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DATA AND METHODS

How to measure the complexity of languages?
I Phonetic complexity
I Morphological complexity
I Syntactic complexity
I Learning and usage complexity
I Information-theoretic complexity

[Miestamo & Sinnemäki, 2008; Sampson, Trudgill & Gil, 2009;
Newmeyer & Preston, 2014]
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LANGUAGE COMPLEXITY GEOGRAPHICAL DISTRIBUTION Discussion

DATA AND METHODS

Parallel Corpora [Mayer & Cysouw, 2014]



LANGUAGE COMPLEXITY GEOGRAPHICAL DISTRIBUTION Discussion

DATA AND METHODS

Parallel Corpora [Mayer & Cysouw, 2014]



LANGUAGE COMPLEXITY GEOGRAPHICAL DISTRIBUTION Discussion

DATA AND METHODS

Parallel Corpora [Mayer & Cysouw, 2014]



LANGUAGE COMPLEXITY GEOGRAPHICAL DISTRIBUTION Discussion

DATA AND METHODS

Parallel Corpora [Mayer & Cysouw, 2014]



LANGUAGE COMPLEXITY GEOGRAPHICAL DISTRIBUTION Discussion

DATA AND METHODS

Parallel Corpora

Corpus Register Size* Size ∅* Texts Lang.
UDHR1 Legal ca. 650K 1.831 372 348
PBC2 Religious ca. 10M 261K 1136 890
EPC3 Political ca. 150M 7M 21 21

Total ca. 161M 1529 1050
*in number of tokens

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

Information-theoretic account:
What is the distribution of information-encoding units given
constant content of the message?

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

Genesis 1:1

In the beginning God created the heavens and the earth . [eng]

Im Anfang schuf Gott den Himmel und die Erde ; [deu]

In principio Dio creò il cielo e la terra . [ita]

Au commencement Dieu créa les cieux et la terre . [fra]
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MEASURING COMPLEXITY

Genesis 1:1

|In|the|beginning|God|created|the|heavens|and|the|earth|. [eng]

|Im|Anfang|schuf|Gott|den|Himmel|und|die|Erde|; [deu]

|In |principio|Dio|creò|il|cielo|e|la|terra|. [ita]

|Au|commencement|Dieu|créa|les|cieux|et|la|terre|. [fra]

Information encoding unit: |orthographic word|
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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?
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MEASURING COMPLEXITY

Example: English and German definite articles

|In|the|beginning|God|created|the|heavens|and|the|earth|. [eng]

|Im|Anfang|schuf|Gott|den|Himmel|und|die|Erde|; [deu]

Entropy [Shannon, 1949]:

Hw = −K
r∑

i=1

pi log2(pi)

Heng
w = 0

Hdeu
w = 1.6

(1)
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MEASURING COMPLEXITY

Example: English and German pronouns

Heng
w = 2.16

Hdeu
w = 2.64
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MEASURING COMPLEXITY
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MEASURING COMPLEXITY

The entropies of natural languages
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MEASURING COMPLEXITY

The entropies of natural languages
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GEOGRAPHICAL DISTRIBUTION

Longitude and latitude data from Glottolog 2.6
[Hammarström, Forkel, Haspelmath & Bank, 2015]
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GEOGRAPHICAL DISTRIBUTION
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GEOGRAPHICAL DISTRIBUTION
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MESOAMERICA (*ONLY FAMILIES (STOCKS) WITH > 10 LANGUAGES)
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AFRICAN SAVANNAH (*ONLY FAMILIES (STOCKS) WITH > 10 LANGUAGES)

−50

−25

0

25

0 30 60 90
lon

la
t

H_scaled

−1

0

1

2

stock

Atlantic

Basque

Benue−Congo

Dravidian

Gur

Indo−European

Kwa

Mande

Semitic

Sino−Tibetan

Turkic

Uralic



LANGUAGE COMPLEXITY GEOGRAPHICAL DISTRIBUTION Discussion

OCEANIA (*ONLY FAMILIES (STOCKS) WITH > 10 LANGUAGES)
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SUMMARY

I The Low-Complexity-Belt is driven by specific macroareas:
Mesoamerica, African Savannah, Oceania

I Within these areas, there are families that drive the pattern
(Otomanguean, Mayan, Gur, etc.)
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ALTITUDE [R PACKAGE PLOT3D]
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ALITUDE AND COMPLEXITY
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MESOAMERICA AND THE ANDES

[R package plot3D]
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MESOAMERICA AND THE ANDES

183 LANGUAGES, 90 FAMILIES, 3 AREAS

−2

−1

0

1

2

3

0 1000 2000 3000 4000
Altitude

H
_s

ca
le

d



LANGUAGE COMPLEXITY GEOGRAPHICAL DISTRIBUTION Discussion

MESOAMERICA AND THE ANDES
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AFRICAN SAVANNAH AND SOUTH AFRICA

127 LANGUAGES, 21 FAMILIES, 2 AREAS
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AFRICAN SAVANNAH AND SOUTH AFRICA

127 LANGUAGES, 21 FAMILIES, 2 AREAS
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INDIC

18 LANGUAGES, 4 FAMILIES, 1 AREA
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SIMPLE REGRESSIONS
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Latitude: β = 0.023, p = 2.2e−16,R2 = 0.0993
Altitude: β = 1.712e− 04, p = 2.24e−07,R2 = 0.01824
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MIXED-EFFECTS REGRESSIONS

Table : Results of stepwise linear mixed-effects regression.

Fixed Random AIC t-value R2‡

intercept slope f f+r
Lat,Alt s† - 2998 2.7,5.9 0.02 0.65
Lat,Alt s,a - 2848 -1.5,2.9 0.01 0.71
Lat,Alt s,a,c - 2776 -1.8,3 0.01 0.75
Lat,Alt s,a,c,i - 1931 0.96,2.7 0.01 0.94
Lat,Alt s,a,c,i c 1908 1.4,0.34 0.01 0.96

s,a,c,i c 1900 0,0 0 0.99
† s: stock, a: area, c: corpus, i: iso
‡ f: fixed effect only, f+r: fixed and random effects
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DISCUSSION

I The effects of latitude and altitude on complexity hold
between - but not necessarily within different families and
areas.
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WHY PRE-HISTORIC LANGUAGE CONTACT?

I language contact and simplification [Wray & Grace,
Trudgill 2011, McWhorter2002]

I altitude and complexification via isolation [Nichols, 2013]
I population size and morphology [Lupyan & Dale,

2010,2012,2015]
I non-native speakers and case-marking [Bentz & Winter,

2012,2013]
I non-native speakers and entropy [Bentz, Verkerk, Kiela,

Hill & Buttery, 2015]
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WHY PRE-HISTORIC LANGUAGE CONTACT?

Two main findings of Bentz et al. 2015:
I a) Entropies (complexities) of languages correlate

negatively with non-native speaker proportions
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WHY PRE-HISTORIC LANGUAGE CONTACT?

Two main findings of Bentz et al. 2015:
I b) Entropies (complexities) have a deep phylogenetic

signal, while non-native speaker proportions do not
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PHYLOGENETIC SIGNAL ANALYSIS

Pagel, 1999; Freckleton, Harvey & Pagel (2002)
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EXAMPLE: ENTROPY AND ALTITUDE

I 38 Indo-European languages, pruned tree from Bouckaert
et al. 2012, BayesTraits V2 (Meade & Pagel 2013)

Italian
French

Spanish
Portuguese ST

Catalan

Romanian List
Latin

Breton ST
Welsh N

German ST
Dutch List

English ST

Swedish List
Danish

Icelandic ST

Czech
Slovak

Polish
Ukrainian

Russian

Bulgarian
Macedonian

Serbocroatian
Slovenian

Latvian
Lithuanian ST

Urdu
Hindi
Gujarati
Marathi

Oriya
Bengali

Kurdish

Albanian C
Albanian G
Greek Mod

Ancient Greek

Armenian Mod
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PHYLOGENETIC SIGNAL: ENTROPY AND ALTITUDE

Analysis with BayesTraits V2 (Meade & Pagel 2013):
Entropy: Lh = -26.62, λ = 0.999995
Altitude: Lh = -265.65, λ = 0.754488
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PHYLOGENETIC GENERALIZED LEAST SQUARES

REGRESSION: ENTROPY AND ALTITUDE

I Correlation between entropy on altitude, but taking into
account the phylogenetic covariance matrix
Lh = -292.39, µH = 0.50, µAlt = 657.69, r=0.016, λ = 0.81
Lh = -292.40, µH = 0.50, µAlt = 658.24, r= 0, λ = 0.81
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POTENTIAL APPLICATIONS

I Using ASJP, IElex or EuraLex instead of cognate data can
give better coverage

I Phylogenetic signal of language ”external” factors:
population size, non-native speakers, altitude, cultural
traits?

I Replication of Lupyan & Dale (2010) with PGLS:
population size and morphology

I Altitude, latitude, non-native speakers and language
complexity with PGLS

I Language ”internal” trade-offs, e.g. word order and
case-marking. Is there evidence for phylogenetic
correlation?

I Other WALS features?



LANGUAGE COMPLEXITY GEOGRAPHICAL DISTRIBUTION Discussion

WHAT ABOUT BONES, GENES, AND TOOLS?
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