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Abstract 

Phonologization is a process whereby phonetic substance 

becomes phonological structure [1]. The process involves at 

least two steps: (i) a universal phonetic (‘automatic’) variation 

becomes a language-specific (‘speaker-controlled’) pattern, (ii) 

the language-specific pattern becomes a phonological 

(‘structured’) object. This paper will focus on the first step and 

ask the question of whether three universal phonetic variations 

of the laryngeal feature of word-final codas (final devoicing, 

voicelessness assimilation and voicing assimilation) are 

becoming language-specific patterns in two Romance 

languages, Romanian and French. Our results suggest that 

neutralization processes (final devoicing) might be beginning 

their phonologization process in both French and Romanian 

whereas assimilation processes (regressive assimilation of 

voicing and voicelessness) remain universal phonetic 

tendencies. 

Index Terms: Large corpora, forced alignment, 

phonologization, lenition, fortition, voicing, devoicing, 

assimilation, French, Romanian 

1. Introduction 

Relations between patterns of synchronic fine-grained phonetic 

variation and diachronic change can be investigated today in 

unprecedented detail thanks to large corpora, automatic 

language processing technologies and statistical methods. Such 

data allow large portions of natural speech harvested from real-

life conversations to be explored, thus enabling the 

investigation of very precise phenomena at various stages on 

their way to (possible) phonologization. 

Phonologization is a process whereby phonetic substance 

becomes phonological structure [1]. The process involves at 

least two steps: (i) a universal phonetic (‘automatic’) variation 

becomes a language-specific (‘speaker-controlled’) pattern 

(phonologization per se), (ii) the language-specific pattern 

becomes a phonological (‘structured’) object 

(phonemicization). During the first stage, a phone has a 

contextual allophone for anatomic reasons and the allophony 

becomes (more or less consciously) cognitively controlled by 

speakers; during the second stage, the allophone progressively 

gains autonomy until it is used in other contexts than its original 

one and becomes an independent phoneme. 

This paper will focus on the first step and ask the question 

of whether three universal phonetic variations of the laryngeal 

feature are becoming language-specific patterns in two 

Romance languages, Romanian and French. Metropolitan 

French word-final codas (henceforth ‘codas’) have been shown 

to undergo variable pre-pausal final devoicing [2, 3, 4], 

voicelessness assimilation and voicing assimilation [5, 6, 7, 8]. 

So have Romanian codas [8, 9]. The first two phenomena 

essentially result in (partially) devoiced realizations of 

canonically voiced stops (i.e. /b, d, g/ pronounced [p, t, k]), 

while the third one results in the voiced realization of 

canonically voiceless stops (i.e. /p, t, k/ pronounced [b, d, g]). 

However, the first one is a case of plain neutralization, i.e. a 

process whereby a feature (e.g. the laryngeal feature) is lost, 

while the last two are cases of (regressive) assimilation, i.e. of 

the laryngeal feature of the following word’s onset.  

To assess whether these three variational phenomena are 

becoming phonologized in either or both of these languages, it 

should be shown that the universal phonetic variation is 

increasingly more language-specific, i.e. that there are different 

degrees of variation across linguistic groups. Our hypothesis is 

that the more a process is phonologized in a language, the more 

it is cognitively controlled by speakers; and the more it is 

controlled, the more likely it is to be tagged as a socially marked 

variable. This means that the more a process is phonologized, 

the less its presence in the language is uniform. To test this 

hypothesis, we will study final devoicing and regressive 

assimilation of the laryngeal feature according to two 

extralinguistic parameters: speech style and speaker gender. 

Building on these assumptions, this paper will 

systematically compare the rates of final devoicing, 

voicelessness assimilation and voicing assimilation between 

speech styles and genders so as to uncover in which cases the 

variation in the realization of the laryngeal feature is uniform 

and in which ones it is not. 

In the remainder of this paper, the Romanian data, the 

French data and the methodology used for the analysis will be 

described in Sections 2.1, 2.2 and 2.3 respectively. Section 3.1 

is dedicated to the results for final devoicing, 3.2 for 

voicelessness assimilation and 3.3 for voicing assimilation. 

Finally, Section 4 concludes and discusses the findings. 

2. Data and methodology 

Voicing alternation in coda position is a very precise issue. 

Examining this question in large corpora allows the 

quantification of the variable tendency towards devoicing and 

voicing under less supervised settings than laboratory 

recordings, and the larger the corpora, the more precisely the 

phenomenon can be described [10]. 
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2.1. Romanian Data  

The corpus used for the present study, collected under the 

Quaero program1, is representative of Standard Romanian [11]. 

It is twofold and consists of 3.5 hours of broadcast news, i.e. 

prepared formal speech, and 3.5 hours of interviews, i.e. 

spontaneous formal speech. More precisely, the first part of the 

data was gathered from several Romanian radio and television 

shows (from the RFI Journal and RRA – Radio România 

Actualități – radio stations and the Euranet news agency) and 

consists mainly of read and semi-prepared news. Though the 

number of speakers varies according to the broadcast channel, 

ranging from 3 to 24, this first part includes a total of 79 

different speakers. Broadcasts with significant quantities of 

overlapping speech and noisy background were excluded. As 

for the second part, it gathers televised debates recorded from 

the Romanian national TV channel Antena 3 and includes 50 

speakers. 

The data comprises a total of 4529 tokens. Of these, 86% 

are classified as ending in a canonically voiceless stop, and 14% 

as ending in a canonically voiced stop. The distribution of these 

codas is given in Table 1. 

Table 1: Number of occurrences of each coda in Romanian. 

 p t k b d g Total 

Broadcast 58 1797 241 35 254 40 2425 

Interviews 52 1491 245 25 233 58 2104 

Total 110 3288 486 60 487 98 4529 

2.2. French Data 

Three corpora are used in the present study. The corpus ESTER 

[12] originally contains 80 hours of semi-prepared or prepared 

formal speech (radio broadcast news) but we filtered it to 

eliminate data from non-metropolitan French (RFI and RTM) 

and keep only Standard French data. The two-part corpus 

ETAPE 1 and 2 [13] contains 13.5 hours of radio data and 29 

hours of TV data in French, including debates and interviews. 

Finally, NCCFr [14] is comprised of 31 hours of face-to-face 

interactions between friends. Each corpus represents a different 

speech style: prepared formal speech (ESTER), spontaneous 

formal speech (ETAPE) and casual speech (NCCFr). 

When considering only actual phonetic codas, i.e. coda 

consonants that were not followed by an epenthetic schwa2, the 

corpora are left with 58,893 tokens, as shown in Table 2. Of 

these, 81% are classified as ending in a canonically voiceless 

stop, and 19% as ending in a canonically voiced stop.  

Table 2: Number of occurrences of each coda in French. 

 p t k b d g Total 

ESTER 1267 7643 7947 608 2665 325 20455 
ETAPE 1488 8620 8112 956 3532 440 23148 

NCCFr 423 6850 5624 460 1630 303 15290 
Total 3178 23113 21683 2024 7827 1068 58893 

2.3. Methodology 

Automatic word and phone level alignments of the speech data 

with their manual orthographic transcriptions were produced 

using a system derived from that described in [11, 15]. We build 

here on the method proposed in [6] to study voicing alternations 

through automatic forced alignment introducing specific 

variants in the pronunciation dictionary. The pronunciation 

 
1 www.quaero.org 

variants are stored in a lexicon which contains both each word’s 

full (also called canonical) pronunciation and potentially altered 

(also called non-canonical) variants [16]. As described in [17], 

the system selects the most probable variant given the actual 

acoustic realization.  

During alignment, voicing and devoicing are decided if the 

best matching phone model corresponds to the voiced or 

voiceless variant respectively and not to the original canonical 

phone. Hence, for any occurrence of /b, d, g/, its voiceless 

counterpart may be selected by the system if the acoustic 

realization of the consonant best matches the corresponding 

model. For instance, the Romanian word dialog, /dialog/ could 

be transcribed either as [dialog] or as [dialok] depending on 

whether the system considered the last consonant to correspond 

to the voiced or voiceless consonant. Conversely, for any 

occurrence of /p, t, k/, its voiced counterpart may be selected by 

the system if the acoustic realization of the consonant best 

matches the corresponding model. For instance, the Romanian 

word grup, /grup/ could be transcribed either as [grup] or as 

[grub] depending on whether the system considered the last 

consonant to best correspond to the voiceless or voiced 

consonant. The same goes for French /djalɔg/ that could be 

transcribed either as [djalɔg] or as [djalɔk], and /gʁup/ either as 

[gʁup] or as [gʁub]. 

To observe final devoicing and voicelessness assimilation 

in both languages, we analyzed the realizations of codas before 

pause (Romanian: n=65; French: n=710) and before voiceless 

obstruent (Romanian: n=251; French: n=2908) respectively. 

However, studies have shown that regressive voicing 

assimilation happened only before voiced obstruents in French 

[8] but before both voiced obstruents and sonorants in 

Romanian [8, 9]. We have therefore investigated regressive 

voicing accordingly (Romanian: n=1139: French: n=8741). 

Although they operate categorically and propose only 

predefined variants, ASR systems offer an alternative method 

to human perception, which is known to compensate for the 

missing acoustic information with other available cues (i.e. 

speech rate, context and word length [18]). This variant-based 

approach has given reliable accounts of lenition and fortition-

type consonant variation for Romanian before [15], as well as 

for French [2, 3, 4] and Spanish [19, 20]. This data will allow 

us to observe neutralization and assimilation rates according to 

two parameters, speech style and gender of the speaker. 

3. Results: degrees of phonologization 

Our hypothesis is that universal phonetic tendencies are stable 

across speaking groups, while phonologizing processes are less 

so. To test this hypothesis, we analyze final devoicing and 

regressive assimilation of the laryngeal feature according to two 

extralinguistic parameters: speech style and speaker gender. 

3.1. Final devoicing 

Overall, 67.69% of Romanian codas and 48.59% of French 

codas are devoiced before pause. Do these numbers depend on 

speech style and / or speaker gender? 

3.1.1. Speech style 

As mentioned before, our data covers several speech styles: in 

Romanian, we have data from formal prepared vs formal 

2 Studies show that word-final schwa tends to disfavor adjacency effects 

such as final devoicing and regressive assimilation in French [23]. 
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spontaneous speech, while in French we have data from formal 

prepared (ESTER), formal spontaneous (ETAPE) and informal 

speech (NCCFr).  

As shown in Figure 1, results show that final devoicing is 

more frequent in debates (71.79%) than in prepared speech 

(61.54%) in Romanian.  

 

Figure 1: Rates (and count) of final devoicing as a function of 

speech style in Romanian and French. 

Even though the difference between the two speech styles 

(Δ=10.26%) is not significant (χ²=0.35466, df=1, p=0.5), it 

shows an interesting tendency similar to that seen for French 

(Δ=22.45% across three speech styles, χ²=25.369, df=2, 

p<.0001). Note however that, contrary to Romanian, the 

distinction in French is more between informal and formal 

speech than between formal spontaneous and formal prepared 

speech. 

3.1.2. Gender of the speaker 

Since studies tend to show that there are linguistic differences 

among genders [21, 22], we hypothesize that both male and 

female speakers would display various rates of non-canonical 

realizations, and that the less discrepancy between the two 

genders, the less phonologized the process. 

Final devoicing is subject to a notable difference between 

genders in both Romanian (Δ=10.00%, χ²=0.16942, df=1, 

p=0.7) and French (Δ=10.52%, χ²=6.0135, df=1, p=0.01), as 

shown in Figure 2. However, final devoicing tends to be 

avoided by women in Romanian but by men in French. 

 

Figure 2: Rates (and count) of final devoicing as a function of 

gender of the speaker in Romanian and French. 

To sum up, final devoicing is shown to be frequent in both 

languages, showing variation across speech styles and genders. 

According to our hypothesis, this would mean that it is 

controlled by speakers and therefore potentially on its way to 

phonologization. 

3.2. Voicelessness assimilation 

Overall, 80.48% of Romanian codas and 53.51% of French 

codas are devoiced before a voiceless obstruent. 

In the case of Romanian, there are, overall, more devoiced 

realizations before voiceless obstruent than before pause, with 

82.73% devoicing in debates and 78.72% in prepared speech, 

as shown in Figure 3, which suggests that it is more generalized. 

Moreover, the difference between speech styles is smaller 

(Δ=4%, χ²=0.40142, df=1, p=0.5), which indicates that it is 

more universal. In French, the difference of voicelessness 

assimilation across speech styles is also less relevant than final 

devoicing (Δ=17.14%, χ²=49.946, df=2, p<.0001). 

 

Figure 3: Rates (and counts) of voicelessness assimilation as a 

function of speech style in Romanian and French. 

As for the effect of gender, the difference between genders 

is very small in both Romanian (Δ=0.86%, χ²=1.4177e-30, 

df=1, p=1) and French (Δ=3.91%, χ²= 3.4355, df=1, p=0.06), as 

shown in Figure 4. 

 

Figure 4: Rates (and count) of regressive voicelessness 

assimilation as a function of gender of the speaker in 

Romanian and French 

To conclude, voicelessness assimilation happens more in 

French and much more in Romanian than final devoicing, 

which means it is more generalized. Moreover, there is almost 

no difference across speech styles or genders, except for the 

effect of speech style in French (that nevertheless is smaller 

than that observed for final devoicing), which means 

voicelessness assimilation not only happens more in both 
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languages than final devoicing, but is also more uniform across 

speaking groups.  

3.3. Voicing assimilation 

Overall, 36.17% of Romanian codas and 76.80% of French 

codas are voiced as a result of voicing assimilation. It is 

noticeable that the two devoicing phenomena are more present 

than the voicing one in Romanian, but the vice-versa is 

observed in French. 

As shown in Figure 5, the results of non-canonical 

realizations of /p, t, k/ before voiced obstruents and sonorants 

in Romanian show that there is as much voicing assimilation in 

debates (36.47%) as in prepared speech (35.92%, Δ=0.55%, 

χ²=0.016683, df=1, p=0.9). In French however, the results of 

non-canonical realizations of /p, t, k/ before voiced obstruents 

(sonorants not being a context for assimilation in this language) 

are surprising, since the speech style favoring voicing 

assimilation the most is spontaneous formal ETAPE. As noted 

in [3, p. 1728], this might be explained “by the more 

heterogeneous recording conditions of the corpus; portions of 

dialog overlaps in debates and broadcast interviews may 

artificially raise the frequency of F0 detection”. As for 

Romanian, the difference is rather small (Δ=5.63%) but 

statistically significant (χ²=93.749, df=2, p<.0001). 

 

Figure 5: Rates (and counts) of voicing assimilation as a 

function of speech style in Romanian and French 

The difference for regressive voicing between genders 

remains rather small but is more noticeable in Romanian 

(Δ=8.87%, χ²=8.442, df=1, p=0.004) than in French (Δ=4.47%, 

χ²=18.64, df=1, p<.0001), as shown in Figure 6. 

 

Figure 6: Rates (and count) of regressive voicing assimilation 

as a function of speaker gender in Romanian and French 

To summarize, we can say that voicing assimilation is less 

frequent than both voicelessness assimilation and final 

devoicing in Romanian but is more frequent in French. 

However, it is similar to voicelessness assimilation in both 

languages in that it shows very little variation between speech 

styles and genders. 

4. Discussion and conclusion 

This study presented a detailed analysis of one plain 

neutralization process, final devoicing, and two assimilation 

processes, voicelessness and voicing assimilation, to 

investigate their degree of phonologization based on large 

corpora and ASR systems. The results are summarized in 

Table 3. 

Table 3: Overall rates and differences across groups of 

speakers (Δ) in percentage (high rates highlighted in grey) 

 Overall rate Speech Style Gender 

 RO FR RO FR RO FR 

Final devoicing 67.69 48.59 10.26 22.45 10.00 10.52 

Voicelessness assimilation 80.48 53.51 4.00 17.14 0.86 3.91 

Voicing assimilation 36.17 76.80 0.55 5.63 8.87 4.47 

 

As one can see from the overall rates in the table, Romanian 

favors the two devoicing phenomena over the voicing one, 

while French favors the voicing phonemenon over the two 

devoicing ones. However, in both languages, final devoicing is 

more dependent on speech style and gender than the regressive 

assimilation processes. 

The fact that the tendency is similar in both Romanian and 

French suggests that both Romance languages are at the same 

stage of phonologization for non-canonical voicing and 

devoicing in coda position. It is also possible that voicelessness 

assimilation is starting the slow process of phonologization in 

French. Interestingly, however, the two “phonetic” phenomena, 

which should be “universal”, are present at very different rates 

in each language. Shedding light on this issue will be a topic for 

future research. 

Further studies should also help establish how advanced 

non-canonical voicing and devoicing are in both languages in 

other positions in the word, if Romanian and French are at the 

same stage of phonologization for other variational patterns, 

and if other related or non-related languages follow a similar 

path. 
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