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After a previous study on linguistic laws at the pre-phonemic level [1], in this work we verify with accuracy that acoustically transcribed

durations of linguistic units at several scales (phonemes, words and Breath Groups) comply with log-normal distribution [2]. To do this we have

used a well-known Corpus (Buckeye Corpus) which contains conversational speech by native American English speakers gathering

approximately 3·105 words with time-aligned phonetic labels.

We explain this Log-normal distributions using a new model: a Non-interacting Cascade Approach (NICA) model. This model can

explain the emergence of Lognormal distributions across linguistic levels (words, Breathe Groups) solely based on the assumption that

phoneme durations are also Lognormal. We find an extremely good quantitative agreement between NICA and the experimental data for

the case of phonemes and words, and also for BG after adding a Gaussian term in order to solve issues of segmentation and phenomena

such as Voice Onset Time (VOT).

Finally, we discuss our results and justify our recommendation to work with medians instead of mean values (which assumes Gaussian

distribution) to avoid biases and erroneous conclusions in statistical learning studies based on acoustic elements with long-tailed distributions.

Materials and methods

Sketch of  the database and analysis 
A) Alignment. We show the waveform of  a speech sample and the alignment for three 

linguistic levels in Buckeye Corpus: phonemes, words and breathe groups (BG). 

B) Linguistic diversity. Example of  phoneme diversity of  one word “okay”).

C) Statistical patterns. Lognormal distribution of  time duration in linguistic elements.
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Discussion

Lognormal Distribution in speech

Time duration is lognormal across all linguistic scales. In this table we show estimated

Lognormal distribution (LND) parameters (μ,σ) for time duration distributions of

phonemes, words and breathe-groups (BG). On the right side of the table we depict

Kolmogorov-Smirnov goodness of fit distance Dks for alternative distributions (the less, the

better).

* data is more plausible to follow the distribution with lower values of  Dks.

Phoneme, word and BG time duration distributions. Empirical time duration distribution of  phonemes (orange squares), words (blue circles) and Breath Groups (green diamonds) in the English Buckeye database.  

Black dotted line is a maximum likelihood estimation (MLE) fit to a lognormal distribution (see parameters in upper table). Inset panels: Estimated distribution of  number of  phonemes per word, P(n) and number of  words per BG, W(n).

LND’s are indeed very commonly found across natural and behavioral sciences and previous studies have

proposed that LND is consistent for spoken phonemes in several languages. However, this is the first study in

which LNDs have been reported at various linguistic levels at the same time, and LND are explained just

using a simple stochastic model: the Non-interacting Cascade Approach (NICA) model [see 2 for details].

In NICA we just consider a random variable Yi that models the time duration of a given phoneme i. Since

words are constructed by concatenating a certain number of phonemes n, with n ≈ P(n), the duration of a

given word can then be modeled as another random variable Z, that is the sum of Yi (see below). This simple

stochastic model can already explain the emergence of LND for the duration of words solely based on the

assumption that phoneme durations also follow a LND. On the other hand, it is well known that neural

communication has lognormal patterns [3]. Although it is future work to connect these neuronal dynamics

with linguistic production, our model could also be applied easily to this internal neurophysiological level.
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