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WHAT

Agent-based modeling is therefore an exceptionally ambitious 

undertaking, and the groups working in the field are often 

multidisciplinary All-Star teams composed of some of the best and 

brightest individuals in their respective professions.

- Nate Silver 

The Signal and the Noise, the Art and Science of Prediction, p. 228



WHAT

• Other types of computer simulations in science:

— Mathematical/physical simulations (e.g. Liska et al. 2019)

— Chemical/molecular simulations (e.g. Valverde 2001)

— Iterated learning simulations (e.g. Rumelhart & McClelland 1986, Pinker & 

Prince 1988)



WHAT

• Iterated learning simulations

— Investigate the outputs

— Goal: What does such an algorithm minimally require in order to yield realistic results, e.g. make 

realistic mistakes (U-shaped learning), cause long-term tendencies (weakening),…?
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WHAT

• Iterated learning simulations

— (Classic) generative perspective: only locus of language change is language acquisition

— Assumption that population is uniform: no need to model population

— Assumption that language use (after critical period) has no affect on language system: no need to 

model language use
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WHAT

• Iterated learning simulations

— Connectionism (neural network, deep learning) vs. symbolic rules (generative approaches)

— (Rumelhart and McClelland 1986; Pinker and Prince 1988; Macwhinney and Leinbach 1991; Plunkett 

and Marchman 1991; Ling and Marinov 1993; Plunkett and Marchman 1993; Plunkett and Juola

1999; van Noord and Spenader 2015)
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WHAT

• Agent-based simulations



WHAT

• Agent-based simulations

— Put multiple 'agents' in a world

— Have them perform localized tasks/give them localized goals

— They may collaborate/compete in these simple tasks (selfish)

— Behavior of one agent affects behavior of the others

— Agents are only aware of their direct environment

— Only researcher has a god's eye view



WHAT

• Agent-based simulations are used to model Complex Adaptive 

Systems, e.g.

— Termite behavior (Guerreiro et al. 2013)

— Traffic (Bazghandi 2012)

— The development of the internet (Dhamdher & Dovrolis 2009)

— The stock market (Brock, Hommes & Wagener 2009)

— ….



WHAT

• Usage-based linguists have argued that language is a complex adaptive system 

(Steels 2000, Beckner et al. 2009)

— Complex: has emergent traits

— Adaptive: changes in response to usage/environment

— System: exhibits systematicity



WHAT

• Usage-based linguists are turning to agent-based models to study 

how: 

— How language has evolved: Jaeger et al. (2009), Beuls & Steels (2013) (new 

question)

— How language changes: Landsbergen et al. (2010), Lestrade (2015), Bloem 

et al. (2015), Pijpops et al. (2015)

— Language evolution = language change: same mechanisms at work, e.g. 

grammaticalization, exaptation, reanalysis,…



WHAT

• Usage-based perspectives on language evolution/change

— Language as behavior, instead of pure cognition

— Language acquisition AND usage (after critical period) may affect language

— Population is not uniform 

⇒ Agent-based models of language



WHY

• Prove that an effect will emerge under certain assumptions

— Verbal weak inflection (Ockham's razor)

— Lectal contamination

• Formulate predictions that may then be tested empirically

— Lectal contamination



WHY

• NOT to try to build ultimately realistic simulations: doomed and useless

• NOT to study the simulations for the sake of the simulations: fact-free science (de 

Boer 2012) 



HOW

1. Define an effect to be generated OR define something to predict

2. Conceptual design: hardest step

— Which assumptions: be minimal

— How will these assumptions be implemented: be as precise as possible

— How will the model be evaluated

3. Implementation: easiest step



HOW

4. Evaluation

— Test extreme parameter settings one by one (getting a feel for the model)

— Get weird results: probably a bug, return to step 3

— Narrow down the parameter range in which something is happening

— Evaluate

5. Reverse engineer: remove assumptions one by one

6. Write paper



EXAMPLE: LECTAL CONTAMINATION

• Case study: Dutch partitive genitive [Indefinite pronoun + adjective (-s)]NP

— Iets leuk iets leuks 'something fun'

— Iets erg speciaal iets erg speciaals 'something very special'

— Veel bijzonder veel bijzonders 'a lot of special things'

— …

• What determines –s omission? 



EXAMPLE: LECTAL CONTAMINATION

p < 0.001, Cramér's V = 0.29

1435 953

153 477

with -s

without -s

Other factors:

• Type of adjective

• Register

• Pronoun

• Frequency



EXAMPLE: LECTAL CONTAMINATION

In general:

Typically Netherlandic strings:

variant with -s

Typically Belgian strings:

variant without -s

The Netherlands:

variant with -s

Belgium:

variant without -s



EXAMPLE: LECTAL CONTAMINATION

143 phrase types

Typically Netherlandic

wat boeiend(s)
iets bijzonder(s)
wat leuk(s)
iets leuk(s)
…

Neutral

weinig concreet(s)
iets zinnig(s)
iets spannend(s)
niets erg(s)
…

Typically Belgian

iets interessant(s)
niets speciaal(s)
iets deftig(s)
iets raar(s)
…



Typically

Netherlandic

Typically

Belgian

Neutral

533 1151 704

28
214 388

p < 0.001, kendall's τ = 0.27

with -s

without -s

EXAMPLE: LECTAL CONTAMINATION



EXAMPLE: LECTAL CONTAMINATION

In general:

Typically Netherlandic strings:

variant with -s

Typically Belgian strings:

variant without -s

The Netherlands:

variant with -s

Belgium:

variant without -s

Strings are stored 

as ready-mades:

Lexical biases 

become 

entrenched



Typically

Belgian

iets speciaal(s)

without -s

Typically 

Netherlandic

iets bijzonder(s)

without -s

>

Hears:

EXAMPLE: LECTAL CONTAMINATION

Produces:

P(without -s | iets speciaal(s) ) > P(without -s | iets bijzonder(s) )



EXAMPLE: LECTAL CONTAMINATION

In general:

Typically Netherlandic strings:

variant with -s

Typically Belgian strings:

variant without -s

The Netherlands:

variant with -s

Belgium:

variant without -s

Strings are stored 

as ready-mades:

Lexical biases 

become 

entrenched

Even within a single lect:

Typically Netherlandic strings:

variant with -s

Typically Belgian strings:

variant without -s



EXAMPLE: LECTAL CONTAMINATION

−𝑠 𝑎𝑏𝑠𝑒𝑛𝑐𝑒 ~ 𝐴𝑑𝑗𝑒𝑐𝑡𝑖𝑣𝑒𝑇𝑦𝑝𝑒 + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦 + 𝑅𝑒𝑔𝑖𝑠𝑡𝑒𝑟 + 𝑃𝑟𝑜𝑛𝑜𝑢𝑛

+ 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 + 1|𝑃ℎ𝑟𝑎𝑠𝑒

+ 𝐿𝑒𝑐𝑡𝑎𝑙𝑃𝑟𝑜𝑓𝑖𝑙𝑒 + 𝐶𝑜𝑢𝑛𝑡𝑟𝑦: 𝐿𝑒𝑐𝑡𝑎𝑙𝑃𝑟𝑜𝑓𝑖𝑙𝑒



EXAMPLE: LECTAL CONTAMINATION



EXAMPLE: LECTAL CONTAMINATION

• Conclusion: Belgian regiolect affected by Netherlandic use, and… Netherlandic

regiolect affected by Belgian language use

• Result: Netherlandic and Belgian researchers did not believe us



EXAMPLE: LECTAL CONTAMINATION

• Assumptions:

1. Lectal difference in morphosyntactic preference, e.g. with -s vs. without -s

2. Lectal differences in the lexicon

3. Language contact

4. Storage of ready-made strings, e.g. "iets leuks"

⇒ Lectal contamination: lexical biases reflect lectal difference



EXAMPLE: LECTAL CONTAMINATION

• Step 1: effect to be explained

Netherlandic

phrase

Belgian

phrase

Netherlandic

phrase

Belgian

phrase

with -s

without -s

Lectal
Contami-
nation

Lectal
Contami-
nation

}

}



EXAMPLE: LECTAL CONTAMINATION

• Step 2: conceptual design

— 2 populations of agents, e.g. 'Belgians', the 'Netherlandics'

— 2 lexical phrases, e.g. iets speciaal(s), iets bijzonder(s)

— 2 morphological variants, e.g. with -s, without -s

— Initial preferences (NOT hard-coded): Belgians prefer iets speciaal(s) and without –s (relatively), 

Netherlandics prefer iets bijzonder(s) and with -s

— Ready made storage, e.g. iets bijzonders, iets bijzonder, iets speciaal, iets speciaals

— No initial lectal contamination

— The more often an agent hears a string, the better it is entrenched in the agent's memory

— The better a string is entrenched in an agent's memory, the more likely the agent is to use it

— Occasional language contact, but mostly contact between the groups



EXAMPLE: LECTAL CONTAMINATION

class Agent:

def __init__(self, nationality, idnumber):

self.nationality = nationality

self.idnumber = idnumber

if self.nationality == netherlandic':

self.memory = copy.deepcopy({'iets bijzonders': 80, 'iets bijzonder': 0, 'iets speciaals': 20, 'iets speciaal': 0})

elif self.nationality == 'belgian':

self.memory = copy.deepcopy({'iets bijzonders': 12, 'iets bijzonder': 8, 'iets speciaals': 48, 'iets speciaal': 32})

else:

raise ValueError('unknown nationality')

• Step 3: Implementation

— 2 populations of agents, e.g. 'Belgians', the 'Netherlandics'

— 2 lexical phrases, e.g. iets speciaal(s), iets bijzonder(s)

— 2 morphological variants, e.g. with -s, without -s

— Initial preferences (NOT hard-coded): Belgians prefer iets speciaal(s) and without -s (relatively), 

Netherlandics prefer iets bijzonder(s) and with -s

— Ready made storage, e.g. iets bijzonders, iets bijzonder, iets speciaal, iets speciaals

— No initial lectal contamination



EXAMPLE: LECTAL CONTAMINATION

• Initial memory of a 'Netherlandic' agent

— Heard 100 strings

— Lexical preference: 80% - 20%

— Morphological preference: 100% - 0%

— Exactly independent

— iets bijzonders: 80

— iets bijzonder: 0

— iets speciaals: 20

— iets speciaal: 0

iets bijzonder(s) iets speciaal(s)

80 20

Without -s

with -s



EXAMPLE: LECTAL CONTAMINATION

• Initial memory of a 'Belgian' agent

— Heard 100 strings

— Lexical preference: 20% - 80%

— Morphological preference: 60% - 40%

— Exactly independent

— iets bijzonders: 12

— iets bijzonder: 8

— iets speciaals: 48

— iets speciaal: 32

With -s

iets bijzonder(s) iets speciaal(s)

12 48

8 32Without -s



EXAMPLE: LECTAL CONTAMINATION

class Agent:

def update(self, heard_form):

self.memory[heard_form] += 1

• Step 3: Implementation

— The more often an agent hears a string, the better it is entrenched in the agent's memory

→ Many possible ways to implement: start with the simplest one



EXAMPLE: LECTAL CONTAMINATION

• Step 3: Implementation

— The better a string is entrenched in an agent's memory, the more likely the agent is to use it

→ Many possible ways to implement: start with the simplest one

iets bijzonders: 695

iets bijzonder: 5

iets speciaals: 250

iets speciaal: 50
iets bijzonders: 69.5%

iets bijzonder: 0.5%

iets speciaals: 25%

iets speciaal: 5%

class Agent:

def produce(self):



EXAMPLE: LECTAL CONTAMINATION

• Step 3: Implementation

— Occasional language contact, but mostly contact between the groups

→ Parameters: 'netherlandic_speaks_to_belgian': 0.01, 'belgian_speaks_to_netherlandic': 0.01



EXAMPLE: LECTAL CONTAMINATION

• Rest of simulation

— World: keeps track of what has been said during last record_every

— run_interaction(): produce, update, register in world

class World:

def __init__(self):

self.belgian_corpus = copy.deepcopy(OrderedDict(sorted({"iets bijzonder": 0, "iets bijzonders": 0, "iets speciaal": 0, "iets 

speciaals": 0}.items())))

self.netherlandic_corpus = copy.deepcopy(OrderedDict(sorted({"iets bijzonder": 0, "iets bijzonders": 0, "iets speciaal": 0, 

"iets speciaals": 0}.items())))

def run_interaction(world, speaker, hearer, series_configurations):



EXAMPLE: LECTAL CONTAMINATION

• Rest of simulation

— run_series(): Heavy lifting

 Initializes everything

 Point_in_time: makes sure time scales with population size

 At each point_in_time: number of interactions = number of agents

 27 Belgian agents & 73 Netherlandic agents: at each point_in_time, 27x randomly 

select a Belgian speaker and 72x randomly select a Netherlandic speaker

 Deletes everything



EXAMPLE: LECTAL CONTAMINATION

• Rest of simulation

— run_batch(): runs X series

— write_corpora_to_file(): writes the World + extra information to an 

outputfile, every record_every

! Record corpora or record memory?



EXAMPLE: LECTAL CONTAMINATION

• interaction

• point_in_time (one "day", "week", "year")

• series

• batch

• Run multiple batches with multiple configurations



EXAMPLE: LECTAL CONTAMINATION

• Step 4: Evaluation. The effect to be explained

"iets

bijzonder(s)"

"iets

speciaal(s)"

"iets

bijzonder(s)"

"iets

speciaal(s)"

with -s

without -s

Lectal
Contami-
nation

Lectal
Contami-
nation

}

}



EXAMPLE: LECTAL CONTAMINATION

• 100 agenten: 50 Netherlandics, 50 Belgians
• 1 series
• 1.000.000 points_in_time
• Record_every: 10.000
• 0.01 language contact

370,005 113,867

12,5653,563 Without -s

With -s

32

89,025

37,718

226,311

146,946

"iets

bijzonder(s)"

"iets

speciaal(s)"
"iets

bijzonder(s)"

"iets

speciaal(s)"

• Step 4: Evaluation. Final record_every



EXAMPLE: LECTAL CONTAMINATION

• Step 4: Evaluation. Graph design:

— At every record_every (e.g. 10.000 points_in_time), calculate Cramer's V: positive if in the 

right direction, negative if in the opposite direction

— Cramer's V on y-axis, point_in_time on x-axis

— Two lines: among the Belgian agents & among the Netherlandic agents

— 50 Netherlandic agents, 50 Belgian agents, language contact: 0.01, 1.000.000 

points_in_time, 10 series, record_every: 10.000



EXAMPLE: LECTAL CONTAMINATION



EXAMPLE: LECTAL CONTAMINATION

• 100 agenten: 50 Netherlandics, 50 Belgians
• 1 series
• 1.000.000 points_in_time
• Record_every: 10.000
• 0.01 language contact

370,005 113,867

12,5653,563 Without -s

With -s

32

89,025

37,718

226,311

146,946

"iets

bijzonder(s)"

"iets

speciaal(s)"
"iets

bijzonder(s)"

"iets

speciaal(s)"

• Step 4: Evaluation. Final record_every



EXAMPLE: LECTAL CONTAMINATION

• Step 4: Evaluation. With language contact

• 100 agenten: 50 Netherlandics, 50 Belgians
• 1 series
• 1.000.000 points_in_time
• Record_every: 10.000
• 0.01 language contact



EXAMPLE: LECTAL CONTAMINATION

• Step 4: Evaluation. Vary Language contact



EXAMPLE: LECTAL CONTAMINATION

• Step 4: Evaluation. Assymetric population sizes

(! Side effects)



EXAMPLE: LECTAL CONTAMINATION

• Step 5: reverse engineer. Remove Language contact entirely

• 100 agenten: 50 Netherlandics, 50 Belgians
• 1 series
• 1.000.000 points_in_time
• Record_every: 10.000
• 0 language contact



EXAMPLE: LECTAL CONTAMINATION

• Step 5: reverse engineer.

— Lectal difference in morphosyntactic preference

— Lectal differences in the lexicon

— Storage of ready-made strings, e.g. "iets leuks"

! To be done

• 100 agenten: 50 Netherlandics, 50 Belgians
• 1 series
• 1.000.000 points_in_time
• Record_every: 10.000
• 0 language contact



EXAMPLE: LECTAL CONTAMINATION

• Why is this model useful?

— Proves:

IF

1. Lectal difference in morphosyntactic preference, e.g. with –s vs. without –s

2. Lectal differences in the lexicon

3. Language contact

4. Storage of ready-made strings, e.g. "iets leuks"

THEN

Lectal contamination must emerge (unless something else is blocking it)



EXAMPLE: LECTAL CONTAMINATION

• Objection: Belgians have less prestige then Netherlandics

• Additional parameter: effect_of_belgians_on_netherlandics



EXAMPLE: LECTAL CONTAMINATION

• Additional parameter: effect_of_belgians_on_netherlandics [0,1]

class Agent:

def update(self, heard_form, speaker_nationality, effect_of_belgians_on_netherlandics):

if self.nationality == 'netherlandic' and speaker_nationality == 'belgian':

#print(effect_of_belgians_on_netherlandics)

self.memory[heard_form] += effect_of_belgians_on_netherlandics

else:

self.memory[heard_form] += 1



EXAMPLE: LECTAL CONTAMINATION

• Step 4: Evaluation. Effect_of_belgians_on_netherlandics



EXAMPLE: LECTAL CONTAMINATION

• Why is this model useful?

— Make predictions, e.g. relative population size

— Extension: add 'border areas'



HOW

1. Define an effect

2. Conceptual design

3. Implementation (and debugging)

4. Evaluation

5. Reverse engineer

6. Write paper



HOW

• Components of an agent-based model

— Agent class

 Memory/language system

 Produce & comprehend/update

— World class

— Interactions

— Points in time

— Series

— Batches

— Writer functions/record_every



HOW

• Best practices

— Keep data and scripts separate, e.g. initial memories in separate files

— Make it scalable: parameter settings should function independently of one another, e.g. 

time and interactions, language contact and population size

— Separate: model → data → analyses

— Write data to new folder for each batch

— Keep a log-file with the batches you have run and their parameter settings

— Add as many errors messages as possible

— Always first assume it's a bug



HOW

• Best practices

— KISS, e.g. Cramer's V
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