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Brevity law: phonemes. Scatter plot between the 
frequency of each phoneme and its median time duration (grey 
dots). Orange squares is the result of applying a logarithmic 
binning over frequencies. Spearman correlation test shows a 
weak negative correlation (S  −0.2) with p-value p <0.05, but 
strong negative correlation (S  −0.5) and p-value < 10−3 when 
we only consider the subset phonemes with frequencies f > 50.
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Brevity and frequency are two crucial factors in the processes of statistical learning in language.  The compression principle had already   been 
used previously to explain the origin of Zipf’s law for the frequency of words. Here we use a model from information theory to also explain 
the Zipf’s law of abbreviation, or the statistical tendency of more frequent elements in language to be shorter (in characters in the case of 
written language, and in time durations for oral communication). 

As far as we know, we show for the first time that Zipf’s law of abbreviation is a global speech process that holds in words regardless 
of what are the linguistics units of study. In addition, the derived model from information theory allows us to fit empirically linguistic data 
in English (Buckeye Corpus),  considering both acoustic elements (phonemes and words) and its transcripts. 

This raises that the processes measured in units of written text are a byproduct of spontaneous speech patterns. The more a word is used, the 
greatest effort in compression that will make it shorter; but also the shorter it is, the more times it will be used statistically. This work paves 
the way for new experimental approaches to the study of statistical learning in human language and other communication systems.

 Materials and methods

Here we study brevity law empirically in an English speech corpus (Buckeye corpus) 
segmented at the level of phonemes and words [6]. At word level,  we consider three cases: 

(i) the tendency of more frequent words to be composed of less characters, 
(ii) the tendency of more frequent words to be composed by a smaller number of 

phonemes, 
(iii) the tendency of speakers to articulate more frequent words in less time (i.e. the more 

frequent a word, the shorter its duration). 
Results and model are summarized below,  graphically, showing that brevity law indeed holds 
in all three cases. In these figures we scatter-plot the frequency of each linguistic element 
versus the three different definitions of word size (time duration, number of phonemes and 
characters) and the median time duration of phonemes, respectively.
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Here we introduce for the first time a mathematical formulation of brevity law and we confirm it empirically. When word size is 
measured in number of characters (alphabet D = 26), we find λ D=0.6, and considering phonemes (D = 64) we find λD = 0.5. Note that 
both fits are performed to the raw data but these are in excellent agreement to the binned data (blue circles). On the other hand, when 
word size is measured in terms of time duration, we find for words λ=20.6  and  λ =127 for phonemes: again the fit is performed to the 
noisy data cloud, but the result is in excellent quantitative agreement to the binned data (orange squares). 

Information theory predicts that brevity law should emerge as a consequence of compression principles in both symbolic and physical 
magnitudes. We were able to show that brevity law holds in oral communication when measured both in the traditional linguistic setting 
(using number phonemes or characters as a proxy for word size) and when using physical magnitudes (using time duration to measure 
word size). These findings reinforce the idea that statistical patterns observed in written language naturally follow from analogous ones 
emerging in oral speech, and pave the way to new qualitative comparative studies in acoustical communication and in statistical learning.

Discussion

Zipf’s law of abbreviation
Zipf’s law of abbreviation, also known as Brevity law, qualitatively states that the 
more frequently a word is used, the ‘shorter’ that word tends to be [1,2]. 

Zipf’s law of abbreviation has been verified empirically in written corpus [3] and the 
origin of the law has been suggested to be related to compression and optimization 
principles [4]. 

The law has been observed acoustically in a level under the phoneme [2] and when 
word size is measured in terms of word time duration [5,6], and recent evidence even 
suggests that this law also holds in the acoustic communication of other primates [7]. 

Despite all this empirical evidence, to the best of our knowledge the law remains 
qualitative and a precise mathematical formulation is lacking.

Brevity law: words. On the main panel we display for each word (grey dots) the scatter 
plot between its median time duration (in seconds) and its frequency of occurrence. Blue 
circles are the result of applying logarithmic binning to frequencies. Upper right panel shows 
the same relationship but considering the median number of phonemes per word, while 
bottom left panel represents the number of characters per word. 

Spearman test S systematically shows negative correlation slightly higher for time duration (S =−0.35) 
than for symbolic representation of phonemes and characters (S =−0.26) (p-value << 10−3 in all cases), 
supporting Zipf’s law of Abbreviation.

In information theory, if a certain symbol i has a probability pi 
of appearing in a given symbolic code with a D-ary alphabet, 
then its minimum (optimal) expected description length is: 

Deviating from optimality can be modelled by adding a 
pre-factor, such that the description length of symbol i is:

Identifying pi with the frequency of a given word and li with its 
‘size’, the derivation above yields a mathematical formulation 
of Zipf’s law of Abbreviation as:

where f is the frequency of a linguistic element, l is its size in 
whichever units we measure it, D is the size of the alphabet, 
and      is an exponent which quantifies the deviation from 
optimality (the closer       is to one, the closer to optimal 
compression). When word size is measured in terms of time 
duration, there is no natural alphabet D (time is a continuous 
variable) and then:  

where      is now just the parameter of the fitting and is not  
directly quantifying the distance to optimal compression. 

THE  MODEL
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