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This work is part of a larger project on the nature of quantification. It is based on psychological experiments and linguistics studies in the Mundurucu territory (Para)

INTRODUCTION

Success at non-symbolic addition and subtraction has been documented with diverse populations: preschool children, occidental adults (in conditions preventing counting), and also an indigene group from the Amazon, the Mundurucu, who speak a language with a restricted number lexicon (Barth et al., 2005;Pica et al., 2004). In all these populations, performance shows a characteristic ratio effect: the sums and differences that participants estimate are approximate, and the range of uncertainty increases for larger numbers.

Studies of brain-damaged patients (Lemer et al, 2003), brain imaging (Dehaene et al., 2003), or task interference (Lee & Kang, 2002) suggest that multiplication and division, on the contrary, may be mediated by language and rotelearned tables. Nevertheless, the existence of a universal capacity for nonsymbolic multiplication has not been investigated directly.

Here, we investigated whether multiplication is part of humans' universal knowledge about numbers. We presented computer animations illustrating nonsymbolic multiplication problems to three different populations: US adults, Amazonian Adults, and US children at two ages, before and during the first years of learning multiplication (respectively Preschool-1st grade, and 3rd-5th grade). 

In fact, I have many buckets [n2],

and they all have the same quantity of seeds. I hide them all here in a big wooden box.

Feedback. Good job!

DISPLAYS 1 .

 1 Look, in this bucket, I have some seeds [n1].
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All groups performed well above chance. Except for the younger US children, performance followed the same pattern as in the addition/subtraction tasks: effect of comparison ratio, no effect of product size. 

US adults Mundurucu adults US 3-5th graders US young children

Extending the previous analysis, we computed the subjective estimates of the operation separately for the different decompositions of the products (eg 4*9 vs. 6*6 vs. 9*4). The following graphs depict these estimates in function of n1 alone, n2 alone, or n1*n2.

% Choices of n3

US adults successfully multiply the two numbers. This first analysis suggests that intuitions for multiplication are universal (in the sense that they emerge spontaneously from a certain age), as is the case for addition/ subtraction. As a second step, in the following analyses, we investigated whether all groups were really performing the task in the same way. If participants are truly multiplying, then their choices of n3 will be modulated by the size of n1*n2.