Examining speaker variability using low-dimensional and high-dimensional phonetic
representations

Speech events are unique; speakers do not produce the same sound in exactly the same
way twice. They vary their speech depending on a whole range of factors — speaker internal
(emotion, health, etc.) and speaker external (interlocutor, topic, environment, etc.). Intra-
speaker variation is significant because it is a leading cause of incorrect speaker
identification (Zhang et al, 2006), shows socially-meaningful patterning (Podesva, 2007), and
can represent potential cues to the origin and spread of sound change (Mielke et al. 2019).
Holistically tracking speaker variability is, however, very challenging. For example, different
linguistic features may show different degrees of variability and different measurements may
also produce different conclusions (Rhodes 2012). This study aims to address these issues
by examining the accuracy of speaker classification across multiple samples per speaker,
focussing on comparing different phonetic representations.

A speaker classification experiment was conducted on 20 male speakers aged 18-24, from
two UK dialects (Manchester and Newcastle; Haddican & Foulkes 2017). Three 30-second
spontaneous speech samples were extracted for each speaker at three different time points
from within the same recording, which allows us to examine the robustness of different
speaker modelling methods in light of within-speaker variation. Specifically, we compare
vowel formants (a low-dimensional representation) and 13 MFCCs (a high-dimensional
representation) for each speaker in order to observe how the multiple samples from each
speaker cluster together across these representations. Clustering was performed using
Gaussian Mixture Models (GMMs) and agglomerative cluster analyses, while the success of
each model was assessed in terms of how accurately it classified speech samples from the
same speaker.

The results show that the extent of intraspeaker variation is sufficient to inhibit accurate
speaker classification. MFCCs performed better than formant measurements in identifying
contemporaneous samples within speakers, although the effect of formants vs MFCCs was
also variable between speakers. This points towards differential weighting of information
between speakers in determining speaker individuality. These results are discussed in terms
of the extent of speaker variability and the need for greater interpretability in high-
dimensional feature sets. | further outline some remaining challenges in the study of intra-
speaker variation and its relevance to applied phonetics.
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