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Abstract 

This thesis investigates language acquisition and evolution, using the methodologies of 

Bayesian inference and expression-induction modelling, making specific reference to 

colour term typology, and syntactic acquisition. In order to test Berlin and Kay’s (1969) 

hypothesis that the typological patterns observed in basic colour term systems are 

produced by a process of cultural evolution under the influence of universal aspects of 

human neurophysiology, an expression-induction model was created. Ten artificial people 

were simulated, each of which was a computational agent. These people could learn 

colour term denotations by generalizing from examples using Bayesian inference, and the 

resulting denotations had the prototype properties characteristic of basic colour terms. 

Conversations between these people, in which they learned from one-another, were 

simulated over several generations, and the languages emerging at the end of each 

simulation were investigated. The proportion of colour terms of each type correlated 

closely with the equivalent frequencies found in the World Colour Survey, and most of the 

emergent languages could be placed on one of the evolutionary trajectories proposed by 

Kay and Maffi (1999). The simulation therefore demonstrates how typological patterns 

can emerge as a result of learning biases acting over a period of time. 

Further work applied the minimum description length form of Bayesian inference to 

modelling syntactic acquisition. The particular problem investigated was the acquisition of 



 

the dative alternation in English. This alternation presents a learnability paradox, because 

only some verbs alternate, but children typically do not receive reliable evidence 

indicating which verbs do not participate in the alternation (Pinker, 1989). The model 

presented in this thesis took note of the frequency with which each verb occurred in each 

subcategorization, and so was able to infer which subcategorizations were conspicuously 

absent, and so presumably ungrammatical. Crucially, it also incorporated a measure of 

grammar complexity, and a preference for simpler grammars, so that more general 

grammars would be learned unless there was sufficient evidence to support the 

incorporation of some restriction. The model was able to learn the correct 

subcategorizations for both alternating and non-alternating verbs, and could generalise to 

allow novel verbs to appear in both constructions. When less data was observed, it also 

overgeneralized the alternation, which is a behaviour characteristic of children when they 

are learning verb subcategorizations. These results demonstrate that the dative 

alternation is learnable, and therefore that universal grammar may not be necessary to 

account for syntactic acquisition. Overall, these results suggest that the forms of 

languages may be determined to a much greater extent by learning, and by cumulative 

historical changes, than would be expected if the universal grammar hypothesis were 

correct. 



 

Preface 

The aim of this thesis is to show how linguistic phenomena which have been 

identified by other researchers can be explained. The results reported in this thesis 

were obtained by running simulations on computers, and comparing the outputs of 

these simulations to data reported in published sources. Therefore, the research 

involved no empirical data collection. This thesis attempts to provide explanations of 

a number of phenomena which have been identified as a result of empirical 

investigations, and subsequently reported in the literature. However, while this thesis 

contains discussions of many empirical findings, and of analyses of empirical data, it 

is not concerned with these analyses in themselves, or with the correctness of the data 

on which they are based. For example, much of this thesis relies heavily on Kay and 

Maffi’s (1999) analysis of the data of the World Colour Survey, which is discussed in 

detail in section 2.1. Kay and Maffi’s analysis remains controversial (Levinson, 

2001), but I do not attempt to analyse the primary data myself. That would go beyond 

the scope of this thesis, so instead I simply tried to create a computer model which 

would account for the emergence of colour term systems corresponding to those 

which Kay and Maffi reported were attested in the World Colour Survey.  

While criticisms have been made of Kay and Maffi’s work (many of which are 

discussed in section 2.1 below), a wealth of empirical data supports their general 

conclusions. The basis of most of the criticisms seems to be that Kay and Maffi’s 



 

analysis does not take account of the full complexity of colour term systems, 

especially in that it excludes non-basic colour terms, and that it ignores the secondary 

connotations of basic colour terms. However, neither of those factors would seem to 

in any way invalidate the results which Kay and Maffi did report. Hence it would 

seem that, even if some of the details of Kay and Maffi’s analyses turn out to be 

incorrect, that is unlikely to greatly affect the validity of the work presented in this 

thesis. Many other issues relating to this thesis remain controversial, such as exactly 

what neurophysiological mechanisms underlie colour vision, and whether the dative 

alternation can be explained in terms of semantic regularities. However, like with the 

controversies surrounding colour term typology, resolving these issues concerning 

empirical findings goes beyond the scope of this thesis. Further empirical findings 

may necessitate a revision of this work, but at present it is only possible to work on 

the basis of the results which have been published up to this point. 

While the research for this thesis relied entirely on computer modelling, its actual 

subject matter lies within linguistics, and to some extent related disciplines such as 

psychology. Hence the thesis has been written so that it should be, as far as possible, 

understandable by a general linguistic audience. At the same time, I have tried to 

explicate linguistic terminology whenever possible, for the benefit of non-linguists. In 

general, where specific technical issues arise, I have tried to make them as accessible 

as possible, but a description of some aspects of the research necessitates the use of 

mathematical concepts and related notation which are likely to be unfamiliar to many 

readers interested in the subject matter of the thesis. This thesis makes considerable 

use of techniques from statistics and machine learning, in particular Bayesian 

inference and minimum description length. However, while some attempt is made to 

justify why these techniques were chosen, actually demonstrating why they are 



 

effective machine learning techniques, or why, for example, Bayes’ rule is correct, 

goes beyond the scope of this thesis. It can be said that, while this thesis uses machine 

learning, it is not about machine learning itself, and hence I have tried to restrict 

discussion of the machine learning literature to the minimum necessary. 

All of the thesis is my own original work, except where explicit reference is made to 

other work. However, portions of the thesis have been published, and I have presented 

results at a number of conferences, and given some other talks. A full list of this 

research activity appears below (on all of which I am the sole author, except where 

noted otherwise). In general, the publications do not correspond exactly to particular 

parts of this thesis, but Chapter 9 is essentially an expanded version of the 2000 

Cognitive Science Society conference paper, while parts of the other five papers are 

reproduced in Chapters 1 to 8. 
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