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Strong inflection

‒ Vowel: drive ~ drove
kijk ~ keek

‒ Indo-European aspect

‒ On the decline

Weak inflection

‒ Dental suffix: kick ~ kick-ed
praat ~ praat-te

‒ Germanic innovation

‒ On the rise
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RESEARCH QUESTION

How could the weak inflection have grown to overthrow the 
strong inflection?



RESEARCH QUESTION

How could the weak inflection have grown to overthrow the 
strong inflection, given that

i. The weak inflection had to start from a position vastly 
inferior in both type and token frequency

(↔ Hare and Elman 1995; Yang 2002)

ii. The strong inflection was still clearly regular?

(↔ Colaiori et al. 2015; Pijpops and Beuls 2015)



SLIDE TITLE

AI-Lab5



PROPOSALS

1. General applicability of the dental suffix

2. Restrictions on the strong system

3. Desintegration of the strong system

(Ball 1968: 164; Bailey 1997: 17)
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PROPOSALS

1. General applicability of the dental suffix

2. Restrictions on the strong system

3. Desintegration of the strong system

⇨ Desintegration of the strong system may be result, 
rather than cause



WHY AN AGENT-BASED MODEL (AND NOT ONE OF 
ITERATED LEARNING?)

‒ General applicability is usage property

‒ Usage-based view on language change (Croft 2000, Bybee 2010)

‒ Language as a Complex Adaptive System (Gilbert 2008, Beckner et al. 2008)

 Models of iterated learning focus on the acquisition of the 
Germanic past tense, as a case study of language 
acquisition in general:

Rumelhart and McClelland (1986), Pinker and Prince (1988), Macwhinney and Leinbach (1991), Plunkett and
Marchman (1991, 1993), Ling and Marinov (1993), Hare & Elman (1995), Marcus et al. (1995), Plunkett and Juola
(1999), Taatgen and Anderson (2002), Yang (2002), van Noord (2015)



What do we put in?

– Single, generally applicable weak suffix vs. multiple 
strong classes

– Weak suffix starts inferior in type and token frequency 
to any individual ablaut class

– Verbs show a realistic (Zipfian) frequency distribution

– Agents are gradually replaced



What do we NOT put in?

– Any restrictions on the strong system: each verb can be 
conjugated strongly

– Any irregular verbs, or ways to become irregular

– Any other possible advantage to the weak inflection

↳ Agents will never forget strong verb forms   (↔ Taatgen and Anderson 2002: 124)

↳ No advantage of linear segmentability: Hearers recognize equally 
easy

sing-ed ‘sing + PAST’

s-ou-ng ‘sing + PAST’

↳ No social structure or social preference

⇨ Explicitly unrealistic



Keep It Simple Stupid (Landsbergen 2009: 18-19)

‒ Only finite past tenses

‒ No influence of phonetic resemblance



Evaluation criteria

1. Rise of the Weak Inflection (Carroll et al. 2012; Cuskley et al. 2014)

2. Gradual Rise (Cuskley et al. 2014)

3. Conserving Effect (Bybee 2006: 715; Lieberman et al. 2007)

4. Class Resilience (Mailhammer 2007; Carroll et al. 2012: 163-164)

⇨ Emergence should not be dependent on specific parameter settings

⇨ Define AND delimit



IMPLEMENTATIONAL LEVEL

Strong vowel alternations: extracted from Corpus of Spoken Dutch

I ij → ee krijg → kreeg

II-a ie → oo vlieg → vloog

II-b ui → oo kruip → kroop

III-a i → o vind → vond

III-b e → o trek → trok

III-c e → ie sterf → stierf

IV/V-a ee → a geef → gaf

V-b i → a zit → zat

VI aa → oe draag → droeg

VII-a aa → ie laat → liet

VII-b a → i hang → hing



Verbs: extracted from Corpus of Spoken Dutch 

(all can be conjugated strongly, no irregulars, realistic frequency distribution)

‒ vinden 1518

‒ zitten 1157

‒ krijgen 359

‒ liggen 208

‒ …

‒ stinken 11

‒ dragen 11

‒ eten 10

‒ …

‒ bidden 1



dragen

Speaker

Lexicon

vinden vond 526

zitten zat 201

…

dragen droeg 9

draagde 1

16

World

Events Chance of

occurrence

vinden 34%

zitten 26%

… …

stinken 0.2%

dragen 0.2%

… …

bidden 0.02%

‘droeg’ 90%

‘draagde’ 10%



dragen
‘droeg’

Speaker

Lexicon

vinden vond 526

zitten zat 201

…

dragen droeg 9

draagde 1

Hearer

‘droeg’ +1

aa → oe +1
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Events Chance of
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zitten 26%

… …

stinken 0.2%

dragen 0.2%

… …

bidden 0.02%

‘droeg’ 90%

‘draagde’ 10%



dragen
‘droeg’

Speaker

Lexicon

vinden vond 526

zitten zat 201

…

Hearer

‘droeg’ +1

aa → oe +1

Grammar

I ij → ee 250

II-a ie → oo 100

…

VI aa → oe 110

VII-a aa → ie 60

…

weak +de/+te 30

Not found

‘droeg’ 55%

‘drieg’ 30%

‘draagde’ 15%

Grammar implemented using Fluid 

Construction Grammar, see Steels 

(2011) and van Trijp et al. (2012) 18

World

Events Chance of

occurrence

vinden 34%

zitten 26%

… …

stinken 0.2%

dragen 0.2%

… …

bidden 0.02%



dragen
‘…’

Speaker

Lexicon

vinden vond 526

zitten zat 201

…

Hearer

‘…’

… → … 

Grammar

I ij → ee 250

II-a ie → oo 100

…

Not found
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World

Events Chance of

occurrence

vinden 34%

zitten 26%

… …

stinken 0.2%

dragen 0.2%

… …

bidden 0.02%

Not found

Nothing happens:

Communication fails



‘…’

Speaker

Lexicon

Hearer

‘…’

… → … 

Grammar

Not found
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World

Events Chance of

occurrence

vinden 34%

zitten 26%

… …

stinken 0.2%

dragen 0.2%

… …

bidden 0.02%

Not found

Nothing happens:

Communication fails



LET’S RUN A SIMULATION!

Starting situation: only strong classes

‒ All starting agents know perfectly how to
conjugate each verb

‒ Have access to all strong classes

Lexicon

vinden vond 1518

zitten zat 1157

…

dragen droeg 11

…

bidden bad 1



– Either both competing classes 
hold each other in balance

– Or the initially most frequent one
prevails

22

RESULTS: COMPETING STRONG CLASSES



Starting position of the weak inflection

 Take the starting position of the feeblest strong class, 
i.e. III-c (e → ie)

‒ Inferior in type & token frequency to any other class

‒ Direct competition with more frequent III-b class (e → o)

‒ Went extinct in the previous simulation

RESULTS: BRING IN THE WEAK INFLECTION



“…”

Speaker

Lexicon

vinden vond 1518

zitten zat 1157

…

trekken trok 23

…

sterven stierf 10

…

Hearer

“..” +1

… → … +1

Grammar

I ij → ee 879

II-a ie → oo 43

II-b ui → oo 32

III-a i → o 1633

III-b e → o 33

III-c e → ie 10

VI/V-a ee → a 239

Vb i → a 1366

VI aa → oe 185

VII-a aa → ie 65

VII-b a → I 34

Not found

Not found

Nothing happens:

Communication fails
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World
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vinden 34%

zitten 26%

… …

stinken 0.2%

dragen 0.2%

… …

bidden 0.02%



“…”

Speaker

Lexicon

vinden vond 1518

zitten zat 1157

…

trekken trok 23

…

sterven sterfde 10

…

Hearer

“..” +1

… → … +1

Grammar

I ij → ee 879

II-a ie → oo 43

II-b ui → oo 32

III-a i → o 1633

III-b e → o 33

weak +de/te 10

VI/V-a ee → a 239

Vb i → a 1366

VI aa → oe 185

VII-a aa → ie 65

VII-b a → I 34

Not found

Not found

Nothing happens:

Communication fails
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World

Events Chance of

occurrence

vinden 34%

zitten 26%

… …

stinken 0.2%

dragen 0.2%

… …

bidden 0.02%

Only difference with the III-c 

class is that the weak suffix 

can in principle be applied to 

all verbs



Token frequency

Type frequency

1. Rise of the 

Weak Inflection

2. Gradual Rise
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3. Conserving Effect

Weak type 

frequency



4. Class Resilience



EFFECTS OF THE PARAMETERS

 Number of agents: more agents, slower rise

 Replacement rate: lower replacement rate, slower rise

⇨ Emergence of the evaluation criteria is not dependent upon 
specific parameter settings

⇨ To kill off the weak inflection, the replacement rate needs to be
set extremely high



CONCLUSIONS

• The only thing that set the weak inflection apart from
the strong classes in our simulation was its general
applicability

• This suffices to explain

1. Rise of the Weak Inflection

2. Gradual Rise

3. Conserving Effect

4. Class Resilience



CAUSES OF THE RISE OF THE WEAK INFLECTION

1. General applicability of the dental suffix

2. Restrictions on the strong system

3. Desintegration of the strong system

(Ball 1968: 164; Bailey 1997: 17)



FUNCTIONAL ADVANTAGE OF GENERAL APPLICABILITY: IT’S REAL
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FOR FURTHER INFORMATION

Pijpops, Dirk, Katrien Beuls and Freek Van De Velde. 2015. The rise of the 
verbal weak inflection in Germanic. An agent-based model. 
Computational Linguistics in the Netherlands Journal 5. 81–102.

Tutorials FCG: https://www.fcg-net.org/tutorial/lectures/

Babel2 Software for evolutionary experiments: http://emergent-
languages.org/Babel2/index.html

Summerschool (Lake Como): http://caes.lakecomoschool.org/

https://www.fcg-net.org/tutorial/lectures/
http://emergent-languages.org/Babel2/index.html
http://caes.lakecomoschool.org/
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