
Devoicing of phonologically voiced obstruents:  
Is European Portuguese different from other Romance languages?  

Daniel Pape (IEETA+UA Aveiro, Portugal), Luís M.T. Jesus (IEETA+ESSUA Aveiro, Portugal) 
Abstract: This paper presents results for voicing maintenance during European Portuguese (EP) 
stop and fricative production. Results indicate that EP shows a very high percentage of devoicing for 
all phonologically voiced stops and fricatives. This is in contrast to classical literature reporting high 
voicing maintenance during stop closure for Romance languages, but confirms our preliminary 
results from previous work. Further, for the first time results are presented for the analyses of 
(time-dependent) EP voicing profiles. These profiles show for EP no differences for place of 
articulation or vowel context. The results for EP are compared to identically constructed corpora for 
German (as a Germanic language reference) and Italian (as a Romance language reference). 
Results for the cross-linguistic comparison show that the devoicing behaviour for EP is more similar 
to a Germanic language than to a Romance language.  
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EP: 

Table 1: Percentages of devoicing decisions (mean over all speakers and all 
4 vowel contexts and 9 repetitions).  

 Extensive European Portuguese corpus recording: 
•   all EP stops and fricatives /p b t k b d g f v s z ʃ ʒ/ 
•   context vowels /a e i o/ in CVCV clusters 
•   frame sentence „Diga CVCV outra vez.“ 
•   initial and medial consonant position 
•   9 repetitions 
•   4 speakers 

Devoicing of voiced obstruents: There is a long known discrepancy between the 
phonological voicing status and the actual phonetic realization! 

Germanic languages: 
•  high occurrences of devoicing for stops and 

fricatives (Shih et al. 1999, Pape & 
Mooshammer 2006) 

•  devoicing increases with more posterior POA 
(Ohala 1983, Pape & Mooshammer 2006) 

•  devoicing increases with lower vowel heights 
(Ohala & Riordan 1880) 

Romance languages: 
•   „Classical view“: Romance languages 

maintain voicing throughout complete 
consonant duration 

•   Shih et al. (1999): No devoicing for 
voiced stops in Spanish 

•  However, Jesus & Shadle (2002, 2003) 
showed high devoicing for EP fricatives  

     Devoicing measures: 
1.   traditional method: no detectable voicing bar for one glottal period 
2.   voicing profiles (Shih et al. 1999): voicing status sampled at 10 

equidistant landmarks throughout the consonant duration 

 German and Italian recordings: 
•   German control corpus: 
•   same consonants as in EP corpus 
•   recording of German lax vowels /a e i o/ 
•   initial and medial position, 9 repetitions 
•   4 speakers 

•   Italian control corpus:  
•   /z ʒ/ excluded, 9 repetitions, 2 speakers 
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Figure 1. Spanish voicing profile: effects of phone identity. “C”
represents the voiceless dental affricate.
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Figure 2. Effects of the preceding phone in Spanish. “V” = vowel,
“G” = glide, “S” = sonorant, “s” = voiceless fricative, “p” = voice-
less stop, “b” = voiced stop.

with “s” representing voiceless fricatives. For this combination of
factors, the prediction is that, for instance, the probability is 87%
for /p/ to be voiced at 20% into the closure duration, and only 22%
at 80% into the closure.

In the languages under investigation, we see a clear separa-
tion of the stop series into a more voiced population and a less
voiced population. In Spanish, Italian and Hindi, the separation
tends to agree with the phonological specification of voicing. In
Mandarin, the population is divided by the aspiration feature,
even though phonologically speaking, both Mandarin stop series
are voiceless. German voiced stops often do not have sustained
voicing throughout the stop closure.

3.1. Spanish
Phone identity, preceding phone and, to a lesser extent, following
phone are the three most important factors affecting stop closure
voicing in Spanish. Figure 1 shows the coefficients for the fac-
tor phone identity. The voiced stops /b,d,g/ are clearly separated
from the voiceless stops /p,t,k/ and the voiceless dental affricate
/C/. The two classes of sounds are most clearly differentiated near
the end of the closure duration, and most confusable in the begin-
ning where the effect of the preceding phone is strong. Also note
that the voiceless stops may have sustained voicing that extends far
into the closure duration.

Figure 2 shows the effect of the preceding phone on the voic-
ing of stops. The clearest effect is that if the preceding phone is
a voiceless obstruent, there is a devoicing effect that extends up to
80% into the closure duration. The impact is strongest in the early
part of the stops, as expected.

There is also a noticeable, albeit rather weak, effect of the
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Figure 3. Italian voicing profile: effects of phone identity.
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Figure 4. Effects of the preceding phone in Italian. Plotting sym-
bols as in Figure 2.

following phone on the voicing of stops. We find very little impact
from positional factors, and closure duration has no effect either,
except in the latest position, where shorter duration increases
voicing probability and durations of more than 100 ms decrease
voicing probability.

3.2. Italian
The models for Italian single and geminate stops were trained sep-
arately. We noted that 100% of Italian geminates in our data agree
with the phonological specification of voicing in the center 30–
70% of the closure duration. The geminate plots are not shown.

The voicing patterns of Italian single stops in Figure 3 are
quite similar to the patterns seen in Spanish. One difference is
that in the latest position Italian voiced stops are more prone to
devoicing.

Figures 4 and 5 show the coefficients of the preceding and
following phones, respectively. Preceding voiceless phones have a
devoicing effect on the early part of the closure, which is expected
(Figure 4). However, preceding voiced stops, represented by the
plotting symbol “b”, pattern with preceding voiceless obstruents,
suggesting that at least some samples of these canonically voiced
context phones are in fact unvoiced. Also note that in Figure 5,
following voiced stops have a voicing effect on the current phone
from the 20% point on, and following voiceless stops (“p”) have
a devoicing effect from the 40% point on. Other sound categories
have very little impact. The observed pattern suggests that there
is a tendency for the voicing of an Italian stop to assimilate to
the voicing specification of a following stop, a process that is
reminiscent of the well-known consonant gemination process of
Italian. Non-geminate stop-stop combinations are quite rare in
Italian.
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Figure 9. German voicing profile: effects of phone identity. Phono-
logically voiced and voiceless stops are also separated along the
acoustic voicing dimension. “G” = glottal stop.

V

V
V V

V

V

Normalized Time [%]

Co
ef

fic
ie

nt
s 

of
 V

oi
cin

g 
Pr

ob
ab

ilit
y

-0
.4

-0
.2

0.
0

0.
2

0.
4

s

s

s

s

s

s

Normalized Time [%]

Co
ef

fic
ie

nt
s 

of
 V

oi
cin

g 
Pr

ob
ab

ilit
y

-0
.4

-0
.2

0.
0

0.
2

0.
4 S

S
S

S

S
S

Normalized Time [%]

Co
ef

fic
ie

nt
s 

of
 V

oi
cin

g 
Pr

ob
ab

ilit
y

-0
.4

-0
.2

0.
0

0.
2

0.
4

p
p p p

p

p

Normalized Time [%]

Co
ef

fic
ie

nt
s 

of
 V

oi
cin

g 
Pr

ob
ab

ilit
y

-0
.4

-0
.2

0.
0

0.
2

0.
4

0 20 40 60 80 100

Figure 10. Effects of the preceding phone in German. Preceding
voiceless obstruents have a strong devoicing effect, sonorant and
vocalic left contexts cause the closure to be voiced. “V” = vowel,
“S” = sonorant, “p” = voiceless stop, “s” = voiceless fricative.

categorized into vowels, sonorants, voiceless stops, and voiceless
fricatives. As one would predict, preceding voiceless obstruents
have a strong devoicing effect on the stop closure, whereas a
voiced preceding context phone causes the closure to be voiced
almost throughout.

4. DISCUSSION

We were interested in discrepancies between the phonological
voicing status of a speech sound and its actual phonetic realiza-
tion in connected speech. For instance, stop consonants in the
five languages under investigation can be described using differ-
ent combinations of the features of voicing and aspiration. Yet,
we observe that, despite the difference in phonological specifica-
tion, Mandarin voiceless unaspirated stop closures show voicing
profiles similar to the voiced unaspirated stop closures in German.
Similarly, the voiceless aspirated stops of Mandarin pattern with
the voiceless (aspirated or unaspirated) stops in German, Spanish,
and Italian. Hindi presents the most complex stop consonant sys-
tem among the five languages in that it has a two-way phonologi-
cal distinction between voiced/voiceless and aspirated/unaspirated
stops. In our data, Hindi stops can be ranked along this scale of
decreasing probability of voicing, e.g., /g, gh/ /k/ /kh/.

Our research shows that the phonological specification of
voicing, represented as a binary distinction of [+voice] or [-voice]
over the domain of the entire speech sound, is often insufficient to
differentiate the stop series in a given language. It also obscures
similarities or parallel patterns across languages. VOT measure-
ments might provide a better classification of stops.

However, note that in both Mandarin and German the two
populations of stops are differentiated by the patterns of sustained
voicing in the stop closure duration. Voicing profiles, as suggested
in our study, allow us to describe the dynamic changes of the
voicing status of speech sounds, here stops, as a function of
(normalized) time. In the conventional usage of VOT, being
voiced is expressed as a negative VOT value counting backward
from the time of the stop release. Since voicing typically ceases
before the burst in all stops of Mandarin and German, the more
voiced and the less voiced populations in these languages cannot
be differenciated by a negative VOT value alone.

5. CONCLUSION

We presented results from a study of the voicing profiles of conso-
nants in five languages, Mandarin Chinese, German, Hindi, Mexi-
can Spanish, and Italian. We examined the factors that cause varia-
tions in voicing and trained statistical models that predict the prob-
ability of voicing of each analysis frame of a speech sound from
a variety of factors, in particular phone identity, context phones,
positional and prosodic factors.

This paper has focussed on the voicing properties of stop
closures in these languages. Details on other speech sounds,
especially voicing probability models for all consonant types in
German and Mandarin, have been presented elsewhere [13].
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Voicing profiles Spanish (Shih et al. 1999) Voicing profiles German(Shih et al. 1999) 

consonant European Portuguese  

[%] 

German 

 [%] 

Italian 

 [%] 

initial medial initial medial initial medial 

/b/ 74 70 93 76 14 12 

/d/ 84 82 100 81 21 9 

/g/ 83 72 96 80 32 18 

/v/ 48 46 86 66 9 3 

/z/ 61 59 81 68 71 30 

/!/ 49 53 83 68 n.a. n.a. 

 

German: 

(p<0.000) significant difference is obtained when cross-wise comparing 

the two languages EP vs. Italian and German vs. Italian. The comparison 

EP vs. German was never significant 

 
stops    fricatives 

 
Figure 1: Cross-linguistic comparison of the devoicing profiles for medial position for European Portuguese 

(upper panel), German (medial panel) and Italian (lower panel). Profiles for stops are displayed left and profiles 

for fricatives are shown at the right side. Each curves is the mean over all speakers and all vowel contexts.  

 

 
cons. Mean 

EP 

Mean 

German 

Mean 

Italian 

language 

comparison 

p value and 

significance 

/b/  

0.36 

 

0.42 

 

0.95 

EP-German: 

EP-Italian: 

German-Italian: 

p=0.551 n.s. 

p=0.000 *** 

p=0.000 *** 

/d/  

0.32 

 

0.39 

 

0.92 

EP-German: 

EP-Italian: 

German-Italian: 

p=0.463 n.s. 

p=0.000 *** 

p=0.000 *** 

/g/  

0.38 

 

0.4 

 

0.9 

EP-German: 

EP-Italian: 

German-Italian: 

p=0.945 n.s. 

 p=0.000 *** 

p=0.000 *** 

/v/  

0.62 

 

0.52 

 

1.0 

EP-German: 

EP-Italian: 

German-Italian: 

p=0.138 n.s. 

p=0.000 *** 

p=0.000 *** 

/z/  

0.46 

 

0.45 

 

0.87 

EP-German: 

EP-Italian: 

German-Italian: 

p=0.989 n.s. 

p=0.000 *** 

p=0.000 *** 

Table 2: Mean values for each language (first line) and significance value for the Post-hoc Sheffé comparison 

between the languages at the two-third landmark of the consonant constriction. Highly significant values are bold 

printed.  
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all EP speakers: fricatives
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A dependency of consonant devoicing on the adjacent vowel height was 

only visible for the stop data, but not for the fricatives.  

Figure 2 shows that only for German stops, but not for EP and Italian 

stops there is a difference in devoicing behavior when the tongue height 

of the contextual vowels change from low to high: For German, there is 

stronger devoicing when the consonant is associated with adjacent low 

vowels. This result for German thus is in line with the results of Ohala & 

Riordan (1980) and Pape & Mooshammer (2006). 

However, Ohala & Riordan give aerodynamic reasons for the vowel 

dependency on devoicing. Thus, these aerodynamic reasons should be 

identical between different languages. Although, as can be seen in figure 

2, only one of the three examined languages shows the described pattern. 

For Italian, the lack of vowel height influence can be explained: As 

devoicing is nearly not existent for our Italian data, it is clear that an 

influence of the contextual vowel height could be easily missed. However, 

since EP shows an identical amount of devoicing as German, an existing 

influence of vowel height should be visible here, but is absent in our data. 

Thus, an important difference of EP devoicing could surface here.  

 

 

Figure 2: Cross-linguistic devoicing profiles in dependence of the adjacent vowel height for stop medial 

position: Low vowel context /aCa/ is plotted on the left side, and high vowel context /iCi/ context on the 

right side. The examined languages (EP, German, Italian) are shown from top to bottom. 

 

With respect to the difference between initial and medial consonant 

position, the comparison of figure 2 (medial position) and figure 3 (initial 

position of the consonant) shows that no language exhibits important 

differences of the devoicing patterns. When regarding cross-linguistic 

differences for the two positions, it can be noted that only for German a 

stronger devoicing in initial position in contrast to medial position can be 

observed. Since this stronger devoicing would be expected from the 
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Italian voiced stops: /aCa/

stops fricatives /i/ context /a/ context 

1. Does EP exhibit a different devoicing 
behaviour than other Romance languages? 

2. What are the cross-linguistic differences of  
devoicing with respect to: 
•  consonant position 
•  place of articulation and vowel context? 
•  Are there differences in devoicing between 

voiced stops and fricatives? 

3) Influencing factors 
•   position:  
•  for all languages: only minor tendencies for 

more devoicing in initial than in medial 
consonant position 

•  place of articulation and vowel context: 
•  EP: only small differences 
•  German: strong differences 

2) Devoicing patterns 
•   EP: very strong devoicing for stops, 

strong  devoicing for fricatives  
(both inital and medial position) 

•  German: very high occurrences of 
devoicing for both stops and fricatives  
(both initial and medial position) 

•  Italian: nearly no devoicing 

1) Voicing decisions 
•   EP: very high devoicing occurrences for 

stops, high  occurrences for fricatives 
•  German: very high occurrences of 

devoicing for both stops and fricatives 
•  Italian: nearly no devoicing 

•   Voicing in European Portuguese differs from other Romance languages (Spanish, Italian) 
•   EP devoicing is very similar to German, and therefore to Germanic languages 
•   Influencing factors: 
•   German: place of articulation and vowel context strongly influence voicing during closure 
•   Italian: no influence detected -> probably due to high voicing maintenance during closure 
•   EP: no influence observed -> active processes override aerodynamic effects?  
•  Reasons will be verified in follow-up perceptual experiments,  
•  cue weighting will show importance of voicing maintenance and devoicing for the 

perceptual system 

This work was partially supported by the Portuguese FCT (grant SFRH/BPD/ 48002/2008). 


