
ON THE TEMPORAL AND STRUCTURAL ORGANIZATION 

OF PHONOLOGICAL INFORMATION 

François PELLEGRINO 
Dynamics of Language Lab & ASLAN Laboratory of Excellence 

University of Lyon & CNRS 
Francois.Pellegrino@univ-lyon2.fr 

Munich – February 5 2020 

mailto:Francois.Pellegrino@univ-lyon2.fr
mailto:Francois.Pellegrino@univ-lyon2.fr
mailto:Francois.Pellegrino@univ-lyon2.fr


OUTLINE 

2 



GENERAL BACKGROUND 

3 





 

 

 



THE LANGUAGE NICHE IN A NUTSHELL 
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THE LANGUAGE NICHE 
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THE LANGUAGE NICHE IS NESTED 
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THE LANGUAGE NICHE IS NESTED 
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THE LANGUAGE NICHE IS NESTED 
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STUDY 1: 

STRUCTURAL ORGANIZATION 

OF PHONOLOGICAL INFORMATION 



Charles F. Hockett (1966) 
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Equal Thickness = equal amount of the job done by each contrast 
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Edge thickness illustrates relative amount of the job done by each contrast 
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Less “important” contrasts and vowels erased 



RESEARCH QUESTIONS 
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OVERVIEW 
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THE ORIGINS 
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THE ORIGINS (CONT ’D) 
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A NEW CENTURY, A NEW DAWN FOR FL… 
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METHODOLOGY – NOTION OF ENTROPY 
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METHODOLOGY – FL ESTIMATION 









𝐹𝐿 𝑥, 𝑦 =
𝐻 𝐿 − 𝐻(𝐿𝑥𝑦

∗ )

𝐻(𝐿)
 



METHODOLOGY – TOY LANGUAGE 

Form Frequency 

pal 300 

pil 200 

bal 150 

bil 150 

pul 100 

bul 100 

TOTAL 1000 

47.2)( LH

Inventory: /a i u p b l/ 

Form Frequency 

p¤l 300 

p¤l 200 

b¤l 150 

b¤l 150 

pul 100 

bul 100 

TOTAL 1000 

Form Frequency 

p¤l 500 

b¤l 300 

pul 100 

bul 100 

TOTAL 1000 

H(L*ai) = 1.69  

6LN

FL(a-i) = (2.47-1.69)/2.47 = 31.8 % 

Phoneme /a/ 

FL(a) = ½ (FL(a-i)+FL(a-u)) = ½ (31.8+23.1)=27.45 % 

𝐹𝐿 𝑥 =
1

2
 𝐹𝐿(𝑥, 𝑦)

𝑦

 

Contrast /a-i/ 

FL(a-u) = 23.1 % 
FL(i-u) = 21.0 % 

FLV=61% 



MATERIAL 

Language 
ISO 639-3 

Code 
Source 

Cantonese YUE 
A linguistic corpus of mid-20th century Hong Kong Cantonese (Research 

Centre on Linguistics and Language Information Sciences, 2013) 

English ENG WebCelex (Max Planck Institute for Psycholinguistics, 2013, 2014) 

Japanese JPN The corpus of spontaneous Japanese (NINJAL, 2011) 

Korean KOR (Leipzig corpora collection) 

Mandarin CMN Chinese Internet Corpus (Sharoff et al, 2006) 

German DEU WebCelex (Max Planck Institute for Psycholinguistics, 2013, 2014) 

Swahili SWH Gelas, Besacier, & Pellegrino, (2012) 

Italian ITA PAISÀ Corpus (Lyding et al., 2014) 

French FRA Lexique 3.80 (New et al., 2001) 
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COARSE GRAIN: VOWEL, CONSONANT, AND TONE SYSTEMS 
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FINER GRAIN : HOW TO READ A RESULT GRAPH 

Units (ranked by decreasing order of FL) 
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MOST “NATURAL” SCALE OF ORGANIZATION: SEGMENTS 

Language 
ISO 639-3 

Code 

Phonological system 
size 

Cantonese YUE 

V 

C 

T 

13 

19 

6 

English ENG 

V  
C 
S 

22 
28 
2 

Japanese JPN 
V 
C 

10 
16 

Korean KOR 
V 
C 

8 
22 

Mandarin CMN 

V 
C 
T 

7 
25 
5 

German DEU 

V  
C 
S 

22 
24 
1 

Swahili SWH 
V  
C 

5 
30 

Italian ITA 

V  
C 
S 

8 
25 
1 

French FRA 
V  
C 

15 
21 







VOWEL FL 



CONSONANT FL 



FEATURE SCALE 



Language 
ISO 639-3 

Code 
Phonological system Number of features 

Cantonese YUE 
V 

C 

13 

19 

12 

18 

English ENG 
V  
C 

22 
28 

27 
19 

Japanese JPN 
V 
C 

10 
16 

10 
15 

Korean KOR 
V 
C 

8 
22 

10 
17 

Mandarin CMN 
V 
C 

7 
25 

11 
19 

German DEU 
V  
C 

22 
24 

21 
18 

Swahili SWH 
V  
C 

5 
30 

9 
19 

Italian ITA 
V  
C 

8 
25 

10 
18 

French FRA 
V  
C 

15 
21 

12 
17 



FROM FEATURES TO ARTICULATORY DIMENSIONS 

ʌ 

ɛ, e, i  (front unrounded) 

o, u (back rounded) 

ʌ, ɯ (back unrounded) 

a 

Aperture: 3 sets of mergers 

ɛ, ʌ (lower-mid unrounded) 

i, ɯ (high unrounded) 

e 
o 
a 

Anteriority: 2 set of mergers a 

i ɯ u 

ɛ 

e o 

Vocalic inventory of Korean 

E.g. To compute the FL of aperture, the actual lexicon is contrasted with a lexicon 
where 3 simultaneous sets of mergers create homophony and modify the distribution 
of word frequencies. 



FEATURE FL: A CLOSER LOOK AT DIMENSIONS 

Aperture Anteriority Roundedness Length Nasalization Place Manner Voicing Aspiration

yue 0,23 0,15 0,11 1,72 1,07 0,33

cmn 1,02 0,06 0,25 2,07 1,04 0,18 0,67

jap 0,07 0,14 0,21 0,79 0,26 0,36

kor 0,53 0,08 0,02 0,67 1,01 0,05 0,01

swa 0,26 1,84 1,66 0,13

ita 1,62 0,22 2,03 0,12

fra 2,66 0,66 1,50 0,16 1,56 3,04 0,89

deu 0,31 0,11 0,06 0,03 0,91 2,72 0,11

eng 1,19 0,11 0,99 2,45 0,59

V C



STUDY 1: DISCUSSION 
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STUDY 1: SPECULATIVE CONCLUSION 
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STUDY 2: 

TEMPORAL REGULATION 

OF PHONOLOGICAL INFORMATION 



CAVEAT 
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CC0 Creative Commons Pixabay (Pallas Cat) 

SEMANTICS 

ENCODING 

SAME 

DIFFERENT • Resolutions (x2) 

• #Grey levels (256 vs. 16) 



RESEARCH QUESTION 
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V-Shape 
(strongly constrained) 

Information Rate 

U-Shape 
(weakly constrained) 

Information Rate 

Flat 
(unconstrained) 

Information Rate 



AVERAGE INFORMATION RATE: OUR DEFINITIONS 
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DATA 
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MAIN PARAMETERS (FOR EACH LANGUAGE L) 



•
•











 s 













INFORMATION DENSITY (SYLLABIC ENTROPY) 
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RESULT #1 

A BALANCE IN INFORMATION RATE 
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RESULT #2 

SPEECH RATE VS INFORMATION RATE DISTRIBUTIONS 
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 Compact distribution  Broad distribution 

 



PAIRWISE DIVERGENCES BETWEEN LANGUAGES 
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STUDY 2: FACTUAL CONCLUSION 
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Information Rate 



STUDY 2: SPECULATIVE CONCLUSION 

OPEN QUESTIONS: LANGUAGE EVOLUTION 
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GENERAL CONCLUSION 



GENERAL CONCLUSION 
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GENERAL CONCLUSION (CONT ’D) 
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BRAIN OSCILLATIONS IN A NUTSHELL 

56 







•
•





•
•



57 

BRAIN OSCILLATIONS & SPEECH 
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SPEECH RATE AND BRAIN OSCILLATIONS: ILLUSTRATION 
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GHITZA & GREENBERG, PHONETICA (2009) 
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a) Original: The trip talked in the old stage b) Time-compressed x3 

c) Same as b) 
+ 40ms speech intervals separated by 40ms 
silence intervals 
  + Background noise masking 

d) Same as b) 
+ 40ms speech intervals separated by 80ms 
silence intervals 
+ Background noise masking 

 Same speech compression but different phasing w.r.t. original timing 



GHITZA & GREENBERG, PHONETICA (2009) 
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GHITZA, O. (2014). “Behavioral evidence for the role of cortical θ oscillations in determining 
auditory channel capacity for speech”. Frontiers in psychology, 5. 



AVERAGE SPEECH RATE VARIES ACROSS LANGUAGES 

61 Average Syllabic Rate (#syl/sec) 
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On average, 
Speech Rate is 

70% faster 
in Japanese 
than in Thai 

Theta band 

Does ‘theta band’ 
depend on the 

subject’s mother 
tongue? 



SO WHAT? 
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Information Rate 


