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Figure 1 | Irregular verbs regularize at a rate that is inversely proportional
to the square root of their usage frequency. a, The evolution of 177 verbs
from Old English (green) over time, through Middle English (red) and
Modern English (blue). The fraction remaining irregular in each bin
decreases as the frequency decreases. The frequency shown is that of the
modern descendant, and was computed using the CELEX corpus. Error bars
indicate standard deviation and were calculated using the bootstrap method.
b, The regularization rate of irregular verbs as a function of frequency. The
relative regularization rates obtained by comparing Old versus Modern
English (green) and Middle versus Modern English (red) scale linearly on a
log–log plot with a downward slope of nearly one-half. The regularization
rate and the half-life scale with the square root of the frequency.

Irregular
verbs
Four of our six frequency bins, those between 10

26
and 1022, allow
us to estimate the relative regularization rates of irregular verbs.
Calculating the relative regularization rates of verbs of different

We cannot directly determine the regularization rate for frequency
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observed in the time span of our data; however, we can extrapolate.
For instance, the half-life of verbs with frequencies between 1022 and
1021 should be 14,400 years. For these bins, the population is so small
and the half-life so long that we may not see a regularization event in
the lifetime of the English language.
To test whether the dynamics within individual competing rules
were captured by our global analysis, we studied the decay of individual classes of strong verbs (for example, hit/hit/hit, hurt/hurt/
hurt; draw/drew/drawn, grow/grew/grown)26. Although our resolution is limited by the small sample size, exponential decay is once
again observed, with similar exponents (see Supplementary Fig. 1).
Like a Cheshire cat, dying rules vanish one instance at a time, leaving
behind a unimodal frown.
Because adequate corpora of Old and Middle English do not exist,
we have estimated the frequency of an irregular verb of Old and
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177 Old English irregular verbs were compiled for this study. These are arranged according to frequency bin, and in alphabetical order within each bin. Also shown is the percentage of verbs in each
bin that have regularized. The half-life is shown in years. Verbs that have regularized are indicated in red. As we move down the list, an increasingly large fraction of the verbs are red; the frequencydependent regularization of irregular verbs becomes immediately apparent.
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Further work:
Explore alternate data sources

I

Think about why meaning number might scale with
frequency.

I

May be an information theoretic story.

I

If we add context, we may be able to use a modified
version of Simon’s approach [3]

I

The city story here would be that there may be many
cities and towns with the same name (e.g.,
Springfield) with an uneven distribution in
populations.
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