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A Probabilistic Analysis of the Electoral System
of Proportional Representation

Hirotugu Akaike
(The Institute of Statistical Mathematics)

The electoral system of proportional representation is viewed as a procedure of
realizing a reasonable approximation to the distribution of actual votes. It is shown that
the well-known d’Hondt rule produces the distribution of representatives with the maxi-
mum probability when the random sample of the size of the representatives is drawn, with
replacement, from the multinomial distribution specified by the distribution of the votes.
This observation shows that the rule is rather unsatisfactory as it is based on the result of
a conceptual sampling with the sample size much smaller compared with the total number
of actual votes.

In contrast with the d’Hont rule we may consider the sample with indefinitely large size
from the distribution of the votes and consider the use of the distribution of the sample with
maximum probability to specify the distribution of the representatives. Such a distribu-
tion may be obtained by maximizing the Boltzmann entropy, or the minus Kullback-
Leibler information, of the distribution of representatives with respect to the distribution
of the actual votes

The result of application of these two procedures to the data of the recent Japanese
parliamentary election demonstrates the bias of the d’Hont rule in favor of major parties.
The maximum entropy procedure produces result which is much more natural to be called
the proportional representation.



