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Introduction

Word order correlations

@ Greenberg, Keenan, Lehmann etc.: general
tendency for languages to be either epri=fonsen- @i Late
consistently head-initial or consistently
head-final

@ alternative account (Dryer, Hawkins): phrases
are consistently left- or consistently
right-branching

@ can be formalized as collection of implicative
universals, such as
With overwhelmingly greater than chance
frequency, languages with normal SOV order
.. , j Order of Object and Verb / Order of Adposition and Noun Phrase
are postpositional. (Greenberg's Universal 4) @ o

ositions

+| @ VoIPrepositons

@ both generativist and functional/historical
explanations in the literature
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Introduction

Phylogenetic non-independence

Bantu

: 8 e oo
e languages are phylogenetically structured —|_,:':-oookoc43%mm
o if two closely related languages display the
same pattern, these are not two
independent data points

= we need to control for phylogenetic
dependencies

Dunn et al., 2011)
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Introduction

Phylogenetic non-independence

Maslova (2000):

“If the A-distribution for a given typology cannot be
assumed to be stationary, a distributional universal
cannot be discovered on the basis of purely synchronic
statistical data.”

“In this case, the only way to discover a distributional
universal is to estimate transition probabilities and as
it were to ‘predict’ the stationary distribution on the
basis of the equations in (1).”
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The phylogenetic comparative method

The phylogenetic comparative method
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Modeling language change

Q\C?O
N,
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Modeling language change

Markov process Phylogeny
A
O
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Modeling language change

Markov process Phylogeny
A
O

Branching process
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Estimating rates of change

own...
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o if phylogeny and states of extant languages are




The phylogenetic comparative method

Estimating rates of change

o if phylogeny and states of extant languages are known...

@ ... transition rates, stationary probabilities and ancestral states can be estimated based on
Markov model
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The phylogenetic comparative method

Correlation between features

Pagel and Meade (2006)

@ construct two types of Markov processes:

e independent: the two features evolve according to independend Markov processes
o dependent: rates of change in one feature depends on state of the other feature

@ fit both models to the data

@ apply statistical model comparison

Independent model Dependent model

Com 3
%
o @ T
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Dunn et al. (2011)

Dunn et al. (2011)
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Dunn et al. (2011)

Postposition, F'os\posmon
Austy Indo-Et
ustronesian verbrobject Indo-European vertromect

@ all 28 pairs of 8 word-order features considered / ‘\\ //( \

Pos(posmon Prepasman Poslposmoﬂ Preposmon
omea verb vertroblecl oblecl -verb vevb«:msm

@ 4 language families: Austronesian, Bantu,
Indo-European, and Uto-Aztecan

@ main finding: wildly different results between
families

@ conclusion:
word-order correlations are lineage-specific
v

Austronesian Indo-European

ager et al. (Tiibingen) Word-order Universals ALT2017 11 /30



Universal and lineage-specific models

Universal and lineage-specific models
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Estimating rates of change




Universal and lineage-specific models

Estimating rates of change

o if phylogeny and states of extant languages are known...

@ ... transition rates and ancestral states can be estimated based on Markov model
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Inferring a world tree of languages

Inferring a world tree of languages
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From words to trees

Swadesh lists

training
pair-Hidden Markov Model

sound
similarities
applying
pair-Hidden Markov Model

word alignments

classification/
clustering

cognate classes

feature extraction

character matrix

Bayesian
phylogenetic
inference

phylogenetic
tree
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concept  Latin English
] ego0 Ei

you tu yu

we nos wi

one unus w3n
two duo tu
person  persona, homo  pers3n
fish piskis fis
dog Kanis dag
louse pedikulus laus
tree arbor tri
leaf foly~u* lif
skin kutis skin
blood saNgw~is bl3d
bone os bon
horn kornu horn
ear auris ir

eye okulus Ei
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Inferring a world

From words to trees
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Language tongue:1 smoke: 1
Abui-Atangmelang

Abui-Fuimelang tal-i-fi--

Adang tal-E-b---  awai--b-a-n-o-To-
Blagar-Bakalang --j-e-bur-  --ad--b-a-n-aNka-
Blagar-Bama teg-e-bur-

Blagar-Kulijahi tej-e-bur-

Blagar-Nule tej-e-bur-

Blagar-Tuntuli tej-e-bur-

Blagar-Warsalelang tel-e-bur-

Bunaq

Deing

Hamap nar-g-bull-

Kabola tal-e-b---

Kaera-Padangsul
Kafoa

Kamang
Kiraman

Klon

Sar-Adiabang
Sar-Nule
Sawila
Teiwa-Madar
Wersing
Whpantar

talee-b-
tal-i-p

gel-E-b---
tal-i-ber-
-i1-I-p---
gel-e-fu--
nal-e-bul-
--p-e-fal-
nal-e-faj-
gal-impuru
gel-i-vi--
nej-e-bur-
nal-e-bu--

--ar--buu-n------

-p-u-n-a-ka-
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Inferring a world tree of languages

From words to trees
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English  Spanish Modern Greek Standard German

1 Ei:h yo:B exo:C iX:D

you yush ustet:B, tu:C esi:D au:E

we with nosotros:B emis:C vir:A

one w3n:h uno:B enas:C, ena:C

two tush dos:B 8y~0:C, 8i0:D

person pers3n:A  persona:A an8~ropos:8

fish £iS:A peskado:A, pes:A  psari:B

dog pero:B sTili:C, sTilos:C

come. veni:B erx~o:C

sun s01:B ily~o0s:C, iLos:C

star estreya:A

water agi~a:

stone piedra:B

fire fuego:B

path senda:B pi~at:A, vek:D

mountain maunt3n:A  sero:B, montasa:A vuno:C, oros:D bErk:E

u yeno:B yematos:C, pliris:D fol:A

new mih nuevo:A neos:A, Temury~os:B mnoi:A

name nem:A nombre: A onona:A nan3:A
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From words to trees

Swadesh lists

sound

similarities

word alignments

cognate classes

character matrix

phylogenetic
tree

pair-Hidden Markov Model

training

applying
pair-Hidden Markov Model

classification/
clustering

feature extraction

Bayesian
phylogenetic
inference

TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.
TNG.

ENGAN.MAIBI
ENGAN.POLE
ENGAN. SAU
ENGAN. YARIBA
FASU. FASU
FASU . NAMUMT

FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.
FINISTERRE-HUON.

GOILALAN.AFOA

GOILALAN.KUNIMAIPA

GOILALAN.MAFULU

Word-order Universals

10000000 >
10000000~
1000+
AWARA 10000000~
BORONG 10000000~
BURUM 10000000~
BURUM_MIND 1011
DEDUA 1
HUBE 1
KATE 10
KOMBA 10
10
MAPE 1
MAPE_2 10 0
MIGABAC 10000000 >
MINDIK 10000000
MOMOLILI 10000000
NABAK 1
NANKINA 10000000~
NEK 1000000 >
NUKNA 1000000
ONO 10000000+
SELEPET 10000000+
TIMBE 10
TOBO 10
WANTOAT 110
YOPNO 1000000+
11000000
10 0!
10 0!
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Inferring a world tree of languages

From words to trees

Swadesh lists

training
pair-Hidden Markov Model

applying
pair-Hidden Markov Model

word alignments .
Tans Newsiinea

Tans NewGuinea

classification/

. ans NewGuinea
clustering

cognate classes

feature extraction

character matrix
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Universal and lineage-specific models

Universal and lineage-specific models
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This study

© replication of Dunn et al. (2011) with different data

© model comparison: universal vs. lineage-specific correlations

© word-order correlations across a world-tree of languages

@ automatically identifying lineage-specificity
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Data

e word-order data: WALS
@ phylogeny:
e ASJP word lists (Wichmann et al., 2016)
o feature extraction (automatic cognate detection, inter alia) ~» character matrix
e Maximum-Likelihood phylogenetic inference with Glottolog (Hammarstrém et al., 2016) tree

as backbone
e advantages over hand-coded Swadesh lists

@ applicable across language familes
@ covers more languages than those for which expert cognate judgments are available

o 1004 languages in total
o Austronesian: 123; Bantu: 41; Indo-European: 53; Uto-Aztecan: 13
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Replication of Dunn et al.

family
~o~ Austronesian

~o- Bantu

=]

=~ Indo-European
=~ Uto-Aztecan

Bayes Factor (this study)

-5 [ 5 10 15 20
Bayes Factor (Dunn et al.)
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Comparing universal and lineage-specific models

@ so far: fitting a separate model for each language family
o advantage: good fit of the lineage-specific data
o disadvantage: many parameters (8 per family for a dependent model)
@ statistical model comparison: quantifying to what degree the data support the excess
parameters of lineage-specific models
@ models to be compared:
e universal: one set of rates (8 parameters), applying to all 4 families
o lineage specific: a separate set of rates for each family
@ comparison via Bayes Factor
(implementation with RevBayes; Hohna et al. 2016)
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Universal and lineage-specific models

Results

@ very strong evidence for universality:
@ noun-adjective <> noun-numeral
e adposition-noun <> verb-object
@ strong evidence for universality:
e adposition-noun <> verb-object <+ noun-genitive <> noun-relative

clause

@ strong or very strong evidence for lineage specificity:

e behavior of noun-adjective and noun-numeral

Jager et al.

(Tiibingen)

Word-order Universals

feature pair

PN-NG
VO-NRe
PN-NRc
NRe-VS
NG-VO
NG-NRe
NA-NRe
PN-ND
ND-NRe
VO-VS
PN-VS
NA-ND
ND-VO
NA-VO
ND-NG
NA-PN
NNum-VS
NNum-NRe
NA-VS
NG-VS

Bayes Factor

ALT2017
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lineage-specific
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Universal and lineage-specific models

Results

universal (PN/VO) lineage-specific (NG/NNum)

uuuuuuuuu

Indo-European
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models

Using the world tree

Glottolog family Macro-Area
[ Atiantic-Congo W Afiica

[ Mande [ Papunesia
[T Afro-Asiatic [ Eurasia

[ south America
[ North America
[ Australia

[ Nuclear_Trans_New_Guinea
[ Pama-Nyungan
[ Timor-Alor-Pantar
[l Otomanguean
[ indo-European
[ uto-Aztecan

[ Tai-Kadai

W Mayan

[ Austronesian
[ Austroasiatic

[ sino-Tibetan

[l Quechuan
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Results

@ strong evidence for dependent model for 21 out of 28 feature feature pair Doy

pairs
@ no evidence for independent model

@ strongest evidence (BF>100) supports Dryer (1992)

CENO
Ol o

3 o o

NA-VS
NA-PN

NA-VO
ND-VS
@ PN-NNum

NG-NNum
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5.91
3.84
3.24
1.25
-0.75
-2.38

Y
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Universal and lineage-specific models

Automatically identifying lineage-specificity

@ lineages with different dynamics can be inferred
automatically on the world tree

@ latest version of BayesTraits (v. 3) implements a model
(“discrete covarion model”) where languages can be either in
a dependent or an independent state

@ statistical model comparison between universal and
lineage-dependent model (in this sense)

independent dependent

Jager et al. (Tiibingen) Word-order Universals

0.42

-0.90
-1.37
-2.29
-4.86

feature pair Bayes Factor

PN-NRc
NG-NRc
PN-NG
PN-VO
VO-NRc

A

\
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Universal and lineage-specific models

Automatically identifying lineage-specificity

@ no evidence for truely universal dependent model

@ equivocal evidence for 5 feature pairs

o define a cluster for which there was strong evidence for

universality in experiment 2

©
©

Jager et al. (Tiibingen)
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0.42

-0.90
-1.37
-2.29
-4.86

feature pair Bayes Factor

PN-NRc
NG-NRc
PN-NG
PN-VO
VO-NRc

A

\
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What the dependencies look like
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Conclusion

Conclusion
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Conclusion

Conclusion

@ empirical

e universal vs. lineage-specific is not an absolute distinction, but a matter of degree
e some “classical” word-order correlation fall very close to the universal end

@ methodological
e important to fit statistical model across language-families
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Conclusion
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