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2 Dept. de Matemática Aplicada y Estad́ıstica, ETSI Aeronáuticos,
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Speech is a distinctive feature of human capabilities.
Knowledge of the speech amplitude-squared density,
which constitutes an estimation of the released energy,
provides basic data concerning statistics of the continu-
ous speech waveform and understanding of the physics
of speech production. In this work we present and inves-
tigate the statistics of intra-phoneme waiting time distri-
butions in several human speech databases with sufficient
size to describe the longtime speech energy density. We
find that the waiting time statistics evidence a robust
power-law shape, which suggests long-range temporal
correlations in the energy of speech. Whereas long-range
correlations have been previously reported in several hu-
man activities1, we emphasize that statistics addressed in
this work restrict to the intra-phoneme range (characte-
ristic time t < 10 ms). This suggests that the responsible
of this complex phenomenon is not cognitive2, but re-
sides on the physiological speech production mechanism
by itself.
Furthermore, we show that these waiting time distribu-
tions follow a scaling law in the sense that they are in-
variant under a renormalization group transformation3,4.
Such a result suggests that the speech production pro-
cess is indeed critical, at odds with standard approaches
in speech processing which rely on linear stochastic
approaches5,6.
Results are robust and independent of the communica-
tion language, the number of speakers or the speech style,
pointing towards an universal pattern and a hint of the
complexity of human speech that evokes an explanation
in terms of a critical phenomenon.
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FIG. 1. Rescaled power-law distributions of speech

waiting times for different energy thresholds. The
speech waveform corresponds to an excerpt, from Catalonian
broadcast news television, lasting four hours and sampled at
16 KHz. Waiting times distributions – D(τ) – are calculated
for different energy thresholds, ranging in 17% − 50% of the
maximum of the speech amplitude-squared. It is worth to
mention that energy speech values below that threshold are
discarded from the waiting time computation. In all cases the
data can be fitted by a power law distribution with plausible
evidence. The maximum likelihood power-law fit obtained
setting the energy threshold to 30% is also depicted. It yields
α = 2.31± 0.25 with a p-value around 87%.
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