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Abstract 8 

Francoprovençal (FP) is a highly fragmented, severely endangered, and under-documented 9 

language spoken in parts of France, Italy and Switzerland. FP spoken in the Swiss Canton of 10 

Valais has a relatively rich voiceless fricative inventory, which for some varieties includes /ɬ/. 11 

FP is therefore unusual amongst Romance languages given the presence of a phonemic lateral 12 

fricative, which is also typologically rare in the world’s languages. Moreover, voiceless lateral 13 

fricatives have been reported to display a wide range of variation in acoustic properties cross-14 

linguistically. To date, there is very little synchronic work examining the details of both the 15 

phonology and phonetics of FP, and no published acoustic work at all on any aspect of FP’s 16 

sound system. This study provides the first acoustic investigation of one variety of FP spoken 17 

in the Valaisan commune of Nendaz, concentrating on a preliminary examination of the 18 

fricative system. We examine productions from four speakers whose data is part of a larger 19 

study into language variation and change in the region. We show that voiceless fricative 20 

categories are distinguished primarily through spectral centre-of-gravity and variance 21 

measures. Further evidence from a series of acoustic measures, including proportion of pre-22 

voicing, relative intensity and zero-crossing ratios, suggest that /ɬ/ in FP sits between two poles: 23 

a prototypical lateral fricative and a prototypical lateral approximant. In this respect, the study’s 24 

findings corroborate observations made elsewhere, and not only contributes to the 25 

documentation and description of a lesser-studied language, but also our understanding of 26 

voiceless lateral fricative typology. 27 
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1. Introduction 34 

Francoprovençal (henceforth, FP) is a severely endangered, highly fragmented language 35 

spoken in parts of France, Italy and Switzerland (Kasstan & Nagy 2018). To date, FP remains 36 

under-described and documented. In the area of phonology and phonetics, specifically, there is 37 

scholarly work available that focuses on describing the diachronic changes that have resulted 38 

in the synchronic sound system (see Hinzelin 2018 and references therein). However, there is 39 

very little work on the synchronic phonological and phonetic patterns in FP, and no existing 40 

studies that provide an acoustic description of any aspect of the FP sound system, with the 41 

exception of one small illustration (Kasstan 2015). This study makes use of data gathered from 42 

among four native speakers as part of a larger project on language variation and change in FP. 43 

We provide the first acoustic description of FP, focussing on the relatively rich voiceless 44 

fricative inventory (/f/, /s/, /ʃ/ and /ɬ/) of one variety spoken in the commune of Nendaz, in the 45 

Canton of Valais (Switzerland). The aims of this study are twofold. First, we examine which 46 

acoustic measures differentiate the different places of articulation in FP voiceless fricatives. 47 

Second, we provide further acoustic description of the lateral fricative in Nendaz FP, a speech 48 

sound that is typologically rare, particularly in Romance, and which shows significant 49 

variability cross-linguistically where it is found (e.g. Gordon et al. 2002; Maddieson & 50 

Emmorey 1984). Specifically, we make use of proportion of pre-voicing and relative intensity 51 

measures to suggest that the FP lateral fricative cannot be straightforwardly categorized into 52 

either a voiceless lateral fricative or voiceless lateral approximant.  53 

In the sections that follow, we first provide an overview of the linguistic context of FP, 54 

including its current status and its phonological system, before turning to specifics about the 55 

diachronic development of the lateral fricative in FP more broadly, and in Nendaz FP 56 

specifically. We then discuss the existing work on fricative acoustics, before introducing our 57 

current study. 58 

 59 

1.1 Overview of language context  60 

The glottonym ‘Francoprovençal’ (ISO-639-3 frp) is used by linguists to refer to a grouping of 61 

Romance varieties which are spoken in Europe across French, Italian, and Swiss borders (see 62 

Figure 1).i Varieties of FP are spoken too in southern Italy (predominantly in Apulia), and as a 63 

transplanted heritage language in parts of North America (see Kasstan & Nagy 2018). 64 
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 65 
Figure 1. Francoprovençal speaking regions in Europe 66 

 67 

FP is endangered in all sites where it is spoken. In Europe, the language is spoken by 68 

significantly less than 0.1% of the total regional population, although levels of vitality can 69 

depend on the region. For instance, while language shift is well-advanced in France, with FP 70 

restricted to the most intimate domains of usage among an increasingly elderly inter-war 71 

generation, in the Aosta Valley (an autonomous region of northern Italy) the language is still a 72 

prominent part of the linguistic ecology. The Swiss context (the focus of this article) represents 73 

a halfway house between the French and Italian contexts. Unlike in France, where the French 74 

state’s chequered history with regards to its regional languages is well-documented (for a 75 

detailed overview see most recently Harrison & Joubert 2019), Switzerland’s confederate 76 

structure promotes a more pluricentric approach to the territory’s languages in policy and 77 

practice. In Switzerland, while FP does not constitute one of the named official (or four 78 

national) languages, some protection is afforded under Article 70.2 of the Federal Constitution, 79 
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and there is today little in the way of top-down control over the use of regional languages such 80 

as FP in the public domain or in the media; television and radio programming with components 81 

in the language can regularly be found (for an overview, see Diémoz 2018). However, FP is 82 

nonetheless also severely endangered in Switzerland. Intergenerational transmission of FP in 83 

Switzerland largely ceased through top-down language planning efforts in most regions in the 84 

late 1940s, and participants for this study frequently report that speaking FP was forbidden in 85 

schools.ii While institutional attitudes towards the language are now more favourable than they 86 

once were, this has not arrested a terminal decline in speakers. Zulato et al. (2018:24) cite 87 

census data reported in Meune (2009) to suggest that 16,000 speakersiii remained in 88 

Switzerland at the time of writing – a likely over-estimate – out of a population, now, of ~8.5 89 

million (suggesting a proportion of speakers relative to the population of 0.19%). The levels of 90 

vitality within Switzerland can also vary by region: FP has traditionally been spoken in the 91 

Cantons of Fribourg, Neuchâtel, Valais, Vaud, and in more remote parts of Geneva. However, 92 

some of these regions have now undergone complete language shift (Geneva, Neuchâtel and 93 

Vaud in particular), and speakers now remain most numerous in the Canton of Valais. 94 

 95 
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 96 
Figure 2. Canton of Valais, with geographical and political boundaries highlighted 97 

(taken from Schüle 1998:XII) 98 

 99 

 100 



 

 

6 

6 

 101 
Figure 3 Commune of Nendaz relative to the rivers of the Morge and the Rhône 102 

(taken from Schüle 1998:XIII) 103 

 104 

FP in Switzerland is also highly fragmented, so much so that the literature is 105 

inconsistent on the extent to which speakers find dialects to be mutual intelligible across and 106 

within cantons (cf. Jeanjaquet 1931, Burger 1979, Pannatier 1999). In Valais, this variation is 107 
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often pegged to geographical boundaries (which also promote other levels of social 108 

differentiation, e.g. political and religious, Burger 1979: 262). In terms of geography, major 109 

dialect boundaries run along the rivers of the Morge and the Rhône (see Figure 2). Owing to 110 

these natural borders, Jeanjaquet (1931:37-8) distinguishes two broad dialectal zones in Valais: 111 

(i) those varieties West of the Morge, reaching as far as Lac Léman (also known in French as 112 

the Valais savoyard), and (ii) those to the East of the Morge, from Sion and reaching up to the 113 

language boundary with Alemannic varieties (conversely, Valais épiscopal). Strikingly, there 114 

is little in the way of transitional zones between these two broad dialectal groupings, and the 115 

extent of the regional variation is such that speakers can (and do) opt for French over FP when 116 

travelling across dialect boundaries. In addition to the dialectal zones West and East of the 117 

Morge, salient differences also emerge distinguishing varieties North of the Rhône from 118 

varieties South of the Rhône (and into the Val de Bagnes, see Figure 2). 119 

 This article focuses specifically on the variety of FP spoken in the commune of Nendaz, 120 

which is considered to belong to the eastern Valaisan (épiscopal) dialects, but with notable 121 

features characteristic of the southern Val de Bagnes region, too, given its location below the 122 

Rhône (cf. Jeanjaquet 1931, Schüle 1998) (cf. Figures 2 and 3). Nendaz is made up of twelve 123 

villages, but, much like the surrounding communes, these villages do not constitute a salient 124 

level of social or linguistic differentiation in themselves. Indeed, Nendards (residents of 125 

Nendaz) can and do articulate shared membership in one clearly defined, local linguistic 126 

community (Schüle 1998:XI), rather than seeing themselves as belonging to a wider linguistic 127 

system that linguists call FP, a denomination unrecognised by most FP speakers (see Kasstan 128 

2019a).  129 

 130 

1.2 Phonology and phonetics of Francoprovençal 131 

This section offers a brief overview of the sound inventory of FP in order to orient the reader 132 

for the discussion to follow. However, some initial commentary is necessary. First, there is no 133 

widely accepted standard or prestige variety of FP. Second, as we have said, FP is highly 134 

fragmented, and there is substantial regional variation in the inventories of these varieties. 135 

Third, FP remains largely under-documented, which complicates the task of offering a 136 

complete picture of the phonology and phonetics of this severely endangered language. While 137 

there is scholarship available on the phonology of the language in diachrony, little is available 138 

on the synchronic shape of the FP sound system (Hinzelin 2018: 50). These caveats aside, the 139 

consonantal (excluding consonantal allophony; Table 1) and vocalic inventories below are 140 

based on the available impressionistic work and grammatical sketches in the FP-speaking 141 
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region (principally Bert 2001, Duraffour 1932, Bjerrome 1957, Gardette 1983, Krier 1985, 142 

Stich 1998, Nagy 2000, Martinet 1956[1939], Tuaillon 2007, Kasstan 2015), as well as 143 

proposed standards (Stich 1998, Martin 2005). These materials are further supplemented with 144 

recordings gathered between 1994-2001 as part of the audio-visual linguistic atlas of Valais 145 

(Atlas linguistique audiovisuel du francoprovençal valaisan, ALAVAL) (Diémoz & Kristol 146 

2018). Thereafter, we provide a more detailed account of the phonemic inventory of Nendaz 147 

FP, including pertinent allophonic features. 148 

Table 1 illustrates a large consonantal inventory, but it should be stressed that a 149 

comparison across varieties, such as that proposed by Hinzelin (2018), makes it difficult to 150 

define ‘typical’ FP phonemes. For example, while more conservative FP varieties spoken in 151 

Savoie (e.g. Hauteville) or the Canton of Valais (e.g Saint Luc) feature interdental fricatives 152 

and palatal plosives, those spoken in France (e.g. Monts du Lyonnais) do not (cf. Hinzelin 153 

2018, Kasstan 2015). Table 1 thus gives an indicative view of the shape of the consonantal 154 

inventory of FP. 155 

 156 

Table 1 Francoprovençal consonantal inventory. 157 

  
Bilabial Labio-

dental 
Inter-
dental 

Dental/ 
alveolar 

Post-
alveolar Palatal Velar Uvular 

 
Glottal 

Plosive  p b    t d     c ɟ k ɡ   
Nasal  m     n   ɲ  ŋ   
Trill     r       
Fricative   f v θ ð s z ʃ ʒ ç ʝ x   ʁ h 
Affricate      ʦ ʣ ʧ ʤ        
Lateral       l    ʎ     
Lateral 
fricative    ɬ        

Approx.  w      j    
 158 

Concerning vowels, Stich (1998) broadly characterises FP’s vocalic inventory as 159 

comprising seventeen phonemic monophthongs /i, ĩ, y, e, ø, ɛ, ɛ,̃ œ, a, ɑ, ɑ̃, ə, u, ũ, o, ɔ, ɔ̃/. In 160 

addition, phonemic vowel length is retained in FP for /iː, ɑː, ɛː, oː, uː/. However, in practice, 161 

impressionistic accounts describe vowel lengthening in some parts of the FP-speaking region 162 

as a levelled feature (e.g. Bert 2011:361). Further, rising and falling diphthongs, which are 163 

formed by the glides /w, j/ + a syllable nucleus, are particularly variable in FP (for a discussion, 164 

see e.g. Duraffour 1932, Bjerrome 1957). Finally, as far as word-level prosody is concerned, 165 

FP retains from Latin a number of final monophthongs /i, e, a, o, ɔ, ɔ̃/ which can carry 166 



 

 

9 

9 

grammatical functions (e.g. case morphology) or phonemic distinctions, and which tend not to 167 

carry stress. Accordingly, the stress pattern in FP can vary, and can fall on either penultimate 168 

or final syllables. As final vowels are often unstressed, there is in practice significant variation 169 

in their realisation, and in some regions, the vowel sounds /e/ and /o, ɔ/ in particular are argued 170 

to be undergoing some merger (Stich 1998:65). 171 

 172 

1.2.1 Nendaz Francoprovençal 173 

Having given a brief account of the phonology and phonetics of FP, the discussion turns next 174 

to the Nendaz variety of FP (Table 2), the focus of the present paper, and in particular the 175 

fricative system. Unlike a number of other Swiss varieties of FP common to the Valais 176 

savoyard region, the consonantal inventory of Nendaz FP does not include interdental 177 

consonants and palatal fricatives, and, in this respect, it is not dissimilar from the superordinate 178 

contact variety, Modern French, save for some important exceptions. For instance, Latin /k/ + 179 

A and /ɡ/ + A palatalisation in Nendaz FP has resulted in the affricates /ʦ/ and /ʣ/ rather than 180 

/ʃ/ and /ʒ/ as in Modern French. In the val de Bagnes more broadly, the affricates have been 181 

described as operating in variation, with younger speakers, who are French-dominant, tending 182 

towards [s, z] (Bjerrome 1957:45). 183 

 184 

Table 2 Nendaz FP consonantal inventory 185 

  
Bilabial Labio-dental Dental/ 

alveolar 
Post-

alveolar Palatal Velar 

Plosive  p b   t d       k ɡ 
Nasal  m   n   ɲ  ŋ 
Trill    r    
Fricative   f v s z ʃ ʒ     
Affricate    ʦ ʣ ʧ ʤ     
Lateral      l       
Lateral 
fricative   ɬ      

Approx.  w     j  
 186 

In terms of allophony, in Nendaz FP there is variation in the realisation of /ɲ/, which 187 

tends to be realised as [n] word-finally. Liquids also demonstrate significant variability. For 188 

example, /r/ is trilled before or following a consonant, but its corresponding allophone [ʁ] is 189 

produced word-initially. Much like the neighbouring variety spoken in Savièse, [ʁ] also varies 190 

with [ɾ] in intervocalic position (see Schüle 1998). Like many other varieties both East and 191 
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West of the Morge and down into the val de Bagnes, Nendaz FP is characterised too by the 192 

presence of the lateral fricative phoneme. Rare among the world’s languages, /ɬ/ is particularly 193 

unusual in Romance. It is attested as an allophone of /s, ɾ, l/ before coronal stops in 194 

Northwestern Sardinian (Contini 1982, 1987, see also discussion in Müller 2011), but it is not 195 

attested in any surrounding Romance varieties. In what follows we describe the historical 196 

development of the lateral fricative in the FP context.  197 

 198 

1.3 Historical development of /ɬ/ in Francoprovençal 199 

That /ɬ/ is unusual for Romance can be attested by the fact that European-language scholars 200 

have tended to compare or describe the acoustic impression to/as alveolar, alveo-palatal, and 201 

palatal fricatives. For example, Müller (2011:119), cites Contini (1982, 1987) who considers 202 

the lateral fricative of Sardinian as being closer to /s, ç, ʃ/ than to any of the lateral 203 

approximants. Indeed, Contini (1987:337-8, cited in Müller 2011:119) compares the Sardinian 204 

phone to the Welsh lateral fricative, which can demonstrate regional variation with /ç/. This 205 

anecdotal evidence is borne out too by early 20th century dialectological evidence in the FP-206 

speaking region, where /ç/ is often found (see e.g. summary accounts in Stich 1998). 207 

Conversely, linguists such as Bjerrome (1957), in describing the FP variety of Bagnes (an 208 

adjacent variety with a similar phonemic inventory to that of Nendaz), rejects this account and 209 

argues instead that the feature, transcribed orthographically as <hl> in the region, as in other 210 

languages (e.g. Chadic, Newman 1977), is clearly produced – unvoiced – in the same place of 211 

articulation as the alveolar lateral approximant /l/: 212 

 213 

hl est une latérale sourde et forte ; le souffle d’air doit […] être assez puissant afin de 214 
produire, en passant des deux côtés de la langue, le bruit caractéristique de cette consonne. 215 
Dans les Tableaux phonétiques hl est transcrit de manière à donner l’impression erronée 216 

qu’il s’agit de la fricative palatale ç (comme dans l’allemand « ich »), suivi de l plus ou 217 
moins palatalise. En réalité hl s’articule exactement au même endroit que l, c.-à-d. avec la 218 

pointe de la langue contre les alvéoles, sans aucune trace de mouillure (Bjerrome 1957:43). 219 

 220 

[hl is a voiceless lateral ; the airstream must be released – on both sides of the tongue – 221 

with sufficient force in order to produce the characteristic noise associated with this 222 
consonant. In phonetic tables hl is transcribed in such a way as to give the erroneous 223 

impression that the sound is a palatal fricative ç (as in the German “ich”), followed by a 224 

more or less palatalised l. In fact hl is articulated in exactly the same place as l, that is with 225 
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the tongue tip at the alveolar ridge, without any gestural palatalisation.] (authors’ 226 

translation). 227 

 228 

In diachrony, the emergence of /ɬ/ in FP stems from sound changes that emerged from 229 

“palatalisation” in Romance.iv In FP, as in other Romance languages, the historical 230 

development of palatalisation has had far reaching effects on the phonology and phonetics of 231 

the language, and significant space in the literature is dedicated to the outcomes of 232 

palatalisation both in FP (e.g. Duraffour 1932) and Romance more broadly (e.g. Pope 1952). 233 

We focus here on two specific waves of palatalisation that have resulted synchronically in /ɬ/ 234 

as found in phonemic inventory of Nendaz FP: the sound changes resulting from palatalisation 235 

of initial and medial /k/ before Latin front vowels E-I, and (ii) obstruent + lateral clusters /kl, 236 

ɡl, pl, bl, fl/ (i.e Latin clusters CL, GL, PL, BL, FL). 237 

 238 
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1.3.1 Initial and medial /k/ + E-I 239 

Evidence from Romance languages has shown that the velar plosive /k/ before E-I in Latin 240 

came to be pronounced as a palatal stop. In intervocalic position, following palatalisation, this 241 

phone also affricated (for details, see e.g. Price 1984:49-51). The outcomes of palatalisation 242 

affecting such clusters appearing word initially or following a consonant in Nendaz FP have 243 

both resulted synchronically in /ɬ/. These sound changes leading to /ɬ/ are documented in 244 

Duraffour (1932) as beginning with a stage of affrication followed by a subsequent leniting of 245 

the initial occlusive segment. In articulatory terms, Duraffour describes this process as one 246 

rendering a ‘complex’ phone ultimately ‘leading to l, preceded by h, emerging as ‘a sort of 247 

aspiration which is produced as this complex articulation’ [authors’ translation], and which he 248 

annotates as <ç̑> (see Figure 4, an adaptation of Duraffour’s schematisation for /k/ + E-I, 249 

1932:231). 250 

 251 

 252 
Figure 4. Adaptation of Duraffour’s schematisation of sound change resulting from /k/ + E-I. 253 

 254 

Returning to Jeanjaquet’s (1931) two broad dialectal zones outlined above, the sound 255 

changes that emerged from initial and medial /k/ + E-I and that resulted in /ɬ/ in Nendaz, is 256 

described as one feature among other distinguishing the Valais savoyard from the Valais 257 

épiscopal. However, Diémoz & Kristol (2018) demonstrate that the lateral fricative is in fact 258 

quite widespread throughout the Canton of Valais, from Isérable (West) to Montana (East). 259 

Further, Jeanjaquet (1931:40) lists the variants <çl, çl̬, ç>, illustrating too the weakening or 260 

leniting of the affricate. 261 

 262 

1.3.2 Obstruent + lateral clusters /kl, ɡl, pl, bl, fl/ 263 
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Lateral approximants in FP, as in other Romance varieties, underwent palatalisation in clusters 264 

containing initial obstruents, a process known in the Romance literature as /l/-palatalisation. 265 

However, once clusters had become palatalised, they developed in a host of directions, which 266 

included loss of one of the elements of the cluster or change in place or mode of articulation 267 

for either element. Stich (1998) offers an overview of the patchwork of variation attested in the 268 

FP-speaking region (Table 3), where, as can be seen, /l/-palatalisation also comprises a number 269 

of other subsequent sound changes that have impact upon the obstruent + lateral cluster in FP 270 

(for a detailed historical account of these developments, see Müller 2011). 271 

 272 

Table 3. Attested variants in obstruent + lateral clusters (taken from Kasstan 2019b:693, after 273 
Stich 1998:47-50), with lateral fricatives in bold. 274 
Cluster Attested variants           
/kl/ [kl], [kʎ], [tj], [ʎ], [j], [çl], [çʎ], [ç], [tl], [θ], [ɬ]   
/ɡl/ [ɡl], [ɡʎ], [ʎ], [j], [ð], [ɬ]     
/pl/ [pl], [pʎ], [pj], [pθ], [pf]     
/bl/ [bl], [bʎ], [bj], [bð], [bv]     
/fl/ [fl], [fʎ], [çl], [çʎ], [ç], [θ], [ɬ]         

 275 

As Table 3 shows, first, all five clusters can palatalise in FP, although this can depend 276 

on the variety, too. For example, while only the velar + lateral clusters palatalised in some 277 

regions (e.g. the Lyonnais area), in others palatalisation in the labial + lateral sets can also be 278 

found (as in Nendaz and other varieties spoken in Valais). Conversely, in some FP varieties, 279 

palatalisation of /l/ before obstruents has been lost altogether (e.g. Savièse, Canton of Valais). 280 

Second, in addition to approximants, a number of fricative articulations are present, which are 281 

secondary changes following palatalisation, including the emergence of the lateral fricative, 282 

highlighted in Table 3. In Nendaz, as in other regions, the development of /ɬ/ has been uneven. 283 

For example, the outcomes of /l/-palatalisation has resulted in the loss of the first segment and 284 

subsequent fricativisation of /l/ in the /kl/ and /fl/ sets (Latin CL and FL), whereas the /bl, pl, gl/ 285 

clusters (BL, PL, GL) remain intact: cf. examples 1-2 below:  286 

 287 

(1) [ɬɑ] < CLAVEM (clef, ‘key’), [ˈɬama] < FLAMMA (flamme, ‘flame’) 288 

(2) [bla] < *blād (blé, ‘wheat’), [ˈplɔʣə] < PLUVIA (pluie, ‘rain’), [glaˈnɑ] < GLENARE 289 

(glaner, ‘glean’) 290 

 291 

Phonologically speaking, /ɬ/ is contrastive with /l/ in Nendaz FP, as well as with other 292 

fricatives, as the minimal pairs in (3-5) demonstrate. Owing to the syllabic structure of the 293 
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language as described above, as well as the historical origins of /ɬ/, phonotactically /ɬ/ appears 294 

in syllable onsets but not in codas. 295 

(3) /ʃ/ ʃɑ celles ‘those’ (f.) 

(4) /ɬ/ ɬɑ clef ‘key’ 

(5) /l/ lɑ là ‘there’ 

Having given an overview of the FP linguistic context and sound system, in the next 296 

sections we review previous work examining acoustic correlates to place of articulation in 297 

voiceless fricatives, before turning to the study’s own sample. 298 

 299 

1.4 Acoustic correlates of place of frication  300 

Previous work has shown that a number of acoustic parameters can distinguish between 301 

different places of articulation of fricatives. Most of this work has concentrated on English, 302 

and other European languages, though two notable larger-scale, cross-linguistic studies are 303 

presented in Nartey (1982) and Gordon et al. (2002). In this paper, we leave aside voicing cues 304 

for fricatives, and focus on previous work on cues to place of articulation in voiceless fricatives. 305 

Chief amongst these cues relates to spectral characteristics of the fricative noise (spectral peak 306 

location and spectral moments).  307 

The overall shape of the noise spectrum is largely determined by the size and shape of 308 

the oral cavity that is in front of the point of constriction, with the longer the anterior cavity 309 

resulting in a more defined spectrum (e.g. Stevens 1998). Consequently, dental and labiodental 310 

fricatives without an anterior cavity typically show relatively flat spectra lacking any 311 

pronounced peaks. On the other hand, those that do, such as alveolar and post-alveolar 312 

fricatives, show a sharper peak (Behrens & Blumstein 1988, Gordon et al. 2002, Strevens 313 

1960). Typically, post-alveolar fricatives show a mid-frequency spectral peak of 2500-3000 314 

Hz whereas alveolar fricatives show a peak at higher frequencies between 3500-5000 Hz (e.g. 315 

Behrens & Blumstein 1988). Fricatives without a front cavity like [f] and [θ] tend to show 316 

energy diffused across the entire frequency range from 1500-8500 Hz (Behrens & Blumstein 317 

1988, Jongman et al. 2000).  318 

In order to characterize both the local and global features of the spectrum to classify 319 

fricatives, and obstruents more generally, previous work has utilized spectral moments analysis 320 

(Forrest et al. 1988). Each fast Fourier transform (FFT) of the speech signal is treated as a 321 

random probability distribution from which the first four moments are calculated (Moment 1: 322 

Spectral mean, Moment 2: Variance, Moment 3: Skewness, and Moment 4: Kurtosis). The first 323 

moment, the mean or center of gravity measure (CoG), characterises the average concentration 324 
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of the frequency distribution, while the variance (usually reported in terms of standard 325 

deviation, the second moment) reflects the extent to which energy is concentrated tightly 326 

around the mean or more widely spread over a wider frequency range. Skewness (the third 327 

moment) reflects the extent to which frequencies are concentrated in the lower or higher ends 328 

of the frequency range, with positive skewness (negative spectral tilt) suggestive of a higher 329 

concentration of energy in the lower frequencies, and negative skewness (positive spectral tilt) 330 

suggestive of a higher concentration of energy in the higher frequencies. The final (fourth) 331 

moment, kurtosis, is a measure of the “peaked-ness” of the distribution, with positive values 332 

indicating more peaked distributions, and negative values indicating flatter distributions. 333 

Typically, studies that use spectral moments tend to focus on the mean (i.e. CoG) of 334 

the frequency distribution. CoG tends to be correlated with the frontness of the constriction. In 335 

line with this, past work has shown that /s/ has the highest CoG in English (e.g. Jongman et al. 336 

2000), Mandarin Chinese (Svantesson 1983) and in almost all the languages surveyed by 337 

Gordon et al. (2002). /ʃ/ in English is reported to have the lowest CoG (Shadle & Mair 1996, 338 

Jongman et al. 2000). In Gordon et al. (2002), they found that /ʃ/ and the lateral fricative /ɬ/ 339 

showed a high degree of interlanguage variation in their relative CoG values, a point to which 340 

we return below in the discussion on the acoustics of /ɬ/. Sibilant fricatives also tend to have 341 

lower variance than non-sibilants (Tomiak 1990, Jongman et al. 2000). With respect to the 342 

third moment, skewness, Jongman et al. (2000) found that English voiceless fricatives all differ 343 

in terms of skewness and kurtosis, with /s/ having a more negative skewness (i.e. more energy 344 

in the higher frequencies), and /ʃ/ having a more positive skewness. The non-sibiliant /f/ and 345 

/θ/ had skewness values close to zero. These results both conform with previous results (e.g. 346 

Nittrouer 1995), but also contrast with previous work by Tomiak (1990) who found the reverse 347 

relation, a greater positive skewness for /s/ than /ʃ/. Finally, Jongman et al. (2000) found a large 348 

positive kurtosis value for /s/ and a small value for /ʃ/, also in line with previous work (e.g. 349 

Tomiak 1990, Nittrouer 1995). Jongman et al. (2000) concluded based on their study that the 350 

four places of articulation in English tend to be distinguished by the spectral-moments 351 

measures, although previous work has suggested that classification based on spectral moments 352 

tends to yield better results for sibilants vs. non-sibilant fricatives (Forrest et al. 1988, Tomiak 353 

1990).  354 

Apart from spectral characteristics, previous work has also examined the extent to 355 

which duration and amplitude of frication noise differentiate between different fricative 356 

categories. In English, at least, sibilant fricatives ([s] and [ʃ]) have been found to be longer in 357 

duration that non-sibilants ([f] and [θ]) (Behrens & Blumstein 1988, Jongman et al. 2000). 358 
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When a larger set of languages are sampled, however, duration turns out to be a poor predictor 359 

of fricative place of articulation (Gordon et al. 2002, see also Nirgianaki 2014 on Greek). 360 

Sibilant fricatives (in English) have also been shown to have a higher amplitude than non-361 

sibilants (Behrens & Blumstein 1988), although Jongman et al. (2000) found that all four 362 

voiceless fricatives in English show significantly different overall and relative amplitudes. 363 

Further, it has been suggested that the formant transitions into the following vowel (particularly 364 

F2) serve to distinguish between different fricative places of articulation. Jongman et al. (2000) 365 

found for example that dental fricatives showed a higher F2 onset than labiodentals and 366 

alveolars which in turn showed higher F2 values than post-alveolars; there was no difference 367 

between labiodentals and alveolars. In Gordon et al. (2002), formant transitions (F1 and F2) 368 

were primarily useful for distinguishing between dorsal fricatives in their sample. They suggest 369 

that formant transitions are most useful in distinguishing between fricatives with similar 370 

spectral characteristics. However, more recent work on Greek (Nirgianaki 2014) showed that 371 

F1 onset did not distinguish between some of the places of articulation, while F2 consistently 372 

did across all places of articulation. Further results from perception studies suggest that the use 373 

of formant cues in fricative identification is somewhat equivocal (e.g. Harris 1958, Heinz & 374 

Stevens 1961, Klaassen-Don 1983), and might depend on specifics of the fricative inventory 375 

of the language, in particular, whether there are perceptually confusable pairs (Wagner et al. 376 

2006). 377 

To summarise, previous work has shown that place of articulation in voiceless fricatives 378 

can be distinguished using spectral measures (peak location and spectral moments), duration 379 

and amplitude, as well as formant transitions, although the degree to which each of these 380 

measures distinguishes between fricative categories in a given language can differ.  381 

Next, we turn to previous work examining lateral fricatives specifically. In terms of 382 

lateral-fricative typology, as mentioned above, this segment is not typical of Romance 383 

languages, though it has been documented in other European languages, most notably in 384 

Scottish Gaelic (Ladefoged et al. 1998), Welsh (Ball & Williams 2001, Jones & Nolan 2007) 385 

and Icelandic (Árnason 2011), and Estonian Swedish (Schötz et al. 2014, Asu et al. 2015). 386 

Having said this, lateral fricatives are relatively rare in the world’s languagesv, and 387 

distinguishing lateral fricatives from devoiced lateral approximants has been the subject of 388 

some prior study. Maddieson & Emmorey (1984:181) examined the acoustic correlates of 389 

word-initial lateral fricatives and voiceless lateral approximants in Navajo, Zulu, Taishan 390 

Chinese, Burmese and Tibetan. They observe a voicing lag in the fricative, with higher 391 

amplitude, and a greater amount of energy at the higher frequency levels (in the fricative 392 
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between 3150-6400 Hz, contra the devoiced lateral in the 2700-3150 Hz range). Ladefoged & 393 

Maddieson (1996) further suggest that devoiced lateral approximants tend to show more 394 

prevocalic anticipatory voicing, which is less common in lateral fricatives. Others, however, 395 

have pointed to a range of variation within voiceless lateral segments, instead of a discrete 396 

categorical distinction (Asu et al. 2015). Asu et al. (2015) examined a small corpus of Icelandic, 397 

Welsh and Estonian Swedish speakers, who have a voiceless lateral that contrasts with a voiced 398 

lateral approximant. In Icelandic, this segment is typically analysed as a voiceless lateral 399 

approximant, whereas in Welsh, it is generally analysed as a lateral fricative. Asu et al. (2015) 400 

observed that Welsh and Icelandic show prototypical features associated with their respective 401 

segment type, with Icelandic voiceless laterals showing considerable prevocalic anticipatory 402 

voicing (‘pre-voicing’, as expected for approximants), and Welsh voiceless laterals showing 403 

no pre-voicing at all (in line with the fricative analysis for Welsh). Conversely, Estonian 404 

Swedish exhibited both patterns, leading the authors to suggest that Estonian Swedish’s 405 

voiceless lateral represents an intermediate case between a canonical lateral approximant 406 

(Icelandic) and a canonical lateral fricative (Welsh).  407 

In spite of these acoustic features and differences, there is a general consensus that no 408 

language would appear to contrast a devoiced lateral approximant and a voiceless lateral 409 

fricative (Maddieson & Emmorey 1984:187, Ladefoged & Johnson 2011:270). In terms of 410 

distribution, however, Maddieson & Emmorey (1984) do argue that, while lateral fricatives 411 

may appear in all syllable positions, devoiced lateral approximants are argued to be restricted 412 

to syllable-initial position only.  413 

As far as spectral properties are concerned, Gordon et al. (2002) calculate an average 414 

CoG value of 4456 Hz for the lateral fricative, which they average over tokens from samples 415 

of speakers of Chickasaw, Western Apache, Western Aleut, Montana Salish, Hupa, and Toda. 416 

Gordon et al. (2002) also report that /ɬ/ showed considerable interlanguage variation in terms 417 

of spectral CoG as well as diffuseness. In particular, the authors point to considerable 418 

interlanguage variation in terms of the relative CoG measures between /ɬ/ and /ʃ/, with some 419 

languages, like Montana Salish, showing a higher value for /ɬ/, whereas others, like Western 420 

Apache and Western Aleut, showed the opposite pattern. Conversely languages like Chickasaw 421 

and Hupa showed no reliable differences between the two sounds. Gordon et al. (2002) attribute 422 

this degree of variation to the likely cross-linguistic articulatory differences similar to those 423 

involved in the production of the lateral approximant (see Ladefoged and Maddieson 1996 for 424 

discussion of articulatory variability of lateral segments). 425 

 426 
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1.5 Parameters of the current study 427 

Owing to the paucity of acoustic-phonetic and synchronic phonological investigations on FP, 428 

our goals in this study are to provide the first descriptive acoustic examination of this language, 429 

focusing on the fricative system of Nendaz FP. In particular, we examine which acoustic 430 

measures distinguish between fricative categories. It is however first necessary to make a 431 

further terminological clarification regarding ‘place of articulation’, especially as it relates to 432 

the alveolar lateral fricative /ɬ/. Based on the IPA chart, the difference between /ɬ/ and /s/ is 433 

primarily one of manner of articulation, since these segments are in different rows belonging 434 

to the same column. However, these columns force the interpretation that the place of 435 

articulation of /ɬ/ is alveolar. This is true to the extent that /ɬ/ is alveolar in terms of place of 436 

constriction (i.e. contact between passive and active articulators). Yet we highlight that this is 437 

not where frication is presumably generated (point of frication noise). For most fricative 438 

systems, like those examined in the previous work discussed above, without a difference in 439 

airflow channel (i.e. without a lateral fricative), the point of constriction and point of frication 440 

are conflated. However, in the case of a lateral fricative these cues are distinct. There is a 441 

constriction with the tip/blade at the alveolar ridge (hence the alveolar place of 442 

articulation/constriction), but the source/point of frication is the side channel, not at the alveolar 443 

ridge per se (Ladefoged & Maddieson 1996). On the IPA chart, this central vs. lateral channel 444 

distinction is captured as a manner articulation distinction (rows) which conflates a number of 445 

different distinctions not just involving the degree of constriction (e.g. nasality). In our 446 

analysis, instead of conducting comparisons separately of place and manner as indicated by the 447 

IPA chart, we adopt Gordon et al. (2002)’s approach in comparing the fricative system as a 448 

whole to address which acoustic measures capture the distinctions within the broader manner 449 

class of voiceless fricatives. 450 

We limit our examination to the internal spectral (spectral moments and peak location), 451 

intensity and durational cues, in addition to formant transitions into the following vowel, 452 

focussing on just the voiceless fricatives produced in similar phonological contexts. We then 453 

investigate the nature of the lateral fricative in FP, comparing its features to previous studies 454 

of voiceless lateral fricatives to further our understanding of the cross-linguistic variation in 455 

the phonetic implementation of this segment. We examine its durational properties relative to 456 

other obstruent-lateral clusters as well as to the proportion of voicing relative to noise, and 457 

relative intensity. We also compare zero-crossing ratios as a measure of the relative noisiness 458 

of the signal to examine how ‘approximant’ or ‘fricative’ like the lateral fricative is on this 459 

measure (see Martínez Celdrán 2015, Patience 2018). The results of this study, therefore, not 460 
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only contribute to the acoustic description of part of the phonetic system of an underexamined 461 

and severely endangered language variety, but also serve to contribute to our understanding of 462 

fricative acoustics, including of the lateral fricative, cross-linguistically.  463 

 464 

2. Research design 465 

2.1 Speakers and sampling 466 

Fieldwork was conducted in the commune of Nendaz as part of a larger study into language 467 

variation and change in FP. Sampling took place through Author 2’s own personal networks 468 

and through snowball sampling. Data for this exploratory study were elicited from four 469 

speakers (3 M, 1 F) aged between 70-80+. All speakers were born and raised in Nendaz, and 470 

are sequentially bilingual (i.e. they acquired FP as an L1 and French as an L2 through the 471 

education system, though all speakers are now French-dominant). For all speakers, FP now 472 

remains confined largely to the most intimate domains of usage. None of the speakers reported 473 

any hearing loss nor did they wear hearing aids. However, given the age of this population, any 474 

age-related hearing degradation cannot be ruled out.  475 

 476 

2.2 Materials and elicitation 477 

A wordlist translation task was devised to elicit instances of fricative and lateral clusters. The 478 

wordlist was made up of 48 target items (see Appendix I) embedded, where possible, in a 479 

carrier phrase (the typical carrier phrase is given in (6) below in both Nendard orthography and 480 

IPA).  481 

(6) ‘yo djyô ____________’ 

 [ˈjɔ.ʤɔ ____________] 

 1SG.NOM 1SG-say.PRS  

 ‘me I say ____________’ 

 482 

Given that the current study is an initial phonetic examination of FP, we limited the 483 

surrounding contexts for the target segments, with all word-initial targets occurring before the 484 

low vowels: [a] and [ɑ]. This therefore controls for any possible anticipatory coarticulatory 485 

effects on the target segments due to following vocalic environment (see e.g., Jongman et al 486 

2000, Soli 1981).  487 

Participant interviews were recorded on a Tascam DR-100MKIII at a sampling rate of 488 

44.1k, using Shure SM10A head-mounted microphone. As the vast majority of fluent speakers 489 

are now only to be found among an increasingly elderly, frail, and isolated inter-war 490 
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generation, there are important methodological considerations from the perspective of data 491 

elicitation in this community. First, it is neither possible nor appropriate to bring participants 492 

to a laboratory setting, and so data collection took place in the field. Second, very often data 493 

elicitation took place in the participants’ own homes, particularly where independent 494 

transportation was not an option, as is often the case (itself a cumbersome logistical issue in 495 

mountainous terrain). Third, research participants can and do express their discomfort with the 496 

rigorous protocols associated with elicitation tasks, a practice sanitised of any social cues for 497 

these speakers, who are also illiterate in a language that has no widely accepted orthography. 498 

The extent of the quality of natural speech recordings is therefore balanced against the 499 

practicalities of eliciting data under the circumstances (see Nagy 2015: 324-5). Owing to these 500 

considerations, elicitation could not be conducted as would traditionally be the case with 501 

speakers purely reading from a list of sentences. Instead, elicitation of target words within a 502 

carrier phrase occurred in the context of semi-structured sociolinguistic interviews, although 503 

carrier phrases were at times inconsistently produced by participants. The authors acknowledge 504 

here the constraints that the nature of the data places on the discussion and interpretation of 505 

findings.  The resulting corpus consisted of 150 word-initial fricative tokens that we examine 506 

in the main acoustic analysis below in section 3. One speaker’s /s/ tokens were excluded 507 

entirely for reasons we detail below. Table 4 shows a breakdown of the number of tokens 508 

represented per fricative category.  509 

 510 

Table 4. Token counts by fricative category and vowel context.  511 
 F10 M12 M13 M14 Total  
 [a] [ɑ] [a] [ɑ] [a] [ɑ] [a] [ɑ] [a] [ɑ] Total 

/f/ 9 3 5 4 6 8 4 3 24 18 42 
/ɬ/ 7 4 6 0 11 2 6 3 30 9 39 
/s/ 4 7 4 5 0 0 0 7 8 19 27 
/ʃ/ 3 6 4 9 3 6 3 8 13 29 42 

Total 150 
 512 

2.3 Data preparation and analysis 513 

Recordings were resampled to 22.5 kHz and were segmented in Praat (Boersma and Weenink 514 

2017). For singleton fricatives (/f/, /s/, /ʃ/ and /ɬ/), the onset of high frequency frication noise 515 

was segmented at the offset of periodicity in the waveform, with the offset placed at the onset 516 

of periodicity associated with the following vowel or lateral (see below). In some tokens of /f/, 517 
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a stop-like gesture was observed either preceding or following the frication noise, i.e. these 518 

were produced more like [p͡f] or [f͡p]. The stop portion of these segments were segmented 519 

separately from the frication noise (see Appendix II). In some tokens of /s/ and /ʃ/, a period of 520 

post-aspiration was observed prior to the vocalic gesture, indicative of a period of frication 521 

without a supralaryngeal gesture (i.e. [h]). In these cases, aspiration was segmented separately 522 

from the rest of the fricative based on changes in the waveform and spectrogram, with the onset 523 

of aspiration corresponding to visibly more distributed spectrum across the frequency range, 524 

including more lower frequency noise; the offset was placed as above. These were carried out 525 

such that spectral measures will only be conducted on the portion with a supralaryngeal gesture 526 

(i.e. the target gesture).  527 

The onset of the boundary for voiced lateral approximant was placed at the onset of dip 528 

in waveform amplitude from the previous vowel, or onset periodicity if preceded by silence. 529 

The offset of lateral segments was placed at the onset of vowel-based intensity and formant 530 

characteristics based on visual inspection of the waveform and spectrogram respectively.  531 

For obstruent + lateral clusters, segmentation of each component was conducted in the 532 

same manner as for singleton consonants above. For stop + lateral clusters, the onset of the 533 

stop closure was placed at the first period of silence, or for voiced stops, the offset of higher 534 

frequency energy in formants. The offset was placed in the first period of voicing in the 535 

following /l/ after the stop burst. For the lateral fricative /ɬ/, the noise and voiced lateral 536 

component were segmented out separately as per the criteria above. For stops, we excluded 537 

utterance initial tokens for which it was impossible to place the start of the boundary since 538 

there is no visible trace of the initiation of closure for voiceless stops. For voiced stops, this 539 

was placed at the onset of voicing as evidenced by a visible voicing bar in the spectrogram.  540 

 We extracted duration and intensity measures of each segmented interval (total duration 541 

includes the sum of the duration of all components for a given target segment or sequence) 542 

using a custom Praat script. Duration was log-transformed prior to analysis. Spectral measures 543 

(Moment 1: CoG, Moment 2: variance, Moment 3: skewness, Moment 4: kurtosis and spectral 544 

peak location) over the frication noise were extracted using a custom R script (Chodroff & 545 

Wilson 2014, 2020), from a multitaper spectrum (Blacklock 2004, Shadle 2012) at the middle 546 

50% of the fricative to best approximate the “steady-state” of fricative noise. For tokens with 547 

post-aspiration, measurements were only made over the portion that contained a supralaryngeal 548 

gesture. The multitaper approach (Blacklock 2004) relies less on the FFT assumptions of a 549 

periodic spectrum (see also Shadle 2012). Following previous work, recordings for this part of 550 
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the analysis were first band-pass filtered with a 550 Hz low cut-off and 10,000 Hz high-cut off. 551 

The low cut-off was used to exclude low-frequency noise that can result from ambient room 552 

noise or voicing. The high-cut off follows the approximate upper-limit that is perceptually 553 

relevant for fricative perception (Stelmachowicz et al. 2001), and follows a similar upper-cut 554 

off used in previous work on fricative acoustics (e.g. Gordon et al. 2002, Nirgianaki 2014, 555 

Kochetov 2017). Finally, formant measures were obtained using the LPC Burg algorithm in 556 

Praat using a 0.025 Gaussian window. F1, F2 and F3 values at the onset of the vowel were 557 

extracted using a custom Praat script.  558 

 In order to assess whether each measure distinguished between the fricative categories, 559 

we constructed individual linear-mixed effects models with each measure as a dependent 560 

variable and fricative category (reference level = /f/) as a predictor using the lme4 package 561 

(Bates, Maechler, Bolker & Walker 2015) in R (R Core Team 2021), with significance values 562 

obtained using Sattherthwaite method from the lmerTest package (Kuznetsova et al. 2017). We 563 

also accounted for any vowel effects by including following vowel identity as an additional 564 

factor, in addition to the interaction with fricative category. Each model also contained random 565 

intercepts for SPEAKER and WORD where possible. Models with a random slope of fricative 566 

category nested within SPEAKER did not converge. Significance testing was conducted through 567 

model comparison using the anova() function, comparing the full model against a subset model 568 

without SEGMENT as a fixed effect. Pairwise comparisons were conducted using the emmeans() 569 

function from the emmeans package (Lenth et al. 2019), with Bonferroni’s adjustment for 570 

multiple comparisons. In the final analysis, in order to examine how all the different measures 571 

together distinguish between all four fricative categories, we used Linear Discriminant 572 

Analysis (LDA), a dimension reducing technique, to assess the degree of category separation 573 

when all measures are considered at once. We report the details of the LDA analysis below.  574 

Finally, we were also interested in further examining four specific characteristics of the 575 

lateral fricative: (i) the proportion of voicing during the target gesture; (ii) the proportion of 576 

tokens that show pre-voicing, compared to other obstruent + lateral clusters (/pl/, /bl/ and /fl/). 577 

By pre-voicing, we mean anticipatory voicing that occurs prior to the release of the lateral 578 

consonant into the following vowel (see Asu et al. 2015). We also compare: (iii) the relative 579 

intensity between the fricative and the following vowel vs. a voiced lateral and the following 580 

vowel; and (iv) the ratio of zero-crossings which some scholars have previously investigated 581 

as a means of examining the degree of periodicity in the signal (Martinez Céldran 2015, 582 

Patience 2018). A custom Praat script (based on that of Elvira-García 2014) was used to extract 583 

the number of zero-crossings in the target fricative or lateral, and the following vowel. A ratio 584 
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was then calculated by dividing the number of zero-crossings on the target over that on the 585 

vowel. A higher zero-crossing ratio indicates a noisier, less periodic signal (i.e. more zero-586 

crossings), indicative of more fricative like productions. 587 

 588 

3. Results: Fricative categories 589 

3.1 Spectral measures: peak location and spectral moments 590 

Long-term average spectra (LTAS) for all four fricatives by speaker is shown in Figure 5. The 591 

spectral shape for each fricative is largely consistent across the four speakers in our sample. /f/ 592 

is characterised by a broad and diffuse spectral shape without a sharp peak. /s/ and /ʃ/ are 593 

characterised by high energy spectral peaks, with /s/’s peak between 4000-5000 Hz and /ʃ/’s 594 

much lower at around 1500 Hz. /ɬ/ is similarly characterised by a sharp peak, though with 595 

overall lower energy, at around 2500-2700 Hz. The /s/ productions of speaker M13, however, 596 

show a much flatter spectrum overall when compared to the /s/ productions of the other 597 

speakers, as well as what we would expect of /s/ cross-linguistically. Auditory checking of 598 

tokens from this speaker revealed that these were often produced with an /f/-like quality, which 599 

is consistent with the diffuse and broad spectral shape observed in Figure 5. Given the 600 

qualitatively different nature of these tokens, we excluded these from the quantitative analyses 601 

below (we have provided an example spectrogram in Appendix II). Spectrograms from one 602 

speaker of all for fricatives are shown in Figure 6. Here, /ɬ/ in (6b) shows a clear complex 603 

articulation, i.e. [ɬ͡ l]. 604 

 605 
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 606 
Figure 5. LTAS for all four fricatives by speaker (‘hl’ = /ɬ/ and ‘sh’ = /ʃ/). 607 
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(c)  611 

(d)  612 

Figure 6. Spectrograms of all four fricatives: (a) /f/, (b) /ɬ/, (c) /s/ and (d) /ʃ/. /ɬ/ shows a clear 613 
double articulation, i.e. [ɬ͡ l]. 614 
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 618 
Figure 7. Spectral peak location (Hz) by fricative category 619 

<Insert Figure 7 about here> 620 

 621 

Mean spectral peak location for each fricative collapsed across speaker and vowel 622 

context is shown in Figure 7. On average, /s/ was characterised as having the highest mean 623 

peak location (4591 Hz) and /ʃ/ had the lowest (1667 Hz). Both labiodental /f/ and lateral 624 

fricative /ɬ/ had intermediate values (2818 Hz and 2655 Hz respectively). The model only 625 

contained a random intercept by SPEAKER.vi Model comparison revealed no significant 626 

interaction between vowel context and fricative (χ2(3) = 2.69, p = 0.44), and no significant 627 

main effect of vowel context (χ2(1) = 1.98, p = 0.16). A significant main effect of fricative 628 

(χ2(3) = 77.06, p < .0001) was found, with post-hoc pair-wise comparisons indicating that the 629 

peak location for /f/ was not significantly different from /ɬ/ (p = 1.00). Peak location between 630 

all other pairs were significantly different (see supplementary materials for full results). 631 
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Table 5 Mean values for spectral moments by fricative category 633 
 M1 

Mean (CoG) 
(Hz) 

M2 
Variance 
(Standard 
Deviation)  

L3 
Skewness 

L4 
Kurtosis 

/f/ 3995 2435 0.764 -0.076 
/ɬ/ 3274 1539 1.09 2.73 
/s/ 4855 1354 1.00 4.78 
/ʃ/ 2160 1036 2.60 19.5 

 634 

 635 

Figure 8. (L): Moment 1 Spectral Centre-of-Gravity (CoG; Hz) and (R) Moment 2 Variance 636 
(standard deviation) by fricative category. (‘hl’ = /ɬ/ and ‘sh’ = /ʃ/). 637 

 638 

 Turning to the four spectral moments, the mean values for each spectral moment for 639 

each fricative category averaged across speaker is shown in Table 5. We discuss model results 640 

for each spectral moment in turn. Overall, /s/ had the highest CoG and /ʃ/ the lowest, with /f/ 641 

and /ɬ/ having intermediate values (Figure 8L). There was no significant interaction between 642 

vowel context and fricative (χ2(3) = 4.59, p = 0.20). There was a significant main effect of 643 

vowel context (χ2(1) = 6.59, p = 0.01), with CoG being slightly higher overall before [ɑ]. There 644 

was a significant effect of fricative (χ2(3) = 35.25, p < .0001) with post-hoc comparisons 645 

indicated that all pairs of fricatives were distinguished along this measure, except for /f/ and /ɬ/ 646 

(p = 0.79). 647 

 For the second moment, /f/ had the highest variance (standard deviation), and /ʃ/ the 648 

lowest, with /s/ and /ɬ/ having intermediate values (see Figure 8R). The model contained only 649 
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a by-speaker random intercept as one including a by-word one failed to converge. There was 650 

no significant interaction (χ2(3) = 5.51, p = 0.14) nor a significant main effect of vowel context 651 

(χ2(1) = 0.80, p = 0.37). There was a significant effect of fricative on spectral variance (χ2(3) = 652 

45.57, p < 0.0001). Post-hoc comparisons indicated that there was no significant difference 653 

between /ɬ/ and /s/ (p = 0.93) or /s/ and /ʃ/ (p = 0.08). All other pairs were significantly different 654 

from each other.  655 

 656 

 657 

Figure 9. (L) Moment 3 Skewness and (R) Moment 4 Kurtosis by fricative category (‘hl’ = 658 
/ɬ/ and ‘sh’ = /ʃ/). 659 

 660 

 Figure 9L shows the distribution of skewness values (moment three) for each fricative 661 

category. Overall, /ʃ/ has the highest skewness of all four fricative categories, indicating more 662 

energy in the lower frequencies (see also Figure 5). This descriptive observation was confirmed 663 

by the significant effect of fricative on skewness (χ2(3) = 20.19, p = 0.0002), with pair-wise 664 

comparisons revealing that /ʃ/ was significantly different in skewness from all other fricatives 665 

(vs. /f/, p = 0.003; vs. /ɬ/, p = 0.005; vs. /s/, p = 0.003); no other pairs were significantly different 666 

from each other. There was no significant interaction of vowel context and fricative (χ2(3) = 667 

2.53, p = 0.47), nor significant effect of vowel context (χ2(1) = 0.04, p = 0.857). 668 

 Finally, overall, /ʃ/ also had the highest values for kurtosis, indicating a more peaked 669 

distribution (Figure 9R). There was no significant interaction (χ2(3) = 2.19, p = 0.53) or effect 670 

of vowel context (χ2(1) = 0.71, p = 0.40), but there was a significant effect of fricative on 671 

kurtosis (χ2(3) = 9.37, p = 0.02). Post-hoc pairwise comparisons revealed that /ʃ/ had higher 672 
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values for kurtosis compared to the three other fricatives although these differences did not 673 

survive under p-value adjustment for multiple comparisons (vs. /f/, p = 0.08; vs. /ɬ/, p = 0.14; 674 

vs. /s/, p = 0.20), likely due to lack of statistical power in the relatively small dataset. 675 

 To summarise, spectral CoG and spectral peak location distinguished between most 676 

fricative categories, although /f/ was not well distinguished from /ɬ/ for the peak location or 677 

CoG measure. Spectral variance distinguished between three broad places of frication: those 678 

fricatives articulated at the front in the oral cavity (/f/), those in the alveolar region (/s/ and /ɬ/), 679 

and those in the post-alveolar region (/ʃ/). Both skewness and kurtosis values seem to primarily 680 

distinguish /ʃ/ from all other fricatives.  681 

 682 

3.2 Formant transitions 683 

Table 6 shows the mean across speaker and vowel context, and standard deviation for the first 684 

three formants at the onset of the vowel following the fricative target. Recall that all fricatives 685 

in the dataset were followed by either [a] or [ɑ] which should primarily differ in F2. For F1, 686 

there was no significant interaction of vowel context and fricative (χ2(3) = 1.33, p = 0.72), nor 687 

a significant main effect of vowel context (χ2(1) = 0.54, p = 0.46). Importantly, there was no 688 

significant effect of fricative (χ2(3) = 7.19, p = 0.07). 689 

 690 

Table 6. Mean values (Hz) for F1, F2 and F3 (standard deviations in parentheses) by fricative 691 
category collapsed over speaker and vowel context. 692 
 F1 F2 F3 

/f/ 589 (97.5) 1190 (88.5) 2679 (61.2) 
/ɬ/ 567 (54.7) 1437 (118) 2699 (135) 
/s/ 494 (23.5) 1454 (53.8) 2893 (30.5) 
/ʃ/ 540 (28.6) 1316 (77.4) 2234 (37.5) 

 693 

 For F2, the model did not include a random intercept for word. There was no significant 694 

interaction of vowel context and fricative (χ2(3) = 1.41, p = 0.70). There was, however, a 695 

significant effect for both vowel context (χ2(1) = 9.39, p = 0.002) and fricative (χ2(3) = 40.84, 696 

p < 0.0001). F2 was higher when the following vowel was [a] vs. [ɑ] as would be expected 697 

given the difference in the front/back dimension. /f/ had a significantly lower F2 compared to 698 

/s/ (p < 0.0001), /ɬ/ (p < 0.0001) and /ʃ/ (p = 0.003); no other pairs were significantly different 699 

from each other.  700 

 Finally, the model for F3 did not contain a random intercept for WORD. There was no 701 

significant interaction of vowel context and fricative (χ2(3) = 7.53, p = 0.06) nor a significant 702 
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effect of vowel context (χ2(1) = 1.47, p = 0.23). There was a significant effect of fricative (χ2(3) 703 

= 142.64, p < 0.0001). /f/ had a significantly lower F3 compared to /s/ (p = 0.003), but not /ɬ/ 704 

(p  = 1.00). /ʃ/ had a significantly lower F3 compared to /f/ (p < 0.0001), /s/ (p < 0.0001) and 705 

/ɬ/ (p < 0.0001), while /ɬ/ had a significantly lower F3 than /s/ (p = 0.04). 706 

 In sum, fricative categories were mostly distinguished in terms F3 dimensions, with F2 707 

mostly differentiating between /f/ and other fricatives.   708 

 709 

3.3 Duration and relative intensity 710 

Figure 10L shows the (raw) duration of fricatives at each place of frication. Duration was log-711 

transformed prior to analysis. 712 

 713 

 714 
Figure 10. (L) Total duration and (R) relative intensity by fricative category (‘hl’ = /ɬ/ and 715 

‘sh’ = /ʃ/). 716 

 717 

There was no significant interaction of vowel context and fricative (χ2(3) = 6.84, p = 718 

0.08) and no significant effect of vowel context (χ2(1) = 0.12, p = 0.73).  There was, however, 719 

a significant effect of fricative on (log) duration (χ2(3) = 16.96, p < .0001). Post hoc pair-wise 720 

comparisons revealed that this is driven primarily by the significantly shorter duration of /f/ 721 

relative to all the other fricatives (vs. /s/, p = 0.046 and /ɬ/, p = 0.01) – the difference between 722 

/f/ and /ʃ/ was not significant (p = 0.09). No other pairs showed significant differences in 723 

duration.  724 
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Finally, average relative intensity (intensity of the following vowel – intensity of the 725 

fricative) of fricatives is shown in Figure 10R. There was significant interaction of vowel 726 

context and fricative (χ2(3) = 23.61, p < .0001). This was driven primarily by the larger intensity 727 

difference between /f/ compared to /s/ and /ʃ/ before [ɑ] (see supplementary materials for full 728 

details). 729 

In summary, duration distinguishes between /f/ and most other fricatives. Relative 730 

intensity, however, seemed to primarily distinguish /f/ from /s/ and /ʃ/ but only when the 731 

following vowel was [ɑ]. 732 

 733 

3.3 Linear Discriminant Analysis 734 

In order to examine how well all of the acoustic parameters examined above (spectral measures, 735 

all three formants, duration and amplitude) together distinguish between the different fricatives 736 

in the FP system, we conducted a linear discriminant analysis using the lda() function from the 737 

MASS package (Venables & Ripley 2003) with all measures above (peak location, all four 738 

spectral moments, all three formants, duration and relative amplitude) as predictor variables 739 

for fricative category. The data were partitioned into a training and test set using a 60-40 split, 740 

and all measures were standardised prior to the analysis.  741 

 The overall classification accuracy of the model (Table 7) was 78.8%, with 742 

classification accuracy highest for /f/ and lowest for /ɬ/. There was primarily confusion of /ʃ/ 743 

and /ɬ/, although errors for classification of /ɬ/ were spread across all three other categories. The 744 

coefficients for each of the three linear discriminant functions are shown in Table 7  below 745 

along with the contribution each function plays in explaining the class-variance. 93% of the 746 

variance is explained by the first two discriminant functions, with both spectral variance and 747 

spectral CoG being the main parameters used for fricative classification. The final 7% of the 748 

variance is explained by the third discriminant function, with spectral skewness being the main 749 

parameter for classification (see supplementary materials for full details).  750 

In summary, when all the acoustic parameters examined above are considered, the three 751 

main parameters used for fricative classification are the first three spectral moments. Another 752 

LDA constructed with just those three measures (spectral CoG, variance and skewness) 753 

performs at a similar overall accuracy (80.7%), further confirming the primacy of these three 754 

measures in determining fricative classification.  755 

 756 
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Table 7 Classification accuracy of voiceless fricatives. Bold marks indicate number of 757 
accurately classified tokens (percentages provided in parentheses). 758 

 Predicted group membership 
Fricative 
Category /f/ /ɬ/ /s/ /ʃ/ 

/f/ 13 (81.3%) 2 1 0 
/ɬ/ 1 12 (80%) 0 2 
/s/ 0 2 8 (80%) 0 
/ʃ/ 0 1 0 15 (94%) 

 759 

Table 8 Coefficients of each linear discriminant function (bold indicates main parameters for 760 
each LD), and proportion of variance accounted for by each LD. 761 

 LD1 LD2 LD3 
Peak Location -0.333 -0.054 0.235 

M1: CoG 0.570 -2.055 -1.568 
M2: Variance -2.245 0.602 -0.037 
L3: Skewness -0.137 -1.047 -1.110 
L4: Kurtosis -0.373 0.680 -0.388 

F1 0.311 0.123 0.335 
F2 0.527 -0.249 0.290 
F3 -0.411 -0.686 0.505 

Duration 0.722 0.261 0.489 
Relative 

Amplitude 
0.281 -0.191 -0.292 

Proportion of Var. 57.3% 36.1% 6.7% 
 762 

4. Further examination of lateral fricatives 763 

Having examined the acoustic parameters that distinguish between the voiceless fricatives at 764 

in FP, here, we turn our attention to providing further acoustic description of the lateral /ɬ/ in 765 

FP. Auditory impressions of /ɬ/ tokens in our corpus suggest that the lateral fricative is not a 766 

sibilant in quality, and sounds very close to a palatal fricative [ç] in quality which is perhaps in 767 

line with Ladefoged and Maddieson’s (1996) description that these sounds typically involve 768 

frication through the side channels, just behind the alveolar ridge, in the front part of the hard 769 

palate. To our ears, the FP /ɬ/ sounds similar to prototypical /ɬ/ documented in other languages 770 

described by Gordon et al. (2002), based on sound samples available on the UCLA Phonetics 771 

Lab Archive (Ladefoged & Maddieson, n.d.). 772 

Following Schötz et al. (2014), we address the following questions based on the data in 773 

our corpus: 774 
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(1) Is the duration of /ɬ/ more similar to other voiceless obstruent + lateral clusters or 775 

singleton fricative consonants? 776 

(2) Does /ɬ/ show more characteristics typical of a voiceless lateral fricative or a voiceless 777 

lateral approximant?  778 

For the latter question we examine the proportion and rate of pre-voicing in /ɬ/ (vs. other 779 

clusters), and we further compare the relative intensity of /ɬ/ (relative to the following vowel) 780 

in FP against what has been published in previous work by Maddieson and Emmorey (1984) 781 

and Schötz et al. (2014). Owing to the fact that we cannot directly compare our measures to 782 

those published in previous work, we provide here a descriptive and qualitative analysis of how 783 

our measures relate to those previously published. For this analysis, we had n=179 tokens of 784 

productions of /pl/, /fl/, /l/, as well as /s/ and /ɬ/. In word-initial position, these were 785 

predominantly produced before [a] and [ɑ] as above. Here we also included both word-initial 786 

tokens of /ɬ/ that were recorded which had [ɔ] (n=2) and [e] (n=4) following. We further 787 

included word-medial intervocalic /ɬ/ tokens (n=12); the latter were included to preliminarily 788 

examine if there any position effects on the realisation of /ɬ/. A total token count for word-789 

initial tokens is shown in Table 9 (a full token count by speaker can be found in the 790 

supplementary materials).  791 

 792 

Table 9 Token count by segment/cluster and vowel context for initial tokens. 793 
 [a] [ɑ] [e] [ɔ] 

/pl/ 21 13 - - 
/fl/ 32 - - - 

/l/ 38 - - - 
/s/ 11 19 - - 
/ɬ/ 30 9 4 2 

Total 179 
 794 
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 795 
Figure 11. Duration of lateral fricatives (‘hl’ = /ɬ/) vs. clusters, /s/, and /l/. 796 

 797 

Figure 11 shows the average duration of /ɬ/ compared to other voiceless obstruent + 798 

lateral clusters (/pl/, and /fl/), as well as singleton /s/ and /l/, as a representative singleton 799 

fricative that is articulated in a similar section of the oral cavity. On the whole, the duration of 800 

/ɬ/ is longer than a singleton /l/ and seems to be similar in magnitude to the obstruent + lateral 801 

clusters. These observations on their own suggest that /ɬ/ might be better analysed as a 802 

consonant cluster. In fact, the duration of FP /ɬ/ is similar to those reported by Schötz et al. 803 

(2014) for Estonian Swedish, whose voiceless lateral shares a similar historical trajectory. We 804 

note, however, that /ɬ/ in FP does have a similar duration to /s/. Moreover, in our analysis 805 

reported in 3.2 above, there was no significant differences between the duration of these two 806 

categories. Thus, while /ɬ/ is relatively long in duration for a singleton consonant, within the 807 

FP system it has similar values as other singleton coronal fricatives, making it difficult on 808 

duration alone to conclude as to whether /ɬ/ still behaves like a cluster.  809 
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 811 
Figure 12. Proportion pre-voicing (lateral) by target type 812 

 813 

 Next, we examine the extent to which the FP lateral fricative shows more prototypical 814 

characteristics of voiceless fricatives or voiceless approximants. Figure 12 shows the average 815 

proportion of prevocalic anticipatory voicing (e.g. [ɬ͡ l]) in the voiceless lateral compared to 816 

other voiceless obstruent + lateral clusters (/pl/ and /fl/). On average, when voicing is present, 817 

the duration of the voice [l] component is 42ms relative to the 141ms for the voiceless [ɬ].  The 818 

average proportion of anticipatory voicing in voiceless laterals in FP is ~22%, between those 819 

reported in Maddieson and Emmorey (1984) for Tibetan and Burmese, which are analysed as 820 

having a lateral approximant [l̥] rather than a fricative. Ladefoged & Maddieson (1996) and 821 

Maddieson & Emmorey (1984) suggest that anticipatory voicing is greater in voiceless 822 

approximants than fricatives. Thus, on this basis, the lateral fricative in FP might be better 823 

classified as a voiceless approximant instead. However, when we look at the percentage of pre-824 

voiced tokens in our dataset, we find that anticipatory voicing does not occur all the time in 825 

FP, and does seem to show some positional effects when we also examine word-medial tokens 826 

of /ɬ/. In word-initial position, anticipatory voicing occurs around 96% of the time, a rate which 827 

drops to 63% in medial position (although these differences need to be interpreted cautiously 828 

due to the low token count for medial position). Spectrograms of example tokens of a word-829 

initial and word-medial tokens without anticipatory voicing are shown below in Figure 13.  830 
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 831 

 832 
Figure 13. Spectrograms of (top) /ɬ/ in initial position (F10) and (bottom) /ɬ/ in medial 833 

position without pre-voicing (M13) 834 

 835 

We turn next to a comparison of the relative intensity of /ɬ/ to previously reported values 836 

in the literature, in particular the values reported in Asu et al. (2015). Figure 14L shows the 837 

0

1000

2000

3000

4000

5000

Fr
eq

ue
nc

y 
(H

z)

(s)0 0.5

ɬ ɔ ts ə

hlôtse

0

1000

2000

3000

4000

5000

Fr
eq

ue
nc

y 
(H

z)

(s)0 0.5

b ɔ ɬ a

bôhla



 

 

38 

38 

relative intensity of the voiceless lateral relative to the following vowel, compared to the same 838 

measure for /l/ and /s/. The average relative intensity is in the similar order of magnitude 839 

reported by Asu et al. (2015) for Icelandic, which has been argued to have /l̥/, and is larger than 840 

observed for Welsh, which has been argued to have a prototypical /ɬ/.  Thus, on face value, the 841 

larger intensity difference for /ɬ/ suggests that it is more approximant like, as in Icelandic. 842 

However, in the FP context, all fricatives have a similar larger intensity difference (see 3.2), 843 

thus it is unlikely that this intensity difference can be the basis of classifying /ɬ/ as an 844 

approximant.  845 

 846 

 847 
Figure 14. (L) Relative intensity of lateral fricatives (‘hl’ = /ɬ/) compared to /l/ and /s/. (R) 848 

Zero-crossing ratio of lateral fricatives compared to /f/, /l/ and /s/. 849 

 850 

Finally, we compare the zero-crossing ratio between /l/, /s/ and /ɬ/. Here we have also 851 

included /f/ as an example of a non-sibilant fricative. Figure 14R shows the zero-crossing ratios 852 

for each sound. Recall that a value closer to 1 indicates more vowel-like productions, and 853 

higher values indicate noisier, more fricative-like productions. /l/ has a zero-crossing ratio 854 

closer to 1 indicating more vowel-like productions typical of an approximant. /s/, on the other 855 

hand, has the highest zero-crossing ratio, indicating noisier productions, as expected for a 856 

sibilant fricative. Both /ɬ/ and /f/ show intermediate values, indicative of noisier productions 857 

than /l/ but not as noisy as the sibilant fricative. To examine if these differences are statistically 858 

meaningful, a linear mixed effects model was fit to zero-crossing ratio with target segment 859 

(reference = /f/) as a predictor, and random intercepts for SPEAKER and WORD. Here, we have 860 
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left out vowel context as a predictor and leave that for future investigation. The results revealed 861 

a significant effect of target segment (χ2(3) = 36.27, p < .0001), with all pairs showing 862 

significantly different zero-crossing ratios, except for /f/ and /ɬ/.  863 

To summarise the results, it has been shown that FP /ɬ/ has a similar duration to other 864 

singleton fricative consonants, and has similar intensity properties compared with what has 865 

previously been reported for voiceless approximants. /ɬ/ also shows a high proportion of 866 

anticipatory voicing when voicing does occur, although anticipatory voicing does not occur all 867 

the time, and we tentatively conclude here that this is prosodically conditioned. Finally, when 868 

zero-crossing ratios were analysed, the results indicated that /ɬ/ has a similar value to /f/, a non-869 

sibilant fricative, and had a higher value than the voiced approximant /l/, but a lower value than 870 

/s/ as a sibilant fricative. We return to the implications of these findings for a classification of 871 

/ɬ/ below.  872 

 873 

5. Discussion & Conclusion 874 

This study set out to provide the first in-depth acoustic description of FP’s voiceless fricative 875 

system. Our secondary goal was to further examine the acoustic properties of the voiceless 876 

lateral fricative, a typologically unusual segment, which, as has been shown, has generated 877 

some disagreement in the wider literature. The analysis presented here shows that spectral 878 

parameters were the predominant measures that distinguished between fricative categories in 879 

Nendaz FP. Spectral peak location was shown to differentiate the most pairs of fricatives (5 880 

out of 6 pair-wise comparisons). However, /f/ and /ɬ/ are not well distinguished on this 881 

dimension. This mostly aligns with previous work (e.g. Nirgianaki 2014: 12), although the 882 

relationship between each fricative category is different. For example, in this study, /f/ was 883 

shown to have a lower spectral peak than is reported in English (e.g. Jongman et al. 2000).  884 

Our results for the first spectral moment, spectral mean or CoG, largely conform to 885 

previous results. CoG of /s/ is the highest and /ʃ/ the lowest, as has been shown in numerous 886 

other languages (e.g. Gordon et al. 2002, Jongman et al. 2000). In our dataset, /f/ is not well 887 

distinguished on this measure. This is contrary to Nirgianaki (2014) who found that CoG 888 

differentiated all the fricatives categories in Greek, and echoes Jongman et al. (2000) who 889 

found that /f/ in English is in between alveolar /s/ and postalveolar /ʃ/.  890 

Our findings regarding spectral variance largely conforms to previous results reported 891 

for Greek (Nirgianaki 2014) and English (Jongman et al. 2000), with labiodentals showing the 892 

highest spectral variance when compared with both alveolar fricatives (/s/ and /ɬ/) and 893 



 

 

40 

40 

postalveolar /ʃ/. In our dataset, however, /ʃ/ has a lower variance than both alveolar fricatives, 894 

contrary to those found in Greek and English where /s/ has the lowest variance.  895 

 The last two spectral moments, spectral skewness and kurtosis, served primarily to 896 

distinguish between /ʃ/ from all other places of articulation. /ʃ/ had the highest skewness values 897 

indicating more energy in the lower frequencies. Here, again, our findings echo those found in 898 

previous studies in English, where /ʃ/ was also found to have the highest (and always positive) 899 

skewness values relative to the other places of articulation (Jongman et al. 2000). Similarly, in 900 

Greek (Nirgianaki 2014), the palatal fricative (the closest analogue to the postalveolar in FP) 901 

has a higher skewness than fricatives articulated in the front of the oral cavity. Finally, spectral 902 

kurtosis was highest for /ʃ/, indicating that /ʃ/ had more clearly defined peaks, although these 903 

differences were not robust in our dataset, likely due to lack of statistical power in a small set 904 

of data.  905 

 As far as formant transitions are concerned, we found that FP fricatives were not 906 

distinguished by the F1 values at the onset of the following vowel. Conversely, F2 - the formant 907 

most examined by previous work on fricative place of constriction - was highest for /s/ and /ɬ/, 908 

indicating a higher tongue bodyvii relative to /ʃ/, while /f/ had the lowest F2 value. Statistically, 909 

however, F2 seemed primarily to distinguish /f/ from all other fricatives. Our results, therefore, 910 

do not replicate the general finding that F2 onset is higher as the place of constriction goes 911 

further back in the oral cavity (e.g. Wilde 1993 on English fricatives, Lee and Malandraki 2004, 912 

Nirgianaki 2014 on Greek fricatives). In this sense, our results are in line with those from 913 

Jongman et al (2000) who found that F2 transitions failed to statistically distinguish amongst 914 

the set of English fricatives in their study. If anything, our results show that FP fricatives are 915 

mostly distinguished by F3, with /s/ showing the highest F3, and /ʃ/ the lowest, and /f/ and /ɬ/ 916 

showing intermediate values. Previous research has shown that F3 is often lowered when 917 

articulations involve sublingual cavities formed by retroflexion (Stevens & Blumstein 1975, 918 

Dart 1991). It is possible then that the low F3 value for /ʃ/ might involve some degree of 919 

retroflexion. Future work would seek to examine the role of formant transitions in a wider 920 

range of vowel contexts than examined here, as well as the role played by perception.  921 

While previous work has shown that duration primarily distinguishes between sibilants 922 

and non-sibilants in languages like English (Jongman et al. 2000) and Greek (Nirgianaki 2014), 923 

in our current data duration only serves to distinguish between /f/ and all other fricatives, 924 

suggesting it is a poor differentiator of fricative categories (see also Gordon et al. 2002). 925 

Relative amplitude did not serve to robustly differentiate between any fricatives in our data set, 926 
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contrary to previous results in other languages that show it distinguishes between sibilants and 927 

non-sibilants (see Nirgianaki 2014). 928 

Examining all the measures together in an LDA confirmed the individual analyses 929 

insofar as the primary measures across that distinguish between the four fricative categories in 930 

FP in the three discriminant dimensions were spectral moments 1, 2 and 3 (spectral mean/CoG, 931 

variance and skewness respectively). In fact, a model trained on just these three measures alone 932 

is as accurate in classifying fricative categories as one trained on all the measures put together. 933 

This suggests that, for FP fricatives, characteristics of the fricative noise are the primary 934 

correlates for fricative categories. Future work would aim to test how these cues are weighted 935 

in perception and identification of FP fricatives.  936 

As to our second goal, our investigation into further acoustic properties of the lateral 937 

fricative revealed that /ɬ/ has a similar duration to other obstruent + lateral clusters though with 938 

similar duration to other singleton fricatives as well. In general, the segment seems to be 939 

produced, more often than not, as a phonetically complex segment, best transcribed as [ɬ͡ l], but 940 

patterns phonologically as a singleton. Further, on the question of whether or not this segment 941 

should be better categorised as a voiceless approximant or fricative, our results are less 942 

conclusive. When compared to reported values in the literature, we found similar values in 943 

intensity differences with what has been reported for the Icelandic voiceless approximant (Asu 944 

et al. 2015). On the other hand, when we examined both proportion of voicing duration and the 945 

percentage of pre-voiced tokens, our findings of some variability across speakers suggests that 946 

FP lateral fricatives are in between what we would expect for a prototypical lateral fricative 947 

(like Welsh which never has pre-voicing) and a prototypical lateral approximant (like Icelandic 948 

which has almost 100% pre-voicing; see Asu et al. 2015). We also examined zero-crossing 949 

ratios (e.g. Martinéz Celdrán 2015) as an index of how approximant-like or fricative-like /ɬ/ is 950 

when compared to /l/ and other fricatives in FP. Our results showed that while /ɬ/ has a higher 951 

zero-crossing ratio than /l/, and a lower value than sibilant /s/, it nonetheless had a similar zero-952 

crossing ratio to /f/, a non-sibilant fricative. Thus, our results suggest that /ɬ/ patterns with non-953 

sibilant fricatives on this measure. In addition, we found that the percentage of pre-voicing 954 

differed between position in a word with more pre-voicing occurring in word-initial vs. medial 955 

position. While the number of tokens remain small, this presents an interesting avenue for 956 

future research to examine the extent to which degree and rate of pre-voicing is affected by 957 

prosodic position.  958 

On the balance of evidence presented above, we conclude that /ɬ/ in FP bears the most 959 

resemblance in characteristics to the voiceless lateral in Estonian Swedish, as examined by 960 
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Schötz et al. (2014) and Asu et al. (2015), which they argued to be somewhat intermediate 961 

between a prototypical voiceless approximant and voiceless fricative. Future work, especially 962 

from a comparative typology perspective, would shed light on the degree to which discrete IPA 963 

categories of [l̥] and [ɬ] are truly distinct. The results of the current study, which provide a first 964 

step in the acoustic documentation of obsolescent FP, help form the basis for future 965 

comparative work cross-linguistically.   966 

 967 
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Appendix  980 

 981 

Table A1 Target word list 982 

Target Following vowel Orthography Part of speech Gloss 

1. /bl/ /a/ blà n wheat 

2. /bl/ /a/ blàga n joke 

3. /bl/ /ɑ/ blâma v blame 

4. /bl/ /ɑ/ blâo n misty 

5. /f/ /a/ falô adj bland 

6. /f/ /a/ farèna n flour 

7. /f/ /ɑ/ fâva n broad bean 

8. /f/ /a/ fardéyna n indiscretion 

9. /f/ /a/ famële n family 

10. /f/ /ɑ/ fâjo v 1SG-do 

11. /fl/ /a/ fla n dry herb 

12. /f/ /ɑ/ flamâye adj 
burn 

(variant) 

13. /fl/ /a/ flanêa n flannel 

14. /f/ /a/ flanelle n 
flannel 

(variant) 

15. /fl/ /a/ flatâ vt flatter 

16. /fl/ /a/ flatoeu adj flattering 

17. /fl/ /a/ flatirî n flattery 

18. /fl/ /a/ flapë adj 
withered 

(variant) 

19. /l/ /a/ là prep there 

20. /l/ /a/ lachyè n glacier 
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21. /l/ /a/ lamâ n piece 

22. /l/ /a/ lassë n lace 

23. /ɬ/ /a/ hla prep this 

24. /ɬ/ /ɑ/ hlâ n key 

25. /ɬ/ /a/ hlamâ v burn 

26. /ɬ/ /a/ hlapë adj withered 

27. /ɬ/ /a/ hlapî adj 
withered 

(variant) 

28. /ɬ/ /e/ Hléibe prop n Clèbes 

29. /ɬ/ /ɔ/ hlôtse n bell 

30. /ɬ/-medial /a/ rahlâ v scrape 

31. /ɬ/-medial /a/ bôhla n buckle 

32. /ɬ/-medial /ɑ/ pehlâ vt close 

33. /ɬ/-medial /e/ pehlë n 

latch 

mechanism 

(door) 

34. /pl/ /a/ plà adj flat 

35. /pl/ /a/ plàche n place 

36. /pl/ /a/ plàcha n space 

37. /pl/ /ɑ/ plâe n wound 

38. /pl/ /ɑ/ plâé v scold 

39. /pl/ /a/ plàntse n plank 

40. /s/ /a/ sabô n hoof 

41. /s/ /a/ sacré adj holy 

42. /s/ /ɑ/ sâle n room 

43. /s/ /ɑ/ sabô n clog 

44. /ʃ/ /ɑ/ châ n a big step 
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45. /ʃ/ /a/ chablâ v grit 

46. /ʃ/ /ɑ/ châdzo adj wise 

47. /ʃ/ /a/ chafran n saffron 

48. /ʃ/, /ɬ/-

medial 
/o/, /ɑ/ chohlâ v blow 

 983 

Figure A1. Example spectrogram of /f/ production involving a stop gesture. 984 

 985 
Figure 15. Example spectrogram of /f/ production involving a stop gesture. 986 

<Insert Figure 15 about here> 987 
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i The language is most often referred to as ‘patois’ by speakers in this region, though some also refer to it as 
‘Arpitan’ (for a discussion see Kasstan 2019a) 
ii There are some pockets of resistance, such as in the commune of Évolène, which is reified in the region (and in 
the literature) as the last stronghold for FP in Switzerland (see e.g. Maître & Matthey 2007), where 
intergenerational transmission is still reported to take place (for a more detailed overview on levels of vitality, 
see Zulato et al. 2018). 
iii There is of course variation in what can be meant by ‘speaker’ in such surveys, an oft-cited methodological 
hurdle in estimating absolute numbers of speakers (e.g. in the case of Switzerland, see Diémoz 2018:169), and 
so this figure should be taken as indicative only. 
iv “Palatalization” is itself a very broad term that can encompass numerous different sound changes. We 
nonetheless adopt the label here in line with scholarly work in Romance. 
v Voiceless dental/alveolar lateral fricatives occur in 5.32% (24/451) of the languages represented in the UCLA 
Phonological Segment Inventory Database (Maddieson & Precoda 1990) 
vi Modelling with a random intercept by WORD did not converge. 
vii See Dart (1991) for discussion of the relation of F2 and tongue body height. 


