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Language as a Complexity System

 Large number of agents

 Interaction among the agents

 Nonlinear, disproportionate effect

 Unpredictable

 Dynamic systems 

 Sensitive to the initial condition butterfly 

effect



What is ‘Systematicity’?



“LETTERS are 
NOT perfectly ARBITRARY 

with SOUNDS.”
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Tamariz 2008; Monaghan, Shillcock, Christiansen, & Kirby, 2014



How to Measure Phonological Distances



How to Measure Phonological Distances
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b b + + - - - - - - - + - - - - - - - - - - - -
c k - - - - - + - - - + - - - - - - - - - - - -
d d + - - + - - - - - + - - - - - - - - - - - -
k k - - - - - + - - - + - - - - - - - - - - - -
l l + - - + - - - - - - - + - - - - - - - - - -
m m + + - - - - - - + - - - - - - - - - - - - -
i i - - - - - - - - - - - - - + - - - - + - - -
e e - - - - - - - - - - - - - - + - - - + - - -
o ɒ - - - - - - - - - - - - - - - - - + - - + +

b = [1, 1, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
e = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 1, 0, 0, 0]



How to Measure Orthographical Distances

1. Pixel count

2. Perimetric Complexity

3. Stroke Share Rate

4. Hausdorff Distance
Huttenlocher, et al., 1993

Pelli, et al., 2006

a-c d-e g-h c-e

….

dup

ㄱ 1 0 0 1 0

ㅋ 1 1 0 1 0

ㄲ 1 0 0 1 1



How to Measure Orthographical Distances

Letter 1 Letter 2 Font Hausdorff Max

a b
Courier New 2.65

Georgia 2.45
Times New Roman 2.24

1. Pixel count

2. Perimetric Complexity

3. Stroke Share Rate

4. Hausdorff Distance
Huttenlocher, et al., 1993

Pelli, et al., 2006





Ancient Semitic Orthographies



Fictitious Orthographies



1. Non-Arbitrary Letter-Sound Relation

Non-Arbitrary Arbitrary

 Natural Orthographies

- Arabic, Cyrillic, English, Finnish, 

Greek, Hebrew, and 

 Artificial Orthographies

- Korean, Pitman’s shorthand, 

Shavian alphabet

 Fictitious Orthographies

 Ancient Orthographies

Chinese





2. Two Types of Systematicity

 Pixel Count
- ink area 

 Perimetric Complexity
- the number of strokes

 Hausdorff Distance
- image similarity

Arabic, Cyrillic, English, Greek, Hebrew Korean, Pitman’s, Shavian

 Higher frequency induces 
simplicity

 Symmetric motoric effort between 
hands and mouth

 Similar phonemes 
designed visually similar

Effort-Based Symbolic



Source of Symbolic Systematicity 

/g/   guy

/k/   key

/k*/  sky

/g/          /d/         /b/      /dg/

/k/          /t/         /p/      /ch/

/k*/       /t*/       /p*/    /tch/

/g/           /n/          /m/         /s/           /ng/



Source of Symbolic Systematicity 

r p

Euclid 0.23 0.00 ***

Edit 0.23 0.00 ***

r p

Euclid 0.12 0.05 *

Edit 0.14 0.02 *

Shavian alphabet Pitman shorthand



2. Two Types of Systematicity

 Pixel Count
- ink area 

 Perimetric Complexity
- the number of strokes

 Hausdorff Distance
- image similarity

Arabic, Cyrillic, English, Greek, Hebrew Korean, Pitman’s, Shavian

 Higher frequency induces 
simplicity

 Symmetric motoric effort between 
hands and mouth

 Similar phonemes 
designed visually similar

Effort-Based Symbolic



3. Method designed for the language 

Hausdorff Distance Stroke Share Rate

 Purely computational
 Applicable to many 

language

 Designed for Korean
 Maximize the visual 

systematicity

r = .39
p < .001

r = .66 
p < .001



4. Some Fonts have stronger systematicity
Font r p

1 KCC 은영 0.39 < .0001 ***

2 HS가을생각체 0.37 < .0001 ***

3 KBIZ한마음고딕 0.37 < .0001 ***

4 HS두꺼비체 0.35 < .0001 ***

5 KBIZ한마음명조 0.35 < .0001 ***

…..  ellipsis  …..

83 Yoon흥수 0.1 0.05 *

84 한겨레결체 0.08 0.13

85 조선일보명조체 0.08 0.09 .

86 FB이철수2001목판M 0.08 0.11

87 FB이철수2001목판TM 0.08 0.11

88 신비는일곱살 0.06 0.26





Summary

1. Letters are not perfectly arbitrary with their sounds.

2. Two types of the systematicity: effort-led vs. symbolic

3. Method designed for the language maximizes the systematicity.

4. Some fonts inhere higher letter-sound  systematicity. 



Conclusion

 Brain maximizes systematicity.
- Language = full of arbitrariness
- Principle of least effort (Zipf, 1949)
- Statistical Learning

 Letter-Sound connection matters.
- Literacy Rate caused by orthographic depth
- Shallow orthography vs. Deep orthography

 High correlation can help...
- Children who first learn sound-letter relation
- Deep orthography users
- The dyslexic with certain type



Thank you!


