
An agent-based simulation of constraint interaction  
in the evolution of word stress 

 
Nikolaus Ritt & Klaus Hofmann 

(University of Vienna) 
 

Keywords: evolution – modelling – stress patterns – phonology – language change 
 
Conceptualizing languages as complex adaptive replicator systems (Beckner et al., 2009 (Croft, 2000; 

Dawkins, 1982; Dennett, 2018), we demonstrate an agent-based simulation that models the evolution 

of word stress patterns. We assume stress pattern evolution to reflect two distinct types of constraints. 

On the one hand, stress patterns of words of the same syntactic categories and the same syllabic struc-

tures, are under pressure to conform to one another, yielding predictable, ‘regular’ stress patterns 

(Chomsky & Halle, 1968; Anderson, 1986; Hayes, 1995; Burzio, 2005; Domahs et al., 2014). Such con-

formity facilitates the identification of words in speech and their acquisition. On the other hand, word 

stress patterns are constrained by preferences for utterances to be rhythmically well-formed, e.g. to 

minimize stress clashes and sequences of unstressed syllables, i.e. 'lapses' (Kelly, 1989; Breiss & Hayes, 

2020). 

 
The simulation models the evolutionary trajectories of lexical stress patterns predicted to arise on the 

basis of different (and controllable) assumptions about the relative strength of pressures selecting for 

'regular' stress patterns, pressures selecting for rhythmically well-formed utterances, or pressures for 

stress and syllable weight to match. Additionally, one can control initial proportions of different lexical 

types, different stress patterns, as well as syntactic regularities governing word combination. 

 

In each round, two polysyllables (the 'agents') are selected and combined in diverse contexts (reflect-

ing the syntax of the modelled language). The likelihood of selecting a word type depends on its fre-

quency in the lexicon. Stress patterns receive a 'payoff' reflecting the rhythmic quality of the formed 

sequence and their relative frequency with their class. This payoff then feeds back on that relative 

frequency. When the simulation reaches an equilibrium, the resulting distribution of stress patterns 

among word types is considered evolutionarily stable.  

 

The simulation visualizes stress pattern evolution as trajectories of their proportions among polysyl-

labic nouns, adjectives, and verbs (Figure 1). It suggests that conformity pressures and rhythmic con-

straints conspire to stabilize regular stress patterns, contingent on a low proportion of monosyllables. 

Conversely, higher proportions stabilize stress pattern diversity.  

 

Our talk discusses the adequacy of our simulation as a model of stress pattern dynamics in natural 

languages and reflects on the epistemic value of the method.  

 



 

 

Figure 1: Stress patterns among polysyllabic nouns, adjectives and verbs 
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