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Many types of phonetic sound change emerge from a restructuring in speech dynamics,
including those that are due to coarticulation (Ohala, 1993) as well as vowel shifts resulting in
diphthongisation. Quantifying dynamic relationships in speech production is inherently
difficult and for this reason is typically not explicitly incorporated into modelling sound
change. Here we address this issue using functional principal components analysis (FPCA:
Gubian et al., 2015) applied to two sound changes: firstly, to the change of pre- to post-
aspiration in Andalusian Spanish (Ruch & Harrington, 2014; Ruch & Peters, 2016) in which
e.g. /pahta/ — [patha] ('pasta’, Castilian Spanish: /pasta/); secondly, to the merger of the
falling diphthongs in New Zealand English by which pairs such as 'beer/bear’ have become
almost or completely homophonous in the last 50 years (Maclagan & Gordon, 1996).

For the first of these, FPCA was applied to pairs of curves, namely the probability of voicing
and the magnitude of high frequency energy in /V;sCV,/ sequences in which C = /p, t, k/ and
in which /s/ was realised as pre- and/or post-aspiration in isolated words produced by 24
younger and 24 older speakers of Andalusian Spanish. The results suggest that the ongoing
sound change is associated with a shift in how the closure is phased with respect to voicing.
The results also point to a trading relationship — which is often implicated in sound change
(e.g. Beddor, 2009) — between the amplitude of pre- and post-aspiration. For the New Zealand
English merger, FPCA was applied to the first two formant frequencies in stressed falling
diphthongs extracted from a database of read speech produced by 36 younger and 36 older
speakers. Consistently with other studies (Hay et al., 2006; Rae & Warren, 2002), the merger
was greater in younger than older speakers. The sound change was shown to involve a change
in the overall shape of the formant trajectories rather than a shift in formants at a particular
point in time (Gubian et al, 2019).

We consider finally how such sound changes that emerge from speech dynamics can be
incorporated into an exemplar model of speech (Pierrehumbert, 2003; Todd et al., 2019) in
which the statistical association between phonological categories and speech signals is
updated by remembered speech episodes. For this purpose, we make use of an analogous
computational model of sound change (Harrington et al., 2018) in which the analysed
Andalusian or New Zealand English speakers were each represented by computational agents
that exchange such dynamic signals in communication. The aim was to determine whether
older speakers' more conservative forms shifted towards those of the innovative forms of
younger speakers, when agents representing older and younger speakers communicated with
each other. The results were equivocal which suggests that the initial stages in the spread of
sound change are conditioned by forces beyond those due to updating dynamic signals in
speech communication.

In conclusion, dynamic techniques such as FPCA have been shown to be very useful in
understanding the synchronic bases of at least two sound changes in progress. Further
research is needed to understand the connections between sound change, speech dynamics
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and memory-rich models in which phonological categories are updated by perceived speech
signals.
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