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A model of the relations among cognitive precursors, early numeracy skill, and mathematical outcomes was
tested for 182 children from 4.5 to 7.5 years of age. The model integrates research from neuroimaging, clinical
populations, and normal development in children and adults. It includes 3 precursor pathways: quantitative,
linguistic, and spatial attention. These pathways (a) contributed independently to early numeracy skills dur-
ing preschool and kindergarten and (b) related differentially to performance on a variety of mathematical out-
comes 2 years later. The success of the model in accounting for performance highlights the need to
understand the fundamental underlying skills that contribute to diverse forms of mathematical competence.

How do children acquire skill in conventional
mathematics? Researchers have used information
from a variety of sources to address this question,
including longitudinal studies of normally develop-
ing children (Aunola, Leskinen, Lerkkanen, &
Nurmi, 2004; Bull, Espy, & Wiebe, 2008; DeSmedt,
Verschaffel, & Ghesquière, 2009; Durand, Hulme,
Larkin, & Snowling, 2005; Jordan, Kaplan, Locu-
niak, & Ramineni, 2007; Jordan, Kaplan, Oláh, &
Locuniak, 2006; Locuniak & Jordan, 2008; Pass-
olunghi, Vercelloni, & Schadee, 2007), research with
children who have severe mathematics difficulties
(i.e., dyscalculia; Berch & Mazzocco, 2007), and
studies of children who have congenital syndromes
that affect their mathematical learning (Ansari
et al., 2003; Barnes, Smith-Chant, & Landry, 2005;
DeSmedt et al., 2007; Mazzocco & McCloskey,

2005). However, only a few models of the relations
between early cognitive abilities and mathematics
outcomes have emerged (Bisanz, Sherman, Rasmus-
sen, & Ho, 2005; cf. Desoete & Grégoire, 2006;
Durand et al., 2005; Krajewski & Schneider, 2009).
Furthermore, it is unclear how early numeracy
skills (i.e., children’s evolving knowledge about
number and quantity) are connected to later mathe-
matical performance. To address these gaps, we
propose and test a model of mathematical develop-
ment in which linguistic, quantitative, and spatial
attention skills have distinct roles in children’s
acquisition of mathematics.

Proposed Model: Pathways to Mathematics

Dehaene and colleagues (Dehaene, Molko,
Cohen, & Wilson, 2004; Dehaene, Piazza, Pinel, &
Cohen, 2005; Spelke & Dehaene, 1999) have proposed
that numerical processing involves three separate
neural circuits in the parietal lobe. First, linguistic
numerical tasks, such as retrieving answers to arith-
metic combinations (e.g., 6 · 7), activate a region of
the left angular gyrus that has been linked to lan-
guage processing, including reading and phoneme
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