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A key challenge in early bilingual acquisition is to distinguish two different languages in the 

input speech stream. The ability to detect and separate languages could, for example, allow 
infants to develop separate statistical distributions to learn sound categories for two languages [1, 
2]. What type of cues might infants use to detect different languages? It has been suggested that 
rhythmic cues could be used to separate rhythmically distinct languages such as Spanish and 
English [2]. For rhythmically similar languages (such as Spanish and Catalan) differences in the 
inventory and frequency distributions of sound categories, as well as lexical and phonotactic 
constraints could support the development of two language systems [3, 4]. While various 
phonological cues have been proposed as a potential basis for language separation, it is unclear 
how effective these cues are in accomplishing this task. Moreover, parents often mix languages 
[5] and it is unclear to what extent mixed input affects the reliability of phonological cues to 
separate languages in the input. This paper begins to address these issues by investigating the 
effectiveness of segmental and phonotactic cues for input separation of two rhythmically similar 
languages: English and Dutch. Specifically, computational modeling is used to determine (i) to 
what extent segmental and phonotactic cues can predict the origin language in mixed input data, 
and (ii) how robust these cues are when confronted with different degrees of language mixing.  

Bilingual input was simulated by combining transcriptions from two different speech corpora 
(English: [6], Dutch: [7]). These corpora were chosen because of their comparable size and 
transcription level. Figure 1 illustrates the overlap between the corpora in terms of segmental 
inventory and phonotactics (biphones and triphones). The segmental overlap between English 
and Dutch is 44%. (27 segments occur in both corpora, 16 occur only in English, and 19 occur 
only in Dutch.) The overlap in terms of phonotactics is 24% for biphones and 13% for triphones. 
The smaller overlap indicates that phonotactics might be a more useful cue for language 
separation. This prediction was tested in a series of computer simulations aimed at determining 
which cue is most effective at predicting the origin language in a mixed test set. Three 
probabilistic phonological models were implemented, one based on the relative frequencies of 
individual segments, and two based on phonotactic probabilities (biphone and triphone 
transitional probabilities). The models were trained on samples from both corpora in a variety of 
input mixing proportions, ranging from completely separated training data to 50-50 mixed input 
training data. Figure 2 shows the language prediction accuracies in different input mixing 
proportions. When languages are completely separated all models perform with high accuracy, 
ranging from 0.87 (segments) to 0.95 (triphones). When confronted with mixed training data the 
performance of the triphones model drops substantially (likely due to data sparsity, e.g. [8]), and 
the most accurate predictions are made by the biphones model (accuracy ≈ 0.90).  

The results show that biphone-based phonotactics could provide English-Dutch bilingual 
infants with a relatively accurate and robust cue for language separation. Importantly, biphones 
provide a more effective separation cue than a model that is based on independent segments. 
Bilinguals as a population are understudied in computational modeling work, and the approach 
presented here adds to recent efforts using computational methods to investigate the complexities 
of mixed input [9]. Such methods may ultimately help us to understand bilinguals’ impressive 
learning mechanisms. 

  



   English      Dutch     English   Dutch          English            Dutch 

             
(a) Individual segments  (b) Biphones      (c) Triphones 

 
Figure 1. Overlap between English (blue) and Dutch (purple) in terms of (a) individual segments (overlap = 

44%), (b) biphones (overlap = 24%), and (c) triphones (overlap = 13%). 
 
 

 
 

Figure 2. Language prediction accuracies for models trained on segments, biphones, and triphones. 
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