A PRELIMINARY ACOUSTIC ANALYSIS OF THE VOWEL /y/ IN THE OCCITAN SPOKEN 

IN VAL D’ARAN (ARANESE)
ABSTRACT
The presence of the high front rounded vowel /y/ in the Occitan spoken in Val d’Aran (Spain) has been observed by Milà i Fontanals as far back as the mid-19th century in words such as plus (more) and truc (thing) (Bernat 2013). Historically, according to Coromines (1991), in Aranese and also in all the Galloromanesque varieties, the Ū in Latin became ü or /y/, which is orthographically and  currently represented as “u” as in words such as metut (placed) and lude (shine). The high-front rounded vowel in Aranese, IPA /y/, has been described as a sound close to French /y/ but there are no empirical analyses to confirm such observation (Carrera 2007).   This study is an acoustic analysis of /y/ in Aranese. The data were obtained from spontaneous speech, more specifically from 18 subjects, 7 female and 11 male. Results confirm Carrera (2007).
1. INTRODUCTION

1.1. The /y / sound

According to Catford (1988), the acoustic profile of /y/ for a male voice is F1 235 Hz and F2 2100 Hz. However, /y/ varies cross-linguistically (Schwartz et al. 1993). Stevens (2002) theorized that the F2 1500–1700 Hz mark is the boundary (approximately 11–12 Barks), distinguishing front from back vowels. Clearly, /y/ falls in the front vowel category. The /y/ sound in Aranese, which is the Occitan spoken in Val d’Aran (Spain), is described as being similar to French lune (moon) (Carrera 2007) so they should have very similar acoustic profiles. One should bear in mind that Val d’Aran is a Pyrenean valley which lies in the northwest of Spain, bordering France. Thus, some influence is expected. Let us then examine the acoustic profile of French /y/ and some other Occitan varieties before we acoustically examine Aranese /y/. 
The /y/ sound shows a concentration of energy at approximately 1900-2100Hz (Kamiyana 2011). In addition, the French /y/ sound in stressed position has an average F1= 368Hz and F2=1995Hz (Gavac 2002). Kamiyana and Vassière (2009) obtained the following measurements for different French-speaking subjects: for subject 1 male (F1= 284Hz and F2= 1804Hz), subject 2 male (F1= 288Hz and F2= 1749Hz), subject 3 female (F1= 306Hz and F2= 2032Hz) and subject 4 (F1= 378Hz and F2= 1989Hz). Also, in Gendrot and Adda-Decker (2005), we find the average values for female F1=371Hz and F2=2050Hz, and for male F1=336Hz and F2=1803Hz. Clearly, we are dealing with front vowels according to Stevens (2002), since their values are higher than the F2 1500–1700 Hz mark.
On the other hand, Dart (2003) suggests that the /y/ in the Occitan spoken in Eastern Corbières (South-East France approximately; belonging to the Central Lengadocien) is not exactly a French front rounded vowel but rather a much lower vowel, more like [(].
Furthermore, Müller and Martin (2012) analysed the /y/ in the Vivaroalpenc dialect of the Ubaia Valley and some centralisation and lowering were also observed, but not to the same extent as in the Occitan spoken in Eastern Corbières (Dart 2003). According to the data, the /y/ seems to vary acoustically depending on the Occitan variety. 
The high-front rounded vowel in Aranese, IPA /y/, has been described as a sound close to French /y/ (Carrera 2007). However, such impressionistic observations have not been confirmed experimentally to the author’s knowledge. This study will acoustically explore Aranese /y/ and then provide acoustic evidence that the Aranese /y/ is close to French /y/, by analyzing spontaneous speech.
1.2. The /y / sound: orthographically and historically
The presence of /y/ in Aranese has been observed by Milà i Fontanals as far back as the mid-19th century in words such as plus (more) and truc (trick) (Bernat 2013), but no acoustic studies have been carried out so far to the author’s knowledge. 
Orthographically, it is currently represented as “u” but other alternatives were used in the past such as û as in pûnet (kiss) in a 19th-century poem Era cansun d’era güellera (The song of the shepherdess) by Joan Benosa Sirat (1789-1873) but “u” as in punét (kiss) found in a poem by Mossen Jusep Condò Sambeat (1867-1919) (Montoya 1999: 186 and 293).
In the early 20th century we find examples of û again as in ûa (one), absolût (absolute), sabûda (known)” in a preface by Jusèp Arrú Lager published in 1913. We also find pûresa (purity) and plûmatje (feathers) in a poem published in 1972 by Francesc Nart Arrú (Montoya 1999, p388). Ramon Carità Cau (1873-1972) wrote letters 1954-58, one of which included the word pûnet (kiss) (p.430). 
1.3. The /y/ sound in Aranese

Despite the fact that the focus of this study is the stressed /y/, following are some observations of Aranese /y/ in other phonetic contexts which will shed some light onto its acoustic profile. For instance, its acoustic proximity to /i/.
According to Coromines (1991), historically /y/ > /i/ before /u/ or /ɔ/ in stressed position by means of dissimilation, which he calls “the Aranese dissimilation”. For example, brinyon < Old Occitan bornhon (honeycomb); kisún < Old French cusson (woodworm); ticò, from tüc (peak); tistòc < tüstòk (shrub); igonau < Old Occitan ugonau (huguenot). Such examples hint at the acoustic proximity of /y/ to /i/ in Aranese.
1.3. Hypothesis

The following hypotheses will help us determine the acoustic profile of Aranese /y/:
H1: The acoustic profile of Aranese /y/, more specifically both F1 and F2, will be similar to French /y/, based on Carrera (2007)’s observations.
H2: F1 and F2 for male /y/ will be lower than for female /y/ in line with Kamiyana and Vassière (2009) and Gendrot and Adda-Decker (2005).

2. Method
2.1 Subjects

The data were obtained from spontaneous speech recorded in a radio programme, more specifically from 18 subjects, 7 female and 11 male speakers of Aranese. The age has not been controlled for. All of the subjects were interviewed in the programme and in Aranese. 
2.2 Experimental design
The data were obtained from spontaneous speech recorded in a radio programme, Meddia Aranés. Once the audio files had been collected and opened in Praat, F1, F2 and F3 were extracted at midpoint of the vowels chosen for analysis by means of a Praat script. The following stressed vowels were analyzed: /a/, /i/, /u/ and /y/, the first three of which, were used for delimiting the vowel space within which /y/ was expected to be located. Phonetic context was not controlled for. Five items for each vowel were analyzed resulting in a total sum of 20 items for each subject. The whole experiment yielded 360 items. See Annex 1 for the complete list of items. 
2.3 Procedure

Once the recordings were obtained, the first five words containing the target vowel were identified and manually delimited in Praat. Then the script was run and the first three formants were extracted at midpoint and converted to Bark (Traunmüller 1990). The formant data were analyzed using Statistica 4.0 and R 3.4.0. The Hz values were also used so as to compare the results with other studies which only reported Hz values.
2.4 Analysis

2.4.1 Vowel chart visual inspection

After extracting the formant data of the target vowels using Praat, the distribution of the four vowels is displayed in a F1-F2 vowel chart in Bark values generated in R. Around each centroid an ellipse with 2SD is shown in order to assess where /y/ lies in relation to the other three vowels. Both F1 and F2 will statistically be analyzed. Significant p-values are set to <.01.
2.4.2 F3

The F3 has proven to be useful in order to assess rounding (Schwartz et al. 1993). The more rounding there is, the lower F2 and F3 are. In order to obtain more information about Aranese /y/, F3 (Hz) at the midpoint of the vowels was extracted using a Praat script and then compared with Aranese /i/ to explore lip rounding in Aranese /y/.
3. Results

3.1. Vowels

Figure 1 shows the vowel chart for the four Aranese vowels. The Aranese /y/ (F1(Bark)=3.56, F2(Bark)=12.56) partially overlaps the /i/ (F1(Bark)=3.59, F2(Bark)=13.55), both of which falling within the area for front vowels, which is that of F2 1500-1700Hz (approx. 10-12 Bark) (Stevens 2002). The other two vowels yielded the following mean Bark values: /a/ (F1(Bark)=6.57, F2(Bark)=10.98); /u/ (F1(Bark)=3.93, F2(Bark)=8.95).
An ANOVA showed a significant effect of factor VOWEL on both F1(Bark), F(3, 352)=546.47, p<.01 and F2(Bark), F(1, 352)=463.40, p<.01 . More specifically, a post hoc Tukey test showed that /y/ and /i/ did not differ significantly in F1(Bark) whereas they did in F2(Bark). The rest of the vowels significantly differed in both F1(Bark) and F2(Bark).
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Figure 1: vowel chart for /i/, /y/, /a/ and /u/ in Aranese. 

F1 and F2 values in Bark. Ellipses with 2SD.
3.2. Gender 

An ANOVA showed a significant effect of factor Gender on both F1(Bark), F(1, 352)=27,15, p<.01 and F2(Bark), F(1, 352)=69,27, p<.01 . More specifically, a post hoc Tukey test showed that /y/ significantly varies as a function of Gender in F2(Bark) but not in F1(Bark). Figure 2 shows that male /y/ (F1(Bark)=3.45, F2(Bark)=12.33) is slightly more retracted than female /y/ (F1(Bark)=3.73, F2(Bark)=12.93). Such differences due to Gender have also been reported in other studies (see Table 1). 
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Figure 2: vowel chart for Aranese /i/, /y/, /a/ and /u/ in male (m) and female (f) data. 

F1 and F2 values in Bark. Ellipses with 2SD.

3.3. F3

An ANOVA showed a significant effect of the type of vowel (/i/ vs /y/) on F3, F(1, 176)=33,658, p<.01. A post hoc Tukey test showed that the F3 in /y/ (M=2562.633 Hz; SD=229.52) is significantly lower (than in /i/ (M=2761.06 Hz; SD=299.91), thus revealing that Aranese /y/ is very likely to be rounded (see figure 3). The more rounding there is, the lower F3 is (Schwartz et al. 1993). 
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Figure 3: F3 (Hz) in Aranese /y/ and /i/. 
3.4 Aranese vs French

Both French and Aranese /y/ fall in the category of front vowels since they are above the 1500-1700Hz F2 mark (Stevens 2002). Interestingly, the results in this study are very similar to the ones in Gendrot and Adda-Decker (2005) for both male and female and to Kamiyana and Vassière (2009) for female subject 2. On the other hand, the two Occitan varieties discussed here show a different acoustic pattern for /y/, which is reportedly more centralized for the Vivaroalpenc dialect of the Ubaia Valley (Müller and Martin 2012) and the Occitan spoken in Eastern Corbières (Dart 2003).
Table 1: F1 and F2 mean values (Hz) for /y/ in the literature.
	Language
	F1 (Hz)
	F2 (Hz)

	French (Gavac 2002)
	368 (both male and female)
	1995 (both male and female)

	French (Kamiyana and Vassière 2009)
	284 (male1) 

288 (male2) 

306 (female1) 378 female2)
	1804 (male1)

1749 (male2)

2032 (female1)
1989 (female2)

	French (Gendrot and Adda-Decker 2005)
	371 (female) 336 (male)
	2050 (female) 1803 (male)

	Aranese (present study, Martin 2018) 
	371.55 (female)

343.51 (male)
	1994.90 (female)

1823.23 (male)


4. Discussion and conclusions
After exploring the formant profile of Aranese /y/ in the previous section, it was then compared with French /y/ in order to see determine whether the two were the same. 

H1 has been confirmed since the acoustic profile of Aranese and French /y/ are similar (See Table 1). Both Aranese and French /y/ are front vowels since they fall above the front-vowel mark which is at the F2 1500-1700 Hz mark (Stevens 2002). In addition, Aranese /y/ seems to be rounded (see Figure 3), just like French /y/ (Schwartz et al. 1993), due to the fact that F3 (Hz) in Aranese /y/ is lower than Aranese /i/.Thus, Carrera (2007)’s observations have empirically been confirmed. The Aranese /y/ shows a similar acoustic pattern to French /y/.
H2 has also been confirmed. The factor Gender has a significant effect on the acoustic profile of /y/. F1 and F2 formant values seem to be larger in female than in male, which can also be observed in other studies (see Table 1) such as Kamiyana and Vassière (2009) and Gendrot and Adda-Decker (2005), in which French /y/ was investigated. 

Significant acoustic differences are mainly found in the F2 dimension, whereas none are found in the F1 dimension. Such differences could be due to biological differences in the vocal tract (Fant 1970). 
In conclusion, both hypotheses have been confirmed by the data and we can thus conclude that the acoustic profile of Aranese /y/ is similar not only to French /y/ formant values but also to how it varies as a function of Gender. Furthermore, the impressionistic description of Aranese /y/ describing it as a sound close to French /y/ in Carrera (2007) is now supported with empirical evidence. Such acoustic similarity was expected due to Val d’Aran’s geographical proximity to the southern border of France.
The results herein are key to the study of the Aranese sound system since little empirical research about its phonetics has been done so far and more attention is needed from the scientific community. Limitations of the study are found in the low number of participants in order to generalize the results, especially those referring to Gender as well as the need to control for phonetic context. Future research should study the effect of phonetic context on the acoustic profile of Aranese /y/ and test whether it behaves similarly to the /y/ in other languages such as French and how such patterns vary as a function of gender. I hope this study encourages others to empirically investigate this Occitan variety spoken at the heart of the Pyrenees, the Val d’Aran.
5. References
Bernat, F. (2013). Una aproximació inèdita del segle XIX a l’aranès. Lingüistica Occitana (9), 52-62. 
Carrera, A. (2007). Gramatica aranesa. Pagès editors. 

Coromines, J. (1991). El parlar de la Vall d’Aran. Gramàtica, diccionari i estudis lexicals sobre el gascó. Barcelona: Curial Edicions Catalanes.
Dart, S. (2003). Phonetic Variability in Eastern Corbières Occitan. 15th ICPhS, 3057-3060.
Fant, G.(1970). Acoustic Theory of Speech Production. The Hague. Mouton.
Gavac, N. (2002). Acoustic measurement of Canadian- English accented French. Master thesis. Simon Fraser University.

Gendrot, C. & Adda-Dekker, M. (2005). Impact of duration on F1/F2 formant values of oral vowels: an automatic analysis of large broadcast news corpora in French
and German. Interspeech 2005, 2453-2456.
Kamiyama, T. & Vaissière, J. (2009). Perception and production of French close and closemid rounded vowels by Japanese-speaking learners. Acquisition et interaction en langue étrangère Lia 2, 9-41. 
Kamiyama, T. (2011). Pronunciation of French vowels by Japanese speakers learning French as a foreign language: back and front rounded vowels /u y ø/. Phonological Studies (Phonological Society of Japan), 97-108.
Montoya, J. (1999). Vademecum Aranese. Era Val d’Aran a trauèrs dera sua lengua (segles XII-XX). Conselh Generau d’Aran.

Müller, D. and Martín, S. (2012). A Preliminary Acoustic Study of the Occitan Vowel System. Proceedings GalRom07, 149-159.
Schwartz, J., Beautemps, D., Abry, C., & Escudier, P. (1993). Inter-individual and cross-linguistic strategies for the production of the [i] vs. [y] contrast. Journal of Phonetics, 21, 411–425.
Stevens, K. N. (2002). Toward a model for lexical access based on acoustic landmarks and distinctive features, Journal of the Acoustical Society of America, 111, 1872–1891.

Traunmüller, H. (1990). Analytical expressions for the tonotopic sensory scale. The Journal of the Acoustical Society of America, 88(1), 97–100.
Strange, W., Weber, A., Levy, E., Shafiro, V., Hisagi, M., & Nishif, K. (2007). Acoustic variability within and across German, French, and American English vowels: Phonetic context effects. The Journal of the Acoustical Society of America, 122 (2), 1111-1129.
Annex 1
WORD LIST

	SP1
	/a/
	estabilitat, pressupostària, demorant, ara, deishat

	
	/i/
	partida, mil, principi, vistes, servicis

	
	/u/
	besonh, jo, toti, son, com

	
	/y/
	dempús, dessús, ua, ajuda, punt

	SP2
	/a/
	mainatges, agradaue, casa, sabi, grani 

	
	/i/
	medecina, títol, vides, libres, daurir 

	
	/u/
	boni, corren, Barcelona, son, toti 

	
	/y/
	ua, dempús, metut, tu, neishut

	SP3
	/a/
	foncionar, tracte, planta, cas, biomassa

	
	/i/
	quines, serie, vista, assumís, determinen

	
	/u/
	recors, calor, son, grops, inversors

	
	/y/
	futur, temperatura, estudis, punt, un

	SP4
	/a/
	assajar, informar, parlar, unanimitat, Aran

	
	/i/
	partir, garantissen, establir, realistes, mil

	
	/u/
	non, onze, condar, forma, com

	
	/y/
	estudi, futur, uns, conjunta, sues

	SP5
	/a/
	amassada, campar, somar, comunitat, cas

	
	/i/
	dides, possible, municipis, compartim, risc

	
	/u/
	sectors, com, besonh, compdes, canton

	
	/y/
	ua, conjunt, inquietuds, comunes, junh

	SP6
	/a/
	cercat, nosati, anar, aplicant, trapat

	
	/i/
	dides, definitiva, repartit, coïncidisquen, partir

	
	/u/
	com, torn, ora, sectors, totes

	
	/y/
	ua, dus, dempús, tu, estudis

	SP7
	/a/
	delà, presentant, nauetats, cara, aniversari

	
	/i/
	insistint, díder, vista, accessible, esquí

	
	/u/
	son, sason, jo, toti, torn

	
	/y/
	ua, futur, punt, un, ajude

	SP8
	/a/
	conservat, trapaue, escolar, literari, fomentar

	
	/i/
	vint, administrativa, vila, creatiua, exercicis

	
	/u/
	inspectors, tot, leçon, ora, orde

	
	/y/
	estudis, junh, cultura, vertuts, un

	SP9
	/a/
	grana, espectacular, capacitat, evitar, debat

	
	/i/
	crisis,ministra, mecanismes, díder, chifra

	
	/u/
	sector, Aragon, toti, agost, mon

	
	/y/
	sabut, productes, ua, queigut, fruta

	SP10
	/a/
	nosati, catalan, estandard, seleccionant, exemplars

	
	/i/
	servís, establir, polit, anime, petit

	
	/u/
	iniciadors, Catalonha, melhors, concors, com

	
	/y/
	un, ua, Salardú, ajudes, punt

	SP11
	/a/
	cas, ans, Aran, setanta, consideràuem

	
	/i/
	dides, cinc, partit, síndic, consistic

	
	/u/
	tot, com, donques, persones, son

	
	/y/
	un, tu, estatut, punts, ua

	SP12
	/a/
	libertat, dedicant, artesans, comarques, passat

	
	/i/
	vesies, maitin, torisme, servir, partir

	
	/u/
	Arró, Girona, tot, compdes, non

	
	/y/
	conegut, dus, ua, punts, pogut

	SP13
	/a/
	empresaris, part, portar, nosati, consolidant

	
	/i/
	servicis, decidís, linha, esportistes, ciclisme

	
	/u/
	restauradors, non, pabalhons, long, toti 

	
	/y/
	viscut, sud, un, dues, sua

	SP14
	/a/
	important, estat, començat, calendari, captar

	
	/i/
	esquí, familhes, dediquen, partir, trentia

	
	/u/
	melhor, toti, Barcelona, jo, collaboradors

	
	/y/
	dues, tu, un, dessús, (era) junta

	SP15
	/a/
	vertat, cambi, trabalh, pujant, Espanha

	
	/i/
	díder, optimisme, esquí, ritme , quinze

	
	/u/
	tota, jo, demori, melhor, octobre

	
	/y/
	un, futur, dues, mesura, punt

	SP16
	/a/
	Aran, universitària, nosati, important, grana

	
	/i/
	iniciatiua, medecina, cinc, díder, principi

	
	/u/
	toti, grop, jo, persones, rector

	
	/y/
	un, ua, adultes, inquietuds, dempús

	SP17
	/a/
	tocar, calerà, començar, important, realitat

	
	/i/
	dides, mil, bastir, patrocini, noticia

	
	/u/
	ores, com, donques, son, catorze

	
	/y/
	dus, un, ua, dempús, artenhut

	SP18
	/a/
	amassada, restaurant, ventalh, organizam, plats

	
	/i/
	decidic, vint, servissen, piquen, cinc

	
	/u/
	bon, toti, son, sustot, volgue

	
	/y/
	dempús, producte, menús, sua, dus
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