal vowels in NMF is contested, oral 

vowels are necessary for the comparisons to nasal vowels. Because the identity of the 

oral alternate to <ɔ>̃ varies between <ɔ> and <o>, both oral vowels were produced as oral 

counterparts in the present study. However, the inclusion of both vowels as alternates for 

<ɔ>̃ may have been a confounding element in the datasets for some speakers. The fact 

that the acoustic measures proved suitable for a greater number of the <ɛ>̃ datasets (i.e., 

successful on V:ṼC for 16/19 datasets), may be due to <ɛ>̃ having one clear counterpart, 

<ɛ>. 

In no nasal-/oral-vowel pair is the question of oral counterpart more difficult to 

determine than it is in the pair <ɔ̃> and <o,ɔ>. Carignan (2014) references the work of 

Fougeron & Smith (1999) to argue that <ɔ> may not be the phonological counterpart of 

<ɔ>̃ because it is rarely produced in stressed, open syllables in French. However, in 

liaison, it is possible that <ɔ> occurs in open syllables due to the resyllabification that 

occurs in this sandhi environment. Given the acoustic and articulatory differences 

between the nasal vowels and their traditional oral counterparts, one may be inclined to 
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agree with Chen (1997) who states that nasal vowels don’t have true oral counterparts. 

However, a denasalized nasal vowel is arguably less nasal than, or at least different from, 

a nasal vowel, such that there may be a continuum of nasality from nasal to oral, even if 

the quality of the vowel may change in the course of its nasalization. In this respect, the 

inclusion of both <o> and <ɔ> in the present study may be justified, but the decision to 

treat both together as counterparts to <ɔ>̃ should be reevaluated in future study. 

There are certain attributes of the vowels themselves, and not the words in which 

they are produced, that merit a closer look. The acoustic measures seem to have proved 

particularly useful in distinguishing oral from nasal contexts in the <ɛ>̃ datasets since the 

datasets from only three speakers were removed, compared to the <ɔ>̃ datasets where the 

data for six speakers were removed. This disparity in the suitability of measures may be 

due to the relative distance in articulation between the pair <ɔ>̃ and <o> and the pair <ɛ>̃ 

and <ɛ>. In his study on the acoustic and articulatory differences of oral and nasal 

vowels, Carignan (2014) shows there to be a greater distance in the spectral dimension 

between <ɛ>̃ and <ɛ> than between <ɔ>̃ and <o>. He observes <ɛ>̃ to be much further 

back along the F2 dimension than <ɛ>, indicating that it is relatively backed The 

dispersion of <ɛ>̃ and <ɛ> along the height and backness dimension relative to <ɔ>̃ and 

<o> can be seen in the F1 x F2 vowel plot for speaker P17 in Figure 12, below. 
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Figure 12: Normalized F1 and F2 values for oral and nasal vowels for P17.  

While I do not wish to imply that <ɔ>̃ and <o> are merging, it does seem that they 

are less distinct than <ɛ>̃ and <ɛ>. Indeed, Hansen (2001a) observes evidence of a 

possible, backing and raising shift among nasal vowels in speakers of NMF. Whatever 

the reason or reasons for which the acoustic measures proved unsuitable for some of the 

datasets, they did seem to capture and bring to light some of the relationships between 

these vowels in the different contexts in which they are produced for many speakers.  
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3.6 Summary: Reliability of measures  

The first research question was: Can the acoustic measures of nasality that have 

been described as being the most reliable for predicting nasality actually indicate the 

expected differences between oral vowels in a non-liaison environment and non-liaison 

nasal vowels? The answer is in the affirmative; overall the measures selected indicate that 

an oral vowel is different from its nasal counterpart (e.g., <ɛ>̃ and <ɛ>). However, the 

results echo Styler’s (2015) that the measures must be demonstrated for the speakers and 

vowels in question. The measures selected were more effective on the <ɛ> datasets across 

speakers; although, the performance of the measures on the <ɔ>̃ datasets may be due to 

the vowels in the oral tokens. Additionally, F2 is better suited for female speakers than 

for male speakers in these data. 

The measures A1-P0 and F1 Bandwidth performed well on the <ɔ>̃ datasets, and 

F2 performed very poorly. However, F2 (along with F1 Bandwidth) was one of the most 

reliable measures for the <ɛ> datasets. F1 Bandwidth seems to be an excellent candidate 

for future acoustic studies on nasal vowels for its reliability and ease of execution (the 

measurement of F1 Bandwidth is built into Praat). Although A1-P0 and A3-P0 performed 

well on datasets for both vowels, the difficult process to extract the spectral features (i.e., 

A1, A3, and P0) required for these measures would require a reliable script to apply them 

to larger datasets.  

Although the results of the analyzed pairings require a certain measure of caution, 

many of them are reliable enough to discern differences in the production of oral and 

nasal vowels in contexts with potentially more variable differences than those in the 

maximally-different pairing V:ṼC. 
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Chapter 4:  Results and discussion: Nasal vowels in liaison 

4.1 Chapter overview 

This chapter addresses the research questions that target the relationships between 

oral vowels and nasal vowels in different phono-syntactic contexts. Specifically, the 

questions are: How are nasal vowels produced in position of liaison? Are denasalized 

nasal vowels produced with timbres identical to pre-nasal oral vowels? What are the 

acoustic attributes of vowel denasalization in NMF? To answer these questions, results 

from the pairings son/ton ṼC:son/ton ṼL, ṼC:ṼL, V:ṼL, and ṼL:VE are presented. An 

alternative production of the possessive determiner son ‘his/her’ in liaison, in which the 

nasal vowel is deleted, is described and discussed. Patterns of ṼL behavior for each 

vowel (i.e., <ɔ>̃ and <ɛ>̃) are presented. As the results will show, a nasal vowel <ɔ>̃ in 

liaison was typically produced with less nasality than <ɔ>̃ in positions where it is 

expected to be nasal. Production of the nasal vowel <ɛ>̃ in liaison was more varied in its 

patterns of production.  

 

4.2 Possessive determiners in liaison 

Results of the pairing son/ton ṼC : son/ton ṼL, or nasal vowel-final ton or son 

before vowel-initial W2 (a liaison context) vs. nasal vowel-final ton or son before a nasal 

consonant-initial W2 (e.g., ton avis ‘your opinion’ and ton nez ‘your nose’), indicated 

that significant differences were detected only one measure for one of the 13 participants 

(P7) for whom at least three acoustic measures indicated significant differences on the 

V:ṼC pairing. This suggests that the possessive determiners ton ‘your’ and son ‘his/her’ 

generally maintained the same level of acoustically-measurable nasality in pre-vocalic 

liaison position and in pre-consonantal contexts. In no case did more than one of the 
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acoustic measures reach significance when the possessive determiners were compared 

between non-liaison and liaison position (i.e., son/ton ṼC : son/ton ṼL). The acoustic 

measurement confirms Delattre’s (1947/1966) traditional description and Sampson’s 

(2001) more-recent affirmation that nasalization in grammatical words is typically 

maintained.  

An alternative treatment of the possessive determiner son ‘his/her’ was evidenced 

by the number of times it was produced in liaison without the nasal vowel <ɔ>̃. Of the 

150 tokens of the possessive determiner son ‘his/her’ that were produced in position of 

liaison by the 19 speakers, the vowels were deleted from ~12% (n=18) of them (see Table 

7, in 3.2). However, in each of these cases, liaison was still made with the enchaînement 

of the liaison consonant <n>. As the vowel was deleted, the onset and the liaison 

consonant of W1 became a complex onset of the following vowel-initial W2 (e.g., son 

ordinateur ‘his/her computer’ was realized as <snɔʀ.di.na.tœʀ>; see Figure 13, below).  
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Figure 13: Spectrogram and waveform illustrating the deletion of <ɔ>̃ in the word 

sequence son ordinateur ‘his/her computer’ as produced by speaker P6 

(reproduction of Figure 11) 

This behavior was seen elsewhere in the data with the fixed expression c’est à 

dire ‘that is to say’, which was frequently pronounced with deletion of the vowel <ɛ> in 

the word c’est, yielding the pronunciation <sta.diʀ>. This is not uncommon; historically, 

the phrase à cette heure ‘at this time’ in some varieties of French has become a separate 

lexeme ast(h)eure ‘now’<a.stœʀ> (Dictionary of Louisiana French, 2010, p. 42; Léandre 

Bergeron Dictionnaire de la langue québécoise, 1980, p. 51; M. Sarkar, L. Winer, & K. 

Sarkar, 2005, p. 2069). Interestingly, the son tokens that manifested vowel deletion in 

liaison were not part of any fixed expression; rather, they were found with a variety of 

W2: ordinateur ‘computer’, iPhone ‘iPhone’, histoire ‘history/story’, association 

‘association’, etc. The W2 that most frequently followed vowel deletion in son were 

ancienne ‘old/former (f.)’ and enfance ‘childhood’.  

Vowel deletion was not common in the production nasal vowels in liaison among 

all of the speakers in the present study. Deletion in son only occurred among six of the 19 
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speakers. Five of the eight son tokens produced by participant P6 in liaison were deleted, 

suggesting that this may be a common realization of son in liaison only among certain 

speakers. Although nasal vowels were deleted from a few of the lexical adjectives in 

liaison, they were significantly fewer in number (i.e., moyen ‘middle’ was deleted three 

times and prochain ‘next’, once). Three factors seem to make son a better candidate for 

this phenomenon than the adjectives and/or the similar possessive determiner ton: (1) it is 

grammatical rather than lexical, (2) it is monosyllabic (the other adjectives in which this 

phenomenon occurred are bisyllabic), and (3) it has a non-obstruent onset that can enter 

into licit onsets with the following stop consonant (unlike its possessive counterpart ton). 

These three factors place it in a similar morpho-phonological class as the truncated c’est 

in c’est à dire and the elided cette in astheure. 

In response to the second research question (i.e., How are nasal vowels produced 

in position of liaison?), it seems that denasalization does not typically occur in the nasal 

vowels in the possessive determiners son and ton. This confirms existing descriptions, as 

mentioned above. However, certain speakers are prone to delete the vowel in son in 

liaison. To my knowledge, the reduction of son in liaison has not been described before, 

although similar cases of vowel deletion in liaison/enchaînement have been observed in 

this and other varieties of French.  

 

4.3 Preposed <ɔ>̃ adjectives in liaison 

The pairings ṼC:ṼL, V:ṼL, and ṼL:VE, which pair nasal vowels in liaison with 

both nasals and vowels in non-liaison environments, were analyzed to obtain a greater 

understanding of how nasal vowel-final adjectives are produced in position of liaison. To 

reiterate, the data of the speakers whose measures failed to reach significance in the 
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expected direction have been removed for the results given in this section, and only the 

measures that proved to be reliable for distinguishing the maximally distinct V:ṼC 

pairing for each speaker were retained. 

Analysis of the pairing ṼC:ṼL (e.g., bon film ‘good film’ and bon effort ‘good 

effort’) indicated that significant differences were detected on the majority of reliable 

acoustic measures for nine participants (see Table 34, below). The difference in 

performance between son/ton and bon in the same contexts (i.e., ṼC:ṼL) is evident, and 

a Fisher’s exact test between the results of these words in the ṼC:ṼL pairing confirms 

that bon and son/ton are indeed produced differently in liaison (p<0.0001) in all 13 of the 

<ɔ>̃ datasets.  

 

<ɔ>̃ 

(son/ton) 

ṼC:ṼL 

bon: 

ṼC:ṼL V:ṼL ṼL:VE 

# who 

reached 

signif. 0 11 1 3 

# who failed 

to reach 

signif. 13 2 12 10 

Total 13 13 13 13 

Table 34: The number of speakers for whom the majority of reliable measures showed 

a difference in production of the key <ɔ>̃ vowel pairings 

Analysis of the pairing V:ṼL (e.g., votre ‘your (pl./formal)’ and bon effort) 

indicates that only one speaker seems to treat nasal vowels in liaison and oral vowels in 

non-nasal environments differently from one another. Analysis of the pairing ṼL:VE 

(e.g., bon ami and bonne amie; liaison vs. enchaînement) indicates that significant 

differences were detected in the reliable acoustic measures for three of the 13 

participants. The production of these two pairings appear to be very different from the 
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ṼC:ṼL pairing, but when we test for significant difference between the results of these 

three pairings (i.e., bon ṼC:ṼL, V:ṼL, and ṼL:VE from Table 34, above) the 

relationships between the trends in performance are clarified. Fisher’s exact tests were 

run between each of the pairings (i.e., ṼC:ṼL and V:ṼL; ṼC:ṼL and ṼL: VE; and V:ṼL 

and ṼL: VE), with a Bonferroni correction for the three comparisons of a= 0.0167. 

Comparison of the pairings ṼC:ṼL and V:ṼL reach significance (p= 0.0002), suggesting 

that the distribution of the performance in these pairings is significantly different among 

the 13 <ɔ>̃ datasets. A similar result was found for the comparison of ṼC:ṼL and ṼL:VE 

(p= 0.005). However, comparison of the pairings (i.e., V:ṼL and ṼL:VE) does not reach 

significance (p= 0.3344). This suggests that the distribution of the performance in these 

pairings is not significantly different among the 13 <ɔ>̃ datasets. 

Prevocalic <ɔ>̃ in the adjective bon did not pattern identically to the possessive 

determiners across the datasets of the 13 speakers analyzed. There were essentially four 

different patterns observed: (1) differences between the nasal vowel in liaison and the 

non-liaison nasal counterpart; (2) differences between the nasal vowel in liaison and its 

oral counterparts, but not between nasal vowels in liaison and non-liaison nasal vowels; 

(3) differences between nasal vowel in liaison and non-liaison nasal vowels, but no 

differences between the nasal vowel in liaison and most of its oral counterparts; and (4) 

no differences between the nasal vowel in liaison and either its non-liaison nasal 

counterparts nor most of its oral counterparts. The first pattern, where the nasal vowel in 

liaison differs from the fully nasal vowel, is the most prevalent, as would be predicted by 

phonological accounts that hold that the nasal vowel of pre-posed, prevocalic adjectives 

denasalizes in this context.  

In the datasets that modeled the first pattern, differences were detected between 

fully nasal vowels (ṼC) and both oral vowels in non-nasal environments (V) and nasal 
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vowels in liaison (ṼL), but no difference was detected between nasal vowels in liaison 

and any of the oral vowel contexts (see Figure 14, below). 

 

 

Figure 14: Nasal vowel pattern for <ɔ>̃ in liaison modeled in datasets of P1, P5-P7, P9, 

P11, P12, P15, P17, and P18 

This pattern was demonstrated by 10 of the 13 speakers (i.e., P1, P5, P6, P7, P9, P11, 

P12, P15, P17, and P18). It suggests that, for these speakers, nasal vowels may only 

occur in pre-consonantal and pre-pausal contexts, and that oral vowel occur elsewhere, 

including liaison contexts. This is the pattern that is normally described in the 

phonological literature on liaison and it predominates in these data (Prunet, 1986; 

Delattre, 1947). 

Speaker P21 demonstrated the second pattern, in which differences are detected 

between the nasal vowel in liaison and both the fully nasal vowel and the oral vowels (see 

Figure 15, below). This pattern suggests that the vowels in liaison for this speaker are not 

subject to full denasalization, or, perhaps that they are less consistently denasalized. 
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Figure 15: Nasal vowel pattern for <ɔ>̃ in liaison modeled in dataset of P21 

The third pattern was modeled by the speech of P8. In this model, three pairings 

reached significance: V:ṼC, ṼC:ṼL, and ṼL:VE (see Figure 16, below). The unexpected 

combination of pairings makes meaningful interpretation difficult. The significant 

difference in the pairing ṼC:ṼL suggests that the nasal vowel in liaison is different from 

the nasal vowel in non-liaison contexts, which is a very common result, as seen in the 

first pattern. However, it is the results of the pairing ṼL:VE that are unexpected. 

Differences in this pairing could indicate that the nasal vowel in liaison is more nasal 

than the pre-nasal oral vowels in enchaînement (VE), but still less nasal than the normal 

nasal vowels; but no differences were found between bon in liaison and the fully oral 

vowel (V:ṼL), which suggests that the vowels in ṼL and V are produced similarly, but 

that ṼL is distinct from VE. The speech implications of these results remain unclear. 

 

 

Figure 16: Nasal vowel pattern for <ɔ>̃ in liaison modeled in dataset of P8 
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The fourth pattern–no significant difference between the nasal vowel in liaison 

and either its non-liaison nasal counterparts nor most of its oral counterparts–was 

observed for one of the 13 speakers: P3. For this speaker only two pairings reached 

significance: V:ṼC and ṼL:VE (see Figure 17, below).  

 

 

Figure 17: Nasal vowel pattern for <ɔ>̃ in liaison modeled in dataset of P3 

The pattern of actual speech of these two participants (P3 and P8) is unclear. It 

may be that a greater number of tokens would clarify the relationships between the nasal 

vowel <ɔ>̃ in liaison and in other contexts, or it may be that measures beyond the five 

selected for the present study would prove more useful. Regardless, no conclusive 

patterns for these speakers were observed. 

 

4.3.1 Discussion: Preposed <ɔ>̃ adjectives in liaison 

In response to the second research question (i.e., How are nasal vowels produced 

in position of liaison?), one pattern for the preposed adjective bon was predominant 

among the datasets of the 13 speakers: 10 of the 13 speakers produced <ɔ>̃ in liaison in a 

manner that suggests a fully denasalized vowel, as it is indistinguishable from its oral 

counterparts in non-nasal and in pre-nasal environments. One speaker, P21, showed little 
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evidence of consistent, full denasalization, but it should be noted that he adopted a very 

careful manner of speech, which included pausing between the vowel and liaison 

consonant, halfway through the word-list task. The patterns that emerged for the 

remaining two speakers (i.e., P3 and P8) were inconsistent with the existing phonological 

accounts and difficult to interpret.  

The patterns of production do not appear to coincide with any biographical data 

that was collected from the speakers. The group of speakers fully denasalize preposed 

bon in liaison is composed of both long-term (e.g., P9 and P18) and short term (e.g., P6 

and P7) residents of the United States, males (e.g., P1, P5, P11, and P18) and females 

(e.g., P6, P7, P9, P12, P15, and P17), and both from the Paris area (e.g., P7, P11, and 

P15) and from without the Paris area (e.g., P1, P12, P17, P18, etc.). While more 

biographical data might more clearly define the patterns of speech, it is likely the case 

that these measures are not suitable for detecting nasalization in every participant. 

 

4.4 Preposed <ɛ̃> adjectives in liaison 

For the nasal vowel <ɛ>̃, results from the comparison of ṼC:ṼL (e.g., prochain 

départ ‘next departure’ and prochain étage ‘next level/floor’) indicated that significant 

differences were detected on the majority of reliable measures for 12 of 16 participants 

(see Table 35, below) indicating that this is the preferred pronunciation. Analysis of the 

pairing V:ṼL (e.g., bref ‘brief’ and prochain étage) indicated that nine speakers produce 

these vowels differently. Analysis of the pairing ṼL:VE (e.g., prochain étage and 

prochaine arrivée ‘next arrival’) indicated that significant differences were detected for 

only four of 16 participants. 
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<ɛ>̃ ṼC:ṼL V:ṼL ṼL:VE 

# who 

reached 

signif. 12 9 4 

# who failed 

to reach 

signif. 4 7 12 

Total 16 16 16 

Table 35: The number of speakers for whom the majority of reliable measures showed 

a difference in production of the <ɛ>̃vowel pairings 

Results from the Fisher’s exact tests run for these three pairings indicate that the 

differences between the pairings ṼC:ṼL and V:ṼL, as well as V:ṼL and ṼL:VE, are not 

significant (p= 0.458 and p= 0.149, respectively, with corrected a=0.0167). This indicates 

no strong difference between the number of speakers who reached significance on the 

pairings with V:ṼL. However, the differences between ṼC:ṼL and ṼL:VE were 

significant (p= 0.012).  

For the nasal vowel <ɔ>̃, four distinct patterns were observed among the 

participants (see 4.3), but eight distinct patterns were observed for the nasal vowel <ɛ>̃. 

The first pattern indicated differences between the nasal vowel in liaison and its non-

liaison nasal counterpart, ṼC:ṼL (see Figure 18, below). It was observed for five 

speakers: P1, P5, P11, P12, and P15. This was the same pattern observed for ten of the 13 

<ɔ>̃ datasets. It suggests that the oral vowel <ɛ> is produced in environments of liaison as 

well as in oral vowel contexts (e.g., enchaînement, non-nasal environments, etc.). In other 

words, the nasal <ɛ>̃ is restricted to pre-consonantal and pre-pausal contexts, and it seems 

to denasalize fully in liaison. 
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Figure 18: Nasal vowel pattern for <ɛ>̃ in liaison modeled in datasets of P1, P5, P11, 

P12, and P15. Same pattern seen for <ɔ>̃ in Figure 14 

The second pattern indicated differences between the nasal vowel in liaison and 

its oral counterparts for two speakers: P3 and P8. This was the same pattern observed for 

speaker P21 in the <ɔ>̃ datasets (Figure 15). No difference is observed in the pairing 

ṼC:ṼL, but differences are observed in the pairings V:ṼL and ṼL:VE (see Figure 19, 

below), which suggests that <ɛ>̃ in liaison is not consistently denasalized. 

 

 

Figure 19: Nasal vowel pattern for <ɛ>̃ in liaison modeled in datasets of P3 and P8. 

This is the same pattern seen for <ɔ>̃ in Figure 15 

The third pattern was modeled by the speech of P20. In this model, three pairings 

reached significance: V:ṼC, ṼC:ṼL, and ṼL:VE (see Figure 20, below). As was the case 

with this same pattern for <ɔ>̃ (see Figure 16, above) the unexpected combination of 

pairings makes the results difficult to interpret and the speech implications of these 

results remain unclear. 
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Figure 20: Nasal vowel pattern for <ɛ>̃ in liaison modeled in dataset of P20 

The fourth pattern indicates differences between the nasal vowel in liaison and 

both its oral and non-liaison nasal counterparts for one speaker: P10. This pattern 

suggests that there are three vowels in the <ɛ,̃ɛ> family: (1) fully nasal <ɛ>̃ that occurs in 

pre-consonantal and pre-pausal contexts, (2) oral <ɛ> that occurs in both non-nasal and 

pre-nasal environments (excluding liaison), and (3) a partially denasalized <ɛ̃> that 

occurs in liaison (see Figure 21, below).  

 

 

Figure 21: Nasal vowel pattern for <ɛ>̃ in liaison modeled in dataset of P10 

This pattern of three vowel types may support Cohn’s (1990) aerodynamic observation 

that vowels in French are specified as [+nasal], [-nasal], or unspecified as concerns the 

feature [nasal]. While the unspecified vowels that she observed were oral vowels 

following–and not preceding–[+nasal] segments, the classification of a vowel type that is 



 113 

neither fully nasal, nor fully oral, seems to be applicable in the present study. It may be 

that production of the vowel <ɛ>̃ in liaison is variable for this speaker, sometimes with 

more nasality and sometimes with less (e.g., P10 in Appendix 23).  

The existence of a three-vowel system for <ɛ,̃ɛ> was observed for two other 

speakers, P16 and P18, (though the pattern was slightly different). Here, the fifth pattern, 

indicates differences between the nasal vowel in liaison and both its oral and non-liaison 

nasal counterparts. The pattern observed in the speech of these two speakers also 

indicates the existence of a fully-nasal and partially-nasal <ɛ>̃ along with the oral <ɛ>; 

however, the partially nasal <ɛ>̃ is produced in the contexts ṼL, VC, and VE, suggesting 

that denasalized <ɛ>̃ is produced similarly to <ɛ> in enchaînement, as traditionally 

described. This pattern is depicted in Figure 22. 

 

 

Figure 22: Nasal vowel pattern for <ɛ>̃ in liaison modeled in datasets of P16 and P18 

The sixth pattern was observed for two speakers: P9 and P13. This pattern is 

similar to the fourth pattern in that it indicates differences for <ɛ>̃ in liaison and both <ɛ>̃ 

in non-liaison contexts and <ɛ> in non-nasal environments, but the distinction between 

pre-nasal <ɛ> (VC, as in prochaine diffusion ‘next broadcast’) and non-nasal <ɛ> (V) is 

lost (see Figure 23, below).  
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Figure 23: Nasal vowel pattern for <ɛ>̃ in liaison modeled in datasets of P9 and P13 

Had this pattern been observed for only one speaker, its irregular structure could easily be 

attributed to ill-suited measures or data, but the fact that three speakers produced this 

pattern suggests that it may not be an uncommon pattern of speech. It seems that there 

may be a decreasing level of nasal quality from ṼL > VE/VC > V that is subtle enough 

that no significant difference was detected in the tokens from one context to the next, but 

the difference from ṼL to V, is significant.  

The seventh pattern indicates a strong difference between <ɛ> in non-nasal 

environments (V) and <ɛ,̃ɛ> in nasal environments (i.e., ṼL, ṼC, VE, and VC), however, 

the distinctions between the vowels in the nasal environments is less clear (see Figure 24, 

below). It was observed for two speakers: P6 and P17. This pattern suggests that the 

influence of assimilatory nasalization on <ɛ> in the feminine adjectives (e.g., prochaine, 

ancienne, etc.) and on denasalized <ɛ>̃ (when it is denasalized) in the masculine 

adjectives in liaison (e.g., prochain +V, ancien +V) distinguishes these vowels from <ɛ> 

in non-nasal environments. However, as no difference was found between either the 

ṼL:ṼC or the ṼL:VE pairing, a clear, predominant pattern of production for ṼL is 

unclear. It is likely that these speakers produce these tokens variably with some of the ṼL 

tokens more like ṼC, and others more like VE; the possible conditioning factors on the 

distribution and production of individual tokens have not been analyzed.  
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Figure 24: Nasal vowel pattern for <ɛ>̃ in liaison modeled in datasets of P6 and P17 

The final pattern observed in the <ɛ>̃ datasets was observed for one speaker: P21. 

The acoustic measures for P21 only indicate a significant difference in the pairings V:ṼC 

and V:ṼL; all other pairings failed to reach significance (see Figure 25, below). This 

pattern is similar to that of P3 for <ɔ>̃, in that only one pairing (other than V:ṼC) reached 

significance. The relationships between ṼL and the other vowel contexts were not 

captured by the methodology implemented here. The results do not depict clearly-

discernable phonologically conditioned patterns. 

 

 

Figure 25: Nasal vowel pattern for <ɛ>̃ in liaison modeled in dataset of P21 

 

4.4.1 Discussion: Preposed <ɛ̃> adjectives in liaison 

In response to the second research question (i.e., How are nasal vowels produced 

in position of liaison?), a variety of patterns was observed in the 16 <ɛ>̃ datasets. Overall, 
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five speakers seem to fully denasalize <ɛ̃> in liaison, such that it is indistinguishable from 

<ɛ> in both non-nasal and pre-nasal environments. Four speakers (i.e., those of patterns 

four and five) seem to produce three distinct phones for <ɛ,̃ɛ>: fully nasal, partially 

denasalized, and oral. However, two separate patterns of this three-phone system are 

observed, with two speakers demonstrating each pattern. At least two speakers (see 

Figure 19, above) seem to produce little distinction between <ɛ>̃ in liaison and <ɛ>̃ in 

other contexts.  

Considering the variety of prenominal adjectives with word-final <ɛ>̃ that made 

up the tokens in the reading tasks, it is perhaps unsurprising that the results for the <ɛ>̃ 

datasets are more diverse than the results from the <ɔ>̃ datasets. While some of the 

observed patterns are likely due to some methodological shortcoming, it is interesting 

that some of the more unexpected patterns were demonstrated by more than one speaker 

(e.g., the seventh pattern, as seen in Figure 24, above). The diversity of results observed 

in the <ɛ>̃ datasets merits future study. 

The results for <ɔ>̃ didn’t seem to be affected by the speakers’ backgrounds (at 

least, not based on the limited information collected in the present study), but noticeable 

trends for the <ɛ>̃ datasets suggest that length of residence in the United States may have 

an effect on the production of <ɛ̃> in liaison. None of the five participants whose speech 

followed the first pattern (<ɛ>̃ in liaison denasalized and was not significantly different 

from <ɛ> in all contexts) had lived in the United States for more than one year. Speakers 

P16 and P18 both demonstrated the three-vowel system of the fifth pattern (see Figure 

22, above), and both had been residents in the United States for more than four years 

(five years and four and a half years, respectively). Speakers P3 and P9–both residents of 

the United States for 15 of their respective 18 and 19 years of life–both demonstrated 

unexpected patterns of speech (see Figures 19 and 23, respectively). Speaker P21–a 
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resident of over two years–also displayed patterns of speech that vary from what appears 

to be the norm (i.e., the first pattern, as it represents the speech of more speakers than any 

of the other patterns). As the number of participants and the amount of data analyzed in 

the present study were modest, no sure conclusions can be made as to how length of 

residence in the United States affects the production of <ɛ>̃ in liaison, but it may be a 

topic that merits further study. 

 

4.5 Denasalized vowels and oral vowels in pre-nasal environment  

The third research question asks: Are denasalized nasal vowels produced with 

timbres identical to oral vowels that precede a nasal consonant? This question directly 

targets the relationship between nasal vowels in liaison and oral vowels in pre-nasal 

environments. For the <ɔ>̃ datasets, the acoustic measures for only one of the speakers, 

P21,12 consistently indicated there to be any difference between (denasalized) <ɔ>̃ in 

liaison and <ɔ> in enchaînement. This implies that denasalization in liaison with bon is 

overwhelmingly preferred. This may be due to the limited lexical context in which 

denasalized ṼL and VE can occur with the vowel <ɔ>̃ (i.e., bon and bonne), which 

enhances the relative frequency with which bon(ne) is found in the language (Lonsdale & 

Le Bras, 2009). Beyond the general frequency of bon in the language, the frequency of 

common collocations (e.g. bon ami, bon effort, bon étudiant, etc.) may also have an effect 

on the speakers’ tendency to denasalize. For the <ɛ>̃ datasets, four speakers appear to be 

making a distinction in these environments. Among those speakers who may not 

distinguish between (denasalized) vowels in liaison and oral vowels in enchaînement, 

                                                 
12 Data for speakers P3 and P8 also indicate a difference in the ṼL vs VE pairing, but the overall patterns 
of these speakers for this vowel are unusual. Consequently, I am conservative in drawing conclusions based 

on the data for P3 and P8. 
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some appear to treat the nasal vowels <ɔ>̃ and <ɛ>̃ in liaison and <ɔ> and <ɛ> in 

enchaînement more like the fully oral <ɔ> and <ɛ>, and others appear to be producing the 

vowels with a quality that is distinct from non-liaison nasal vowels and the oral vowels in 

non-nasal contexts. 

 

4.6 Denasalization in NMF 

The fourth research question was: What are the acoustic attributes of vowel 

denasalization in NMF? I sought to bring greater definition to Laver’s (1980) broad 

definition of denasalization as a process that “minimizes the occurrence of audible 

nasality” (p. 88). Experimental results indicate that, for the <ɔ>̃ datasets, 10 of the 13 

speakers seem to denasalize fully in liaison, resulting in a vowel that did not prove to be 

significantly different from either <ɔ> in enchaînement or <ɔ> in non-nasal 

environments.  

Based on the acoustic measures used on the data of the present study, the typical 

<ɔ>̃ in liaison has the following acoustic properties: higher CoG than non-liaison <ɔ>̃, 

with a CoG that is, on average, 138 Hz higher for female speakers and 107 Hz higher for 

male speakers; higher values from A1-P0 than non-liaison <ɔ>̃, with a resulting value 

that is, on average, 5.37 dB higher for female speakers and 4 dB higher for males; higher 

values from A3-P0 than non-liaison <ɔ>̃, with a resulting value that is, on average, 10.9 

dB higher for female speakers and 6.8 dB higher for males; and smaller F1 bandwidth 

than non-liaison <ɔ>̃, with a bandwidth that is, on average, 161 Hz smaller for females 

and 86 Hz smaller for males (see Appendices 45 and 46). Each of these descriptions of 

<ɔ>̃ in liaison are similar to the descriptions of <ɔ> in both nasal and non-nasal contexts. 
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While F2 may be influenced by nasality for some speakers, it does not appear to be a 

common predictor of nasality for the vowel <ɔ>̃ for most people (see 3.4, above). 

For the <ɛ>̃ datasets, some speakers seem to fully denasalize, while others seem 

to produce what may be a partially denasalized vowel. When the vowel does appear to 

denasalize fully, the best measures to capture the denasalization appear to be F1 

bandwidth and F2. A typical denasalized <ɛ>̃ may will have the following acoustic 

properties: lower CoG than non-liaison <ɛ̃>, with a CoG that is, on average, 61 Hz lower 

for female speakers and 59 Hz lower for male speakers; higher values from A1-P0 than 

non-liaison <ɛ>̃, with a resulting value that is, on average, 1 dB higher for female 

speakers and 1.2 dB higher for males (not the best measure); higher values from A3-P0 

than non-liaison <ɛ>̃, with a resulting value that is, on average, 1.9 dB higher for female 

speakers and 2.4 dB higher for males; smaller F1 bandwidth than non-liaison <ɛ>̃, with a 

bandwidth that is, on average, 78 Hz smaller for females and 97 Hz smaller for males; 

and higher F2 than non-liaison <ɛ>̃, with a F2 that is, on average, 344 Hz higher for 

females and 255 Hz higher for males (see Appendices 45 and 46). 
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Chapter 5: Conclusions 

5. Conclusions  

The nasal vowels <ɔ>̃ and <ɛ>̃ in liaison are not always produced according to 

prescriptions in NMF, with some speakers producing them more like oral vowels, others 

more like nasal vowels, and others producing them as separate, partially nasalized 

vowels. As relatively little has been said about nasal vowels in varieties of French outside 

of NMF, further study of nasal vowels in liaison as produced in other varieties would 

result in greater understanding of both nasal vowels and liaison in under-documented 

varieties, in which nasal vowels have their own unique qualities. For example, nasal 

vowels in Meridional French have been described as oral vowels closing to a nasal 

consonant in certain cases (Boula de Mareüil et al., 2007; Durand, 1988; Violin-Wigent, 

2006). A description of this type of nasal vowel and its relationship with other nasal and 

oral vowels could potentially provide a modern glimpse into the historical process that 

generated liaison in the first place. Additionally, I have seen no study that describes the 

production of the monophthong and diphthongized nasal vowels found in varieties of 

Canadian French (Martin et al., 2001). As differences in nasal vowels generally is an 

identifying feature of other varieties of French (particularly Meridional) with regards to 

NMF, a greater understanding of when and how they denasalize would be worthy of 

future study. The same questions and methodology used in the present study could also 

be used in a study of the production of nasal vowels in liaison among L2 speakers. 

Despite the shortcomings of the stimuli and acoustic measures discussed previously, the 

present study contributes to the field of laboratory phonology, in that it has created a 

replicable framework for studying a well-known (the prescriptions for liaison are still 

taught in L1 and L2 language books), but infrequently-occurring phenomenon.  
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The question of what ought to be taught in language books and courses is difficult 

to approach. For the nasal vowel <ɔ>̃, it seems that the traditional descriptions (i.e., that 

<ɔ>̃ in preposed adjectives denasalizes in liaison, <ɔ>̃ in possessive determiners 

maintains nasality) are accurate, as 10 of the 13 speakers, for whom a pattern emerged, 

demonstrated this manner of production. However, for the nasal vowel <ɛ>̃, the general 

tendencies in production are less clear. Even though a pattern of what might be called full 

denasalization was observed (as it was for <ɔ>̃) for five speakers–the most common 

pattern observed for this vowel–those five speakers account for less than one third of 

those for whom a pattern emerged. It may be that more of the unexpected patterns (e.g., 

patterns represented in Figures 24, 25, etc.) could change shape to fit more conventional 

patterns, if more data were available; however, given the diverse results of the present 

study, it is unclear what an accurate description of actual, contemporary speech trends 

would be. When that is established for <ɛ>̃, we will have a better idea of what 

phonological patterns ought to be taught in the classroom. 

Although no significant difference of production was detected for most speakers 

for nasal vowels in liaison and oral vowels in enchaînement, consistent with phonological 

descriptions, our acoustic analysis would benefit from the confirming or contradictory 

results of a perception study. It may be that speakers actually do produce a difference 

between the vowels in these two contexts, but the measures used in the present study 

were not those that cued listeners to the differences (Shosted, et al., 2012; Styler, 2015). 

As the acoustic measures failed to show expected differences in pronunciation for seven 

of our speakers on at least one dataset, a secondary means of assessing whether or not the 

vowels were perceived to be nasalized would be beneficial.  

Overall, the acoustic measures that were selected for the present study indicated 

the expected levels of nasality with a certain measure of accuracy. It is difficult to say 
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which vowel–<ɔ>̃ or <ɛ>̃–is more accurately measured by the selected acoustic measures. 

Although the measures seem to have been more reliable on the <ɛ>̃ datasets with regards 

to the maximally different pairing V:ṼC, as data from only three speakers were rejected 

(as opposed to the six speakers whose data were rejected on the <ɔ>̃ datasets), the 

numerous unexpected patterns that emerged for <ɛ̃> may be in part due to a deficiency of 

the measures to detect nasality for <ɛ>̃; although, it is more likely that the diverse results 

are a result of the various preposed adjectives in which <ɛ>̃ is found (e.g., prochain, 

moyen, plein, etc.). And, of course, these measures proved to be either partially or wholly 

inadequate for at least some of the other vowel pairings analyzed above. A perpetual 

refinement of these measures and of the methods to analyze them is recommended for 

further work. An increase in precision of and a reduction in the amount of unscripted, by-

hand work required13 for these measurements would not only increase their reliability and 

scalability for future work in vowel nasality, but the improvement of automatic measures 

would be of great benefit to automatic speech recognition technologies. If greater 

refinement cannot be made, then relying on multiple measures for corpus data still seems 

to be the best way to detect nasality with any measure of reliability by acoustic means 

alone. Although other methods for measuring nasality are more invasive, it could be of 

value to pair acoustic and articulatory methods (e.g. Real-time MRI) together to see 

which acoustic measures reflect the articulatory (both oral and velopharyngeal) sources 

of nasalization. This two-method process has been use for analyzing the production of 

nasal vowels against oral vowels (Carignan, 2015), but it might prove particularly useful 

when aiming to detect, not simply the presence or absence of nasality, but the degree of 

                                                 
13 For the present study, values for A1, P0, and A3 had to be obtained by hand. Given that each of the 19 
speakers had approximately 230 vowel tokens that each had to be measured at 5 points across the duration 

of the vowel, this makes for ~65k measurements performed by hand. A reduction of hand measurements is 

recommended for future studies. 



 123 

nasality (e.g. some speakers in the present study seemed to produce distinctly oral, nasal, 

and partially nasalized vowels). As has been noted, nasality is a not binary feature (Cohn, 

1993a; Delvaux et al., 2008). 

One alternative treatment for NMF nasal vowels in liaison that was observed in 

the present study and that merits further consideration and study is that of the previously 

undocumented pattern of vowel deletion for the possessive determiner son. The 

conditions that permit vowel deletion in liaison seem to be both phonemic and syntactic, 

as it was observed to occur in the present study primarily when the vowel in question was 

preceded by a continuant in a grammatical word (e.g. son ‘his/her’ and c’est ‘this is’ in 

liaison). As precedence for this phenomenon has been noted elsewhere, such as in 

astheure ‘now’ (Dictionary of Louisiana French, 2010; Léandre Bergeron Dictionnaire de 

la langue québécoise, 1980), further consideration of this process could be very fruitful. 

It was the aim of this study to expand the existing descriptions of both vowel 

nasality and liaison in NMF. The contributions of this thesis are as follows: the acoustic 

analysis confirms that liaison is governed by phonosyntactic conditions in that 

determiners do function differently from preposed adjectives in liaison. It has confirmed 

that denasalized vowels in liaison (e.g. bon ami) are often produced similarly to pre-nasal 

oral vowels in enchaînement (e.g. bonne amie) and/or oral vowels in other environments. 

It has demonstrated that denasalized vowels may not always be produced identically to 

either nasal or oral vowels for all speakers, but that they may remain distinct from each of 

the other categories; further study is required to confirm such a pattern of production. It 

has also demonstrated that certain acoustic measures for detecting nasality work better in 

French to detect vowel orality/nasality in running speech than do others. Finally, the 

observations made in this study raise new questions concerning the reduction/deletion of 

nasal vowels in liaison and about individual differences in categorizing sounds. Although 
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nasality is a feature that it difficult to study from an acoustic perspective, it is hoped that 

this thesis helps both to demonstrate that acoustic correlates of nasality in French are 

worth pursuing and to guide those who are reckless enough to pursue them. 
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Appendix 1 :  Participants 

Speaker Age Sex City of Origin Highest Completed 

Level of Education 

Length of Residence 

in the United States 

P1 20 Male Lyon Baccalauréat 2 months 

*P2 18 Female Chartres Baccalauréat 4 years 

P3 18 Female Paris High School 15 years 

P4 20 Male Caen Baccalauréat 2.5 months 

P5 20 Male Cieux Baccalauréat 10 months 

P6 19 Female Saint-Saturnin Baccalauréat 2 months 

P7 19 Female Paris Baccalauréat 3 months 

P8 20 Male Paris Baccalauréat 3 months 

P9 19 Female Besançon High School 15 years 

P10 28 Female Tarbes MA 1 year 

P11 19 Male Puteaux Baccalauréat 3 months 

P12 20 Female Lyon Baccalauréat 3 months 

P13 21 Male Metz Baccalauréat 10 months 

P14 20 Male Paris Baccalauréat 5 months 

P15 20 Female Paris Baccalauréat 8 months 

P16 33 Female Ancenis MA 5 years 

P17 21 Female Dijon Licence 6 months 

P18 33 Male Chambery PhD 4.5 years 

*P19 31 Female Langres MA 10 years 

P20 35 Female Paris Licence 3 months 

P21 29 Male Paris MA 2.5 years 

Table 36: Participant information 

Asterisk indicates participants whose data were rejected because of technical issues. The 

same information is given in Table 2. 
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Appendix 2 :  Reading task 1 

Paul est un ado un peu comme les autres de son âge : il aime bien apprendre et il 

est assez intelligent, mais il a du mal à s’engager dans ses études.  Il préfère les médias. 

 Au lieu d’écouter le prof en classe, il regarde souvent les vidéos sur son iPhone (bien 

qu’il préfère les regarder en plein écran sur son ordinateur chez lui).  Il adore tout ce qui 

est vidéo et cinéma : des séries américaines, des clips sur YouTube, des films de court et 

moyen métrage (il ne supporte pas les films qui durent trois heures), etc. Il se dit que 

c’est pour se préparer pour sa carrière de cinéaste, mais, en fait, il ne sait pas ce qu’Il 

veut faire. Il regarde un peu de tout plutôt pour éviter ce qui lui rappelle de sa mère; 

c’est à dire : pour tout éviter. 

Sa bonne mère.  Sa “petite maman” est morte jeune.  Pas jeune ; elle était déjà 

d’un certain âge, mais sa vie a terminé trop tôt.  Paul croyait qu’elle avait beaucoup 

plus à donner au monde. Cette bonne samaritaine était souvent bénévole à son 

association préférée (la Croix-Rouge), elle faisait des dessins pour les enfants aux foires 

(elle était très bonne artiste) et elle enseignait un cours de français pour les immigrés et 

les enfants d’un certain milieu.  En bref, elle vivait pour les autres. Mais un jour elle est 

montée dans un bus.  Crise cardiaque. Elle est morte avant le prochain arrêt.   

Maintenant Paul habite avec son père dans appartement au plein centre-ville. 

C’est un bon appartement, mais son ancienne maison à côté de la ville lui manque. Ils 

ont déménagé quand son père est devenu maire.  Paul aime bien son père.  Bien qu’ils 

s’amusent très peu ensemble, Paul le respecte beaucoup ; c’est un vrai bon exemple pour 

un jeune comme Paul.  Les gens de la ville l’aiment bien aussi, car il est un bon maire 

qui fait bien son travail et il a une bonne réputation pour tenir parole.  Il fait son possible 

et Paul le sait.  Malgré leur bonne situation, Paul a du mal à s’en habituer.  
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A chaque fois qu’il pense à la maison de son enfance, à l’ancienne rue avec les 

copains qu’il aimait, à son ancienne école, il éprouve une certaine nostalgie pour la vie 

qui lui semble maintenant parfaite.  Ça fait déjà 5 ans depuis le déménagement.  Et 

maintenant, le voilà : un jeune homme de 15 ans, en pleine adolescence.  Il essaie de se 

sortir de ce brouillard de qui suis-je ? pour trouver l’avenir prometteur dont lui parle son 

père. Il fait un bon effort.  Peut-être un moyen effort.  Moyen, à la rigueur.  Mais c’est un 

effort quand même.  Et pour l’instant c’est tout ce qu’il peut faire. Sa maman serait assez 

fière. 
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Appendix 3 :  Reading task 2 

Chaque année l’aéroport Paris-Charles de Gaulle accueille des millions de 

touristes de partout.  Mais il n’est pas le seul aéroport de la Ville Lumière.  L’aéroport 

Paris-Orly est moins connu aux touristes américains, mais le onzième aéroport d’Europe 

est bien connu sur le continent.   

Bien qu’il ne soit pas aussi populaire que l’aéroport CDG, si on remontait un peu 

dans son histoire, on verrait que Paris-Orly attirait beaucoup plus que les voyageurs. 

 Pour un bon moment, l’ancienne aérogare de sud a été le premier site touristique de 

France où on venait passer ses « dimanches à Orly. »  On pouvait y regarder un bon film, 

prendre un verre ou écouter un peu de musique en live.  Aujourd’hui Orly attire moins de 

riverains, mais les voyageurs y trouvent des expériences tout confort.  Avant de partir en 

plein aventure, vous pouvez diner à un bon restaurant, faire un peu de shopping aux 

boutiques qui offrent une bonne exemption de TVA, ou regarder le prochain match de 

foot aux kiosques vidéos. Ou si vous avez un peu plus de temps, vous pouvez vous 

trouver en plein milieu de centre-ville en quelques minutes, grâce aux lignes du RER et 

du Métro. 

A Orly il y a quelques millier d’employés à plein temps pour vous accueillir lors 

de votre prochaine arrivée ou départ.  Tous sont d’une bonne apparence et un certain 

esprit qui est nécessaire pour la nature imprévisible de leur travail.  

Cet ancien aéroport militaire dessert la France, l’Europe, le Moyen-Orient et 

l’Afrique. Donc, la prochaine fois que vous aurez envie de descendre au niveau de la 

mer vous promener en plein air aux plages méditerranéennes ou de monter aux hauteurs 

des Alpes afin de respirer l’air pur des sommets dont la moyenne altitude est 2500 m, 

dépêchez-vous à l’aéroport Paris-Orly ! Bon voyage ! 
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Appendix 4 :  Word list 

ancien étudiant  former student (m) 

ancienne étudiante former student (f) 

ancien ami old friend (m) 

ancienne amie old friend (f) 

ancien employé former employee (m) 

ancienne employée former employee (f) 

ancien instructeur former instructor (m) 

ancienne institutrice former instructor (f) 

ancien état former state 

ancien étable old stable 

ancien écolier old student 

ancien époux former spouse (m) 

ancienne épouse former spouse (f) 

ancien navire old ship 

ancien magasin old store 

ancien maître former master 

ancienne maîtresse former mistress 

ancien modèle old model 

ancienne marque old brand 

ancien ministre old minister 

ancienne note old note 

ancienne montre old watch 

ancien mobile old cell phone 

ancien professeur former professor 

ancien régime Old Regime 

ancien testament Old Testament 

ancien truc old thing 

ancien franc old franc 

ancienne galerie old gallery 

ancien jardin old garden 

ancienne forteresse old fortress 

bon ami good friend (m) 

bonne amie good friend (f) 

bon auteur good author (m) 

bonne auteure good author (f) 

bon idéal good ideal 

bonne idée good idea 

bon écrivain good writer (m) 

bonne écrivaine good writer (f) 

bon accent good accent 

bonne accentuation good accentuation 
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bon artisan good artisan 

bon architecte good architect (m) 

bonne architecte good architect (f) 

bonne momie good mummy 

bonne nuit good night 

bon nombre good number 

bon marché good deal 

bon modèle good model 

bon cantique good hymn 

bonne cantine good cafeteria 

bon samaritain good Samaritan 

bon souvenir good memory 

bonne souveraineté good sovereignty 

bon rythme good rhythm 

bonne santé good health 

certaine agence particular agency 

certaine espèce certain kind/species 

certain orgueil certain pride 

certaine organisation certain organization 

certain humour certain/particular humor 

certaine humilité particular humility 

certain espagnol particular Spaniard 

certaine idée particular idea 

certain italien particular Italian 

certaine aura certain aura 

certain homme certain man 

certain moment certain moment 

certain nombre certain number 

certain niveau certain level 

certain musée certain museum 

certaine manière particular manner 

certaine maturité certain maturity 

certain week-end particular weekend 

certain courage particular courage 

certain point certain point 

certain type certain type 

certain respect certain respect 

certaine façon certain way 

certaine rencontre particular meeting 

certaine tendance certain tendency 

certaine proie certain prey 

moyen âge  Middle Ages 

moyenne bourgeoisie mid-middle class 
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moyen français Middle French 

moyen terme mid-term 

moyenne section middle section 

plein emploi full employment 

en plein est all the way in the east 

en plein hiver in the middle of winter 

en pleine euphorie in a state of elation 

en pleine interview in the middle of an interview 

à pleine ouverture maximum aperture 

à plein nez in a manner that reeks; shamelessly 

en pleine nuit in the middle of the night 

à pleine main in handfuls / by the fistful  

en plein ouest all the way in the west 

pleine lune full moon 

en pleine cité in the middle of the city/projects 

en pleine guerre in the middle of the/a war 

prochain ordre next order 

prochain ami next friend (m) 

prochain exemple next example 

prochain époux next spouse (m) 

prochain amour next love 

prochain étudiant next student 

prochain étage next level 

prochaine occasion next opportunity 

prochaine amie next friend (f) 

prochaine épouse next spouse (f) 

prochaine âme next soul 

prochaine étudiante next student 

prochaine étape next step 

prochain mouvement next movement 

prochain numéro next number 

prochain navire next ship 

prochain membre next member 

prochain mode next mode 

prochaine mode next style/trend 

prochaine nuit next night/evening 

prochaine manifestation next strike 

prochaine montre next watch 

prochain concert next concert 

prochain champion next champion 

prochain train next train 

prochain film next film 

prochain yacht next yacht 
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prochaine hyène next hyena 

prochaine coupe next cup 

prochaine Peugeot next Peugeot (French make of car) 

prochaine diffusion next broadcast/propagation 

ton avis your opinion 

ton ami your friend 

ton objectif your objective/focus 

ton œil your eye 

ton esprit your mind 

ton expérience your experience 

ton activité your activity 

ton idée your idea 

ton identité your identity 

ton nom your name 

ton neveu your nephew 

ton nez your nose 

ton magasin your store 

ton rôle your role 

ton diplôme your diploma 

ton lycée your high school 

ton oiseau your bird 

ton sport your sport 

ton walkman your Walkman 
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Appendix 5 :  5-point script 

#takes formant and f1 bandwidth measurements at 5 equally-spaced intervals across a 

labeled vowel 

#TextGrid format: bind both sids of a vowel on single tier; label vowel with ipa 

#NOTE: highlight the sound file and vowel-marked textgrid in the object window 

 

#form for formant settings 

form Get_Formants 

optionmenu Talker_type 1 

option male 

option female 

real Analysis_width 0.025 

real Time_step 0.01 

endform 

 

if talker_type$ = "female" 

top_formant = 5500 

expected_no_of_formants = 5 

sex_code = 2 

elsif talker_type$ = "male" 

top_formant = 5000 

expected_no_of_formants = 4 

sex_code = 1 

endif 
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#print column labels 

clearinfo 

printline Vowel 

printline Duration'tab$'Step'tab$'Chrono'tab$'Point'tab$'F1'tab$'F2'tab$'F3'tab$'F1b 

 

#select files and get tiers 

master_sound = selected("Sound") 

master_textgrid = selected("TextGrid") 

select master_sound 

To Formant (burg)... time_step expected_no_of_formants top_formant analysis_width 50 

master_formant = selected("Formant") 

select master_textgrid 

 

#find intervals and duration 

nintervals = Get number of intervals... 1 

for current_interval from 1 to nintervals 

start = Get start point... 1 current_interval 

end = Get end point... 1 current_interval 

label$ = Get label of interval... 1 current_interval 

duration = end-start 

fraction = duration / 6 

 

t1 = start + fraction 

t2 = t1 + fraction 
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t3 = t2 + fraction 

t4 = t3 + fraction 

t5 = t4 + fraction 

 

if label$ <> "" 

 print 'label$''tab$''newline$' 

 select master_textgrid 

 select master_formant 

 p1f1 = Get value at time... 1 t1 Hertz Linear 

 p1f2 = Get value at time... 2 t1 Hertz Linear 

 p1f3 = Get value at time... 3 t1 Hertz Linear 

 p1f1b = Get bandwidth at time...  1 t1 Hertz Linear 

 print 

'duration''tab$''fraction''tab$''t1:3''tab$'p1'tab$''p1f1:2''tab$''p1f2:2''tab$''p1f3:2''tab$''p1f1

b:2''newline$' 

 

 select master_textgrid 

 select master_formant 

 p2f1 = Get value at time... 1 t2 Hertz Linear 

 p2f2 = Get value at time... 2 t2 Hertz Linear 

 p2f3 = Get value at time... 3 t2 Hertz Linear 

 p2f1b = Get bandwidth at time... 1 t2 Hertz Linear 

 print 

'duration''tab$''fraction''tab$''t2:3''tab$'p2'tab$''p2f1:2''tab$''p2f2:2''tab$''p2f3:2''tab$''p2f1

b:2''newline$' 
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 select master_textgrid 

 select master_formant 

 p3f1 = Get value at time... 1 t3 Hertz Linear 

 p3f2 = Get value at time... 2 t3 Hertz Linear 

 p3f3 = Get value at time... 3 t3 Hertz Linear 

 p3f1b = Get bandwidth at time...  1 t3 Hertz Linear 

 print 

'duration''tab$''fraction''tab$''t3:3''tab$'p3'tab$''p3f1:2''tab$''p3f2:2''tab$''p3f3:2''tab$''p3f1

b:2''newline$' 

 

 select master_textgrid 

 select master_formant 

 p4f1 = Get value at time... 1 t4 Hertz Linear 

 p4f2 = Get value at time... 2 t4 Hertz Linear 

 p4f3 = Get value at time... 3 t4 Hertz Linear 

 p4f1b = Get bandwidth at time... 1 t4 Hertz Linear 

 print 

'duration''tab$''fraction''tab$''t4:3''tab$'p4'tab$''p4f1:2''tab$''p4f2:2''tab$''p4f3:2''tab$''p4f1

b:2''newline$' 

 

 select master_textgrid 

 select master_formant 

 p5f1 = Get value at time... 1 t5 Hertz Linear 

 p5f2 = Get value at time... 2 t5 Hertz Linear 
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 p5f3 = Get value at time... 3 t5 Hertz Linear 

 p5f1b = Get bandwidth at time... 1 t5 Hertz Linear 

 print 

'duration''tab$''fraction''tab$''t5:3''tab$'p5'tab$''p5f1:2''tab$''p5f2:2''tab$''p5f3:2''tab$''p5f1

b:2''newline$' 

 select master_textgrid 

endif 

endfor 
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Appendix 6 :  Lennes (2002) script 

# Make a temporary selection from the original sound: 

cursor = Get cursor 

start = cursor - 0.02 

end = cursor + 0.02 

Select... start end 

 

# name the new Sound object according to the time point where the cursor was 

milliseconds = round (cursor * 1000) 

Extract windowed selection... FFT_'milliseconds'ms Kaiser2 2 no 

 

# leave the Sound editor for a while to calculate and draw the spectrum 

endeditor 

 

# Make the Spectrum object from the new Sound 

To Spectrum 

Edit 

editor Spectrum FFT_'milliseconds'ms 

# zoom the spectrum to a comfortable frequency view... 

Zoom... 0 5000 

endeditor 

 

# select and remove the temporary Sound object  

select Sound FFT_'milliseconds'ms 
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Remove 

 

# return to the Sound editor window and recall the original cursor position 

editor 

Move cursor to... cursor 
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Appendix 7 :  P1 results 

P1 - Male; 20 y/o; Lyon; 2 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.1423 0.0076 0.0228 0.0002 0.2746 

ṼC/ṼN 0.0175 0.1024 0.8406 0.0176 0.1348 

ton: ṼL/ṼC 0.0438 0.2843 0.6973 0.0831 0.0215 

ṼC/ṼL 0.0018 < 0.0001 0.0001 < 0.0001 0.0170 

V/ṼL 0.0091 0.0112 0.0042 0.0347 0.0620 

V/VC 0.0073 0.0002 0.0169 0.0002 0.0004 

VC/VE 0.4131 0.8876 0.4743 0.0724 0.2028 

ṼL/VE 0.8995 0.5225 0.9673 0.6399 0.7234 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.6037 0.5551 0.0001 < 0.0001 < 0.0001 

ṼC/ṼN 0.9540 0.7045 0.0359 0.9700 0.2378 

ṼC/ṼL 0.8908 0.9344 < 0.0001 0.0016 < 0.0001 

V/ṼL 0.6267 0.5178 0.5220 0.0011 0.3510 

V/VC 0.2010 0.1745 0.8538 0.0479 0.6283 

VC/VE 0.1309 0.0192 0.0443 0.6355 0.6479 

ṼL/VE 0.9817 0.3760 0.2079 0.6819 0.0565 

Table 37: The p-values for analyses of participant P1 

The p-values of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P1. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 8 :  P1 means 

P1 - Male; 20 y/o; Lyon; 2 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 7.6360 -16.8027 463.5613 134.3099 1193.5280 

ṼC 4.8920 -23.6719 396.7200 268.3389 1086.3450 

ṼN 9.6267 -18.6578 402.9778 186.9636 944.0218 

ṼL -son/ton 3.8938 -20.2246 354.4308 275.1138 1077.6523 

ṼC -son/ton 8.3900 -15.9700 378.0500 200.2615 989.7905 

ṼL 10.9560 -8.8300 591.5200 87.6132 1349.2340 

VC 12.1233 -6.8833 566.7333 57.0743 -123.1805 

VE 11.0723 -7.1378 593.0889 79.6452 1374.8270 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 6.0567 -12.4567 525.6667 77.4855 1652.5360 

ṼC 6.8622 -13.5736 720.0889 193.9732 1251.8350 

ṼN 6.922 -13.0332 650.12 195.3027 1307.404 

ṼL 6.7361 -13.6760 497.6258 121.1085 1602.2430 

VC 7.9486 -9.8200 534.2429 117.4916 1680.1700 

VE 6.7200 -12.6722 453.1840 128.0959 1663.0300 

Table 38: Means for vowel measurements of participant P1 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P1. Sex, Age, 

and City of Origin are also given. 
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Appendix 9 :  P3 results 

P3 - Female; 18 y/o; Paris; 15 years in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0023 < 0.0001 0.0111 0.0052 0.0008 

ṼC/ṼN 0.0762 0.1675 0.1814 0.0379 0.5958 

ton: ṼL/ṼC 0.1539 0.8542 0.4754 0.1018 0.0437 

ṼC/ṼL 0.0462 0.5241 0.0647 0.1570 0.5405 

V/ṼL 0.1275 < 0.0001 0.2484 0.1034 0.0001 

V/VC 0.0194 0.7214 0.4389 0.1328 0.0020 

VC/VE 0.1383 0.0025 0.0887 0.1468 0.0010 

ṼL/VE 0.0155 0.0059 0.2979 0.1553 0.0069 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.4887 0.0305 < 0.0001 0.0037 0.0001 

ṼC/ṼN 0.4789 0.4356 0.6143 0.5236 0.7270 

ṼC/ṼL 0.0507 0.3637 0.0414 0.7905 0.1645 

V/ṼL 0.6130 0.0049 0.0003 0.0027 < 0.0001 

V/VC 0.0474 0.6126 0.0217 0.4473 0.0001 

VC/VE 0.7500 0.5797 0.6563 0.8962 0.3887 

ṼL/VE 0.0002 0.0039 0.0111 0.0009 0.1076 

Table 39: The p-values for analyses of participant P3 

The p-values of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P3. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 10 :  P3 means 

P3 - Female; 18 y/o; Paris; 15 years in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 0.625 -25.38968 494.5263 73.426 1320.525 

ṼC 6.854737 -37.95 431.3 184.3739 1011.252 

ṼN 3.628889 -35.4466 458.9556 98.10867 978.266 

ṼL -son/ton 0.2375 -34.15125 440 213.006 1084.7387 

ṼC -son/ton 3.175 -34.54 459.95 112.777 981.1915 

ṼL 4.394 -36.934 472.56 123.431 961.4828 

VC 11.736667 -24.69333 507.9667 44.808 1571.531 

VE 8.726667 -31.2533 487.1556 77.37233 1237.51 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 2.532727 -21.41636 490.1818 75.67109 2045.017 

ṼC 3.645263 -24.64053 686.9368 127.04884 1507.986 

ṼN 2.916471 -23.36306 671.9882 116.3115 1531.628 

ṼL 1.733333 -25.92242 630.9833 123.7476 1423.816 

VC 6.058667 -22.27307 576.48 91.11587 1471.181 

VE 5.698182 -21.32127 564.0455 88.78245 1565.158 

Table 40: Means for vowel measurements of participant P3 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P3. Sex, Age, 

and City of Origin are also given. 
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Appendix 11 :  P4 results 

P4 - Male; 20 y/o; Caen; 2.5 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0227 0.1441 0.4358 0.3084 0.0157 

ṼC/ṼN 0.0896 0.7064 0.3968 0.7764 0.2591 

ton: ṼL/ṼC 0.0548 0.2777 0.1947 0.3262 0.7292 

ṼC/ṼL 0.8859 0.9665 0.8900 0.6744 0.9283 

V/ṼL 0.0311 0.1349 0.5208 0.1997 0.0190 

V/VC 0.8681 0.0266 0.0455 0.4904 0.0001 

VC/VE 0.1716 0.4919 0.2335 0.1623 0.8504 

ṼL/VE 0.0002 0.1926 0.1298 < 0.0001 0.7486 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.5297 0.9746 0.9845 0.4529 0.3075 

ṼC/ṼN 0.1921 0.3878 0.4526 0.0417 < 0.0001 

ṼC/ṼL 0.3568 0.8957 0.1486 0.4410 0.1256 

V/ṼL 0.1417 0.9597 0.2213 0.9814 0.9217 

V/VC 0.5297 0.9746 0.9845 0.4529 0.3075 

VC/VE 0.4201 0.0340 0.9066 0.0532 0.6006 

ṼL/VE 0.9412 0.0406 0.2517 0.2571 0.0189 

Table 41: The p-values for analyses of participant P4 

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P4. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 12 :  P4 means 

P4 - Male; 20 y/o; Caen; 2.5 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 12.0000 -18.2974 504.2889 197.1183 1061.7850 

ṼC 6.3025 -14.6038 480.2250 250.0924 1254.6770 

ṼN 10.2778 -13.8333 504.3556 268.7240 1401.3270 

ṼL -son/ton 6.6550 -14.5125 484.0875 266.3426 1246.4980 

ṼC -son/ton 11.4800 -11.8350 529.9500 388.7985 1287.3640 

ṼL 6.6550 -14.5125 484.0875 266.3426 1246.4980 

VC 12.4200 -13.0113 629.2000 158.0267 1262.6210 

VE 15.5600 -11.7956 553.3302 102.0271 1268.0970 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 7.2164 -12.7364 672.0545 111.1813 1603.6430 

ṼC 8.3365 -12.8082 670.7647 129.6722 1657.1220 

ṼN 10.1800 -11.5147 704.9789 173.9927 1305.4650 

ṼL 9.6793 -12.6231 598.2600 111.7293 1608.6180 

VC 8.3365 -12.8082 670.7647 129.6722 1657.1220 

VE 9.5790 9.1790 663.2571 91.9183 1671.8090 

Table 42: Means for vowel measurements of participant P4 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P4. Sex, Age, 

and City of Origin are also given. 
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Appendix 13 :  P5 results 

P5 - Male; 20 y/o; Cieux (87); 10 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0055 0.0335 0.0052 < 0.0001 0.0663 

ṼC/ṼN 0.6006 0.4822 0.0211 0.1936 0.9200 

ton: ṼL/ṼC 0.6557 0.2663 0.3428 0.5803 0.4624 

ṼC/ṼL 0.0001 0.0026 < 0.0001 < 0.0001 0.0217 

V/ṼL 0.0771 0.4096 0.3697 0.9634 0.8923 

V/VC 0.7284 0.9170 0.4786 0.6368 0.6014 

VC/VE 0.1924 0.1457 0.1412 0.3715 0.1640 

ṼL/VE 0.7510 0.4430 0.7954 0.4419 0.3753 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0175 0.0235 0.7211 0.0004 0.1158 

ṼC/ṼN 0.0861 0.3197 0.4333 0.8838 0.6837 

ṼC/ṼL 0.0002 < 0.0001 0.6665 0.0001 < 0.0001 

V/ṼL 0.6505 0.6020 0.4935 0.8446 0.1119 

V/VC 0.4858 0.7445 0.8722 0.2354 0.1233 

VC/VE 0.7800 0.7576 0.3017 0.7410 0.3178 

ṼL/VE 0.3137 0.9680 0.0414 0.0253 0.3837 

Table 43: The p-values for analyses of participant P5 

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P5. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 14 :  P5 means 

P5 - Male; 20 y/o; Cieux (87); 10 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 8.631125 -24.0775 414.625 69.05537 1275.201 

ṼC 5.625 -28.64875 325.0125 295.17025 1078.561 

ṼN 6.117778 -29.82667 365.5778 250.2869 1067.583 

ṼL -son/ton 7.74875 -24.36415 360 285.649 1174.137 

ṼC -son/ton 7.23 -27.565 337 312.1425 1074.652 

ṼL 10.61 -22.1154 440.22 70.338 1285.157 

VC 8.153333 -24.36333 387.8667 90.48667 1229.581 

VE 10.208889 -20.61782 435.8222 48.98956 1332.712 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 8.2 -21.37091 385.5636 126.368 1410.396 

ṼC 5.424444 -27.78222 396.9778 288.6739 1248.88 

ṼN 6.450526 -26.28842 415.3474 282.5546 1234.179 

ṼL 7.727167 -20.025 407.6933 120.9664 1575.78 

VC 7.38625 -20.522 380.9 92.12075 1570.141 

VE 7.1744 -20.07984 366.88 86.75896 1614.292 

Table 44: Means for vowel measurements of participant P5 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P5. Sex, Age, 

and City of Origin are also given. 
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Appendix 15 :  P6 results 

P6 - Female; 19 y/o; Saint-Saturnin (16); 2 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0001 0.0039 0.0485 0.0250 0.0974 

ṼC/ṼN 0.1405 0.0639 0.0200 0.8836 0.3261 

ton: ṼL/ṼC 0.1055 0.4508 0.3321 0.7551 0.9539 

ṼC/ṼL 0.0002 < 0.0001 0.0001 0.1662 0.0025 

V/ṼL 0.2657 0.0205 0.1100 0.2622 0.0219 

V/VC 0.6452 0.0412 0.0170 0.6405 0.0141 

VC/VE 0.6558 0.6237 0.1599 0.5763 0.4587 

ṼL/VE 0.7242 0.6188 0.9627 0.5607 0.8980 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.1161 0.1896 0.0090 0.0002 < 0.0001 

ṼC/ṼN 0.3575 0.2027 0.8749 0.2936 0.7313 

ṼC/ṼL 0.6625 0.4431 0.3335 0.2523 0.3351 

V/ṼL 0.1618 0.6404 0.0435 0.0009 0.0001 

V/VC 0.0779 0.0126 0.0346 0.0015 0.0014 

VC/VE 0.9836 0.0153 0.2151 0.1965 0.2555 

ṼL/VE 0.7770 0.9746 0.2839 0.7930 0.1952 

Table 45: The p-values for analyses of participant P6 

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P6. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 16 :  P6 means 

P6 - Female; 19 y/o; Saint-Saturnin (16); 2 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 6.215 -28.73463 455.775 91.39137 1179.865 

ṼC 1.383625 -36.29875 388.9625 151.56412 1044.164 

ṼN 2.802222 -29.56111 466.1556 146.2747 1196.382 

ṼL -son/ton 1.35 -25.30267 458.5333 152.4578 1173.959 

ṼC -son/ton 3.05 -29.9425 503.8 140.4355 1190.101 

ṼL 5.071111 -22.11778 506.8222 117.7538 1477.2 

VC 5.46 -21.97333 557.3333 101.23583 1572.662 

VE 4.766667 -23.47111 505.5778 108.3667 1458.817 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 5.211667 -22.77833 464.9 73.63367 1886.415 

ṼC 3.441111 -20.24444 585.3556 130.62956 1449.155 

ṼN 2.667368 -22.26105 590.1684 145.1739 1425.923 

ṼL 2.7832 -21.81032 554.88 116.1564 1525.436 

VC 3.24125 -18.0925 556.7125 135.44057 1514.653 

VE 3.225217 -21.86951 523.5043 113.4301 1638.48 

Table 46: Means for vowel measurements of participant P6 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P6. Sex, Age, 

and City of Origin are also given. 
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Appendix 17 :  P7 results 

P7 - Female; 19 y/o; Paris; 3 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC < 0.0001 0.2759 0.0475 0.0001 0.0205 

ṼC/ṼN 0.8503 0.4864 0.2101 0.3325 0.1674 

ton: ṼL/ṼC 0.5875 0.1369 0.7084 0.4237 0.0411 

ṼC/ṼL < 0.0001 < 0.0001 0.0000 0.0003 < 0.0001 

V/ṼL 0.9358 0.0006 0.0007 0.0636 0.0081 

V/VC 0.5008 0.0006 0.0224 0.0933 0.0015 

VC/VE 0.8204 0.8605 0.6865 0.5827 0.6393 

ṼL/VE 0.5290 0.7586 0.8947 0.9082 0.1476 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.9755 0.7580 0.6196 0.0015 < 0.0001 

ṼC/ṼN 0.8941 0.9991 0.8066 0.7733 0.3879 

ṼC/ṼL 0.8482 0.0271 0.5748 0.1657 < 0.0001 

V/ṼL 0.9354 0.5944 0.3690 < 0.0001 0.4278 

V/VC 0.9678 0.5160 0.7264 < 0.0001 0.1025 

VC/VE 0.4507 0.6894 0.4602 0.2272 0.2228 

ṼL/VE 0.5569 0.9889 0.0286 0.0800 0.0010 

Table 47: The p-values for analyses of participant P7 

The p-values of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P7. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 18 :  P7 means 

P7 - Female; 19 y/o; Paris; 3 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 6.21125 -25.08063 469.675 57.0215 1392.085 

ṼC -0.7653333 -27.30667 416.24 276.7153 1129.244 

ṼN -0.4955556 -28.22378 438.1111 370.0593 1015.532 

ṼL -son/ton -0.6633333 -26.595 443.7333 342.2095 1215.784 

ṼC -son/ton -2.05 -28.8385 433.5 460.307 1009.497 

ṼL 6.2844444 -17.47111 568.9778 77.54889 1658.84 

VC 6.956667 -17.38333 558.7333 90.20233 1744.794 

VE 6.74 -17.21 571.8222 79.176 1719.603 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 0.6545455 -19.75455 594.1091 78.05382 2008.717 

ṼC 0.7733333 -20.868 621.52 214.3528 1471.274 

ṼN 0.6377778 -20.86656 613.3889 203.3814 1543.178 

ṼL 0.964375 -17.87888 639.6688 162.0444 1940.956 

VC 0.8093333 -17.38227 613.9733 156.74733 2149.573 

VE 1.4017391 -17.89026 587.0783 138.0986 2099.872 

Table 48: Means for vowel measurements of participant P 7 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P7. Sex, Age, 

and City of Origin are also given.  
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Appendix 19 :  P8 results 

P8 - Male; 20 y/o; Paris; 3 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC < 0.0001 0.0010 0.0076 0.3073 0.0013 

ṼC/ṼN 0.1928 0.5359 0.0179 0.0122 0.7926 

ton: ṼL/ṼC 0.1537 0.7509 0.5985 0.0039 0.3945 

ṼC/ṼL 0.0018 0.0016 < 0.0001 0.1062 0.1555 

V/ṼL 0.1055 0.5832 0.0244 0.7131 0.0005 

V/VC 0.7123 0.0466 0.0175 0.2703 < 0.0001 

VC/VE 0.0053 0.3021 0.7332 0.8590 0.7155 

ṼL/VE 0.0005 0.0200 0.0824 0.0839 0.7982 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0025 0.0135 0.3776 < 0.0001 < 0.0001 

ṼC/ṼN 0.9758 0.4843 0.3880 0.0778 0.0037 

ṼC/ṼL 0.3961 0.2982 0.8274 0.0003 < 0.0001 

V/ṼL 0.0078 0.0457 0.4403 0.0220 0.0012 

V/VC 0.0057 0.3817 0.9571 0.8113 0.8707 

VC/VE 0.2945 0.3038 0.4890 0.4455 0.3075 

ṼL/VE 0.4117 0.0323 0.0398 0.0014 < 0.0001 

Table 49: The p-values for analyses of participant P8 

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P8. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 20 :  P8 means 

P8 - Male; 20 y/o; Paris; 3 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 9.20375 -15.59212 494.3 211.8494 1119.249 

ṼC 1.345 -21.79609 385.35 260.9291 1457.496 

ṼN 2.753333 -20.18 452.2444 160.1629 1418.732 

ṼL -son/ton 0.7905882 -19.40586 443 408.7507 1343.195 

ṼC -son/ton 2.57 -20.35 457.75 193.7025 1460.222 

ṼL 6.622 -14.34 618.04 198.268 1328.046 

VC 9.63 -10.55333 758.1667 161.3973 1352.36 

VE 12.86222 -7.777778 726.5333 155.1062 1339.148 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 9.806667 -7.505 707.3667 93.132 1755.619 

ṼC 4.925556 -14.16313 770.6556 218.2183 1294.465 

ṼN 4.95 -13.1019 731.03 178.6489 1400.738 

ṼL 5.685 -12.55281 760.4438 136.5367 1547.252 

VC 5.44 -9.62125 711.1875 96.5695 1747.037 

VE 6.4632 -7.0024 681.224 91.17784 1779.896 

Table 50: Means for vowel measurements of participant P8 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P8. Sex, Age, 

and City of Origin are also given. 

  



 154 

Appendix 21 :  P9 results 

P9 - Female; 19 y/o; Besançon (25); 15 years in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC < 0.0001 0.0018 0.0167 0.0004 0.7804 

ṼC/ṼN 0.7353 0.3644 0.6298 0.5751 0.1179 

ton: ṼL/ṼC 0.1883 0.5177 0.8395 0.5650 0.2383 

ṼC/ṼL 0.0004 < 0.0001 < 0.0001 0.0018 0.0235 

V/ṼL 0.4876 0.0148 0.0286 0.2182 0.0094 

V/VC 0.7187 0.0002 0.0422 0.2709 0.0000 

VC/VE 0.3427 0.4757 0.8002 0.4906 0.2371 

ṼL/VE 0.2311 0.2445 0.3718 0.2952 0.0958 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.9326 0.1235 0.0002 < 0.0001 0.0004 

ṼC/ṼN 0.5925 0.1750 0.3125 0.1365 0.7329 

ṼC/ṼL 0.6136 0.9771 0.0459 0.0127 0.0041 

V/ṼL 0.0715 0.1201 0.0020 0.0120 0.0041 

V/VC 0.0741 0.2885 0.2631 0.5076 0.2238 

VC/VE 0.6009 0.5245 0.1201 0.0173 0.2700 

ṼL/VE 0.4572 0.9983 0.0705 0.1359 0.0027 

Table 51: The p-values for analyses of participant P9 

The p-values of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P9. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 22 :  P9 means 

P9 - Female; 19 y/o; Besançon (25); 15 years in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 6.55375 -26.55625 451.225 70.14012 1174.905 

ṼC 0.315 -32.35625 390.825 305.64325 1149.152 

ṼN 0.7422222 -30.87778 401.7111 260.9727 1324.317 

ṼL -son/ton -1.058824 -30.4 382.7294 299.5776 1369.096 

ṼC -son/ton -1.99 -31.475 378.5 372.869 1466.43 

ṼL 5.628 -20.21 510.96 100.7126 1371.015 

VC 6.143333 -16.58333 551.4 82.69133 1507.74 

VE 7.055556 -17.75556 539.6889 75.11556 1465.049 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 5.74 -18.08333 530.0167 74.99883 2068.242 

ṼC 5.49 -16.03889 712.3778 168.85156 1698.153 

ṼN 3.931111 -17.34444 687.9222 136.7172 1708.875 

ṼL 4.006667 -16.01333 667.9933 122.9387 1799.046 

VC 3.889333 -16.62 578.24 85.908 1963.145 

VE 3.453077 -16.01154 625.5077 106.8856 1911.739 

Table 52: Means for vowel measurements of participant P9 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P9. Sex, Age, 

and City of Origin are also given. 
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Appendix 23 :  P10 results 

P10 - Female; 28 y/o; Tarbes (65); 1 year in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0017 0.0091 0.0798 0.8408 0.8304 

ṼC/ṼN 0.1471 0.1959 0.1264 0.8733 0.9712 

ton: ṼL/ṼC 0.4888 0.3809 0.6548 0.2271 0.1160 

ṼC/ṼL 0.0002 0.0003 < 0.0001 0.0159 0.4569 

V/ṼL 0.3075 0.1520 0.0460 0.0125 0.2321 

V/VC 0.3040 0.0109 0.0458 0.0008 0.9775 

VC/VE 0.3155 0.4351 0.3950 0.9983 0.8947 

ṼL/VE 0.3424 0.1841 0.5527 0.3237 0.0450 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.2415 0.3980 < 0.0001 0.0198 < 0.0001 

ṼC/ṼN 0.3095 0.3940 0.9531 0.0786 0.1809 

ṼC/ṼL 0.4273 0.1075 0.0001 0.1642 < 0.0001 

V/ṼL 0.1097 0.0340 0.0067 0.1055 0.0136 

V/VC 0.1965 0.0192 0.0436 0.1649 0.1606 

VC/VE 0.2218 0.4579 0.6335 0.6656 0.4017 

ṼL/VE 0.1605 0.1597 0.0465 0.3851 0.0384 

Table 53: The p-values for analyses of participant P10 

The p-values of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P10. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 24 :  P10 means 

P10 - Female; 28 y/o; Tarbes (65); 1 year in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 4.39875 -23.2175 566.3125 321.7479 1408.027 

ṼC -0.3625 -28.58537 498.475 305.8506 1373.666 

ṼN 2.353333 -25.11178 565.2667 321.994 1383.273 

ṼL -son/ton -2.325 -28.1725 509.8125 480.1503 1054.623 

ṼC -son/ton -0.964 -30.0446 489.94 355.2814 1270.748 

ṼL 5.602 -20.028 637.56 127.4598 1270.745 

VC 5.566667 -18.42333 634.6667 81.30767 1405.185 

VE 6.8425 -17.025 649.85 81.28425 1401.29 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 3.588333 -20.06167 527.1833 105.2488 1902.545 

ṼC 2.087778 -18.73111 740.6778 175.003 1425.268 

ṼN 1.127368 -17.63158 739.0105 231.8433 1482.661 

ṼL 1.546429 -16.91929 651.1571 143.8209 1765.515 

VC 1.93875 -16.4565 614.0625 220.7376 1818.117 

VE 4.6032 -15.8328 621.736 182.2822 1863.14 

Table 54: Means for vowel measurements of participant P10 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P10. Sex, Age, 

and City of Origin are also given.  
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Appendix 25 :  P11 results 

P11 - Male; 19 y/o; Puteaux (92); 3 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.1423 0.0076 0.0228 0.0002 0.2746 

ṼC/ṼN 0.0175 0.1024 0.8406 0.0176 0.1348 

ton: ṼL/ṼC 0.0410 0.2105 0.6600 0.1182 0.0116 

ṼC/ṼL 0.0018 < 0.0001 0.0001 < 0.0001 0.0170 

V/ṼL 0.0091 0.0112 0.0042 0.0347 0.0620 

V/VC 0.0073 0.0002 0.0169 0.0002 0.0004 

VC/VE 0.5541 0.3395 0.4261 0.3311 0.7628 

ṼL/VE 0.8459 0.1728 0.9255 0.2873 0.3263 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.6037 0.5551 0.0001 < 0.0001 < 0.0001 

ṼC/ṼN 0.8490 0.9572 0.0471 0.7946 0.4722 

ṼC/ṼL 0.8908 0.9344 < 0.0001 0.0016 < 0.0001 

V/ṼL 0.6267 0.5178 0.5220 0.0011 0.3510 

V/VC 0.2680 0.4895 0.8024 0.0294 0.9339 

VC/VE 0.2331 0.2910 0.1363 0.5846 0.8899 

ṼL/VE 0.9817 0.3760 0.2079 0.6819 0.0565 

Table 55: The p-values for analyses of participant P11 

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P11. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 26 :  P11 means 

P11 - Male; 19 y/o; Puteaux (92); 3 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 7.636 -16.80267 463.5613 134.3099 1193.528 

ṼC 4.892 -23.67187 396.72 268.3389 1086.345 

ṼN 9.626667 -18.65778 402.9778 186.9636 944.0218 

ṼL -son/ton 3.82 -21.11429 351.5143 265.3077 1091.7997 

ṼC -son/ton 8.39 -15.97 378.05 200.2615 989.7905 

ṼL 10.956 -8.83 591.52 87.6132 1349.234 

VC 12.12333 -6.883333 566.7333 57.07433 1430.292 

VE 11.20689 -5.162222 594.9556 69.11133 1418.778 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 6.056667 -12.45667 525.6667 77.4855 1652.536 

ṼC 6.862222 -13.57356 720.0889 193.9732 1251.835 

ṼN 6.667368 -13.64442 652.4842 203.29 1279.203 

ṼL 6.736129 -13.676 497.6258 121.1085 1602.243 

VC 7.685 -10.92625 513.775 116.7911 1657.424 

VE 6.72 -12.67216 453.184 128.0959 1663.03 

Table 56: Means for vowel measurements of participant P1 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P11. Sex, Age, 

and City of Origin are also given. 
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Appendix 27 :  P12 results 

P12 - Female; 20 y/o; Lyon; 3 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC < 0.0001 0.0231 0.0103 < 0.0001 0.0339 

ṼC/ṼN 0.9179 0.0363 0.0545 0.1172 0.3168 

ton: ṼL/ṼC 0.7240 0.2725 0.0664 0.0536 0.4718 

ṼC/ṼL 0.0142 < 0.0001 0.0011 0.1570 0.0006 

V/ṼL 0.1365 0.0549 0.5245 0.0780 0.0210 

V/VC 0.2123 0.0428 0.3400 0.6778 0.0000 

VC/VE 0.1157 0.5393 0.5257 0.2720 0.6873 

ṼL/VE 0.0700 0.3054 0.4326 0.1890 0.2419 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.4397 0.5793 < 0.0001 0.0014 < 0.0001 

ṼC/ṼN 0.8180 0.8315 0.1655 0.4857 0.0484 

ṼC/ṼL 0.0518 0.1214 0.0002 < 0.0001 < 0.0001 

V/ṼL 0.1108 0.0499 0.8634 0.0013 0.4009 

V/VC 0.2069 0.0047 0.3573 0.0250 0.0039 

VC/VE 0.8245 0.6423 0.7850 0.2119 0.2313 

ṼL/VE 0.4048 0.9497 0.5932 0.6635 0.5076 

Table 57: The p-values for analyses of participant P12 

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P12. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 28 :  P12 means 

P12 - Female; 20 y/o; Lyon; 3 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 8.03125 -28.745 500.7375 52.71975 1194.733 

ṼC 2.2975 -34.83875 428.175 176.31987 1026.863 

ṼN 2.415 -31.3 475.325 283.8743 1207.372 

ṼL -son/ton 0.1164706 -33.26588 395.1882 187.0846 1215.442 

ṼC -son/ton 0.585 -31.665 460.85 384.229 1443.852 

ṼL 5.804 -23.184 428.175 118.2144 1438.136 

VC 9.546667 -22.37667 525.6333 57.92933 1530.914 

VE 8.124444 -20.86911 537.2889 71.46689 1544.217 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 1.743571 -24.50786 469.8429 121.3855 1902.609 

ṼC 1.017778 -23.68656 599.4111 205.834 1332.946 

ṼN 0.7936842 -24.02105 563.5368 187.8118 1409.665 

ṼL 4.741667 -20.52133 599.4111 71.51817 1978.284 

VC 3.07 -20.87087 484.15 89.00588 2077.637 

VE 3.275 -20.4079 487.825 76.17192 2031.029 

Table 58: Means for vowel measurements of participant P12 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P12. Sex, Age, 

and City of Origin are also given.  
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Appendix 29 :  P13 results 

P13 - Male; 21 y/o; Metz; 10 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC < 0.0001 0.0122 0.0603 0.1223 0.1792 

ṼC/ṼN 0.3347 0.4389 0.4980 0.2673 0.3647 

ton: ṼL/ṼC 0.9377 0.0027 0.0302 0.0017 0.2086 

ṼC/ṼL 0.0017 0.0007 0.0031 0.0004 0.0019 

V/ṼL 0.0335 0.3227 0.3763 0.0000 0.0005 

V/VC 0.2770 0.5566 0.7113 0.0000 0.0004 

VC/VE 0.9085 0.7828 0.1275 0.2460 0.9330 

ṼL/VE 0.3820 0.8922 0.2669 0.4104 0.9430 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC < 0.0001 < 0.0001 0.1464 < 0.0001 < 0.0001 

ṼC/ṼN 0.0682 0.2333 0.3762 0.0295 0.0111 

ṼC/ṼL 0.0001 0.0052 0.8541 < 0.0001 < 0.0001 

V/ṼL < 0.0001 < 0.0001 0.16 49 0.3997 0.0083 

V/VC < 0.0001 < 0.0001 0.1529 0.6540 0.7871 

VC/VE 0.4417 0.2693 0.5960 0.4109 0.9194 

ṼL/VE 0.2390 0.0113 0.7128 0.0506 0.0006 

Table 59: The p-values for analyses of participant P13 

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P13. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 30 :  P13 means 

P13 - Male; 21 y/o; Metz; 10 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 6.64625 -20.3475 444.7375 200.6854 1124.2668 

ṼC 2.33 -27.03775 384.5875 268.0014 963.0951 

ṼN 3.66 -28.89444 397.7111 192.7256 862.106 

ṼL -son/ton 4.005882 -24.66447 458.5294 305.2202 946.6864 

ṼC -son/ton 3.915 -31.035 392 150.2655 849.903 

ṼL 4.922 -18.014 476.88 96.8526 1356.9308 

VC 5.343333 -18.52333 458.7667 91.40833 1360.872 

VE 5.466667 -17.76 509.4889 110.04956 1358.859 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 7.9727273 -10.99545 523.4545 99.26491 1616.37 

ṼC -0.5266667 -24.46889 470.2778 205.82 1195.566 

ṼN 0.626 -22.5463 492.695 165.3117 1290.577 

ṼL 2.1019355 -20.29368 474.5935 109.836 1486.399 

VC 2.3975 -19.092 467.9375 107.78562 1604.895 

VE 2.924167 -17.44217 483.0583 94.08508 1607.586 

Table 60: Means for vowel measurements of participant P13 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P13. Sex, Age, 

and City of Origin are also given.  
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Appendix 31 :  P14 results 

P14 - Male; 20 y/o; Paris; 5 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.8109 0.1478 0.9353 0.0263 0.0909 

ṼC/ṼN 0.0893 0.9895 0.9118 0.2017 0.1969 

ton: ṼL/ṼC 0.0715 0.0729 0.8873 0.7702 0.6374 

ṼC/ṼL 0.0955 0.0021 0.1913 0.0461 0.5496 

V/ṼL 0.2436 0.1323 0.4451 0.9126 0.0508 

V/VC 0.0569 0.0095 0.0179 0.0000 0.1268 

VC/VE 0.5870 0.4968 0.8101 0.8973 0.9327 

ṼL/VE 0.0004 0.0964 0.0075 0.0009 0.0030 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.1991 0.0003 0.0895 0.3225 < 0.0001 

ṼC/ṼN 0.0314 0.2087 0.5549 0.4210 0.5247 

ṼC/ṼL 0.1427 0.0190 0.0108 0.0002 0.0039 

V/ṼL 0.0530 0.0074 0.3597 0.6254 < 0.0001 

V/VC 0.3133 0.5417 0.5011 0.0075 0.1834 

VC/VE 0.3101 0.6451 0.7293 0.8843 0.1666 

ṼL/VE 0.3452 < 0.0001 0.7936 < 0.0001 < 0.0001 

Table 61: The p-values for analyses of participant P14 

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P14. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 32 :  P14 means 

P14 - Male; 20 y/o; Paris; 5 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 7.402222 -16.79222 413.5444 276.3703 1182.685 

ṼC 7.11375 -18.7275 411.41 175.4604 1055.966 

ṼN 8.58 -18.74444 413.1111 273.5862 1239.833 

ṼL -son/ton 7.258824 -17.52471 402.7529 185.7386 1065.342 

ṼC -son/ton 8.675 -20.26 405.5 167.849 1120.346 

ṼL 8.86 -14.746 432.88 282.9074 1004.515 

VC 11.823333 -11.87333 476.8667 67.40367 1272.912 

VE 12.86889 -12.87556 473.6667 68.48178 1275.954 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 5.925455 -13.09491 477.7273 206.9751 1634.754 

ṼC 8.05 -20.91111 546.2222 251.0803 1046.341 

ṼN 9.747 -19.484 539.85 224.0282 1063.23 

ṼL 9.18 -18.34129 512.9355 185.3708 1166.716 

VC 7.58375 -12.0575 503.6375 69.11575 1571.254 

VE 8.48 -12.44174 509.1043 67.98696 1550.904 

Table 62: Means for vowel measurements of participant P14 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P14. Sex, Age, 

and City of Origin are also given.  
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Appendix 33 :  P15 results 

P15 - Female; 20 y/o; Paris; 8 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0362 0.9025 0.0002 0.0007 0.1087 

ṼC/ṼN 0.2062 0.3879 0.0514 0.7677 0.6163 

ton: ṼL/ṼC 0.2184 0.7410 0.9643 0.0613 0.5202 

ṼC/ṼL < 0.0001 < 0.0001 < 0.0001 0.0010 0.0721 

V/ṼL 0.2981 0.0131 0.1341 0.6141 0.0000 

V/VC 0.7386 0.1293 0.1796 0.3748 0.0000 

VC/VE 0.2092 0.9221 0.4074 0.4701 0.4229 

ṼL/VE 0.9966 0.0528 0.3269 0.8069 0.3546 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC < 0.0001 0.0052 0.5063 < 0.0001 < 0.0001 

ṼC/ṼN 0.6505 0.8013 0.6701 0.7482 0.5287 

ṼC/ṼL 0.0044 < 0.0001 0.0372 0.0173 < 0.0001 

V/ṼL 0.8360 0.8120 0.5777 0.0384 0.3079 

V/VC 0.1319 0.7232 0.9860 0.1412 0.1472 

VC/VE 0.3017 0.7322 0.7751 0.4254 0.5198 

ṼL/VE 0.8437 0.5352 0.4758 0.1934 0.8482 

Table 63: The p-values for analyses of participant P15.  

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P15. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 34 :  P15 means 

P15 - Female; 20 y/o; Paris; 8 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 0.9122222 -34.85133 447.0444 83.98856 1222.546 

ṼC -6.0525 -35.19375 329.4375 363.372 1419.277 

ṼN -3.94 -33.7716 387.68 393.0966 1341.761 

ṼL -son/ton -8.251429 -31.43429 329.1429 422.1417 1416.937 

ṼC -son/ton -5.835 -32.135 330.85 282.529 1588.892 

ṼL 4.17 -27.16 500.92 94.2546 1622.051 

VC 1.9933333 -29.67 499.3667 106.06267 1636.622 

VE 4.175556 -29.88044 472.2 90.21 1663.894 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 3.2575 -23.1305 473.3167 78.1265 2067.468 

ṼC -3.084444 -28.83444 496.3444 282.2386 1432.604 

ṼN -3.662 -29.1538 484.5 300.9543 1474.825 

ṼL 2.838788 -23.54061 455.097 158.7739 1981.995 

VC 1.5175 -23.77 472.7 136.7694 1880.562 

VE 2.4608 -24.15728 466.664 100.9105 1964.784 

Table 64 Means for vowel measurements of participant P15 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P15. Sex, Age, 

and City of Origin are also given.  
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Appendix 35 :  P16 results 

P16 - Female; 33 y/o; Ancenis (44); 5 years in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0021 0.2070 0.1586 < 0.0001 0.5529 

ṼC/ṼN 0.9140 0.0788 0.0233 0.3144 0.1568 

ton: ṼL/ṼC 0.7677 0.1666 0.2308 0.2652 0.0784 

ṼC/ṼL 0.0298 < 0.0001 < 0.0001 0.0001 0.0895 

V/ṼL 0.2892 0.0032 0.0015 0.2825 0.0000 

V/VC 0.1495 0.0054 0.0090 0.1708 0.0000 

VC/VE 0.8299 0.1757 0.1052 0.9086 0.5332 

ṼL/VE 0.5111 0.0714 0.0128 0.7137 0.7898 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC < 0.0001 < 0.0001 0.4523 < 0.0001 < 0.0001 

ṼC/ṼN 0.5331 0.9050 0.6748 0.9394 0.9534 

ṼC/ṼL < 0.0001 0.0030 0.0411 < 0.0001 < 0.0001 

V/ṼL 0.0033 0.0014 0.0905 0.0108 0.6140 

V/VC 0.0010 0.0088 0.1153 0.0186 0.8043 

VC/VE 0.2464 0.6629 0.7103 0.6092 0.3454 

ṼL/VE 0.7146 0.1286 0.5033 0.6676 0.5269 

Table 65: The p-values for analyses of participant P16 

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P16. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 36 :  P16 means 

P16 - Female; 33 y/o; Ancenis (44); 5 years in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 6.991111 -26.10551 471.7778 94.00767 1242.126 

ṼC 2.7225 -29.40375 419.7125 313.329 1328.336 

ṼN 2.602222 -33.48889 480.8 234.868 1088.012 

ṼL -son/ton 2.609412 -29.69411 442.2 306.1885 1125.815 

ṼC -son/ton 2.925 -32.505 499 180.261 1006.472 

ṼL 5.758 -19.188 590.4 110.8736 1570.922 

VC 5.163333 -19.64333 567.4 115.26933 1560.598 

VE 4.86 -20.97793 527.9333 117.1811 1582.856 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 6.172727 -16.48182 550.5636 89.50727 2052.485 

ṼC -2.023333 -25.524 512.8222 301.162 1578.47 

ṼN -1.392 -25.3795 524.42 298.241 1582.098 

ṼL 2.155758 -21.93212 464.3758 132.1159 2017.87 

VC 1.286667 -21.17067 469.4533 134.67813 2035.258 

VE 2.496 -20.6392 478.192 125.4173 1985.92 

Table 66: Means for vowel measurements of participant P16 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P16. Sex, Age, 

and City of Origin are also given. 
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Appendix 37 :  P17 results 

P17 - Female; 21 y/o; Dijon; 6 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0009 < 0.0001 0.1186 0.0005 < 0.0001 

ṼC/ṼN 0.1956 0.1091 0.2552 0.4863 0.1651 

ton: ṼL/ṼC 0.1125 0.4887 0.7592 0.7544 0.0000 

ṼC/ṼL < 0.0001 < 0.0001 0.0003 0.0020 < 0.0001 

V/ṼL 0.0102 0.0000 0.0015 0.1246 0.0000 

V/VC 0.0108 0.0040 0.0649 0.5214 0.0000 

VC/VE 0.0937 0.2574 0.0852 0.0509 0.7294 

ṼL/VE 0.2641 0.8809 0.6157 0.1609 0.6810 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0001 0.0068 < 0.0001 0.0006 < 0.0001 

ṼC/ṼN 0.0052 0.5680 0.4314 0.3799 0.0001 

ṼC/ṼL 0.7590 0.0636 0.0001 0.0945 < 0.0001 

V/ṼL < 0.0001 0.0938 0.0090 < 0.0001 0.2528 

V/VC < 0.0001 0.9825 0.0009 < 0.0001 0.7086 

VC/VE 0.5523 0.0480 0.0128 0.6884 0.9229 

ṼL/VE 0.4280 0.6905 0.3069 0.2759 0.0427 

Table 67: The p-values for analyses of participant P17 

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P17. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 38 :  P17 means 

P17 - Female; 21 y/o; Dijon; 6 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 5.61 -23.7267 561.33 102.7828 1351.067 

ṼC 0.944 -35.46 502.8667 306.4397 1052.069 

ṼN 3.057778 -33.12378 539.2444 262.4847 971.8367 

ṼL -son/ton 1.53 -34.515 527.45 331.542 938.6155 

ṼC -son/ton -0.7482353 -32.91576 515.2588 303.442 1168.4905 

ṼL 8.395556 -10.93778 819.2 133.774 1662.773 

VC 9.653333 -13.77 0.5214 116.8323 1663.303 

VE 7.084444 -10.67111 854.6444 160.4724 1678.35 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 7.61 -15.52833 595.2167 77.542 1886.33 

ṼC 1.96 -23.48111 878.7667 339.1303 1344.899 

ṼN -0.025 -21.9042 845.54 281.1081 1581.513 

ṼL 1.746667 -18.89147 727.56 227.1569 1819.125 

VC 1.74 -15.5725 782.7625 217.7425 1908.722 

VE 2.2168 -18.3928 700.92 211.0488 1904.456 

Table 68: Means for vowel measurements of participant P17 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P17. Sex, Age, 

and City of Origin are also given. 
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Appendix 39 :  P18 results 

P18 - Male; 33 y/o;  Chambéry (73); 4.5 years in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0007 0.0676 0.0086 < 0.0001 0.3925 

ṼC/ṼN 0.0851 0.0300 0.0807 0.0670 0.1418 

ton: ṼL/ṼC 0.1430 0.6205 0.9546 0.1673 0.8632 

ṼC/ṼL 0.0001 0.0232 0.0005 < 0.0001 0.3504 

V/ṼL 0.2050 0.4380 0.6505 0.3724 0.0001 

V/VC 0.0075 0.0087 0.0651 0.0214 0.0048 

VC/VE 0.4987 0.0515 0.2202 0.8168 0.7556 

ṼL/VE 0.6587 0.8812 0.5447 0.3713 0.2570 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC < 0.0001 < 0.0001 0.1687 < 0.0001 < 0.0001 

ṼC/ṼN 0.3008 0.2823 0.4194 0.1977 0.1736 

ṼC/ṼL 0.0004 0.0010 0.0727 < 0.0001 < 0.0001 

V/ṼL < 0.0001 0.0044 0.0137 0.0005 0.8064 

V/VC 0.0001 0.0005 0.0057 0.0037 0.5997 

VC/VE 0.0694 0.0093 0.0712 0.0609 0.9172 

ṼL/VE 0.2107 0.1043 0.2247 0.0294 0.3031 

Table 69: The p-values for analyses of participant P18 

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P18. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 40 :  P18 means 

P18 - Male; 33 y/o;  Chambéry (73); 4.5 years in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 2.272632 -28.00684 409.1368 87.97537 1090.372 

ṼC -2.36375 -30.91188 343.125 354.4295 1188.774 

ṼN -0.07777778 -27.74578 380.0222 498.1311 982.5118 

ṼL -son/ton -2.850588 -27.43638 377.1059 508.5326 1025.708 

ṼC -son/ton -0.17 -28.49 375.4 434.1635 1000.547 

ṼL 3.538 -26.586 420.02 78.0696 1293.708 

VC 4.44 -23.25667 465.6333 66.13167 1240.21 

VE 3.957778 -26.33778 432.4444 68.18467 1252.524 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 2.765 -15.42167 511.0333 85.00083 1727.466 

ṼC -3.281111 -24.43543 461.7 319.78689 1355.289 

ṼN 3.988 -22.921 479.35 274.4988 1416.197 

ṼL -0.3193333 -19.91853 424.1667 131.2126 1715.724 

VC -0.9825 -21.83162 407.325 133.26438 1753.212 

VE 0.4792 -18.5464 442.0128 104.1082 1749.645 

Table 70: Means for vowel measurements of participant P18 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P18. Sex, Age, 

and City of Origin are also given. 
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Appendix 41 : P20 results 

P20 - Female; 35 y/o; Paris; 3 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC < 0.0001 0.6527 0.0996 0.0001 0.0138 

ṼC/ṼN 0.0374 0.3123 0.5072 0.7191 0.8538 

ton: ṼL/ṼC 0.0013 0.6406 0.9461 0.8463 0.5611 

ṼC/ṼL < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.5517 

V/ṼL 0.3580 0.0027 0.0008 0.1112 0.0000 

V/VC 0.4039 0.0069 0.0254 0.2193 0.0000 

VC/VE 0.1591 0.7784 0.9297 0.0140 0.1989 

ṼL/VE 0.1823 0.4587 0.3539 0.3797 0.7877 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0303 0.7680 0.0003 < 0.0001 < 0.0001 

ṼC/ṼN 0.1248 0.0077 0.0100 0.9414 0.0027 

ṼC/ṼL 0.0579 0.7468 < 0.0001 < 0.0001 < 0.0001 

V/ṼL 0.2227 0.9154 0.0982 0.0001 0.0277 

V/VC 0.7166 0.1586 0.4153 0.0028 0.9024 

VC/VE 0.3842 0.9488 0.2807 0.3020 0.7319 

ṼL/VE 0.0038 0.0069 0.1269 0.0303 0.0018 

Table 71: The p-values for analyses of participant P20 

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P20. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 42 :  P20 means 

P20 - Female; 35 y/o; Paris; 3 months in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 7.075556 -27.03111 474.4222 104.0472 1192.153 

ṼC -1.68 -28.05629 430.3125 288.5376 1465.107 

ṼN 0.8977778 -29.78222 441.5556 263.0722 1437.541 

ṼL -son/ton -2.089412 -28.06812 448.4235 339.3458 1427.049 

ṼC -son/ton 0.805 -27.445 446.7 365.594 1327.237 

ṼL 8.26 -19.56 580.14 57.1254 1521.558 

VC 8.143333 -18.80333 602.9667 69.479 1579.551 

VE 10.145 -18.1175 599.025 47.88775 1528.291 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 5.943333 -16.66833 556.5167 62.0095 2046.798 

ṼC 2.98 -17.14 810.8 200.8262 1465.48 

ṼN 1.539 -20.671 725.05 198.9728 1603.043 

ṼL 4.41375 -16.83563 648.5125 109.6944 1893.488 

VC 5.4575 -14.3275 599.6125 98.56812 2054.062 

VE 6.1608 -14.388 618.976 87.37776 2042.623 

Table 72: Means for vowel measurements of participant P20 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P20. Sex, Age, 

and City of Origin are also given. 
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Appendix 43 :  P21 results 

P21 - Male; 29 y/o; Paris; 2.5 years in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC < 0.0001 0.0262 0.2079 0.0003 0.5445 

ṼC/ṼN 0.6609 0.6642 0.7782 0.5901 0.7836 

ton: ṼL/ṼC 0.3694 0.7843 0.3297 0.9104 0.8294 

ṼC/ṼL 0.0100 0.9365 0.3126 0.1351 0.0485 

V/ṼL 0.0150 0.0449 0.9159 0.0320 0.0230 

V/VC 0.8733 0.4788 0.0139 0.9747 0.1172 

VC/VE 0.2626 0.9707 0.1931 0.2062 0.0915 

ṼL/VE 0.0015 0.0102 0.0240 0.0263 0.0069 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V/ṼC 0.0025 0.0009 0.9067 0.0080 < 0.0001 

ṼC/ṼN 0.3971 0.2254 0.6491 0.7109 0.2913 

ṼC/ṼL 0.9687 0.2435 0.1125 0.0542 < 0.0001 

V/ṼL 0.0024 0.0046 0.2708 0.0397 0.0795 

V/VC 0.0025 0.0063 0.9030 0.5565 0.6816 

VC/VE 0.4841 0.5220 0.4349 0.5759 0.2345 

ṼL/VE 0.3697 0.5885 0.6382 0.0010 0.0009 

Table 73: The p-values for analyses of participant P21.  

The p-values of measures (i.e. A1-P0, A3-P0, Center of Gravity, First Formant 

Bandwidth, and F2) for participant P21. Green highlighting indicates those pairings for 

which significant differences are expected, yellow indicates those pairings for which no 

significant difference is made, and pairings for which the outcome is unknown are left 

without highlighting. Values that reach the threshold of significance (p<0.05) in the 

expected direction are given in bold text. Sex, Age, and City of Origin are also given. 

Shaded columns indicate the measures that reached significance in the expected direction 

on the pairing V/ṼC. 
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Appendix 44 :  P21 means 

P21 - Male; 29 y/o; Paris; 2.5 years in USA 

<ɔ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 8.91 -14.54178 543.5111 107.3741 1239.172 

ṼC 2.40875 -18.63875 509.2875 212.9373 1309.133 

ṼN 2.911111 -19.67933 503.3333 261.6518 1260.271 

ṼL -son/ton 0.3892308 -17.92538 549.8462 344.4885 1377.369 

ṼC -son/ton 1.225 -19.099 513.7 366.969 1317.966 

ṼL 5.664444 -18.79644 539.8222 406.8673 1054.138 

VC 9.093333 -12.9 673.6 107.772 1309.632 

VE 10.455556 -12.98444 616.4889 92.85556 1272.817 

<ɛ>̃ A1-P0 A3-P0 CoG F1Bw F2 

V 8.968 -6.644 737.74 110.1228 1650.647 

ṼC 3.104444 -13.65556 742.9333 267.4534 1236.449 

ṼN 2.456842 -15.05158 731.4421 247.9153 1270.549 

ṼL 3.076296 -12.26844 795.2963 161.9136 1530.804 

VC 2.95125 -12.63875 744.225 125.0746 1672.695 

VE 3.6352 -11.6264 776.864 115.9123 1704.017 

Table 74: Means for vowel measurements of participant P21 

The means of measures (i.e., A1-P0, A3-P0, Center of Gravity, First Formant Bandwidth, 

and F2) for the oral and nasal vowels in different contexts for participant P21. Sex, Age, 

and City of Origin are also given. 
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Appendix 45 : Mean values of acoustic measures in each vowel context 

among male speakers 

<ɔ>̃ 

contexts 

A1-P0 

(dB) 

A3-P0 

(dB) 

CoG 

(Hz) 

F1bw 

(Hz) 

F2 

(Hz) 

V 7.815 -19.029 461.252 157.672 1164.421 

ṼC 3.616 -23.079 403.604 261.522 1164.488 

ṼN 5.941 -21.802 424.701 253.244 1124.49 

ton ṼL 3.524 -20.797 420.141 316.127 1149.821 

ton ṼC 5.745 -21.175 418.6 268.268 1121.176 

ṼL 7.643 -16.308 510.554 174.986 1251.94 

VC 9.461 -14.25 553.73 95.197 1148.367 

VE 10.407 -13.605 548.424 88.272 1321.524 

V-ṼC 

mean difference 4.199 4.05 57.648 -103.85 -0.067 

ṼL-ṼC 

mean difference 4.027 6.771 106.95 -86.536 87.452 

<ɛ>̃ 

contexts 

A1-P0 

(dB) 

A3-P0 

(dB) 

CoG 

(Hz) 

F1bw 

(Hz) 

F2 

(Hz) 

V 6.996 -12.520 562.919 109.668 1633.774 

ṼC 4.418 -18.375 611.079 229.850 1281.976 

ṼN 5.776 -17.510 599.700 216.171 1285.282 

ṼL 5.623 -15.931 552.071 133.309 1537.309 

VC 5.416 -14.369 548.222 109.765 1657.106 

VE 5.797 -11.478 536.530 100.904 1667.134 

V-ṼC 

mean difference 2.579 5.854 -48.160 -120.182 351.798 

ṼL-ṼC 

mean difference 1.205 2.444 -59.008 -96.541 255.333 

Table 75: Mean values of acoustic measures in each vowel context among male 

speakers 
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Appendix 46 :  Mean values of acoustic measures in each vowel context 

among female speakers 

<ɔ>̃ 

contexts 

A1-P0 

(dB) 

A3-P0 

(dB) 

CoG 

(Hz) 

F1bw 

(Hz) 

F2 

(Hz) 

V 5.262 -26.944 489.283 105.127 1267.803 

ṼC 0.566 -32.545 423.631 267.215 1199.913 

ṼN 1.406 -31.069 465.481 263.481 1194.429 

ton ṼL -0.854 -30.160 437.721 307.370 1202.206 

ton ṼC -0.105 -31.151 451.835 295.772 1245.291 

ṼL 5.937 -21.679 561.572 106.115 1455.472 

VC 7.036 -20.332 500.599 86.582 1577.290 

VE 6.852 -20.723 574.519 90.853 1527.988 

V-ṼC 

mean difference 4.697 5.601 65.652 -162.087 67.890 

ṼL-ṼC 

mean difference 5.371 10.866 137.941 -161.100 255.559 

<ɛ>̃ 

contexts 

A1-P0 

(dB) 

A3-P0 

(dB) 

CoG 

(Hz) 

F1bw 

(Hz) 

F2 

(Hz) 

V 4.245 -19.841 525.185 83.618 1986.663 

ṼC 1.629 -21.919 664.501 214.508 1470.624 

ṼN 0.853 -22.260 644.553 210.052 1534.341 

ṼL 2.693 -20.027 603.964 136.797 1814.553 

VC 2.901 -18.654 574.815 136.671 1887.291 

VE 3.499 -19.091 567.445 123.041 1900.720 

V-ṼC 

mean difference 2.617 2.078 -139.316 -130.890 516.039 

ṼL-ṼC 

mean difference 1.064 1.892 -60.537 -77.711 343.930 

Table 76: Mean values of acoustic measures in each vowel context among female 

speakers 
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	Table 31: The number of measures that reached significance (p<0.05) for the test <ɛ̃> vowel pairings across all speakers
	Table 32: The number of speakers for whom each acoustic measure reached significance for the pairing V:ṼC for all speakers
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