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How synchronic phonetic variation interacts with diachronic change has been a key focus of 
variationist studies for over 50 years. Today, most linguists subscribe to Ohala’s proposal that 
synchronic variation is one of the preconditions for diachronic change [1]. The “big data” 
revolution, which reached the humanities field in recent years, has added a new dimension to 
this research path. Large multilingual collections of spoken data covering various 
communication situations are now accessible for phonetic and laboratory phonology research, 
and can be explored with digital approaches [2,3]. In line with this new research direction, the 
present study explores two of the most common phonetic processes in the world’s languages: 
voicing and devoicing of stop consonants (i.e. /ptk/ realized as [bdg] or /bdg/ realized as [ptk]). 
These processes are attested both as instances of synchronic variation and as processes 
provoking sound change. Using methods borrowed from speech technology, we seek to gain 
insight into the factors responsible for the phonetic precursors of these two phenomena.  
Corpus and methodology. First, language-specific automatic speech recognition systems [4] 
in forced alignment mode with voicing variants (+/- voiced) were used to provide reliable 
accounts of the voicing alternation phenomena specific to connected speech [5,6,7]. Machine 
learning techniques are used to study variation in 5 Romance languages for which we have had 
abundant data (~ 1000 hours): French (176h), Italian (168h), Spanish (223h), Portuguese 
(114h) and Romanian (300h). Second, decision tree-based classification [8] allows the factors 
having the largest contribution to the prediction of how the voicing feature of stops is realized 
to be determined. Contextual, positional and durational factors were included in this study (see 
Table 1). For each experiment, 70% of the data set was randomly selected for training and the 
remaining 30% was used for test purposes in order to assess how well the tree generalizes to 
new data. Given that there are many fewer voicing alternations than unchanged observations, 
sampling techniques were used to balance the two groups (voiced vs voiceless) of each dataset. 
Results. We present results from both the automatic alignment and automatic classification. 
Figure 1a shows the alternation rates obtained via our forced alignment allowing voiced and 
voiceless variants for both canonically voiceless and voiced stops. For instance, 9.4% of French 
voiceless stops /ptk/ were aligned with their corresponding non-canonical voiced variant [bdg] 
and 9.9% of voiced stops /bdg/ were aligned with a devoiced [ptk] variant. Portuguese exhibits 
a much higher rate of devoicing of voiced stops (/bdg/ realized as [ptk]) than the opposite 
phenomenon (voiced realizations of /ptk/, i.e., aligned with [bdg]). The rates of devoiced 
realization of voiced stops are also slightly higher than voiced realizations of voiceless stops 
for both French and Romanian, with the reverse tendency seen for Spanish and Italian. As for 
the respective roles of context, position in word and duration parameters correlated with 
voicing alternations, Figures 1b and 1c highlight the factors having the largest contributions to 
the prediction of voiced / voiceless segments (see texts in white rectangular boxes). The factors 
contributing the most to voicing (/ptk/ becomes [bdg]) are the duration of the segment in 
question and the left context, whereas devoicing is reliably predicted by the right context, 
followed by the left context, the duration of the preceding segment and the language. 
Interestingly, “language” is located towards the lower part of the tree in Figure 1c. This 
suggests that particular languages tend to subordinate to the historical movement of the 
language family. Nevertheless, the languages split into two groups with Portuguese in one 
branch and the other four languages in the other, which is in line with the higher devoicing rate 
seen for Portuguese in Figure 1a. The overall correct prediction of voicing alternation on 
unseen data (round-robin experiments with a random selection of data) are 73.6% for voiceless 
stops and 68.2% for voiced ones (mean of 10 experiments).   



Table 1. Variation factors included in the automatic classification. 
Factors Details 

Language Spanish (spa), French (fre), Italian (ita), Portuguese (por) or Romanian (rom) 
Position in word [9,10] Position of the stop in the word: word initial position (wInitial), word medial position (wMedial) or word final position (wFinal) 
Left context [10,11,12] Nature of the segment preceding the stop in question: pause including hesitation, breath and silence;vowel (V); sonorant (Son); 

voiced obstruent (Ob+); voiceless obstruent (Ob-) 
Right context [7,10] Nature of the segment following the stop in question: pause including hesitation, breath and silence; vowel (V); sonorant (Son), 

voiced obstruent (Ob+); voiceless obstruent (Ob-) 
Segment/Word duration [3,13,14] Duration of the stop / of the segment preceding the stop / of the segment following the stop / of the word 
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Figure 1. Voicing alternation rates of voiceless (/ptk/) and voiced (/bdg/) stops (a) , and 
classification tree on the voicing of canonically voiceless (b) and voiced (c) stops. 
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