Modelling an ongoing sound change in the East Franconian dialect

by means of an agent-based model (ABM)

The vowel-to-stop ratio, also called voicing ratio (V / (V + C)), is an important perceptual cue to
the distinction between voiced and voiceless postvocalic obstruents in Standard German (Kohler
1979). That is, the postvocalic stop in the word leiten (to lead) has a longer closure duration and a
slightly shorter vowel duration than the voiced stop in leiden (to suffer), which results in a lower
voicing ratio for /t/ than for /d/. Speakers of the East Franconian dialect, however, are known to
phonologically neutralise this contrast in favour of the voiced stop (see upper left panel of Figure 1;
Harrington et al. 2012). Furthermore, several synchronic studies have found that there is a sound
change in progress whereby the differentiation between voiced and voiceless stops in the Franconian
dialect is gradually becoming greater, both acoustically and perceptually (Miiller et al. 2011,
Harrington et al. 2012).

The aim of the study at hand is to simulate this sound change using an agent-based model. Such
models can be one innovative way of building towards a holistic model of sound change that unifies
the essential questions of which conditions can give rise to a sound change in the first place (e.g.
Ohala 1981, 2012, Lindblom 1990, Beddor 2009) and how it is then spread among the members of a
speech community (e.g. Labov 1963, Trudgill 2008). In our ABM, speakers are represented by agents
who store natural speech data in their memories and can communicate with each other. More
specifically, the ABM was developed on the empirical basis provided by studies on Exemplar Theory
(Pierrehumbert 2001, 2003), perceptual learning (e.g. Norris et al. 2003), and phonetic imitation (e.g.
Babel 2012, Pardo 2006). Firstly, lexical and phonological categories are statistical generalisations
over the associated phonetic signals, i.e. fine phonetic details are stored in the agents’ memories
(Goldinger 1996). Secondly, when an agent repeatedly perceives phonetic signals at the margins of a
phonological category, this category will slowly shift towards these marginalised tokens, which in
turn will influence the agent’s speech production. And thirdly, agents can ‘forget’, i.e. remove, tokens
that have been stored a long time ago (time decay, Pierrehumbert 2001).

In the set of simulations presented here, the agents were instantiated with data from either older
Franconian (OF) or Standard German (SG) speakers from the study by Miiller et al. (2011). It is
hypothesised that, if the sound change is progressing in the proposed direction, OF agents will slowly
develop a contrast between voiced and voiceless stops as a consequence of interactions with SG
agents. It is also predicted that the OF agents will reach and eventually surpass a state where their
distributions of /d/ and /t/ are very similar to those of the younger Franconian speakers. Figure 1
shows that after 4000 interactions, the OF agents have converged with the SG agents, meaning that
they have indeed de-neutralised the formerly lost contrast between /d/ and /t/. It can also be seen that
the categories of both groups have suffered from a reduction around the mean, which is caused by the
sampling of new tokens from a Gaussian distribution during the production process of the
interactions. Figure 2 confirms that the voicing ratio in /d/ and /t/ for SG agents remains fairly stable
over the course of the interactions, while the OF agents change the voicing ratios in these stops quite
drastically and end up at similar values as the SG agents. Our analysis furthermore showed that after
only 600 interactions, the OF agents reach a state very close to that of younger Franconian speakers.
We discuss the results with respect to the interactive-phonetic model of sound change (Harrington et
al. 2018).
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Figure 1: Result of interactions between older
Franconian and Standard German speakers:
Closure duration plotted against vowel
duration for postvocalic /d/ and /t/ in their
original state and after 4000 interactions.
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Figure 2: Voicing ratio in /d/ and /t/ as a
function of number of interactions for the older
Franconian and Standard German agents,
separated by word pairs.



