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Zipf’s law for word frequencies (Zipf 1935, 1949): the frequency of 
the i-th most frequent word in a text follows approximately: 
 
 
 
where f is the frequency of that word, i their rank or order and α is the 
exponent (α ≈ 1). 
 
 
Meaning-frequency law (Zipf 1945): the tendency of more frequent 
words to be more polysemous.  
 

•  Later work shows correlation between frequency and number of synsets 
in adults L1 (Baayen & Moscoso del Prado Martín 2005; Ilgen & Karaoglan 
2007)  and in  adults L2 learners  (Crossley et al, 2010). 

 
Zipf’s law of abbreviation  or brevity law (Zipf 1935): the tendency 
of more frequent words to be shorter or smaller. 



OBJECTIVES 

Preliminary Study: 
 

Test statistically the robustness of these linguistic laws in English  
Content words (N, V, Adj, Adv) 

Different types of speakers (Children vs Adults) 
Oral vs Written texts   
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Four different sources of estimation:  
CELEX lexical database 

WordNet 
CHILDES database  

SemCor corpus 

Hernández-Fernández et al (2016) 



MATERIALS:  
DATABASES AND STUDY UNITS 

• Word Frequency (tokens) 
• CHILDES Database: Four types of speakers (CHI, MOT, FAT, INV). 

• SemCor Corpus. http://multisemcor.fbk.eu/semcor.php  

• CELEX2 Lexical Database (only English). https://catalog.ldc.upenn.edu/LDC96L14  

 

• Polysemy (number of WordNet synsets): 
• WordNet polysemy: full potential number of synsets of a word.  

• SemCor polysemy: measure the number of synsets that are used.  

 

• Word length = orthographic length (in characters) 
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MATERIALS 
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CHILDES 
(English) 

WordNet 
(155287 lemmas 

and 117659 synsets) 
SemCor  

• English 

 
• Content words (N,Adj, V, Adv) 
 

• Separated Roles (CHI, MOT, FAT,INV) 
 

• Lemmas present in SemCor. 



METHODS 
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Frequency : Frequency of each pair lemma, syntactic category  

• SemCor frequency 
• CELEX frequency.  
• CHILDES frequency. By role (CHI, MOT, FAT, INV). 
 
 
 

Polysemy : Number of synsets for each pair lemma, syntactic category  
• SemCor polysemy.  tagged in the SemCor corpus. Analyzed in SemCor corpus and in 
CHILDES . 
•WordNet polysemy.  according to the WordNet database. Only analyzed in the CHILDES 
corpus. 
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We compute the relationship between three variables (for every 
lemma):  length (characters),  frequency  and  polysemy. 

Hernández-Fernández et al (2016) 



METHODS 
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   Relationship between frequency, polysemy and lemma length 
 
 
 
 
 
 
 
 
 
 
             
       PROTOCOL 
1. Correlation test. Pearson, Spearman and Kendall correlation tests: cor.test  (R) 
2. Plot data: show the density of points. 
3. Nonparametric regression: locpoly  (R)  - showed in the previous plot. 
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RESULTS: COR.TEST 
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MAIN RESULTS 
 
•For all the speaker roles (including CHILDREN): 
 

• Positive correlation for the frequency-polysemy relationship. 
 

• Negative correlation between frequency and lemma length. 
 

•p-value  near zero in all cases (<10-16) = correlations are significant. 
 
 



RESULTS: 
NON PARAMETRIC REGRESSION  
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The nonparametric regression function draws a line with a positive slope for the frequency-
polysemy relationship  
 
 
 
 
 



RESULTS: 
NON PARAMETRIC REGRESSION  
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The nonparametric regression function draws a line with a negative slope for the frequency-
length relationship. 
 
 
 
 
 
 
 
 
 
 
 
 
 
draws a line = this function is a quasi-line in the central area of the graph. 
 This tendency is not maintained at the extreme parts of graph, where the density of points is lower. 



RESULTS: COR.TEST 
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(p-value  near zero in all cases = correlations are significant) 

• Positive correlation for the 
frequency-polysemy relationship. 
 

• Negative correlation between 
frequency and lemma length. 



DISCUSSION 
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Zipf’s laws of 
language 

• Our analysis confirm a positive correlation between the frequency of 
the lemmas and the number of synsets (Zipf’s meaning-frequency 
law) and a negative correlation between the length of the lemmas 
and their frequency (Zipf’s law of abbreviation) 

No differences 
between roles  

• There are no big qualitative differences in the analysis of correlations for 
the different speakers (roles) in Childes, independently from the corpora 
analyzed and independently from the source used. 

Conclussion 

• It suggest that adults and children share the same general 
statistical (linguistic) biases related with frequency, 
polysemy and word length. 
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FUTURE WORK 

• Analysis of more extensive databases (Wikipedia,…). 

• Extension to other languages (CHILDES, CELEX2,...). 

• Longitudinal study of polysemy in children (case-study). 

• More detailed mathematical study  to understand variations 
displayed in the plots (non-parametric regression ). 

• Brevity law in speech technologies (grapheme-phoneme 
conversion): homophony, coarticulation... 
 

 Casas, B., Català, N., Ferrer-i-Cancho, R., Hernández-Fernández, A. & Baixeries, J. (2016). The 
polysemy of the words that children learn.  

 Gonzalez Torre, I., Luque, B., Lacasa, L., Luque, J. & Hernández-Fernández, A.: Emergence of 
linguistic laws in human voice (2016, submitted). 
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POLYSEMY...IN OUR BRAINS 
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 ADJECTIVE 

 Not interesting; tedious. 

 ‘I've got a boring job in an office’ 

  

Boring 
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