


Improving Numerical Understanding 119
Justice Stewart’s famous comment about pornography, it is easier

to recognize than to define.

Reflecting this difficulty, most efforts to define number sense

have cited broad and varied types of knowledge. For example,

the National Mathematics Advisory Panel (2008) defined number

sense as including skill at immediately identifying the numerical

value associated with small quantities (e.g., 3 pennies); facility

with basic counting; proficiency in approximating numerical

magnitudes; principled understanding of place values and of

how to compose and decompose whole numbers; knowledge of

the commutative, associative, and distributive laws; and ability

to apply those laws to solve problems. This definition reflects the

diverse ways in which people use the term number sense, but it

encompasses such a wide range of processes and knowledge that

it makes number sense hard to conceptualize, investigate, and

improve.

To address this problem, Siegler and Booth (2005) proposed

an alternative definition that focuses on a single particularly

important process: number sense is the ability to approximate

numerical magnitudes. The approximations can involve results

of numerical operations (‘‘About how much is 97 · 38?’’) or

attributes of objects, events, or sets (‘‘About how much does a

Prius weigh?’’ ‘‘About how many people attended the play?’’).

The definition emphasizes that number sense is about numerical

magnitudes—being able to choose numbers whose magnitudes

are close to the correct values.

This perspective suggested that studying numerical estimation

might provide a useful means for learning about number sense.

Estimation and number sense are inherently related, in that both

involve approximating magnitudes. The two are not identi-

cal—some estimation tasks can be performed through stereo-

typed procedures, such as rounding to the nearest 10, without

any deeper sense of the magnitudes that the estimates should

yield. When executed through means other than these routine
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procedures, however, accurate numerical estimation, like number

sense, involves the ability to approximate numerical magnitudes.

The number line estimation task has proven especially useful

for investigating number sense. This task involves presenting

participants with lines with a number at each end (e.g., 0 and

100) and no other numbers or marks in between, and asking

them to locate a third number on each line (e.g., ‘‘Where does 74

go?’’). Participants estimate the locations of different specific

numbers, one per number line, presented in random order, until

they have estimated locations of numbers from all parts of the

numerical range.

Number line estimation has several important advantages for

investigating children’s sense of numerical magnitudes. It can be

used with numbers of any size and with fractions as well as

whole numbers. It also transparently reflects ratios among

numbers. Just as 60 is twice as large as 30, the distance of the

estimated position of 60 from 0 should be twice as large as the

distance of the estimated position of 30 from 0. More generally,

estimated magnitude (y) should increase linearly with actual

magnitude (x), with a slope of 1.00, as in the equation y = x.

Early in development, however, children’s number line esti-

mates rarely increase linearly with numerical magnitude. Many

preschoolers, even ones who can count perfectly from 1 to 10, do

not understand the rank order of the numbers’ magnitudes. These

children’s number line estimates correlate only minimally with

the magnitudes of the numbers they are estimating (Ramani &

Siegler, 2008; Whyte & Bull, 2008).

Even after children learn the rank order of numbers’ magni-

tudes, they still do not immediately represent the magnitudes as

increasing linearly. Instead, their number line estimates often

increase logarithmically with the size of the number being

estimated (Figure 1A). Finally, after children gain experience

with numbers throughout the range, their magnitude estimates

increase linearly (Figure 1B).
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