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Abstract 
Information-theoretic constraints are shown to predict systematic variation in speech. More 
informative items are more resistant to variation. However, past studies focused only on certain 
systematic variations. Crucially, previous studies measured only acoustic data. It remains 
unknown whether articulation behaves similarly to acoustics. Specifically, availability-based 
production as an alternative mechanism may compete with information-theoretic constraints. 
Under the view of motor equivalence, differing degrees of multiple-to-one mapping between 
articulation and acoustics may be present for different phonemes. As such, multiple articulatory 
gesture options may be available for the speaker to achieve the same acoustic target for 
phonemes with a higher multiple-to-one mapping between articulation and acoustics. As such, 
while acoustic contrastiveness needs to be maintained for items with higher surprisals, the same 
degrees of surprisal effects in acoustic contrastiveness do not necessarily translate to the same 
degrees of surprisal effects in articulation. Alternatively, since multiple articulatory options 
may lead to the same acoustic target, the speaker is at certain liberty to choose the most readily 
accessible gestures when faced with a high-surprisal item. Indeed, it was found that while both 
articulatory contrastiveness and acoustic contrastiveness, in alignment with previous studies, 
were positively correlated with contextual surprisal, the association between the target 
phoneme’s articulation and association played a role. When the target phoneme’s articulation 
was strongly tied to its acoustics, the surprisal effects were even stronger. Crucially, such an 
effect was stronger on the articulatory level than the acoustic level. This suggests that when the 
liberty given by the multiple-to-one mapping between articulation and acoustics decreased, 
availability-based production would be more constrained by information-theoretic 
conditioning. This study sheds light on the nature of the conditioning of information-theoretic 
constraints in speech variation, as well as its potential interaction with availability-based 
production. 
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1. Introduction and background 
Information-theoretic (Shannon 1948) constraints have been shown to predict systematic 
variation in speech (e.g., Baker & Bradlow 2009; Cohen Priva 2017). More 
informative/unpredictable items were found to be more resistant to variation and to maintain a 
higher level of contrastiveness. These studies, however, were constrained by their scopes. All 
the previous studies focused on specific kinds of variations, while the universality of the 
information-theoretic conditioning on speech variation in general remains an open question. 

In addition, these studies also focused on only acoustic data. While a strong correlation 
undoubtedly exists between acoustics and articulation, one does not equate to the other. 
Specifically, availability-based production (Bock 1987; Ferreira & Dell 2000) proposes that 
the speaker, instead of catering to the perceptual need of the listener, may choose to use the 
production that is more readily accessible to them. On the other hand, under the view of motor 
equivalence (Perrier & Fuchs 2015), the multiple-to-one mapping between articulation and 
acoustics may allow for different conditioning effects from the information-theoretic 
correlates. Together, it is possible that on the acoustic, and presumably the perceptual, level, 



information-theoretic conditioning should have an important role to play, as found in previous 
studies. However, on the articulatory level, when multiple articulatory options are all able to 
attain the same acoustic goal, the speaker may be free to opt for the more readily accessible 
options, i.e., the one closer to the contextual gestures. 
2. Methodology 
2.1. Corpus 
The Tongue and Lips (TAL) corpus (Ribeiro et al. 2021) was used. This corpus contains read 
speech and spontaneous speech of 41 British English participants (23 females). 
2.2. Phoneme bigram surprisal 
The information-theoretic correlate investigated in this study was the bigram surprisal of two 
consecutive phonemes in a word. This study studies how a higher bigram surprisal may lead to 
a higher contrastiveness between the two phonemes. 
2.3. Contrastiveness 
The two phonemes’ contrastiveness was calculated as the Euclidean distance between the 
phonemes’ articulatory/acoustic feature vectors (FV). The acoustic FV of a phoneme was its 
Mel-frequency Cepstral Coefficients. The articulatory FV of a phoneme was extracted through 
a trained two-channel Denoising Convolutional Autoencoder. 
2.4. Articulatory-acoustic association 
To model whether information-theoretic conditioning is constrained by the degrees of freedom 
between the articulation and acoustics of the target phoneme, the phoneme’s articulatory-
acoustic association was approximated as the mutual information of the phoneme’s articulatory 
FVs and acoustic FVs. 
2.5. Statistical analysis 
A linear mixed-effects model was fitted. Contrastiveness was the predicted variable. Predictors 
included phoneme pair surprisal, target/context phoneme articulatory-acoustic association, 
contrastiveness type, and target/context phoneme frequency. Participant, sentence identity, and 
word were the grouping variables for random intercepts. 
3. Results  
A significantly positive effect of phoneme pair surprisal on contrastiveness was found 
(𝛽"=0.201; p<0.001). In addition, this effect interacted with the target phoneme’s articulatory-
acoustic association: when there was a stronger association, the conditioning effect of surprisal 
was even stronger (𝛽"=0.019; p<0.001). More importantly, this interaction was stronger in 
articulation (𝛽"=-0.0371; p<0.001). 
4. Discussion and conclusion   
4.1 Information-theoretic conditioning on speech variation 
The results in this study support previous studies’ finding that information-theoretic correlates 
predict speech variation: More surprising target phonemes were found to be more contrastive 
from their contexts. This therefore supports a general listener-based production. 
4.2 Information-theoretic conditioning on speech variation 
Such information-theoretic conditioning, however, was constrained by how strong the 
association was between the target’s articulation and acoustics. When there was higher 
flexibility,  the conditioning effect of surprisal was weakened. This suggests that when certain 
liberty is given to the speaker, a more speaker-centric production, i.e., availability-based 
production, may compete with the listener-based production. 

Overall, this study puts forth novel insights into the universality of information-theoretic 
conditioning in speech variation. This study also reveals important dynamics between listener-
based and speaker-based production. 

 
1 Contrastiveness type was effect coded as -0.5 (articulatory) vs. 0.5 (acoustic). Therefore a negative coefficient 
would suggest a more positive effect in articulation. 
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