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Dissertation Abstract  

Many of us have the sense that at least some non-human animals think. Recently, comparative 
psychology has begun to converge with this shared sense. However, the nature of non-human animal mental 
states, as well as their relation to our own, remain poorly understood. This dissertation is a test of one strategy 
for better understanding both: the Language of Thought Hypothesis. 

A Language of Thought (LoT) is a combinatorial set of mental representations. And, since mental 
representations and rules of combination vary in kind, there are many possible LoTs. Simple LoTs might lack 
familiar features of the putative human LoT, such as object representations, recursively defined rules of 
combination, sentential connectives, or predicate-argument structure. Some LoTs may even include icons, 
cognitive maps, analogue magnitudes, or vector representations. 

The most familiar arguments for the existence of LoTs fail when applied to non-human animals. This 
includes arguments from productivity and systematicity, as well as arguments from concept learning and 
perceptual computation. However, independent empirical evidence supports attributing LoTs to at least some 
non-human animals. First, evidence suggests at least some arthropods possess mental representations with 
syntactic structure. Arthropods have been shown to engage in more flexible behavior than previously 
thought. For example, bumblebees deploy abstract shape representations in social learning, and paper wasps 
pass a classic test of transitive inference. And at least one piece of evidence cannot be accommodated by any 
plausible model-free strategy. Honeybees can be trained to cardinally order natural numbers, up to six and 
including zero. Subitizing and analogue magnitudes, the most plausible alternative means for representing 
numerosity, cannot represent zero as such. Symbolic representations of number is the only remaining 
representational kind to explain the behavior. Since such representations guide action even with no 
reinforcement history for numerosities of zero, this result also provides evidence for inference on the basis of 
discrete, symbolic representation in the honeybee—for honeybee LoTs. It casts doubt on non-inferential 
explanation of flexible arthropod behavior more generally, especially for those arthropods with high degrees 
of sociality, such as paper wasps and bumblebees. 

Second, results from a recently developed experimental paradigm suggest chimpanzees, olive 
baboons, and an African grey parrot are all competent with disjunctive syllogism. The best explanation of this 
competence posits combinations of connective-like mental representations, which function to combine 
syntactically with other representations. This is evidence for a kind of combinatoriality, and thus for a LoT in 
these creatures. Previous tests had suggested human children succeed at similar tasks at roughly the age that 
they begin producing natural language sentential negation. This left open the possibility that natural language 
was necessary for conceptual negation. But the non-human results, coupled with new work on the acquisition 



of conceptual and natural language negation in human children, strongly suggest the failure was due to 
working memory constraints. Importantly, however, these results do not show that non-human animals, or 
even infants, possess a LoT with all of the hallmarks of the putative human LoT, such as predicate argument 
structure and recursively defined combination rules. 

LoTs can explain a wide range of comparative data better than rival explanatory frameworks. This 
bolsters the explanatory purchase of non-human LoTs for comparative psychology, and thus of LoTs as a 
psychological kind generally. And it supports continuity between humans and other species for psychological 
competences such as natural language and reasoning. Finally, it suggests exciting future programs of research. 
Since the species described occupy widely separated clades of the phylogenetic tree, LoTs may turn out to be 
widespread in the animal world. However, precisely which animals possess syntactically structured mental 
states, and the degree to which different LoTs are the result of convergent evolution, remains to be seen. And 
we are only beginning to understand the syntactic rules governing combinations in non-human LoTs. 
 


