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Case alignment systems

Universal syntactic-semantic primitives

three universal core roles
S: intransitive subject
A: transitive subject
O: transitive object
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Case alignment systems

Alignment systems

Accusative
system

S

A
O

nominative

accusative

Latin

Puer puellam vidit.
boy.NOM girl.ACC saw 'The boy saw the girl.'

Puer venit.
boy.NOM came 'The boy came.'
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Case alignment systems

Alignment systems

Ergative
system

S

A O

ergative

nominative
(absolutive)

Dyirbal

ŋuma yabu-ŋgu bura-n.
father mother.ERG see-NONFUT
'The mother saw the father.'

ŋuma banaga-nu.
boy.NOM came 'The boy came.'
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Case alignment systems

Alignment systems

Neutral
system

S

A O

nominative

Mandarin

rén lái le.
person come CRS
'The person has come.'

zhāngsān mà lĭsì le ma.
Zhangsan scold Lisi CRS Q
'Did Zhangsan scold Lisi?'
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Case alignment systems

Differential case marking

many languages have mixed systems
e.g., some NPs have accusative and some have neutral paradigm, such as Hebrew
(1) Ha-seret her?a ?et-ha-milxama

the-movie showed acc-the-war
‘The movie showed the war.’

(2) Ha-seret her?a (*?et-)milxama
the-movie showed (*acc-)war
‘The movie showed a war’
(from Aissen, 2003)
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Case alignment systems

Differential case marking
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Case alignment systems

Functional explanation?
probability P(syntactic role|prominence of NP)
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Case alignment systems

A note on terminology

A is prominent A is non-prominent O is prominent O is non-prominent
e(rgative) e(rgative) a(ccusative) a(ccusative)

e e a z(ero)
e e z a
e e z z
e z a a
· · · · · · · · · · · ·
z e z z
z z a a
z z a z
z z z a
z z z z
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Case alignment systems

A note on terminology

actually attested:
1 zzzz: no case marking
2 zzaa: non-differential object marking
3 zzaz: harmonic differential object marking
4 ezzz: non-differential subject marking
5 zeaz: split ergative
6 eeaz: non-differential subject marking plus differential object marking
7 ezzz: dis-harmonic differential subject marking
8 zezz: harmonic differential subject marking
9 zeaa: harmonic differential subject marking plus non-differential object marking
10 zzza: dis-harmonic differential object marking
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Empirical distribution

Empirical distribution
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Empirical distribution

Bickel et al.’s (2015) sample

genetically diverse sample of 460 case
marking systems
used here: 368 systems

one system per language
only languages with ISO code
only languages present in ASJP

2 out of 333 systems (99.4%) are obey
the Silverstein hierarchy (not counting
inconsistent states)
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Empirical distribution

Phylogenetic non-independence

languages are phylogenetically structured
if two closely related languages display the same pattern, these are not two independent
data points

⇒ we need to control for phylogenetic dependencies
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Empirical distribution

Phylogenetic non-independence
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Empirical distribution

Phylogenetic non-independence

Maslova (2000):
“If the A-distribution for a given typology cannot be as-
sumed 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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The phylogenetic comparative method

Modeling language change

Markov process
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The phylogenetic comparative method

Modeling language change

Markov process Phylogeny
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The phylogenetic comparative method

Modeling language change

Markov process Phylogeny

Branching process
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The phylogenetic comparative method

Estimating rates of change

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

... transition rates and ancestral states can be estimated based on Markov model

Gerhard Jäger (Tübingen) Typologies in equilibrium University of Zurich, March 15, 2018 19 / 77



The phylogenetic comparative method

Estimating rates of change
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Inferring a world tree of languages

Inferring a world tree of languages
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Inferring a world tree of languages

From words to trees

word alignments

cognate classes

character matrix

phylogenetic
tree

sound
similarities

Swadesh lists

training
pair-Hidden Markov Model

applying
pair-Hidden Markov Model

classification/
clustering

feature extraction

Bayesian
phylogenetic

inference
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Cases in equilibrium

Cases in equilibrium
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Cases in equilibrium

Phylogenetic trees for the case data

for 16 Glottolog language families, there are at least five languages in the intersection of
Bickel’s with the ASJP data (Afro-Asiatic, Atlantic-Congo, Austroasiatic, Austronesian,
Cariban, Dravidian, Indo-European, Muskogean, Nakh-Daghestanian, Nuclear Trans-New
Guinea, Pama-Nyungan, Salishan, Sino-Tibetan, Tucanoan, Turkic, Uto-Aztecan)
for each of these families, I inferred a posterior distribution of 1,000 trees (using ASJP
character data with MrBayes) to reflect uncertainty in tree structure and branch length
Glottolog tree was used as constraint tree
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Cases in equilibrium

Phylogenetic trees for the case data
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Cases in equilibrium

Estimating transition rates

totally unrestricted model, all 90
transition rates are estimed
independently
implementation using RevBayes
(Höhna et al., 2016)
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Cases in equilibrium

Reconstructing change events

using the inferred parameters, it
can be estimated how many
state changes must have
occurred, given what we know
about the phylogenies and the
states of extant languages
implemented using SIMMAP
algorithm (stochastic character
mapping, Bollback 2006)

zzzz zzaa zzaz eezz zeaz eeaz ezzz zezz zeaa zzza
zzzz - 9.1 25.0 11.6 0.7 1.2 0.4 0.7 0.5 0.5
zzaa 6.9 - 4.1 2.2 0.7 1.6 0.4 0.6 0.4 0.3
zzaz 14.9 5.7 - 3.3 0.6 1.2 0.6 0.6 0.5 0.4
eezz 4.7 2.9 2.8 - 5.0 5.2 0.6 5.9 0.6 0.4
zeaz 1.0 1.3 0.8 4.9 - 1.4 0.3 2.3 2.1 0.3
eeaz 2.4 2.4 2.3 6.6 1.7 - 0.3 0.8 0.3 0.3
ezzz 0.8 0.6 0.7 0.8 0.3 0.4 - 0.4 0.2 0.1
zezz 1.1 0.8 0.8 1.9 0.9 0.8 0.2 - 0.3 0.2
zeaa 0.7 0.7 0.4 0.7 0.9 0.4 0.2 0.4 - 0.1
zzza 0.4 0.5 0.6 0.6 0.3 0.4 0.2 0.4 0.2 -
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Cases in equilibrium

Refining the model

These numbers suggest that almost all inferred changes are of the following type:
gaining or losing object marking
gaining or losing subject marking
gaining or losing object marking on prominent objects
gaining or losing subject marking on prominent objects
gaining or losing object marking on non-prominent objects
gaining or losing subject marking on non-prominent objects
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Cases in equilibrium

Refining the model

zeaa zzaz

zzaa

zzza

zzzzzeaz

eeaz zezz

eezz

ezzz
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Cases in equilibrium

Refining the model

zzzz zzaa zzaz eezz zeaz eeaz ezzz zezz zeaa zzza

zzzz - 9.1 25.0 11.6 0.7 1.2 0.4 0.7 0.5 0.5
zzaa 6.9 - 4.1 2.2 0.7 1.6 0.4 0.6 0.4 0.3
zzaz 14.9 5.7 - 3.3 0.6 1.2 0.6 0.6 0.5 0.4
eezz 4.7 2.9 2.8 - 5.0 5.2 0.6 5.9 0.6 0.4
zeaz 1.0 1.3 0.8 4.9 - 1.4 0.3 2.3 2.1 0.3
eeaz 2.4 2.4 2.3 6.6 1.7 - 0.3 0.8 0.3 0.3
ezzz 0.8 0.6 0.7 0.8 0.3 0.4 - 0.4 0.2 0.1
zezz 1.1 0.8 0.8 1.9 0.9 0.8 0.2 - 0.3 0.2
zeaa 0.7 0.7 0.4 0.7 0.9 0.4 0.2 0.4 - 0.1
zzza 0.4 0.5 0.6 0.6 0.3 0.4 0.2 0.4 0.2 -
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Cases in equilibrium

Refining the model

next step: re-estimate
parameters with a priori
assumptions that only the 36
(out of 90) rates consistent with
the generalizations are > 0

Bayesian model comparison:
∆AICM = 20.8 in favor of the
restricted model
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Cases in equilibrium

Refining the model

re-estimated SIMMAP counts

zzzz zzaa zzaz eezz zeaz eeaz ezzz zezz zeaa zzza
zzzz - 11.0 31.2 17.0 0.0 0.0 0.8 1.2 0.0 0.8
zzaa 11.5 - 7.2 0.0 0.0 0.0 0.0 0.0 0.7 0.6
zzaz 18.1 11.3 - 0.0 1.0 3.8 0.0 0.0 0.0 0.0
eezz 9.9 0.0 0.0 - 0.0 11.3 1.0 8.2 0.0 0.0
zeaz 0.0 0.0 1.1 0.0 - 2.3 0.0 6.1 4.2 0.0
eeaz 0.0 0.0 5.3 10.5 4.6 - 0.0 0.0 0.0 0.0
ezzz 1.2 0.0 0.0 1.2 0.0 0.0 - 0.0 0.0 0.0
zezz 1.3 0.0 0.0 9.0 4.3 0.0 0.0 - 1.1 0.0
zeaa 0.0 2.5 0.0 0.0 1.6 0.0 0.0 1.0 - 0.0
zzza 0.9 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -
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Cases in equilibrium

Refining the model

numbers suggested that transition no subect marking → differential subject marking is
highly unlikeliy

zzzz zzaa zzaz eezz zeaz eeaz ezzz zezz zeaa zzza

zzzz - 11.0 31.2 17.0 0.0 0.0 0.8 1.2 0.0 0.8
zzaa 11.5 - 7.2 0.0 0.0 0.0 0.0 0.0 0.7 0.6
zzaz 18.1 11.3 - 0.0 1.0 3.8 0.0 0.0 0.0 0.0
eezz 9.9 0.0 0.0 - 0.0 11.3 1.0 8.2 0.0 0.0
zeaz 0.0 0.0 1.1 0.0 - 2.3 0.0 6.1 4.2 0.0
eeaz 0.0 0.0 5.3 10.5 4.6 - 0.0 0.0 0.0 0.0
ezzz 1.2 0.0 0.0 1.2 0.0 0.0 - 0.0 0.0 0.0
zezz 1.3 0.0 0.0 9.0 4.3 0.0 0.0 - 1.1 0.0
zeaa 0.0 2.5 0.0 0.0 1.6 0.0 0.0 1.0 - 0.0
zzza 0.9 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -

Gerhard Jäger (Tübingen) Typologies in equilibrium University of Zurich, March 15, 2018 32 / 77



Cases in equilibrium

Refining the model

zeaa zzaz

zzaa

zzza

zzzzzeaz

eeaz zezz

eezz

ezzz
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Cases in equilibrium

Refining the model

further re-estimation of
parameters with further
restricted model
∆AICM = 8.7 in favor of smaller
model
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Cases in equilibrium

The fitted model

zeaa zzaz

zzaa

zzza

zzzzzeaz

eeaz zezz

eezz

ezzz

11.2

20.4

7.3

0.4
1.2

1.4

10.6

11.4
1.9

0.5

31.1

8.1

0.6

5.4

18.5

11,2 0.7
7.5

5.8

0.8

4.5

13.2

1.8

0.8
9.9

5.5

1.1
3.9

3.6

1.2

0.8

0.6

Gerhard Jäger (Tübingen) Typologies in equilibrium University of Zurich, March 15, 2018 35 / 77



Cases in equilibrium

Equilibrium probabilities

Empirical vs. estimated percentages
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Cases in equilibrium

Equilibrium probabilities
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Cases in equilibrium

Intermediate summary

only four patterns occur with more than 10% equilibrium probability:
differential object marking
no case marking
non-differential object marking
non-differential subject marking

patterns inconsistent with Silverstein hierarchy only have joint equilibrium probability of
4% (HDI: [0.3%, 9.4%])
ergative systems (including mixed ergative/accusative systems) have equilibrium
probability of 23% (HDI: [10%, 39%])
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Major word orders

Major word orders
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Major word orders

Statistics of major word order distribution
data: WALS intersected with ASJP
1,045 languages, 211 lineages, 32 families with at least 5 languages

Raw numbers

SOV SVO VSO VOS OVS OSV
491 442 79 19 11 3

47.0% 42.3% 7.6% 1.8% 1.1% 0.3%

0

250

500

750

1000

1

frequency

pattern
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SVO
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VOS

OVS

OSV

by language

Weighted by lineages

SOV SVO VSO VOS OVS OSV
139.1 49.3 11.8 4.7 4.5 0.8
66.3% 23.4% 5.6% 2.2% 2.1% 0.4%
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Major word orders

Previous approaches

Gell-Mann and Ruhlen (2011):
Proto-world was SOV
general pathway: SOV → SVO ↔ VSO/VOS
minor pathway: SOV → OVS/OSV
exceptions due to diffusion

Ferrer-i-Cancho (2015):

permutation circle

SOV

SVO

VSO

VOS

OVS

OSV

transition probability inversely related to path length
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Major word orders

Previous approaches
Maurits and Griffiths (2014):

Bayesian rate estimation, based on five families and NJ-trees
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Major word orders

Workflow

(data from all 32 families with ≥ 5 languages in data base)
estimate posterior tree distributions with MrBayes for each family, using Glottolog as
constraint tree
test whether universal or lineage-specific model gives a better fit
estimate transition rates with best model
estimate stationary distribution of major word order categories
apply stochastic character mapping (SIMMAP; Bollback 2006)
estimate expected number of mutations for each transition type
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Major word orders

Estimating posterior tree distributions

using characters extracted from ASJP data (Jäger 2018)
Glottolog as constraint tree
Γ-distributed rates
ascertainment bias correction
relaxed molecular clock (IGR)
uniform tree prior
stop rule: 0.01, samplefreq=1000
if convergence later than after 1,000,000 steps, sample 1,000 trees from posterior
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Major word orders

Rate estimation

Unrestricted model
SOV SVO VSO VOS OVS OSV

SOV − r1 r2 r3 r4 r5
SVO r6 − r7 r8 r9 r10
VSO r11 r12 − r13 r14 r15
VOS r16 r17 r18 − r19 r20
OVS r21 r22 r23 r24 − r25
OSV r26 r27 r28 r29 r30 −

Fitting a separate unrestricted model for each family is preferred with a Bayes Factor 120,
so there is actually little evidence for a universal dynamics
in line with the literature, I will nevertheless assume that all lineages have the same
underlying dynamics
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Major word orders

Fitted rates
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Major word orders

Rate estimation

GTR model

SOV SVO VSO VOS OVS OSV

SOV − r1π2 r2π3 r3π4 r4π5 r5π6
SVO r1π1 − r6π3 r7π4 r8π5 r9π6
VSO r2π1 r6π2 − r10π4 r11π5 r12π6
VOS r3π1 r7π2 r10π3 − r13π5 r14π6
OVS r4π1 r8π2 r11π3 r13π4 − r15π6
OSV r5π1 r9π2 r12π3 r14π4 r15π5 −

Bayes factor in favor of GTR model: 13

Gerhard Jäger (Tübingen) Typologies in equilibrium University of Zurich, March 15, 2018 47 / 77



Major word orders

Rate estimation

GTR model: fitted values (mean posterior) per 1,000 units of time

SOV SVO VSO VOS OVS OSV

SOV −6.67 4.14 0.63 0.29 1.32 0.29
SVO 5.83 −19.18 8.03 4.02 0.88 0.43
VSO 2.09 19.05 −25.75 2.91 1.33 0.37
VOS 2.64 26.10 7.95 −38.48 1.40 0.39
OVS 18.15 8.58 5.49 2.11 −34.71 0.39
OSV 15.71 16.68 5.95 2.11 1.53 −41.99

SOV SVO VSO VOS OVS OSV
45.2% 32.2% 13.6% 5.0% 3.3% 0.8%
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Major word orders

Rate estimation

Equilibrium probabilities (posterior
distribution)

raw frequencies

weighted by lineage

Stability (posterior distribution)
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Major word orders

Rate estimation
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Major word orders

Reconstruction history with SIMMAP

estimated frequency of mutations within the 32 families under consideration (posterior
mean, 100 iterations)

SOV SVO VSO VOS OVS OSV

SOV − 16.55 2.51 0.15 3.26 0.04
SVO 15.89 − 17.28 11.34 1.31 1.02
VSO 1.29 14.11 − 2.02 1.03 0.03
VOS 0.11 5.22 1.54 − 0.06 0.00
OVS 2.33 0.63 0.28 0.01 − 0.03
OSV 0.07 0.27 0.04 0.00 0.00 −
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Major word orders

Inconsistent with Ramon-i-Ferrer’s model

SOV SVO VSO VOS OVS OSV

SOV − 16.55 2.51 0.15 3.26 0.04

SVO 15.89 − 17.28 11.34 1.31 1.02
VSO 1.29 14.11 − 2.02 1.03 0.03
VOS 0.11 5.22 1.54 − 0.06 0.00

OVS 2.33 0.63 0.28 0.01 − 0.03

OSV 0.07 0.27 0.04 0.00 0.00 −
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Major word orders

Inconsistent with Gell-Mann and Ruhlen’s model

SOV SVO VSO VOS OVS OSV

SOV − 16.55 2.51 0.15 3.26 0.04

SVO 15.89 − 17.28 11.34 1.31 1.02
VSO 1.29 14.11 − 2.02 1.03 0.03
VOS 0.11 5.22 1.54 − 0.06 0.00

OVS 2.33 0.63 0.28 0.01 − 0.03
OSV 0.07 0.27 0.04 0.00 0.00 −
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: SVO → VOS
Austronesian: 8 such mutations expected
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: SVO → VOS

Arawakan: 1 such mutation expected
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: SVO → VOS

Austroasiatic: 1 such mutation expected
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: SVO → VOS

Otomanguean: 1 such mutation expected
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: VOS → SVO
3.9 mutations such expected in Austronesian
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: SOV → VSO

Uto-Aztecan: 1.8 such mutatations expected
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: SOV → VSO

Tucanoan: 0.5 such mutatations expected
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: SOV → OVS

Tucanoan: 1 such mutatations expected
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: SOV → OVS

Cariban: 1 such mutatations expected
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: SOV → OVS

Tupian: 1 such mutatations expected
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: OVS → SOV

Cariban: 1.3 such mutatations expected
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: VSO → SOV

Uto-Aztecan: 0.8 such mutatations expected
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Major word orders

Counterexamples to Ramon-i-Ferrer’s model: SVO → OVS

Nilotic: 0.9 such mutatation expected
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Major word orders

Additional counterexamples to Gell-Mann & Ruhlen’s model:
SVO → SOV
Austronesian: 3 such mutatations expected
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Major word orders

Additional counterexamples to Gell-Mann & Ruhlen’s model:
SVO → SOV
Arawakan: 2 such mutatations expected
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Major word orders

Additional counterexamples to Gell-Mann & Ruhlen’s model:
SVO → SOV
Indo-European: 2 such mutatations expected
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Major word orders

Additional counterexamples to Gell-Mann & Ruhlen’s model:
SVO → SOV
Afro-Asiatic: 1.6 such mutatations expected
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Major word orders

Additional counterexamples to Gell-Mann & Ruhlen’s model:
SVO → SOV
Uralic: 1.4 such mutatations expected
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Major word orders

Additional counterexamples to Gell-Mann & Ruhlen’s model:
SVO → SOV
Pama-Nyungan: 1.2 such mutatations expected
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Major word orders

Additional counterexamples to Gell-Mann & Ruhlen’s model:
SVO → SOV
Atlantic-Congo: 1 such mutatations expected
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Major word orders

Additional counterexamples to Gell-Mann & Ruhlen’s model:
SVO → SOV
Austroasiatic: 0.9 such mutatations expected
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Major word orders

Additional counterexamples to Gell-Mann & Ruhlen’s model:
SVO → SOV
Nuclear Toricelli: 0.9 such mutatations expected
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Major word orders

Additional counterexamples to Gell-Mann & Ruhlen’s model:
SOV → VSO
Uto-Aztecan: 1.8 such mutatations expected
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Major word orders

Summary

no evidence for general preference of SOV → SVO over the reverse
SVO is currently over-represented due to recent spread of Austronesian and
Atlantic-Congo, but not excessively so
multiple counter-evidence to Ramon-i-Ferrer’s and Gell-Mann & Ruhlen’s models
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