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Outline

Background

• Language as a Complex Adaptive System

• Non-native speakers (L2) as drivers of language change

Statistical Modeling

• Case marking and L2 speaker proportions

• Lexical diversity and L2 speaker proportions

Conclusions
• Problems and future directions
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Language as a Complex Adaptive System

”The structures of language emerge from interrelated patterns
of experience, social interaction, and cognitive mechanisms.”
(Beckner et al., 2009)

Linguistic Niche Hypothesis

”The level of morphological specification is a product of
languages adapting to the learning constraints [...] of the speaker
population. Complex morphological paradigms [...] present
particular learning challenges for adult learners [...]”
(Lupyan & Dale, 2010)

Earlier studies

Gell-Mann, 1992; Croft, 2000; Kirby & Hurford, 2002; Ritt, 2004;
Christiansen & Chater, 2008
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Collecting L2 Data
Project with Søren Wichmann, Bodo Winter
(at MPI for Evolutionary Anthropology)

Dataset of L2 and L1 numbers for 231 languages (56 families, 27 regions)
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L2 Data Distribution
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Case Marking and L2 Ratios (Bentz & Winter, 2013)

Why case marking?

• case marking is hard to learn for adults, irrespective of
whether their native languages employ case or not
(Papadopoulou et al., 2011)

• there is psycholinguistic evidence for case reduction (Gürel,
2000; Haznedar, 2006)

• there is historical, qualitative evidence for case loss
(Trudgill, 2011; Herman& Wright, 2000)

Christian Bentz cb696@cam.ac.uk — Lexical diversity

8/46



dept . o f theoret i ca l and app l i ed l i ngu i s t i c s

Case Marking and L2 Ratios (Bentz & Winter, 2013)

Why case marking?

• case marking is hard to learn for adults, irrespective of
whether their native languages employ case or not
(Papadopoulou et al., 2011)

• there is psycholinguistic evidence for case reduction (Gürel,
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Papadopoulou et al., 2011

• Case marking by Greek native speakers learning Turkish as L2

• ”Cloze task” with gaps in text
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Case marking in the World Atlas of Language Structures (Dryer&
Haspelmath, 2011)
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Statistical Model: Data Overlap

L2 Data (231 languages)

WALS (261 languages)

66 languages
26 families
16 regions
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Statistical Models

Two separate models:

• a) Are languages without case those languages with higher
L2 percentages?

• b) Do languages with more L2 speakers have fewer case
paradigms?
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Model A

Case as a binary variable (case/no case)

• requires logistic regression (binary dependent/outcome
variable)

• Requires mixed-effects (random and fixed effects) due to
non-independence of data points (family and area clusters)
(Baayen et al., 2008; Bates et al., 2014; Bickel & Nichols,
2009; Jäger et al., 2011)

• Model specification:
P(yi = 1) = f −1(α0 + αjki + (β0 + βjki )× xi + ejki )
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WALS Chapter 49: Number of Cases
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Model A: Outcome

Are languages
without case those
languages with higher
L2 percentages?
-Yes.

Statistical
Significance
coefficient estimates:
-6.57± 2.03;
p = 0.00014
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Model B

Case as a continuous variable (no case, 2 cases, 3 cases, etc.)

• requires Poisson or negative binomial regression
(continuous dependent/outcome variable)

• Requires mixed-effects (random and fixed effects) due to
non-independence of data points (family and area clusters)
(Baayen et al., 2008; Bates et al., 2014; Bickel & Nichols,
2009; Jäger et al., 2011)
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Model B: Outcome

Are languages with
fewer cases those
languages with higher
L2 percentages?
-Yes.

Statistical
Significance
coefficient estimates:
-3.6± 1.06;
p = 0.00062
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Case Marking: Conclusions

• Languages with more L2 speakers tend to have fewer cases or
no case marking at all (in our sample)

• These trends hold even if family and areal relationships are
accounted for
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General Problems
• WALS chapters are only very coarse grained descriptions of

linguistic structures

• They tell us nothing about the actual productivity of
morphological markers

• overall morphological productivity in a language is driven by a
multitude of different markers
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Example: German cases

• According to WALS German has four nominal cases (Nom,
Acc, Dat, Gen)

• But there is a lot of case syncretism for individual noun
declensions

• Frequencies of case marked forms might differ strongly
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Case Syncretism

Word Frequencies (CELEX)
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Towards a cross-linguistic measure of morphological
productivity

• Data: whole corpora with constant information content
(parallel texts)

• Method: frequency distributions across languages

Christian Bentz cb696@cam.ac.uk — Lexical diversity

22/46



dept . o f theoret i ca l and app l i ed l i ngu i s t i c s

Measuring overall morphological productivity in corpora

Frequency distributions: Order types (word forms delimited by white
spaces) according to their token frequencies (Zipf,1932,1949)
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What drives differences in frequency distributions?

Experiment:

• Balanced Parallel Corpus of English and German (ca. 10000
words; OpenSubTitles, Europarl, Bible, UDHR)

• Remove successively: Inflections, derivations, compounds,
clitics

• Compute the percentage of change in frequency difference
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Example:

German inflections
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What drives differences in frequency distributions?

• inflectional morphology: ca. 48% (also Bentz et al., 2014)

• derivational morphology: ca. 28%

• compounds: ca. 15%

• clitics: ca. 4%

• others (base vocabulary, orthography, etc.): ca. 5%
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Morphological productivity and lexical diversity

Finding: Productive morphology creates new word types, more
low frequency items, and hence high lexical diversity

⇓ ⇓ ⇓

We can use lexical diversity measures as proxy for overall
morphological productivity (Bentz et al., 2014; Popescu et al.,
2009; Ha et al., 2006)
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Lexical diversity
measures
• Zipf-Mandelbrot’s α

• Shannon entropy (H)

• Type-Token Ratios
(TTR)
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Quantitative measures

Shannon entropy
(Shannon & Weaver,
1949)

H = −K
k∑

i=1

pi×log2(pi )

pi : frequency of wi
total number of tokens
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Lexical diverstiy measures

Productive morphology creates higher lexical diversity
→ higher entropy (higher uncertainty)
→ higher type-token ratios
→ lower ZM’s α
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Lexical Diversity Space

369 texts the
Universal Declaration
of Human Rights
(UDHR)

Altaic
Indo-European
Creole
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Statistical Model

• Are languages with higher lexical diversities (i.e. higher
morphological productivity) those languages with lower L2
proportions?
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Statistical Model

Lexical diversity measures as continuous variables

• requires linear regression:
continuous dependent/outcome variables: α,H,TTR
continuous predictors: L2 proportions (fixed effect)

• requires mixed-effects (random and fixed effects) due to
non-independence of data points (family and area clusters)
(Baayen et al., 2008; Bates et al., 2014; Jäger et al., 2011)
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Statistical Model: Data Overlap

L2 Data (231 languages)

UDHR (369 languages)

81 languages
20 families
15 regions
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Results
All coefficients point in the right direction. However, only coefficients for
H and TTR are significant
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L2 effect across families and regions
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Lexical diversity: Conclusions

• Languages with more L2 speakers tend to have lower lexical
diversity (at least in the UDHR)

• These trends hold even if family and areal relationships are
accounted for
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Problems

• Correlation is not causation (Roberts & Winters,
2012,2013) → but there is independent psycholinguistic and
historical evidence.

• Synchronic data and diachronic implications →
Diachronic study on frequency distributions in Old English
and Modern English (Bentz et al., 2014)

• Parallel texts use doculects → Frequency distributions
show similar behavior with regards to inflection across
different types of texts (Bentz et al., 2014; Corral et al.
,2014; Popescu et al., 2009; Ha et al., 2006)
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Diachronic study on frequency distributions in Old English
and Modern English (Bentz et al., 2014)

• Parallel texts use doculects → Frequency distributions
show similar behavior with regards to inflection across
different types of texts (Bentz et al., 2014; Corral et al.
,2014; Popescu et al., 2009; Ha et al., 2006)
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Geographical Distribution of Lexical Diversity

Parallel Bibel Corpus (ca. 800 languages; Mayer & Cysouw, 2014)

Lexical diversity seems lower around the equator. - Why?
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Geographical Distribution of Lexical Diversity

Language Families
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Geographical Distribution of Lexical Diversity

(?) Population Density → More Contact → Lower Lexical Diversity (?)
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Questions

What is the relationship between language areas, families and
contact phenomena? What is cause and effect?

• family clustering ↔ linguistic structure

• areal clustering ↔ linguistic structure
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Conclusions

Our statistical analyses suggest:

• Languages with higher L2 proportions have fewer cases or
no case marking at all

• Languages with higher L2 proportions have lower lexical
diversities (at least when measured with entropy H or TTR)

• Both effects are stable across families and regions

• This is evidence that languages adapt to learning
constraints of speaker populations
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