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Introduction: In forensics, an open question concerns the validity of a comparison between recordings
weeks, months, or years apart, and which conditions allow such comparisons. While variation between
speakers or speech conditions has been the focus of many phonetic studies, our knowledge on intra-
speaker variability across multiple recordings of the same task is surprisingly very limited. Among other
factors, age (Biever and Bless, 1989; Jacewicz, 2009), quality of life (Campbell, 2009; Verdonck, 2004),
fatigue and emotional state (Scherer et al, 1998; Hollien, 1990), as well as the speech task (Dellwo,
2015) or communicative situation (Scarborough and Zellou, 2013) are known to induce differences in
the speech produced by the same individual. More recently, Chardenon (2020) showed that intra-speaker
variability on temporal dimensions is larger between distant recording than between successive
recordings. This work is part of a larger project on methodological issues in voice comparison, with a
specific focus on intra-speaker speech variation across multiple recordings and on the effect of the time
lapse between recordings. In the study presented here, we evaluate on a limited set of speakers recorded
multiple times over 7 years, whether we can observe the emergence of speaker specific profiles of
variation when looking at selected speech dimensions.

Method: Ten speakers were recorded each year three times in a row over a period of seven years, and
twice a week over a 1-month period on the same speech material enabling controlled phonetic
comparisons between the 29 recording sessions. Recorded material includes read and spontaneous
speech as well as other speech-like tasks, in a protocol meant to investigate multiple dimensions of
speech and voice. The results presented here are based on 5 female and 3 male speakers, all French
native, aged 39 to 58 years old at the date of the first recording, living in the region of Paris and belonging
to the same social and professional category. We used 18 to 21 of their recordings (3 successive
recordings each year during 6 or 7 years) on the reading of the French version of the tale ‘The North
wind and the sun’. The text was divided inl8 predefined chunks of 15 to 24 phonemes each. All 159
recordings were manually segmented into these 18 chunks, as well as in pauses (with a threshold of 200
milliseconds) and speech. Six features were extracted on each chunk using a Praat script. Information
related to the temporal organization of speech is captured over 3 domain-sizes through measures of (i)
speech rate (with pauses), (ii) articulation rate (without pause), and (iii) a ‘voiced ratio’ defined as the
total duration of voiced segments over the speech duration. Mean speaking FO and FO range over each
chunk (in semitones) capture information related to voice and intonation, and the slope of the LTAS
captures spectral information related to both laryngeal and supra-laryngeal activities. For these six
features, in addition to mean values computed per chunk, the fluctuation of a speech feature is estimated
by computing normalized differences (hereafter d(featureX)) between consecutive chunks as
|chunk; — chunk;_,|/((chunk; + chunk;_,)/2). Each recording is thus characterized by 12 features.

Results and discussion: In order to test for the effect of the speaker identity, the recording session, and
their interaction, a linear mixed effects model was fitted using the Ime4 package (Bates et al., 2015) for
each feature converted to z-scores, with the chunk identifier as random intercept. While all 12 features
except d(LTAS slope) are found to be speaker dependent, a significant effect of the recording session is
found only on mean values per chunk. While differences between consecutive chunks vary by speaker
and by recording independently, a recording by speaker interaction is found for mean values by chunk.
Interestingly, the descriptors that are more stable across recordings are the ones linked to the fluctuation
of the speech dimensions from one chunk to the next over the recording.

In order to further understand individual profiles of variation between recordings, normalized variation
levels were estimated by computing the standard deviation over all recordings for each speaker on the
12 features, after conversion to z-scores. As illustrated on Figure 1, variation in temporal dimensions
(speech and articulation rate as well as voiced ratio) appears as rather homogenous across speakers with
similar variability levels for all of them except articulation rate of MO1 and M03. Discrepancies between
patterns observed for speech and articulation rate can be attributed to differences in the variability of



pauses number and duration, used by some speakers to compensate variations in articulation rate. On
the other hand, speakers are far more different from each other regarding features linked to local
variation of FO (variation of FO range and fluctuation of FO mean and range). Although larger differences
are found on FO-related features between female speakers, no clear sex-specific patterns are observed.
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Figure 1: Variation profiles between recording sessions of the 8 speakers, on the 12 speech features expressed as normalized
standard deviation for the 6 features measured on the 18 chunks per recording, and their fluctuation between consecutive
chunks (chunk to chunk differences are noted as ‘d(feature)’).

These preliminary results on 8 speakers on the same reading task suggest that measures of fluctuation
of speech timing and FO between consecutive chunks depend more on the speaker than on the repetition.
Such measures of local variability, taken at a larger time-scale than the first and second derivatives
classically used in automatic classification tasks, may be useful to improve the robustness of speaker
identification. They also suggest that patterns of variability between recording sessions are speaker-
dependent, particularly on FO related features. Data recorded for the remaining 2 speakers (1 male, 1
female) are currently being analyzed while the extension of such analysis to spontaneous productions
of the same speakers is being investigated. Further analysis will be carried out with more features and a
more comprehensive description of the prosodic phrasing of the text in each recording.
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