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During the last two decades, a substantial body of research established that bilingual children 
produce voice onset time (VOT) differently from their monolingual peers (Deuchar & Clark, 
1996; Fabiano-Smith & Bunta, 2012; Johnson & Wilson, 2002; Kehoe, Lleó & Rakow, 2004; 
Khattab, 2000). Research on VOT development of simultaneous bilingual children 
traditionally focused on small samples of participants who acquired a heritage language in an 
English-dominant environment. These studies did not address whether individual differences 
in the amount of heritage language exposure play a role in bilingual children’s VOT 
development.  

VOT is the primary phonetic cue for the distinction between ‘voiced’ stop consonants 
(/b/, /d/, /ɡ/) and ‘voiceless’ stop consonants (/p/, /t/, /k/; Abramson & Lisker, 1973). Many of 
the world’s languages use such a binary voicing contrast, but the phonetic implementation of 
the contrast can differ. Dutch, for example, has a voicing contrast between prevoiced ‘voiced’ 
stop consonants, and short lag ‘voiceless’ stop consonants. Other languages, such as German 
and English, make a contrast between short lag ‘voiced’ and aspirated ‘voiceless’ stop 
consonants. The different phonetic implementations of the voicing contrast in languages like 
Dutch and German poses a challenge to bilingual children acquiring these two languages. 

The present study assesses the effect of language exposure on VOT production in 29 
simultaneous bilingual children aged 3;7 to 5;11 who speak German as a heritage language in 
the Netherlands. In addition, 30 Dutch and 29 German monolingual children were tested. All 
children produced words with initial stop consonants in a picture-naming paradigm. The 
investigated stop consonants were ‘voiced’ /b/ and /d/i, and ‘voiceless’ /p/, /t/, and /k/. The 
bilingual children were tested in a Dutch session and in a German session, and the order of 
sessions was counterbalanced. 

Results of ‘voiceless’ stop consonants were analyzed using hierarchical linear 
regression, taking into account the stop consonants’ absolute VOT duration. Results of 
‘voiced’ stop consonants were analyzed using hierarchical logistic regression, based on 
whether a stop consonant was prevoiced or not. Bilingual children prevoiced a similar 
percentage of ‘voiced’ stop consonants in Dutch and German (β=0.26, SE=0.17, z=1.5, 
p=.134), indicating that they may have one shared category for Dutch and German ‘voiced’ 
stop consonants. The bilinguals produced a lower percentage of prevoiced stop consonants as 
their monolingual Dutch peers (β=0.51, SE=0.21, z=2.40, p=.016), but they produced 

Figure 1. ‘voiced’ stop consonants: 
Percent prevoiced by group and language. 

Figure 2. ‘voiceless’ stop consonants: 
VOT by group and language. 
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prevoicing more frequently than their monolingual German peers (β=-0.94, SE=0.25, z=-3.72, 
p<.001; see Figure 1). Bidirectional cross-linguistic influence between the majority language 
Dutch and the minority language German can explain these results. 

Yet, the bilinguals produced ‘voiceless’ stop consonants with longer VOT in German 
than in Dutch (β=14.43, SE=3.54, t=4.08, p<.001; see Figure 2), suggesting that they have 
two autonomous categories for Dutch and German ‘voiceless’ stop consonants. In the 
majority language Dutch, no VOT differences between the bilinguals and monolinguals were 
detected (β=2.86, SE=1.92, t=1.50, p=.134). In the heritage language German, the bilinguals 
aspirated less than monolinguals (β=-10.2, SE=3.12, t=-3.27, p=.001), but bilinguals with 
more heritage language exposure produced more target-like aspiration in German (β=0.52, 
SE=0.24, t=2.17, p=.030; see Figure 3). Importantly, the amount of exposure to the heritage 
language German had no detectable effect on the ‘voiceless’ category in the majority 
language Dutch (β=0.15, SE=0.14, t=1.09, p>.250; see Figure 3). These findings suggest that 
more heritage language exposure is beneficial to the heritage language, but not at the cost of 
the majority language. Furthermore, more heritage language exposure leads to an increased 
difference between the separate categories for German and Dutch ‘voiceless’ plosives, and is 
therefore associated with more language-specific VOT systems. 
 
Figure 3. Language exposure and VOT by language 

  
																																																													
i /ɡ / was not included in this study because it is not a native phoneme of Dutch. 
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