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I agree with most of what Davis & Perusse (D & P) have to say 
about the research on numerical competence in animals, but 
there are several further things I would like to add, more in the 
SPirit of supplementing their own account than of criticizing it. 

First of all, a comment about D & p's proposals regarding the 
significant categories of future research. They mention two: 
contmumg work to demonstrate numerical competence m vari­
ous species and situations and continuing research on the 
process by which numerical competence is acquired. I would 
add as a third area of research the great desirability of focusmg 
on the most advanced kinds of behavior that can be obtained by 
the hest methods of animal training. The preliminary descrip­
tIOn of Boysen's work with the chimpanzee Sheba is an example, 
but I believe that superb ammal trainers will probably be better 
than good expenmental scientists in getting the maxImum 
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performance out of animals. The tasks can be separated: The 
trainers can train and psychologists can test. If we contrast the 
ordinary mathematical competence of the human population 
with the level of competence achieved by profeSSional mathe­
maticians, we can at least speculate that similar marked dif­
ferences occur between the average performance of highly 
trainable ~pecies and the very best that can be obtained. 

My second point would be to stress the desirability of writing 
down m a more formal fashion axioms or general ru.sumptions for 
the portion of arithmetic animals are claimed to have learned in 
a given experimental situation. For example, it is easy enough to 
write down axioms for the results of countmg collections of 
objects of cardinality one through five, and to restrict the models 
of the axioms to sets of such cardinalities only. The desirability of 
such greater explicitness can be seen by some of the rather odd 
remarks about the results of counting in section 2.4 where D & P 
remark that "counting yields a number which lies along an 
ordered continuum," but nothing of the sort needs to be as­
~umed. Counting is done entirely in terms of the natural num­
bers, wluch in no sense form a contmuum. Natural numbers 
can, of course, be embedded in the continuum of real numbers, 
but this is irrelevant from the !!tandpoint of countmg. 

~1 y third remark concerns the use of the simple axiomatIc 
formulations recomme.nded here. Axiomahzmg the results of 
counting sets of small cardmality. or the other kinds of judg­
ments dbcussed by D & P, is quite easy. As they mdlcate what 
IS much more difficult is giving an explicit theory of the pro­
cesses by which animals reach the results, which we expre!)s In 

simple numerical terms. It is obvious enough th.lt we do not yet 
have a very good account of these processes for human arith­
metical procedures, and even less for more complex mathe­
matical mental activity. There is, it would seem, the posslbihty 
of giving thcones for various numerical "activities" of various 
species in a rather complete way at least at a certain level of 
abstraction - just because of the relative SImplicity of the tasks. 
Furthermore, it seems an attempt to be very much more explicit 
about the procedures would be an excellent goal for research, as 
pointed out by D & P in their section on future research. I agree 
with their emphasis on focusmg on process. \Vhat I am trying to 
stress is the de~irahllity of sigmficantly raising the ~tandard of 
theonzing as far as formaliLation and explicitness go. It wOllld, 
for example, be mteresting to study the eye movements of 
several species in performmg the kinds of tasks descnbed by D 
& P. Some a'ipects of eye movement in duldren and adults 
doing ordinary arithmetical problems might be used in for­
mulatmg a theory about the eye movement of animals (for \ ... ·ark 
with human subjects, see Suppes et al. 1983). A careful study of 
eye movements, for example, might help discnmmate behvcen 
various hypotheses or theories of how animals clre solving SImple 
numerical '·problems.'· 

Finally. It seems to me desirable to try to develop a more 
general and abstract theory for evaluating the kinds of tasks 
animals of a given species can successfully perform. What is 
needed is an effort to get an appropnate complexity measure of 
different kinds of tasks. I have no easy solutions to offer. but It 
would be enormously interesting to compare the compleXity of 
problem solving when an animal, for example, is pursuing live 
prey, to the kinds of situation more common in the laboratory 
settings described by D & P. We do at least helve some general 
measures of complexity in other areas of science that should be 
transportable and usable. It would be my own hunch that 
animals exhibit definitely more complex behavior in dealing 
with the continuous data of perception and bodily motion than 
with the discrete tasks characterhtic of elementary arlthmetic. 
The survival value of the former seems much greater than the 
latter, and is alone a strong reason for suspecting tha.t the 
problem-solving capability in the contmuous domain 1S much 
more highly developed. 
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