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‘The function of a phonemic system
is to keep the utterances of a language apart.

Some contrasts between the phonemes in a system apparently
do more of this job than others!

Charles F. Hockett (1966)

/

.l—”“
Ay S
ags A2
E%Q.DDL
UNIVERSITE DE LYON ‘;



[i]

2 Vowel system as an (organized) set of vowel segments
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2 Vowel contrasts as a fully-connected graph
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Equal Thickness = equal amount of the job done by each contrast
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= But some contrasts actually do more of the job...

Amount of the job done by each contrast
18% -
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British English, CELEX database

Quiz: /v-3/ contrast in English lexicon?

Thickness illustrates relative amount of the job done by each contrast
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= Some segments are involved in none of the major contrasts...
Are they nevertheless useful?
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Less “important” contrasts and vowels erased
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GENERAL FRAMEWORK

@ COMPLEXITY OF PHONOLOGICAL SYSTEMS

2 Information as a link between description and usage

@ PHONOLOGICAL SYSTEMS AS COMPLEX ADAPTIVE SYSTEMS

> Search for new emergent reqgularities and trends
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RESEARCH QUESTIONS

How is (lexical) information distributed
in phonological systems?

Could it change our view on phonological systems
in a typological perspective ?

Does it tell us something interesting
on languages (and speakers) ?
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POsITION

= W Cross-linguistic perspective

v More than a dozen languages considered
® Systemic approach

v Based on the relationship among phonological units, extracted from the lexicon
2 Information-theory approach

v Entropy-based estimation of Functional Load

@ Multi-scale approach

v Features  Segments Syllables Subsystems
>
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OVERVIEW

® The notion of Functional Load

® Methodology & Data

@ Results

@ Conclusion
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THE NOTION OF FUNCTIONAL LOAD (FL)
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THE ORIGINS

@ Cercle Linguistique de Prague
v Travaux du CLP 1(1929) Tdches fondamentales de la phonologie synchronique.

 “(...)IIfaut également étudier la charge fonctionnelle des divers phonemes et combinaisons de
phonemes dans une langue donnée".

v" Travaux du CLP 4 (1931)

* ‘Rendement fonctionnel: Degré d'utilisation d'une opposition phonologique pour la différenciation
des diverses significations des mots dans une langue donnée’ (probable author; Mathesius)

2 Trubetzkoy (1939)

* ‘itisalso possible to determine (...) the extent to which the individual phonological oppositions
are utilized distinctively (their functional load) as well as the average load of the phonemes in
general. It develops that there are “economical” and “wasteful” languages in this respect (...).
(Trubeztkoy, Principles, 1969:268).
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THE ORIGINS (CONT'D)

® Martinet, (since 1933)

v Link between Functional Load (rendement fonctionnel) and Diachrony

(...) une opposition phonologique qui sert a maintenir distincts des centaines de mots
parmi les plus fréquents et les plus utiles nopposera-t-elle pas une résistance plus
efficace a I'élimination que celle qui ne rend de service que dans un tres petit nombre de
cas 7' (1955).

v See also Functional burdening (Twaddell, 1935)

= Comments on these seminal works
v’ Strong intuitions, but lack of data and of mathematical concepts to test them

v Functional Load is nevertheless cited
* Inpassing, as a valuable addition to any description of a phonological system (Hockett, 1955)
* As arelevant factor of resistance/propensity to sound change (Martinet, 1955; Hoenigswald, 1960)

v The diffusion of Shannon’s Communication theory (aka Information theory) will provide
conceptual tools to go beyond mere intuitions /
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SOME QUANTITATIVE DEVELOPMENTS (BUT LIMITED RESULTS)

@ Hockett (1955, 1961/1966)
v Inspired by Martinet
v Methodological proposal: FL = loss of entropy under the hypothesis of a phoneme coalescence
v But noimplementation and assessment with real data

@ Kucera (1963)

v Corpus-based comparison of Russian and Czech (IBM 7070)

v Phonemicand syllabic inventory entropies, FL of features

2 King (1967)
v Firstin-depth and corpus-based evaluation of the role of FL in sound change (IBM 7040)
v Martinet’s hypotheses tested against 4 historical changes (in the Germanic family)

= “Functional load, if it is a factor in sound change at all, is one of the least important
of those we know anything about (.. .)"

@ See also Wang (1967)
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A NEW CENTURY, A NEW DAWN FOR FL...

@ [nitiative: D. Surendran and colleagues

@ First“modern times” corpus studies

v FL estimation for several types of contrasts (features, phonemes, tones)
 “The Functional Load of tone in Mandarin is as high as that of vowels”

v Testing of intuitions in historical linguistics and language acquisition
* Historical linguistics: n-I merger in Cantonese: high FL (rejects Martinet’s hypothesis)
* Historical linguistics: No correlation between ease of articulation and FL

* Lanquage acquisition: But FL pretty well predicts the age of acquisition of consonants for American
English children (but no significant correlation is observed in Cantonese)

Stokes, S. and D. Surendran. 2005. Articulatory complexity, ambient frequency and functional load as
predictors of consonant development in children, Journal of Speech and Hearing Research 48(3)
Surendran, D. and G.-A. Levow. 2004. The Functional Load of Tone in Mandarin is as High as that of Vowels. in

Surendran, D. and P. Niyogi. 2003. Measuring the Usefulness (Functional Load) of Phonological Contrasts. /
Technical Report TR-2003-12., Department of Computer Science, University of Chicago.
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v The relation between order of acquisition, segmental frequency and function: the case of word-
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@ Wedel, A., Kaplan, A., & Jackson, S.
v High functional load inhibits phonological contrast loss: A corpus study. Cognition, 128(2). 2013.

@ Qurgroup
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vowel contrasts", 86" Annual Meeting — Linquistic Society of America , Portland, USA.

v 0h,Y.M., Pellegrino, F., Coupé, C. & Marsico, E., (2013). “Cross-lanquage comparison of
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METHODOLOGY & DATA
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METHODOLOGY — NOTION OF ENTROPY

2@ Mathematical theory of communication (Shannon, 1948)
v Atheory of communication (= information transmission)
v Quantification of information, entropy, channel capacity and redundancy
v Food for linguistic thought. . .
* Hockett’s review of Shannon’s theory (1953 — more than 20 pages!)
* C(herry, Halle and Jakobson (1953)
@ Considering that language L is a source of linguistic
sequences composed of units (w) from a finite set (N,)

@ Entropy H(L) = Average quaNntity of information per unit

H(L) = —Z Py, |092(pwi )

v Easy to estimate from the set of units and their probabilities
v Probabilities p,,. estimated by their frequency in a relevant corpus /
v Units may be words, syllables, phonemes, etc. /
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METHODOLOGY - FL ESTIMATION

= Quantitative entropy-based definition of FL
v Following Hockett (1966) & Carter (1967)
v Language L considered as a source of sequences of independent words w; taken from a set N,

v FL of a contrast x~y = quantification of the perturbation induced by merging xand y
in terms of increase of homophony and of changes in the distribution of word frequencies

v fL(x,y) = relative difference in entropy between the observed state [ and a fictive state L*, in
which the contrast is neutralized

H(L) — H(Ly)

FL(x,y) = 0

L
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METHODOLOGY — TOY LANGUAGE

Fictive Lexicon
o e R
pxl 300 pHl 500
Observed Lexicon .
Contrast /a-i/ = 150 pul 100

Frequenc
pal 300 / oul 100 TOTAL 1000
pil 200 bul 100

bal 150 TOTAL 1000
H(L*,) = 1.69

bil 150
pul 100

bul 100 FL(aj-u) =23.1%
FL(i-u) =21.0%
TOTAL 1000

Inventory: /aiupbl/
N, =6 H(L)=247

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

Phoneme /a/ .
FL(x) = Ez FL(x,y) FL,~=61%
y

FL(a) = % (FL(a-i)+FL(a-u)) = % (31.8+23.1)=27.45 %
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DATA OVERVIEW: RECIPE

@ For each language
Fetch a large written or transcribed oral corpus

@ Extract the lexicon with frequencies
of occurrence for each word

2 Syllabify and Phonetize the lexicon

® Define the contrasts of interest and
evaluate their functional loads

® Icing on the cake (optional, unfortunately)
v Lexicons already processed

v Morphosyntacticinformation available (Part of speech tagging, Lemmatization) /
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MATERIAL

nguage | g swe
Code

el R e e
m ENG WebCelex (Max Planck Institute for Psycholinguistics, 2013, 2014)
JPN The corpus of spontaneous Japanese (NINJAL, 2011)
m KOR (Leipzig corpora collection)

m CMN Chinese Internet Corpus (Sharoff et al, 2006)
m DEU WebCelex (Max Planck Institute for Psycholinguistics, 2013, 2014)
m SWH Gelas, Besacier, & Pellegrino, (2012)
m ITA PAISA Corpus (Lyding et al., 2014)
m FRA Lexique 3.80 (New et al., 2001)

20,000 most frequent words (inflected forms) considered, except
for Cantonese (5,000 forms) & Italian (15,788 forms)
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RESULTS

Subsystems
Segments
Syllables
Features
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FL OF VOWELS, CONSONANTS AND TONES
’ yue cmn jap kor swa ita fra deu eng
@ Variation in phonological FL
® In Mandarin and Cantonese, FL,=FL;
@ High FL of vowels in French (and Italian)
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RESULT ILLUSTRATION

Relative FL of the segment in the subsystem
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MOST “NATURAL” SCALE OF ORGANIZATION: SEGMENTS

Language ISO 639-3 | Phonological system
e Code size
V 13
Cantonese YUE C 19
T 6
V 22
ENG C 28
S 2
oL
V 8
KOR C 22
\ 7
CMN C 25
T 5
V 22 , . .
“ DEU C 24 Oh, Coupé, Marsico, & Pellegrino (2015). J. Pho.
. ! ®Methodological details
B o ¢ 5 biasion
V 8 .
“ . c ) - Lemmas vs inflected wordforms
> b - Types vs. Tokens
m FRA c 21 - Consonantal bias hypothesis

(Nespor, Peia, & Mehler, 2003)
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VOWEL FL

Cantonese
E—O 2
© 20 ey
L
go] o
S e
LLCS_ fe
< | ° g
o Qe o
T T T T T
2 4 6 8 10 12
Rank
Korean
© R =055
o=12d5
1 o0
o
o .
& o o
i i
o
o™ | o
(]
2]
T T T T T T T T
1 2 3 4 5 6 7 8
Rank
French
“o LR
B =iz
e 4
i
= o
5 o - e}
| OO
u.v__ ° .
x
(=1 e
T T T T
2 6 8 10 14
Rank

FL (%)
00 02 04 06

Mandarin
o] 2
Foiss
s
o
o
O
T T T T T CI)
1 3 4 5 6 7
Rank
Swabhili
S R =08
o p=0073
o
T T T _?_
1 2 3 5
Rank
German

20

FL (%)
00 02 04 06

Japanese

Rank
ltalian
O 2
) o P abaa
o
] i
. s o

-
Mo
Lo
=

- N
=)
-
[==Fa]

English




CONSONANT FL
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SYLLABIC SCALE

_ Number of different syllables

in terms of syllable inventory

UNIVERSITE DE LYON

I1ISO 639-3 .
Code
Vv 13
Cantonese YUE C 19 1298
T 6
Vv 22
ENG C 28 8298
S 2
Vv 10
v 8 > Languages widely differ
Vv 7
CMN C 25 1283
- — & Syllable FLs can be
m DEU C 24 5256 computed in the same way
> ! they were for segments
Vv 5
EN - - - o4
Vv 8
ITA C 25 2735
T 1
Vv 15




SYLLABIC FL

Rank

Cantonese
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Distribution of syllabic FL highly skewed: large numbers of syllables have very low FLs




FEATURE SCALE

ISO 639-3 .
Language Code Phonological system Number of features
. YU Y 13 12
antonese E C 19 18
Vv 22 27
ENG C 28 19
Japanese JPN v 10 10 E.g.
P C 16 15
<OR v 8 10 /i/: high front unrounded
C 22 17
Vv 7 11 et
m CMN . 25 19 /p/: bilabial voiceless stop
Vv 22 21
DEU C 24 18
Vv 5 9
SWH C 30 19
Vv 8 10
Vv 15 12

> (Mostly articulatory) description of segments in terms of features based on UPSID (Maddieson & Precoda, 1990)
= Obvious differences among languages. Some articulatory dimensions and features are always present, others
are not.
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FL (%)

000 004 0.08

FL (%)
000 010 020

08

FL (%)
04

00

Cantonese Features

Clom@nigh
Lol
L= R ]
. . —2 2 900
2 4 6 8 10 12
Rank
Korean Features
hikgh
Zonimid
Lo I s T
T T ? ° ? = 2
2 4 6 8 10
Rank
French Features
_| ek
Canign
C oo
Lo )
=]
T T T T o ? = ?
2 4 6 g 10 12
Rank

FL (%)
04

02

0.0

FL (%)
0.12

0.06

0.00

FL (%)
000 004 008 0.12

> Again, the distribution is never uniform.
= Often, 1 or 2 features have higher FLs (consistent combinations in terms of dimensions)
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DisCcussION

@ Cross-linguistic trends

v Whatever the organizational scale, phonetic units do not evenly carry the same FL:
Few units carry a heavy load, while most of the others only carry a very light load

v Boundary between heavy vs. light load units may be more (for Vs) or less (for (s) categorical
v On average, ~50% of the lexical distinctions relied on infra-syllabic components (C, V, T)
= In the lexicon, balance between
localized short-term information (measured by infra-syllabic FL) and longer term information
@ Cross-linguistic diversity
v Languages differ in their heavy-loaded units [not shown here]
v' Relationship between rank and FL may be linear or logarithmic

@ Perspectives

v Relationship between usage frequency and functional load

v Existence of cross-language trends in the favored heavy-units
* Importance of coronal consonants and low vowels [not shown here] /
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CONCLUSION

Functional Load sheds some new light on phonological systems

® Robust and multiscale trend towards uneven FL distribution
within phonological systems

@ Descriptive symmetries may not be reflected as functional
symmetries (see 5-vowel systems comparison)

@ |dentification of well-known motivations (perceptual
distinctiveness, ease of articulation) not straightforward...

/

= Towards a functional account of (phonological) complexity
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SPECULATIVE CONCLUSION

Strong tendency toward an uneven distribution of FL

= Not optimal in a strict information-theoretical framework
v But compatible with a high level of redundancy

v (Maximum) re-use of phonological ‘chunks'?

v’ Distinctiveness vs. efficiency (Kello & Beltz, 2009)
v’ Notion of kernel word network (Ferrer i Cancho & Solé, 2001, Dorogovtsev & Mendes, 2001)

@ Existence of a kernel phonemic network?
v Heavy-load phonemes and contrasts vs. others

reflect the adaptive nature of the language

vilm
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= Uneven distributions often found in languages (Zipf law, etc.)

v Structure of the lexicon and morphology (small-world network, preferential binding, etc.)

2 |n this view the latter are not useless because they probably
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BACK TO RESEARCH QUESTIONS

How is (lexical) information distributed

in phonological systems?

Unevenly,
intensively tapping a few contrasts and under-using others

Could it change our view on phonological systems

in a typological perspective ?
(t's up to you!

Does it tell us something interesting on languages (and speakers) ?
> May be useful to address diachronic issues
> May partly explain some variability in psycholinguistics
> Shed light on the Consonantal Bias hypothesis
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WHAT IF...

WE GET RID OF THE LIGHT-LOAD SEGMENTS?

/
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SIMULATION OF THE RELATIVE LOSS OF INFORMATION

INDUCED BY REDUCING VOWEL SYSTEM
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SIMULATION OF THE RELATIVE LOSS OF INFORMATION
INDUCED BY REDUCING CONSONANT SYSTEM
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THANK YOU!

Vo nov 'wint an va 'son wa tis'pwatin ‘'witf waz va 'stronka

wan o 'tlevlo kerm o'lon 'leebt m o 'wom 'klok

ver o'krit vat vo 'won o 'vost sok'sitit | 1n 'merkin vo 'tlevls teik 1z 'klok ov
Jot br kan'sitat 'stlonks von vi1 'ava

veen vo nov 'wint 'blo oz ‘ot 9z 1'kot | bat vo 'mo 1 'blo

vo 'mo 'kloslr tit vo 'tleevls 'volt 1z klok o'lont 1m

ond ot 'lost va 'nov 'wind 'kerv ‘op vi o'tempt

veen va 'son 'fon '@t 'womlr | ont i'mitiotli vo 'tlaevle 'tok 'av 1z klok

sl o

Y

v
wDDL

Hint: British English reduced to 11 consonants, 4 vowels, and 1 diphthong |

ant o vo 'nov wint | waz o'blerd[d to kan'daes | vat vo 'san waz va 'stlonka av va 'to
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THE NORTH WIND AND THE SUN

0o 'no6 'wind an 09 'san wa dis'pjutiny ‘witf woz 0o 'strongo

wen 2 ftrevle keim o'loy reept 1n o 'wom klouk

oe1 o'grid 0ot 0o 'wan hu 'f3st sok'sidid | in 'meikin 0o 'trevio teik 1z klouk of

Jud bi ken'sidad 'stronga dan A1 'Ad

den 0o 'no® ‘'wind blu oz 'had oz h1 'kud | bat 0o 'mo hi 'blu

09 ‘'mo klouslt did o9 ‘treevle ‘fould 1z klouk a'raund 1m

and ot last 02 o6 ‘'wind ‘gerv ‘Ap 01 o'tempt

den 02 'san 'Jon ‘aut 'womli | ond 1'midiatli 0o ‘treevle 'tuk 'of 1z klouk

and sou 02 o6 wind | woz o'blaidzd to kon'fes | 0ot 0o 'san woz 02 'strongo 1 av 09 'tu

vo 'nov 'wint on va 'son wo tis'pwotin 'wit| waz vo 'stronko

ween o 'tleevls kerm a'lon 'laebt m o 'wom 'klok

ver a'krit vat vo 'wan o 'vast sak'sitit | 1 'meikin va 'tleevlo teik 1z 'klok ov
Jot br kan'sitat 'stlonks von vi1 ‘ava

veen va 'nov 'wint 'blo oz "ot 9z 1'kot | bat vo 'mo 1 'blo

vo 'mo ‘kloslr tit vo 'tlevle 'volt 1z klok o'lont im

and at 'lost va 'nov ‘'wind 'kerv ‘op vi o'tempt

Veen vo 'son 'fon ‘&t 'womlr | ont i'mitiatlr vo 'tleevlo 'tok 'ov 1z 'klok ,
ant o vo 'nov wint | waz a'blerd[d to ken'daes | vat va 'san waz va 'stlonks av vo to
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MULTI-SCALE: SEGMENTS & SYLLABLES

French - Syllable FL ~ average FL of the syllabic components

0,008

°
0,007 P
0,006 Y L] o ®
°
°

s 0,005 ® ™Y ° % o
= " o o® °®
o ° ° o®
2 0,004 S oo °
©
= o %
(V)]

0,003
0,002

0,001

0 0,5 1 1,5 2 2,5 3 3,5 4

Average FL of syllabic components

The FL of syllables does not correlate with either the average, the
maximum value or the product of the FL of its components
Is there another relationship?
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5-VYOWEL SYSTEMS IN LAPSYD

@
(@)

© 2015 LAPSyD, OpenStreetMap contributors, CCBYSA.

v Is/iuaeo/ananalysis artefact?
v Are these systems really similar?

http://www.lapsyd.ddl.ish-lyon.cnrs.fr/

® 87/633 languages (~13.5%) vowes

® e
® > 8 & ® °
e s ¢ 3
° S o
@®o
% al )

front
unround

--Em‘ope, W&S Asia
--Eas‘r and SE Asia

-Africa

--North America

- south America

I-Oceania

central

back

ed roundedunrounded |unroundedrounded

s, llong long L Jong
high ‘i[so]‘i: (1] i[s] W) U4
lowered high; I12] | U [8] [OI[1]
higher mid fre Balein] A |23 O [33]
un-mid  'e' 9] 91 '0' [20]

lower mid | £ [2g] J 23]

raised low ‘33[4] B2

low an arrodip) arz
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COMPARISON OF 5-VYOWEL SYSTEMS

SWAHILI
1 S u
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HIGHEST FL VOWELS

T e

yue eng fra deu ita jpn kor cmn swh

2 071 e 112 e 363 a 071 a 234 a 076 i 058 wu 173 a 102
a: 066 ar 1.00 a 351 i: 068 e 214 e 050 a 048 i 171 i 095
e 065 i: 0.99 @ 274 a1 057 i 187 o 048 o 048 5 166 u 045

i 045 1 0093 272 1 052 o 134 i 033 e 036 a 154 o 0.29

(0013

e 039 &= 075 3 236 ¢ 046 o 029 o 025 A 027 y 054 e 0.24

The 5 vowels largely depart from a canonical system evenly distributed in the vocalic space
The low vowel (/a/-like) is not always the preferred attractor but is present for each lanquage
/i or /i:/ are present in 8 out of 9 lanquages, /e/ and /o/ or /0:/in 5
/u/is only present in 2 languages (Mandarin and Swabhili)
- s,

= AsLAN WA




HIGHEST FL CONSONANTS

|

yue

ts 136 t 174 s 340 n 149 d 107 k 126 n 079 t 344 n 218

k 128 =n 157 | 325 Rr 117 | 09 s 08 g 061 | 286 j 2.08
108 m 135 d 314 m 103 n 08 t 079 | 051 s 285 w 201
h 09 6 128 m 201 d 08 s 076 n 074 s 046 ts 253 | 1.35

t 095 s 124 n 193 z 074 k 046 m 058 d 042 p 212 =z 131

T O S O
w

Significant presence of coronal consonants with various manners in the first row in all languages (except JPN(/k/))
Relative preference for voiced consonants (27 consonants over all 45 consonants, but 5 over 9 first-rank consonants
are voiceless)
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FROM FEATURES TO ARTICULATORY DIMENSIONS

Aperture: 3 sets of mergers

| w u .
g el
e 0 o, U
€ A A, W
a
Anteriority: 2 set of mergers
Vocalic inventory of Korean g, N\

i, W

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.
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FEATURE FL: A CLOSER LOOK AT DIMENSIONS

yue
cmn
jap
kor
swa
ita
fra
deu
eng

Vv C
Aperture | Anteriority | Roundedness |Lent Place Manner Voicing
0,15 0,11):::: 1,07 3
0,06 0,25 1,04 0,18}
0,07 i 0,26 0,36/
0,08 0,02|:::: 0,67 0,05|:
: 1,66 0,13}
0,22 0,12|
0,66 1,56 0,89|
0,11 0,91 0,11/
0,11 0,99 0,59/ :::::

Primary articulatory dimension with the hightest FL
|Primary articulatory dimension with the 2nd hightest FL

Primary articulatory dimension with the 3rd hightest FL

Regarding vowels and primary articulatory dimensions, aperture carries the heaviest load in 8 of the 9
languages.
Secondary features can also have a high / the highest FL.

Regarding consonants, languages seem to choose either place or manner as the primary way to differentiate /

/

between words. Voicing always comes after except in Japanese. s

e
~

SASLAN W

H‘

A

\é,l p. w




MATERIAL: STUDY #1

Language Code # lexical tokens c:):::r):;e WordE:ii:)r:)t;ution
Amharic AMH 1.9M ® 83.7% 12.1
Bulgarian BUL 6.2M e 90.4% 10.5

Chilean Spanish | ChSP 440M ® 97.7% 9.3
British English ENG 18M e 98.6% 9.5
Estonian EST 3.4M ® 84.6% 11.3
Finnish FIN 970k ® 72.2% 11.8
French FRE 900k e 98.6% 9.6
German GER 808k ® 96.4% 10.1
Swabhili SWA 27.4M ® 93.6% 10.2
Tagalog TGL 180k e 98.0% 9.5
Turkish TUR 968k ® 82.8% 11.8
Zulu ZUL 217k ® 75.2% 12.1
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LEXICAL COVERAGE
® Ambharic (1.9 M tokens)
20k words (83.7% of coverage) 210k words

® Zulu (217k tokens)

20k words (75.2% of coverage) 87k words
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TYPE/TOKEN AND INFLECTED/LEMMATIZED WORDFORMS

Flyc(%)

80

70

60

50

40

30

20

10

O
‘ o .
P @
OINF_TOKEN
A INF_TYPE
®LEM_TYPE
ENG FRA DEU ITA SWH
Languages

Oh et al. (2015), J. PHo.

Fig. 3. Segmental functional load (FLy¢) in five languages according to corpus configuration.
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CONSONANTAL BIAS

100%

75%

CBias

50%
25%
O% - T . T T . T
ENG FRA DEU ITA SWA

-25%

-50%

Languages

Fig. 4. CBias according to corpus configuration.
Oh et al. (2015), J. PHo.
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FUNCTIONAL LOAD AND FREQUENCY




FL OF VOWELS IN FRENCH

oF

a

Created with NodeXL (http://nodex.codeplex.com)
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French - FL of Vowels as a function of rank

2 4 6 8 10 12 14
Rank

French - FL of Vowels as a function of frequency
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ol °%® oo p=3.3e-05
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Phoneme frequency



FL OF CONSONANTS AS A FUNCTION OF FREQUENCY

FL (%)
10 20 30

]
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Phoneme Frequency

Korean
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Cantonese Syllables Mandarin Syllables Japanese Syllables
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FL OF LESS FREQUENT SYLLABLES

100
m90%
H99%
I I I = 100%
yue fra deu ita jap kor cmn eng swa

Language

90

8

o
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o
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o

Functional Load
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o

2

o

1

o

o

The green bars refer to a situation where words are only differentiated by their number of syllables, not by the
nature of these syllables

Even when 90% of the (less frequent) syllables are merged into one, words can still be well differentiated
thanks to their structure and to the most frequent syllables
Cantonese and Mandarin are more affected than other lanquages
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