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Computational models allow us to observe the dynamics of simulated inter-
acting populations in short periods of time. In addition, the study of language reg-
ularization can shed light on the evolutionary dynamics of language, illuminating
how language systems become rule-governed, and why they sustain exceptions to
rules. Verb regularity has been extensively studied from an individual perspec-
tive. Experimental approaches show that novel non-verbs are regularized at high
rates (e.g., Albright & Hayes, 2003). Computational approaches have examined
different neural network strategies for accurately learning the patterns of verb reg-
ularity in natural language (e.g., Rumelhart & McClelland, 1986), and the effect
of transmission on patterns of regularization (Reali & Griffiths, 2010). However,
few approaches have considered how coordination in a population of interacting
speakers may contribute to regularization.

Verbs tend to regularize according to their frequency (Lieberman, Michel,
Jackson, Tang, & Nowak, 2007). We present models where agents engage in pair-
wise speaking interactions (based on the Naming Game, after Barrat, Baronchelli,
Dall’Asta, & Loreto, 2008). In our regularization adaptation, each agent has an
inventory of lemmas; to observe the specific dynamics of irregular lemmas over
time, all agents start with an entirely irregular set of lemmas. However, lemmas
have the potential to be either fully regular, fully irregular, or mixed (optionally
regular or irregular). In each interaction, a randomly selected speaker and hearer
interact about a topic lemma, chosen based on a pre-defined frequency distribu-
tion. The speaker and hearer update their inflections for the topic lemma as a
result of each interaction, thus coordinating towards a shared vocabulary.

The models aim to examine how the proportion of irregulars in the popula-
tion’s vocabulary changes in time. Our models focus on two potential external



pressures towards regularization: limits on the memory of individual agents, and
the role of new learners entering the population. We implement memory limita-
tions by dictating a window within which each lemma must be encountered to be
accurately recalled by an agent. In other words, if a certain window of time passes
without an agent encountering a particular lemma, the agent ’forgets’ the inflec-
tion for that lemma, and instead applies the regular rule. From the new learner
perspective, we replace agents in the population at a given rate, and assume that
new learners, as speakers, will apply the regular form to previously unencountered
lemmas (i.e., Stage 2 learners as described in Rumelhart & McClelland, 1986).

The two mechanisms were separately implemented, and both resulted in a
frequency-dependent transition in the proportion of irregular forms. Regulariza-
tion occurs in a narrow frequency window: lemmas above a certain frequency
threshold do not exhibit any regularization, stabilizing in an irregular state. Our
results provide two new insights into regularization dynamics. First, we show
that frequency-dependent regularization is potentially mediated by both individ-
ual memory limitations and population turnover. Finally, our models show that
linguistic coordination between speakers can play a fundamental role in the pro-
cess of regularization.
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