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LANGUAGE COMPLEXITY
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DATA AND METHODS

Parallel Bible Corpus [Mavyer & Cysouw, 2014]

# language_name: English

# closest ISO 639-3: eng

# year_short: 1890

# year_long: Not available

# title: The Bible in English, Darby Translation

# URL: http://unbound.biola.edu/index.cfm?method=downloa
# copyright_short: ® Public Domain

# copyright_long: First published in 1890 by John Nelson Darby, an
Darby also published translations of the Bible in French and German.
01001001 In the beginning God created the heavens and the earth .
01001002 And the earth was waste and empty , and darkness was on t
01001003 And God said , Let there be light . And there was light .
01001004 And God saw the light that it was good ; and God divided
01001005 And God called the light Day , and the darkness he called
01001006 And God said , Let there be an expanse in the midst of th
01001007 And God made the expanse , and divided between the waters
01001008 And God called the expanse Heavens . And there was evenin
01001009 And God said , Let the waters under the heavens be gather
01001010 And God called the dry [ land ] Earth , and the gathering
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;E COMPLEXITY

DATA AND METHODS

Parallel Bible Corpus [Mayer & Cysouw, 2014]

# language_name:

Amharic

# closest ISO 639-3: amh

# year_short:
# year_long:

1994
E-Text in transliterated ASCII format by Lapsley/Brooks

(www.nt-text.net). Revised Amharic Bible in XML ( 2003 ).

# title: The New Testament in Amharic

# URL: http://unbound.biola.edu/index.cfm?method=downloads.show
# copyright_short: @ Printed Version by United Bible Societies 1962

# copyright_long: Not available

40001001 PERT AL PANCYI® AL CALON hCOEN T AL aoRchd =

40001002 ANCYI° L0ch®@ 7 OAL & LNAPI® Lo DAL 2 LOHNI° LU-575 @7 LTS @
40001003 L0-59° NTO7IC 4.N7G HE WAL E 4.4NT° ANCT®T ®AL =

40001004 ANCETOI® Ne-I°7 DAL = AI°I° ATLG S DAL = ATLGGNI° thO77 AL Z 1A
40001005 AAT°79° hé-heN OAN7 @AL EOAHI® héT APLLT WAL 2 AL A(LLT @A,
40001006 ACLLI® V1P SR AL

40001007 NAT°29° N7 AL E CNII°I° MLET DAL 2 ALLI° ANHG7 DAL =
40001008 ATEI° AHET T OAL 2 ASTETI® APEI°7 OAL Z ACI°T° PHLTT OAL =
40001009 PHLII® AEAFI°T @AL I APAFI°I° ANy @AL

40001010 ANNI® ANPLNT AL 2 ANPLNI° T°G0L7 @AL 2 I°TNI° AP0 AL =
40001011

ATPO7° ALNENT @AL E ALNLNT° NLA7 7°Ch LH AD7 2775 @7 & T°ET AL
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DATA AND METHODS

Parallel Bible Corpus [Mayer & Cysouw, 2014]

k language_name: mrmfg:

# closest ISO 639-3: khm

# year_short: 2011

# year_long: Not available

# title: Khmer Christian Bible<br>The New Testament in Khmer

# URL: https://www.bible.com/de/bible/315/mat.1.kcb

# copyright_short: © Words of Life Ministries 2011

# copyright_long: Khmer Christian Bible<br>Copyright e Holy Bible, Khmer Christian Bible

# copyright 2011 by Words of Life Ministries, P.0. Box 2581, Phnom Penh,

# 3, Cambodia. All rights reserved.

40001001 fanaminjg s ATt gunijivasigsinia Shranadimuon

40001002 nAgmumuamnagana inagannvidarnauinu anauquudaantgin §

40001003 Aty in Sasnmeuidarnnnti Satnatsa DRI AR U S
g

40001004 nansufianaAgEamms inagiammouidarnanmags innameagsuiian

40001005 A ugs Simnhumsuriarnayga iiwianaggs Samniuriarnagia o

40001006 A uiiangcmia gsinis énmngrnﬂﬁs}?ijlﬁﬁlmﬁms‘ﬁs

40001007 I GANg[ES Ui Ay G IME iy sy sU A oHTu iyoRfunuidaty o

40001008 Iy GIHANUE AT G AN A g st anmaviargcing igounsuiang sy e

40001009 I GHI) AU A G S Y [ GU N BUH AT BIHUN Y [ GIHUN AU AT BIHIAS &

40001010 G M AU A BHIAMIAS s M uiaty oHgs igomysudata ot
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LANGUAGE COMPLEXITY
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DATA AND METHODS
Parallel Corpora

Corpus Register  Size* Size )* Texts Lang.
UDHR! Legal ca. 650K 1.831 372 348
PBC? Religious ca.10M 261K 1136 890
EPC? Political ~ ca. 150M 7M 21 21
Total ca. 161M 1529 1050

*in number of tokens

! [http:/ /unicode.org/udhr/ translations.html]
? [Mayer & Cysouw, 2014]
3 [Koehn, 2005]
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LANGUAGE COMPLEXITY
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MEASURING COMPLEXITY

Information-theoretic account:

What is the distribution of information-encoding units given
constant content of the message?

[Shannon & Weaver, 1949; Juola 1998, 2008; Ehret &
Szmrecsanyi, 2015]
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LANGUAGE COMPLEXITY
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MEASURING COMPLEXITY

Genesis 1:1

|in| the beginning god created the heavens and the
earth and the earth was waste and empty and
darkness was on the face of the deep and the spirit
of god was hovering over the face of the waters and
god said let there be light and there was light

Information encoding unit: |orthographic word|
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LANGUAGE COMPLEXITY
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MEASURING COMPLEXITY

Linguistic/information-theoretic account:

What is the distribution of word types in different languages,
given constant content of the message?



LANGUAGE COMPLEXITY
O00@0000000

MEASURING COMPLEXITY

Example: English and German definite articles

in the beginning god created the heavens and the earth

in dem anfang schuf gott den himmel und die erde
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MEASURING COMPLEXITY

Example: English and German definite articles

in the beginning god created the heavens and the earth

in dem anfang schuf gott den himmel und die erde

Entropy : H = —KZp(wi) log, (p(w;))
i=1
[Shannon & Weaver, 1948]
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MEASURING COMPLEXITY

Example: English and German definite articles
in the beginning god created the heavens and the earth
in dem anfang schuf gott den himmel und die erde
3 3 1 1 1 1
Heng = —(351082(35) + 15 1082(35) + -+~ + 15 0&(35)) = 3-17

1 1 1 1
Hjpy = —(E logz(ﬁ) +-F 10 logz(m)) ~ 3.32
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LANGUAGE COMPLEXITY
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MEASURING COMPLEXITY

Example: English and German pronouns

Pronouns
a0
a,
he )
him
Language
IEninsh
200 sio
g - German
g ey
g them
g
fin
100 ihn -
es Wi [ ire
{00 gy ioh gy
)Hma ‘ sein  mir ey
it her 20 W mich dich
sholl uo dr mein
" uns_ ihren_ deinen dein _unser
. . il a2 o = ——
Rank

Heng = 2.16
Hyey = 2.64
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MEASURING COMPLEXITY

1500 -
Language

Korean
Tok Pisin
>
2 1000
g
g
[
500
04
Re{nk
Hyyr = 12.13
Hyyi = 6.83
=]
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COMPLEXITY AND ITERATED LEARNING
[Kirby et al. 2008, 2015]
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COMPLEXITY AND ITERATED LEARNING
[Kirby et al. 2008, 2015]

Learnability only

tuge tuge tuge O

»»»»» e  tuge tuge tuge C
tuge tuge tuge A

C

/\\/r\‘ m m m A
A

poi poi poi C

poi poi poi O

poi poi poi A

Generation [ 1 2 3 4 5 6 7 8 9 10
O Chain 1 27 17 9 6 5 4 4 2 2 2 2
[ Chain 2 27 17 15 8 7 6 6 6 5 5 4
A Chain3 27 24 8 6 6 5 6 5 5 5 5
¢ Chain4 27 23 9 10 9 11 7 5 5 4 4

Hypart = 4.75 — Hypg = 2.11
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LANGUAGE COMPLEXITY
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COMPLEXITY AND ITERATED LEARNING

[Kirby et al. 2008, 2015]

Learnability only Expressivity + Learnability
tuge tuge tuge O n-ere-ki l-ere-ki renana [N
,,,,, N tuge tuge tuge O n-ehe-ki | I-aho-ki | r-ene-ki [N@)
tuge tuge tuge A n-eke-ki | l-ake-ki | r-ahe-ki JAN
O l-ane-plo O
VAN O |l-aho-plo O
A l-aki-plo A
v poi O O
Lo poi C ©
s poi A A

Generaton 0 1 2 3 4 5 6 7 8 9 10 Generaton 0 1 2 3 4 5 6 7 8 9 10
OChain1 27 17 9 6 5 4 4 2 2 2 2 OChain1 27 23 22 17 21 21 17 21 25 13 16
Cchan2 27 17 15 8 7 6 6 6 5 5 4 Ochain2 27 26 13 10 10 16 16 12 12 13 12
AChain3 27 24 8 6 6 5 6 5 5 5 5 AcChain3 27 11 16 14 12 17 14 16 20 19 12
OChaina 27 23 9 10 9 11 7 5 5 4 4 OChaind 27 19 19 17 19 17 22 23 21 27 23

Hgpory = 4.75 — H,,y = 2.11 Hsporr = 4.75 — H,pyy = 4.75
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COMPLEXITY AND ITERATED LEARNING

L2 speakers reduce complexity

[Berdicevskis & Seme

nuks, under review|

event: event: event: event
none fall apart grow antlers fly
agent: | number: N ,
round | singular U
animal N
SegN My-0AGR SEEN IV-OAGR
number: . \, 7t i’,,
plural » £13 ...g P
- ) ‘ti". 1y
segn-lpL segn-lpL My-0aGr | SegN-IPLIV-0AGR | segn-lp. by-0acr
agent: | number: Y% - A
square | singular M M
animal N
fuvn fuvn my-iacr fuvn rv-iace fuvx by-iacr
number: | B g% & Mu o HHH y: 5‘!‘:* L
plural | A5 a | M o ) Q\L-é
fl .I‘l 3 WM W fuvs- (@ @7, ey
UVN-| . 3
NPL fuvn-lpL my-iacr | P 1v-iack Ipe by-iacr
o F
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COMPLEXITY AND ITERATED LEARNING
L2 speakers reduce complexity

[Berdicevskis & Semenuks, under review]

0.88
0.86

& 084

=
2 0.82

0.8

0.78

0 1 2(1)3(1) 4 5 6(1)7(2) 8 9(1) 10
Generation

—o—Normal =e= Interrupted
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MEASURING COMPLEXITY

What about the word type entropies of natural languages?
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MEASURING COMPLEXITY

What about the word type entropies of natural languages?

1529 texts

1050 languages
140 families

23 areas

[AUTOTYP
database, Bickel &
Nichols, 1999]
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MEASURING COMPLEXITY

What about the word type entropies of natural languages?

a)

1529 texts

1050 languages
140 families 021
23 areas

[AUTOTYP ool
database, Bickel & s = E N : :
Nichols, 1999] 06,

b)
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THE LOW-COMPLEXITY-BEL
THE LOW-COMPLEXITY-BELT

Longitude and latitude data from Glottolog 2.6

[Hammarstrom, Forkel, Haspelmath & Bank, 2015]



THE LOW-COMPLEXITY-BEL
THE LOW-COMPLEXITY-BELT

Longitude and latitude data from Glottolog 2.6

[Hammarstrom, Forkel, Haspelmath & Bank, 2015]

)
long

[R package ggmaps]

oo 25
H_scaled



THE LOW-COMPLEXITY-BELT
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LATITUDE AND ENTROPY RELATIONSHIP

H_scaled

25+

B 60
<
o
2
T
2 " 3
0.0 C)
.o
31 M 0
< .
o
2, ..
® e
Io = =
. ® e ° *
-2.5 Ve .
| ' | |
0 20 40 0
Distance from Latitude +15

' |
10 20 30 40 50
Mean distance from Latitude +15

Figure : a) All languages, b) Family averages and c) Area averages
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THE LOW-COMPLEXITY-BELT
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United|States|

Dominican
4Republic

Nicaragua

Costa Rica
£ Panama

H_scaled

e 0

o1

e 2

stock

« Arawakan
 Mayan

Otomanguean

Pano-Tacanan

Quechuan

Tucanoan

Uto-Aztecan

N
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MESOAMERICA AND THE ANDES

183 LANGUAGES, 90 FAMILIES, 3 AREAS

altitude

4000

= e
2000

Spmine
opmi™

c ~a
i — et
-2000 :
-4000
-6000

RN Ge



MESOAMERICA AND THE ANDES

183 LANGUAGES, 90 FAMILIES, 3 AREAS

altitude

4000 ®

2000 En.

®©
0
-2000
-4000

-6000

THE LOW-COMPLEXITY-BELT

H_scaled

1000

4000
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H_scaled
.1
0
® 1
e 2
stock

Alantic

Basque

Benue-Congo

Dravidian
° Gur

*  Indo-European

° Kwa

© Mande

Semitic
Sino-Tibetan
Turkic

* Uralic
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AFRICAN SAVANNAH AND SOUTH AFRICA

OMPLEXITY-BEL
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127 LANGUAGES, 21 FAMILIES, 2 AREAS

altitude

2000

-2000

-4000




THE Low-
AFRICAN SAVANNAH AND SOUTH AFRICA

OMPLEXITY-BEL
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127 LANGUAGES, 21 FAMILIES, 2 AREAS

altitude

2000

-2000

-4000

— Affcan Savannah

s Afica
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H_scaled
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stock

Austroasiatic

Austronesian

Chimbu-Wahgi

Kainantu-Gorokan

Madang
Pama-Nyungan

Sino-Tibetan




QUESTION

THE LOW-COMPLEXITY-BELT
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» Does the entropy/latitude relationship hold if we take
family and area idiosyncrasies into account?



THE LOW-COMPLEXITY-BELT
MIXED-EFFECTS REGRESSION

Table : Predicting entropy in linear mixed-effects regression.

. Random R%
Fixed intercept slope AIC p-value f f+r
Latitude s,a,c,i s,a,c 1931 0.12 0.03 0.95
ts: stock, a: area, c: corpus, i: iso
t f: fixed effect only, f+r: fixed and random effects
[R package Ime4]
[R package MuMIn]



SUMMARY

THE LOW-COMPLEXITY-BELT
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» The Low-Complexity-Belt is driven by specific macroareas:
e.g. Mesoamerica, African Savannah, Oceania
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SUMMARY

» The Low-Complexity-Belt is driven by specific macroareas:
e.g. Mesoamerica, African Savannah, Oceania

» Within these areas, there are families that drive the pattern:
e.g. Otomanguean, Mayan, Gur, etc.
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Linguistic Neighbors Population Size
Lupyan & Dale (2010) Lupyan & Dale (2010)
Isolation
VS.
. L2 speakers
Altitude Contact
Nichols (2013) Bentz & Winter (2013)
ichols
Wray & Grace (2007) Bentz et al. (2015)
Trudgill (2011)
McWhorter (2016)
Temperature
& Rainfall Latitude
Lewis & Frank
(under review)

Bentz (2016)
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Discussion
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WHY PREHISTORIC LANGUAGE CONTACT?

”[...] radical analyticity in certain West Benue-Congo languages
of Niger-Congo (Gbe, Yoruboid, Nupoid), and all Chinese,
Tai-Kadai, Hmong-Mien ones, most Austroasiatic ones and

many Tibeto-Burman ones [...] is the result of widespread
adult acquisition in the past [...]”

[McWhorter (2016) Is radical analyticity normal?, p. 52]
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H_scaled

WHY PREHISTORIC LANGUAGE CONTACT?
Two main findings of
[Bentz, Verkerk, Kiela, Hill & Buttery 2015]:

» a) Entropies (complexities) of languages correlate
negatively with non-native speaker proportions

050
log(Percentage L2)




WHY PREHISTORIC LANGUAGE CONTACT?

Two main findings of Bentz et al. 2015:

» b) Entropies (complexities) have a deep phylogenetic

signal, while non-native speaker proportions do not

Table 5. Results for the phylogenetic signal analysis (mean A).

Family

Text o Ho TTR
Austronesian UDHR 0.98 1 1
Austronesian PBC 0.94 0.82 1
Bantu UDHR 0.46 0.85 0.58
Indo-European UDHR 1 0.64 1
doi:10.1371/journal.pone.0128254.t005
F E E
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» The complexity of languages measured by the entropy of
parallel corpora



CONCLUSIONS

» The complexity of languages measured by the entropy of
parallel corpora

» Languages are less complex around the equator
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CONCLUSIONS

» The complexity of languages measured by the entropy of
parallel corpora

» Languages are less complex around the equator

» This potentially reflects deep contact, i.e. non-native
language learning
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THANK YOU!
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