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Poor achievement in math can have serious educational and vocational con-
sequences. Students with weak math skills at the end of middle school are
less likely to graduate from college than are students who are strong in math
{Mational Mathematics Advisory Panel, 2007). Competence in advanced math
is important for success in college-level science courses and a wide range of
vocations in the sciences (Sadler & Tud, 2007). Many students in US elemen-
tary schools do not develop foundations for success in algebra, and low-income
learners lag far behind their middle-income peers (NAEP, 2007).

Fluency with math operations is a hallmark of mathematical learning in the
early grades. Fluency is associated with foundational knowledge of key calcula-
tion principles (e.g., reciprocal relations among operations; Jordan et al., 2003a).
Calculation fluency is necessary for math achievement at all levels — from solv-
ing simple whole number problems, to calculating with fractions, decimals and
percentages, to solving algebraic equations. Even success with basic geometry
depends on facility with calculation (e.g., calculating the angles of a triangle to
add up to 180 degrees),
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Dysfluent calculation is a signature characteristic of students with learning
disabilities in math (Jordan, 2007). Recent research suggests that calculation
deficiencies, from the first year of formal schooling onward, can be traced to
fundamental weaknesses in understanding the meaning ol numbers and number
operations, or number sense (Gersten et al., 2005, Malofeeva et al., 2004). Weak
number sense can result in poorly developed counting procedures, slow fact
retrieval, and inaccurate computation, all characteristics of math learning dis-
abilities (Geary et al., 2000; Jordan et al., 20034, b). It is difficult to memorize
arithmetic ‘facts’ by rote, without understanding how combinations relate (o one
another on a mental number line (Booth & Siegler, in press). Accurate and effi-
cient counting procedures can lead to strong connections between a problem and
its solution (Siegler & Shrager, 1984). It has been suggested that basic number
sense is a circumscribed cognitive function and relatively independent from gen-
eral memory, language and spatial knowledge (Gelman & Butterworth, 2005;
Landerl et al., 2004). Although there is a high rate of co-occurrence between
math and reading/language difficulties, specific math difficulties with normal
development in other cognitive and academic areas are well documented (Jordan,
2007; Butterworth & Reigosa, 2007).

WHAT IS NUMBER SEMNSE?

Although number sense has been defined differently and sometimes is used
loosely in connection with math (Gersten et al.,, 2005), researchers generally
agree that number sense in the 3- to 6-year-old period involves interrelated
abilities involving numbers and operations, such as subitizing (derived from the
Latin word subitus, for sudden) guantities of 3 or less quickly, without counting;
counting items in a set to at least five with knowledge that the final count word
indicates how many are in the set; discriminating between small quantities (e.g.,
4 is greater than 3 or 2 is less than 5); comparing numerical magnitudes (e.g., 5
is 2 more than 3) and transforming sets with totals of 5 or less by adding or tak-
ing away items. Arguably, number and associated operational knowledge is the
most important area of mathematical learning in early childhood (Clements &
Sarama, 2007). Weak number sense prevents children from benefiting from for-
mal instruction in math (Baroody & Rosu, 2006; Griffin et al., 1994),

Most children bring considerable number sense to school, although there are
clear individual differences often associated with social class and learning abilities
(e.g., Dowker, 2005; Dowker, in press; Ginsburg & Russell, 1981; Ginsburg &
Golbeck, 2004; Jordan et al., 1992). Nonverbal number sense is present in infancy
(Mix et al., 2002). For example, preverbal infants can discriminate between two and
three objects and are sensitive to ordinal relations (i.e., more vs. less; Starkey &
Cooper, 1980). Infants also can keep track of the results of adding of removing
objects from an array, suggesting sensitivity to number operations (Wynn, 1992).
Early sensitivities to number have a neurological basis in the intraparietal sulcus
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(IPS) regions of the brain and are the roots for leaming symbol systems that repre-
sent number in preschool (e.g., number names, number symbols, counting; Berger
et Hl“. 2006). Atypicalities in IPS brain regions have been associated with specific
Impairments in mathematical operations (lsaacs ct al., 2001),

Km:m:'le.dgs of the verbal number system is heavily influenced by experi-
ence Or instruction (Geary, 1995; Levine et al.,, 1992). Case and Griffin {1990)
report that number sense development is closely associated with children’s home
experiences with number concepts. Efforts to teach number sense to high-risk
children in early childhood have resulted in significant gains on lirst-grade math
outcomes compared to control groups (Griffin et al., 1994). Engaging young
children in number activities (e.g., a mother asking her child to give her 3
spoons) and simple games (e.g., board games that emphasize one-to-one corre-
spondences, counting and number lines) develop foundations and build number
knowledge (Gersten et al., 2005),

COMPOMNENTS OF NUMBER SEMNSE

_ Counting: Counting is a crucial tool for learning about numbers and arithme-
tic operations (Baroody, 1987), and counting weaknesses have consistently been
linked to mathematics difficulties (Geary, 2003). Most children develop knowl-
edge of *how to count’ principles before they enter kindergarten (Gelman &
Gallistel, 1978}, including one-to-one correspondence (cach item is counted only
f}nce]. stable order (count words always proceed in the same order) and cardinal-
1Iy~ {the final word of a count indicates the number of {tems in a set). Typically,
children learn the count sequence by rote and then map counting principles onto
the sequence through their experiences with counting objects (Briars & Siegler,
1984). As children move through early childhood, they learn that items can be
counted in any order (e.g., right to left or left to right), that sets do nol have to
be homogeneous, and that anything can be counted (e.g., the number of proim-
isn_es broken or the number of days in a week), They become increasingly flexible
with counting, counting backward and by twos and fives. Children eventually
a;:quil:e.lwurds for decades and learn rules for combining number words {e.z.,
combining 20 with 5 to make 25) (Ginsburg, 1989). Early difficulties in counting
are precursors for later problems with math operations (Geary et al., 1999).

Number knowledge: Children as young as 4 years of age recognize and
describe global differences in small quantities (Case & Griffin, 1990; Griffin
2002, 2004). For example, they can tell which of two sets of objects has more DL,’
less. Although younger children rely on visual perception rather than on counting
to make these judgments (Xu & Spelke, 2000), by 6 years of age most children
incorporate their global quantity and counting schemas into a mental number line
(Siegler & Booth, 2004). This overarching structure allows children to make bet-
ter sense of their quantitative worlds (Griffin, 2002). Children gradually learn
that numbers later in the counting sequence have larger quantities than earlier






