Number Sense

Number concepts and skills form the core of elementary school mathematics. Thus, a
great deal of instructional time is devoted to topics related to quantity. One of the
goals of instruction in arithmetic is for students to become numerically powerful and
proficient. There are a number of components that are involved in numerical profi-
ciency: conceptual understanding, procedural proficiency, strategic competence,
adaptive reasoning, and productive disposition (Kilpatrick, Swafford, and Findell
2001). Being numerically proficient goes far beyond being able to compute accu-
rately and efficiently; it entails understanding and using various meanings, relation-
ships, properties, and procedures associated with number concepts and operations. It
also involves the capacity to explain and justify one’s actions on numbers and to use
strategies appropriately and efficiently. How do we promote the development of chil-
dren’s numerical power? Certainly the instructional tasks we set for students have a
bearing on what students learn. Equally important, however, is what we ourselves
understand about numbers and number systems, for this knowledge contributes to
our ability to ask students questions and provide learning experiences that are math-
ematically significant.

1. Classifying Numbers

We use numbers in many ways, for many purposes. Numbers can represent quantities—
13 apples, 6 eggs. They can indicate relative position—the 5th person in line. They
can define measurements—the distance between two towns, the temperature on a
thermometer. Numbers can also be identifiers; we think of a telephone number or the
number on a football jersey as “labels.”

In addition to these everyday uses of numbers, we classify numbers in sets. For ex-
ample, consider the set of whole numbers—0, 1, 2, 3, 4, and so on. When we add or
multiply whole numbers, the answer is always a whole number. But what happens
when we subtract whole numbers? Certainly problems such as 32 — 14 and 5 — 3
result in whole number answers. But we run into trouble when we try to record a
drop in the outside temperature to below 0° or calculate 3 — 8, because the answer
isn’t in the set of whole numbers. We need a broader set of numbers that includes
negative numbers. Similarly, solving problems like 7 + 2 or 10 + 3 calls for a set of
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numbers that includes fractions. Defining different sets of numbers in mathematics
becomes more important as our questions about how much and how many become
more complex.

A third way to classify numbers is to examine particular characteristics of num-
bers. Within the set of whole numbers, for example, some numbers are even and
some are odd. This characteristic is obvious to us as adults but not so clear to young
children. Some numbers are divisible by 2, some by 3, and some by both 2 and 3.
There are triangular numbers and square numbers, prime numbers and composite
numbers. When the set of numbers includes decimals, there are some decimals that
can be written as fractions and some that do not have a fractional representation.
Classifying numbers by characteristics helps us make generalizations about sets of
numbers and can provide insights into the relationships among numbers. For exam-
ple, the number 36 is even so it is divisible by 2; we can arrange 36 beans in pairs. It
is also a composite number, divisible by 1, 2, 3, 4, 6, 9, 12, 18, and 36. It is a square
number, which means that 36 objects can be arranged in a rectangular array to make
a square. Some of the characteristics of 36 are related—its being even and its being
divisible by two. Other characteristics of 36 are not connected—its being even has
nothing to do with its being a square number. Figuring out the why and why not of
these relationships leads to a deeper understanding of specific numbers as well as of
sets of numbers.

Classifying Numbers by Use

There are six different ways that we use numbers: for rote counting (saying numbers
in sequence), for rational counting (to count objects), as cardinal numbers (to name
“how many” objects are in a set), as ordinal numbers (to name the relative positions
of objects in sets), for measurements (to name “how much” when we measure), and
as nominal or nonnumeric numbers (for identification).

When numbers are verbally recited without referring to objects, they are being
used in sequence. This is often referred to as rote counting. When we state that
the number 5 comes after 4 and before 6, we are referring to numbers as part of a
sequence. Adults sometimes consider rote counting a simple mechanical task.
However, for very young children, counting in sequence is not at all simple—at
least not at the outset. Children must learn the names of the numbers in the
proper order and make sense of the patterns. In addition, a child’s ability to count
aloud well does not mean that he or she can correctly count a set of objects.
Later, when the quantity meaning of numbers has been established, rote counting
can be used to find answers to computations such as 16 + 3: by counting on from
16, saying 17, 18, 19. Number in the context of sequence can also be used to
compare quantities—some children use counting to determine whether 25 or 52 is
the larger quantity, knowing that the larger number will be said after the smaller
number.

In rational counting, objects or events are matched with a number name. For exam-
ple, when someone asks, How many candies did you eat?, you point to the last candy in
the box and say, This will be number 5. It is through rational counting and matching
number names and objects one-to-one that children start to understand the concept
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of quantity. Young children benefit from repetitively counting objects such as pen-
nies, blocks, stones, acorns, and beans—they not only are learning the number
names in sequence but also associating those numbers with specific amounts. Repeti-
tion appears necessary for children to develop effective strategies for counting items
once and only once and to invent advanced strategies such as grouping. Many teach-
ers introduce a weekly counting activity in which every student in the class counts
and records the number of objects in a set. When the quantity is large (two- and
three-digit amounts), students can be asked to group the objects and then to count
the groups.

A cardinal number describes how many there are in a set; it can be thought of as
a quantifier. In the statement I ate 5 candies, the number 5 is used to tell how
many candies were eaten. Children gradually grasp the idea that the last number
stated in a rational counting sequence names the amount in that set, but you
can help students understand this meaning by using labels in a cardinal context
(I have 4 dogs, not I have 4). When children consistently use numbers to tell “how
many,” even if the quantity is inaccurate, they are displaying an understanding of
cardinality.

An ordinal number indicates the relative position of an object in an ordered set.
Most children learn the initial ordinal numbers—Ist, 2nd, and 3rd—in the context
of ordinary situations. They construct the others from sequence, counting, and
cardinal contexts. Understanding ordinal numbers is based on counting but lags
behind: 95 percent of five-year-old children can say the first eight number words, but
only 57 percent can say the first five ordinal names; only about 25 percent of enter-
ing kindergarten students can point to the third ball, but about 80 percent can create
a set of three objects (Payne and Huinker 1993). Pointing to objects while using the
word number (number 1, number 2, number 3) and linking these names with the ordi-
nal numbers (Ist, 2nd, 3rd) are techniques for helping students learn the ordinal
numbers.

Number as a measure is used to indicate the size, capacity, or amount obtained by
measuring something—how many units along some continuous dimension are being
considered. We use number as a measure when we say that a kitchen has 14 feet of
counter space. (Did you visualize one counter 14 feet long or 14 separate feet of
counter space!) The idea of a continuous quantity—one in which the units run to-
gether and fractional values make sense—is difficult for students, since most of their
other number experiences have involved whole numbers and counting individual
items. Measurement tasks give you a chance to discuss different ways to represent a
quantity (e.g., as a length or as separate objects) and what kinds of numbers are use-
ful for describing how much instead of how many (e.g., dividing 17 feet of rope to
make two jump ropes, each 8% feet long, makes sense; dividing 17 cars into two equal
groups of 8% cars does not).

Nominal or nonnumeric numbers, such as telephone numbers, numbers on license
plates, house numbers, bus numbers, numbers on athletes’ jerseys, and social security
numbers, are used for identification. Confusion arises for children because nominal
numbers rarely correspond with other number meanings. For example, house num-
ber 5 does not have to be the fifth house on the street nor do there even have to be
five houses on the street.
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Classifying Numbers by Sets

Historically, the development of number systems closely followed the development
of how numbers were used and manipulated. As people asked and then solved more
and more sophisticated problems, they had to expand their ideas about number.
For example, the first numbers used were the counting numbers (1, 2, 3,4, 5, ... ),
also known as the natural numbers. Some of the earliest written records of ancient
cultures include numerical symbols in reference to counting people and animals.
The development of trade and agriculture brought with it new needs for numbers:
civilizations needed to be able to divide such things as land or goods. More than
four thousand years ago, both the Egyptians and the Babylonians developed the idea
of fractional portions so that they could represent quantities less than one in
division.

While zero was used as a place holder by the Babylonians, the concept of zero
as a number was not documented until the seventh century when it was credited
to Hindu mathematicians. However, the work of an Arabian mathematician,
Al-Khowarizmi, around A.D. 825, who also used zero as a number, was of greater
importance to the development of mathematics in Western Europe. The transla-
tion of Al-Khowarizmi’s work in the thirteenth century contributed to our use
today of the Hindu-Arabic numerals. While the counting numbers as a set do
not include zero, both the whole numbers (0, 1, 2, 3, 4, ... ) and the rational
numbers do.

Europeans began to use negative numbers during the Renaissance, expanding the
set of whole numbers to the set of integers, although the concept of having less than
zero was used by both the Hindus and Arabs centuries earlier. The widespread use of
negative and positive numbers came about because of increased commerce and the
need to keep records of both gains and losses. Today, upper elementary or middle
school students learn about integers—a set of numbers that includes zero, the count-
ing numbers, and their opposites (the opposite of a number is the number that is
the same distance from zero on the number line, only in the opposite direction).
For example, ... 75,74, 73,72,71,0,1, 2, 3,4, 5, ... are all integers. There are also
negative fractions and decimals, but they are not classified as integers because they
are not opposites of natural (counting) numbers.

Throughout history, different sets of numbers have been defined and then used to
answer questions of how much and how many. In school, students must learn about
and use different types of numbers to answer these same questions. In the early
grades, children deal primarily with whole numbers. However, elementary-age chil-
dren also use numbers from other sets. Children who live in cold climates are more
likely to be introduced to integers at an early age, since the weather is an important
topic of conversation. Temperatures of 5 below zero (75) or a wind chill of ~20 have
meaning for these children!

When students learn about fractions, they have to deal with a new set of
numbers—rational numbers. Rational numbers enable us to answer questions about
how many and how much using whole amounts and parts of whole amounts. Num-
bers that can be expressed as a ratio of two integers are rational numbers, hence the
name. More formally, all rational numbers can be written in the form § (a ratio)
where a and b represent integers and b does not equal zero. The set of rational
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numbers includes whole numbers and negative numbers. The rational number set
also includes all fractions and some of the decimal numbers that are between inte-
gers, ~261, 74.35, £, and 1.75, for example.

Why are some decimal numbers rational numbers? Many decimals can be represen-
ted as a fraction (0.5 = L and 3.7 = 35). All repeating decimals such as 0.333 . . . and
0.277 . . . are classified as rational numbers; they also can be represented as fractions
(4 and 7, respectively). Not all decimals, however, are rational numbers. Many dec-
imals cannot be written as a ratio of two integers because they have decimal expan-
sions that do not terminate or become periodic (repeat in some way). These are
known as the irrationals (not ratios, hence the name). Many irrational numbers are
found by taking the roots of rational numbers. The root of a number, N, is a number
that can be multiplied by itself a given number of times to produce N. For example,
the square root of 25 (\V/25) is 5 since 5 X 5 = 25. The cube root of 8 (\/8) is 2
since 2 X 2 X 2 = 8. Both of these numbers are rational. However, the square root
of 2 is 1.414213562 . . . and this number is irrational. The square root of other
numbers that are not perfect squares, such as V3, V11, and V24, are also
irrational. The decimal expansion of these numbers cannot be written as a fraction.
But taking the roots of rational numbers is not the only way to find an irrational
number. There are an infinite number of irrational numbers that are not roots,
such as , e, and numbers like 0.34334333433334333334 . . . . The irrational and
rational number sets are infinite sets but, surprisingly, the irrational set has more
elements.

Together the sets of rational and irrational numbers form the set of real numbers.
Real numbers are used in all applications: measuring, comparing, counting, or deter-
mining quantities. Not all numbers in mathematics are real numbers, however
(\V/~7, for example, isn’t a real number). These “imaginary” numbers belong to the
set of complex numbers and are studied in high school and college.

[t may help to visualize the different sets of numbers using a Venn diagram:

Sets of Numbers
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Notice how most of these sets of numbers nest within each other. As numerical
questions and answers become more complicated, students move from using “inside”
sets of numbers to the full range of numbers in the real number system.

Activity
A O 4 Exploring Irrational Numbers
I Objective: explore lengths of line segments that are classified as irrational
numbers.

If irrational numbers represent decimal expansions that do not terminate and do
not repeat, can they be used to indicate measurements?

1. Use geoboards or sheets of dot paper similar to those in the picture below and
construct or draw fourteen line segments of different lengths with dots as
endpoints.

2. Determine the lengths of the line segments in units without using a measuring
tool.

3. Which of the lengths represent rational numbers and which of the lengths
represent irrational numbers? Explain how you know.

4. Without using the square root key on your calculator, use your calculator to de-
termine the approximate length of one of the irrational number line segments
to three decimal places.

Things to Think About

In order to find all fourteen line segments of different lengths on the geoboard,
consider starting at one point and systematically connecting it to other points
horizontally, vertically, or diagonally. Make sure each line segment is a unique
length and not a duplicate of previously drawn segments. The orientation or
placement of the line segment is not of interest in this activity, simply the length
of the segment.

How do we determine the length of a diagonal line segment? One way is to
apply the Pythagorean Theorem. First, draw a right triangle so that the diagonal
segment is the hypotenuse of the triangle. (The hypotenuse is the side of a right
triangle opposite the right angle.) The legs or sides of the triangle will be per-
pendicular to each other. The Pythagorean Theorem (a? + b2 = ¢?) enables us to
find the length of the hypotenuse of a right triangle, given the lengths of the legs
of the triangle. In the equation, a and b represent the lengths of the legs and ¢
represents the length of the hypotenuse. Next, substitute values into the formula
a? + b% = c2. For example, the line segment shown on page 7 forms a right triangle
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with legs 1 unit and 3 units long. Applying the Pythagorean Theorem, we can
determine that the value of ¢ is =\/10:

a? + b2 = 2 °
12 + 32 = ¢? °
1+9=¢ °

10 = ¢’ e o o o o
V10 =c e o o o o

So what is the length of this segment? Every positive nhumber has two square
roots, a positive and a negative one. The symbol for the positive square root is Vo
Using a calculator, we find that \/10 is approximately 3.16. The negative square
root of 10 is shown by placing the negative sign outside the square root symbol
("\/10). The value of ~\/10 is about ~3.16. Lengths of line segments are positive
values, so the negative square root does not make sense in this situation. The
length of this segment can be recorded as either V10 or about 3.16 units.

1 2 3 4 V2
V5 V10 V17 \8 or 2v2 V13
V20 or 2V5

Five of the fourteen lengths can be classified as rational numbers (1, 2, 3, 4,
and 5 units). These lengths can be represented as fractions or put another way
as the ratio of two integers (can you determine what these ratios are?). The
other nine line segments represent lengths that are classified as irrational num-

bers (V2, V5, V8, V10, V13, V17, V18, V20, V/32 units). Notice that all
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of the irrational numbers in this problem are square roots. Irrational numbers can
represent the measure of distances.

Every irrational number can be represented by a nonrepeating decimal expan-
sion. Since the expansion continues forever, if we represent a length such as
/10 units using the radical (root) sign, the answer is exact. But if we represent
the length as a decimal, such as 3.162 units, the answer is approximate. Why?
Because 3.162 is an estimate of the square root of 10. If you multiply 3.162
times itself (3.162 X 3.162), the product is close to 10 but not 10 exactly
(9.998244). We can obtain a closer estimate of the square root of 10 by using
a calculator or a computer to refine our estimate (3.162277 X 3.162277 =
9.999995824729), but no matter what number we try, we will never find a
number that when multiplied by itself has a product of exactly 10. This fact is
what makes the square root of 10 an irrational number. By leaving the length as
/10 units, we are giving an exact answer even though we cannot physically
measure it exactly.

So how do we estimate the value of a square root without using the calcula-
tor’s square root function? Let’s use \/5 as an example. First, think about num-
bers that when multiplied by themselves are close in value to 5. The numbers 2
and 3 (2 X 2 = 4 and 3 X 3 = 9) fit the bill; we use these to estimate that the
square root of 5 will be between them. It will be closer to 2 than 3 since 5 is
much closer to 4 than 9. If we try 2.2 as the estimate, we find it is too small:
2.2 X 2.2 = 4.84. The number 2.3 is too large since 2.3 X 2.3 = 5.29. Using
this information, make another estimate to two decimal places—perhaps 2.25.
This estimate is too large, as is 2.24, but 2.23 is too small. Continuing with this
guess-and-check strategy eventually leads us to 2.236 as an approximation to
three decimal places for the square root of 5.

Another method for approximating the square root of a number dates back
to the Babylonians and is often referred to as the “divide and average” method.
Let’s again use 1/5. Use what you know about multiplication to find a number
that when multiplied by itself is close to 5 (2 or 3). Make a first estimate for the
square root that is between these two numbers (say, 2.2). Using a calculator,
divide 5by 2.2 (5 + 2.2 = 2.27272727). Now average the original estimate (also
known as the divisor) and quotient [(2.2 + 2.272727273) + 2 = 2.23636363].
Use this average as the new estimate and repeat the process. In other words:

5+ 2.2=227272727 divide by estimate
(2.2 +2.27272727) +~ 2 = 2.23636363 average estimate and quotient
5+ 2.23636363 = 2.23577236 divide by new estimate
(2.23636363 + 2.23577236) + 2 = 2.236067995 average new estimate and quotient

Since the square root of 5 using the square root function on the calculator is
2.236067977, this method works quite well. Any ideas why?

You may wonder whether eventually, by trying numbers with more and
more decimal places, you’ll ever find a number that when multiplied by itself
produces exactly 5. The answer is no, but the proof of this is beyond the
scope of this book. Elementary and middle school students might enjoy exam-
ining the decimal expansion of a particular irrational such as \/5, which they
can find on the Web, to see for themselves that it does not repeat or termi-
nate in the given number of decimal places. While an example does not prove
that the irrational number’s decimal expansion does not terminate or repeat, it
still can be a powerful way to help students understand the complexity of this
set of numbers. A
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Classifying Numbers by Particular Characteristics

Certain characteristics are specific to certain sets of numbers. For example, whole
numbers can be separated into even and odd numbers, but that categorization doesn’t
make sense when considering rational numbers, because all rational numbers can be
divided by 2 and result in a rational answer. With whole numbers, only those that
can be divided by 2 and result in another whole number are even. Likewise, fractions
can be classified into one of two groups depending on whether their decimal repre-
sentation terminates or repeats, but that classification doesn’t have any relevance
when thinking about counting numbers.

Classifying numbers by certain characteristics helps identify number patterns
(e.g., the last digit in an odd number is either 1, 3, 5, 7, or 9) and leads to generaliza-
tions about numbers. The more students know about a set of numbers, the more pow-
erful they are in making sense of numerical situations. Since a great deal of time in
the elementary grades is spent using whole numbers, this section focuses on some of
the characteristics of those sets of numbers.

An important characteristic of numbers is whether they are even or odd. (We often
think only of whole numbers as being even or odd, but technically negative numbers
may also be classified this way.) There are a number of ways for students to check
whether a number is even or odd. One is to take counters corresponding to the quan-
tity designated by the number (e.g., 12) and try to divide them into two equal groups.
If there is one extra counter left over, the number is odd; if not, the number is even.
Taking counters and putting them into two equal groups is equivalent to dividing a
number by 2. If the result has no remainder when divided by 2, the number is even.
Using multiplication to represent this relationship, even numbers can be written in
the form 2 X n where n is an integer (12 = 2 X 6since 12 +~ 2 = 6; 184 = 2 X 92
since 184 =+ 2 = 92). But if the result when divided by 2 has a leftover or remainder,
then the number is odd. Again using multiplication to represent this relationship,
odd numbers can be written in the form (2 X n) + 1. For example, 11 + 2 =5r 1 and
11=2X5) +1,and 185 +2=92r1and 185 = (2 X 92) + 1. A third way to
explain evenness is by using the analogy of dancing partners—when you have an even
number of people everyone has a partner or can form pairs. If even and odd numbers
are represented using objects, the idea of partners can be shown concretely:

Knowing that the ones digit of all even numbers is either 0, 2, 4, 6, or 8 lets stu-
dents quickly identify even numbers, but the pattern in itself does not help students
understand the concept of evenness. They need many experiences in which they
either separate counters into two equal groups or form “partners” with them and then
decide whether the number quantity the counters represent is even or odd.
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Is the number O even or odd? This confuses students since if they have O counters,
how are they to check if the counters can be separated into two equal groups? They
can’t so we must use another method for checking: divide by 2 and see if the result
has a remainder. When we divide O by 2, the quotient is O with no remainder (0 +
2 = 0). Furthermore, we can represent 0 as (2 X n) wheren = 0 (2 X 0 = 0). Notice
that there is no value for n that works to make (2 X n) + 1 equal to 0. Thus, 0 is an
even number. Most second graders can simply be told that O is even, but older stu-
dents (and some precocious second graders) should be asked to make sense of why.

Activity
A O 4 Even and Odd Numbers, Part 1
! Objective: investigate sums of even and odd numbers.

Consider the following questions:

1. Is the sum of two even numbers even or odd?
2. Is the sum of two odd numbers even or odd?
3. Is the sum of one odd number and one even number even or odd?

Using words, drawings, symbols, or concrete materials, explain why these types of
sums occur.

Things to Think About

Why is the sum of two even numbers an even number? If a number is even, it can
be represented using “partners,” or pairs. Combining two numbers that are each
separable into groups of two results in a third number (the sum) that is also sep-
arable into groups of two. Another way of stating the relationship is that the sum
can be divided into two equal groups:

The sum of two odd numbers is also an even number. An odd number has
what we can refer to as a “leftover”—when an odd number of counters is divided
into two equal groups or into groups of two, there is always one extra counter.
When we combine two odd numbers together, the “leftovers” from each odd
number are joined and form a pair:

Using this same line of reasoning, it follows that the sum of one even and one
odd number will always be an odd number. A
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Activity

A O 4

3

Even and Odd Numbers, Part 2

Objective: investigate products of even and odd numbers.
Consider the following questions:

1. Is the product of two even numbers even or odd?
2. Is the product of two odd numbers even or odd?
3. Is the product of one odd number and one even number even or odd?

Using words, drawings, symbols, or concrete materials, explain why these types
of products occur.

Things to Think About

Why is the product of two even numbers an even number? One way to interpret
multiplication is as a grouping operation. For example, 2 X 4 can be interpreted
as two groups of four. Since there are an even number in each group (4) and
an even number of groups (2), the total amount is always going to be an even
number:

By generating examples, you discovered that the product of two odd num-
bers is an odd number. Why? In this case, think of multiplication as repeated
addition. Using 3 X 5 to illustrate, we can interpret this multiplicationas 5 + 5 +
5—and we notice we are adding an odd number an odd number of times.
Since every two odd numbers when added together will total an even number,
the extra odd number will remain without a partner and will affect the total by
making it odd:

The third case, an even number multiplied by an odd number, always gives an
even product. Both interpretations of multiplication, grouping and repeated
addition, can be used to explain why. A
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Another important classification of numbers is based on factors. A factor of a num-
ber divides the number evenly—there is no remainder. The numbers 2, 3, 4, and 6
are factors of 24, but 5 and 7 are not. Mathematicians have been intrigued for cen-
turies by prime numbers: a prime number has exactly two unique factors, 1 and itself.
Composite numbers have more than two factors.

Activity

A O 4 Rectangular Dimensions and Factors

z Objective: use rectangular arrays to visualize the differences among prime
numbers, composite numbers, and square numbers.

Materials: graph paper.

Draw on graph paper as many different-shape rectangles as possible made from
1 square, 2 squares, 3 squares, . . . 25 squares. What are the dimensions of your
rectangles? When you use 6 squares there are four whole number dimensions
possible—1 and 6, and 2 and 3—but when you use 7 squares there are only two
whole number dimensions—1 and 7. The whole number dimensions of these rec-
tangles are also called factors of these numbers. Use the dimensions of rectan-
gles formed from each number to list the factors of the numbers from 1 through
25. Remember that a square is a special kind of rectangle. Sort the numbers
based on the number of factors.

Things to Think About

Does the orientation of the rectangles matter? Is a 2-by-5 rectangle the same as
a 5-by-2 rectangle? The rectangles are different in that they show two distinct
arrays, but they cover the same area: a 2-by-5 rectangle can be rotated to repre-
sent a 5-by-2 rectangle. For this activity we are interested in the dimensions of
the rectangles (or the factors of the numbers), not in their vertical or horizontal
orientation. What is important to note is that 2 and 5 are both factors of 10.

What did you find out about the number of factors? The number 1 has one
factor (itself) and forms one rectangle (a 1-by-1 square); it is classified by math-
ematicians as a special number and is neither prime nor composite. Many num-
bers have only two factors and make just one rectangle: 2, 3, 5, 7, 11, 13, 17,
19, and 23. These numbers are the prime numbers. Prime numbers are defined
as having exactly two unique factors. All the other numbers are composite hum-
bers and have more than two factors; composite numbers can be represented by
at least two unique rectangular arrays.

NUMBER OF PRIME OR

NUMBER FACTORS RECTANGLES COMPOSITE

1 1 1 Neither

2 1,2 2 Prime

3 1,3 2 Prime

4 1,2,4 3 Composite

5 1,5 2 Prime

6 1,2,3,6 4 Composite

7 1,7 2 Prime

12 / CHAPTER 1

Math Matters: Understanding the Math You Teach, Grades K-8, Second Edition
© 2006 Math Solutions Publications



8 1,2,4,8 4 Composite
9 1,3,9 3 Composite
10 1,2,5,10 4 Composite
11 1,11 2 Prime
12 1,2,3,4,6,12 6 Composite
13 1,13 2 Prime
14 1,2,7,14 4 Composite
15 1,3,5,15 4 Composite
16 1,2,4,8,16 5 Composite
17 1,17 2 Prime
18 1,2,3,6,9,18 6 Composite
19 1,19 2 Prime
20 1,2,4,5,10,20 6 Composite
21 1,3,7,21 4 Composite
22 1,2,11,22 4 Composite
23 1,23 2 Prime
24 1,2,3,4,6,8,12,24 8 Composite
25 1,5,25 3 Composite

Examine the rectangles representing the numbers 1, 4, 9, 16, and 25. Did you
notice that in each case one of the rectangles that can be formed is also a
square? Ancient Greek mathematicians thought of number relationships in geo-
metric terms and called numbers like this square numbers, because one of the
rectangular arrays they can be represented by is a square. The square numbers
have an odd number of factors, whereas the other numbers examined have an
even number of factors. Numbers that are not square always have factor pairs.
For 12, for example, the factor pairs are 1 and 12, 2 and 6, and 3 and 4. But
square numbers always have one factor that has no partner other than itself. For
9, for example, 1 and 9 are a factor pair, but 3 is its own partner because 3 X 3 =
9. The factor of a square number that has no partner—3 for the square num-
ber 9—isn’t listed twice. Therefore, the factors of 9 are 1, 3, and 9, and the fac-
torsof 16 are 1, 2, 4, 8, and 16—an odd number of factors.

The square numbers between 25 and 200 are 36, 49, 64, 81, 100, 121, 144,
169, and 196. The terminology squaring a number—eight squared (82?), for
example—comes from the fact that when you multiply 8 by 8, one way to repre-
sent this amount geometrically is in the form of a square array with eight unit
squares on each side. A

One of the earliest mathematicians to study prime and composite numbers was
Eratosthenes (Era-toss’-the-neez), a Greek. He is known for a method of identifying
prime numbers, the Sieve of Eratosthenes. Since the time of Eratosthenes, the hunt
for prime numbers has occupied many mathematicians. A French mathematician
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from the early Renaissance, cleric Marin Mersenne (1588-1640), proposed the
following formula for generating prime numbers: 2" — 1, where n is a prime number.
Substitute the numbers 1 through 7 for n in his formula. Which of your results were
prime numbers? Did you find that when n was a prime number, another prime num-
ber was generated by the formula? If n = 2, then the Mersenne Prime is 3 (22 — 1 = 3),
and if n = 3, a Mersenne Prime, 7, is created (2° — 1 = 7). For 2° — 1, the Mersenne
Prime is 31. The next Mersenne Prime is 27 — 1, or 127, and there are several prime
numbers between 31 and 127. Over the course of the last three hundred years, as
mathematicians worked on finding primes using Mersenne’s formula, they discovered
that Mersenne’s formula does not generate all possible prime numbers. But by 1947 it
was determined that if n = 2, 3,5, 7, 13, 17, 19, 31, 61, 89, 107, or 127, the formula
does produce another prime number.

As counting numbers become larger, it becomes increasingly arduous to determine
whether they are prime or not. Even high-speed computers have a difficult time ex-
amining extremely large numbers to determine whether they are prime. Therefore
the current search for prime numbers examines only Mersenne Primes, because those
numbers have the potential to be prime numbers. As of 2005, the largest prime num-
ber was a Mersenne Prime: 22476491 — 1. It contains over seven billion digits!

Other mathematicians fascinated by primes include Pierre de Fermat (1601-1665),
Leonhard Euler (1707-1783), and Christian Goldbach (1690-1764). In a letter dated
June 7, 1742, Goldbach presented his now famous conjecture to Euler, namely that
any even number can be represented as the sum of two prime numbers. Test Gold-
bach’s conjecture by finding sums for several even numbers using prime numbers as
addends: 6 =3 +3,8=5+ 3,12 =7+ 5,20 = 13 + 7 are all examples that sup-
port Goldbach’s conjecture. Students enjoy learning about prime numbers and inves-
tigating Goldbach’s conjecture. (No one has ever found an even number greater than
2 that cannot be written as the sum of two prime numbers.)

The exploration of number characteristics is sometimes purely recreational. One
interesting classification scheme involves labeling counting numbers as perfect, abun-
dant, or deficient. These classifications are related to the factors of the numbers. A
perfect number is equal to the sum of all its factors other than itself (e.g., 28 is per-
fect, since 28 = 1 + 2 + 4 + 7 + 14). If the sum of the factors of a number (other
than itself) is greater than the number, then it is classified as abundant (e.g., 18 is an
abundant number, since 1 + 2 + 3 + 6 + 9 = 21). Finally, a deficient number is one
whose factors (other than itself) sum to less than the number (e.g., 16 is a deficient
number, since 1 + 2 + 4 + 8 = 15). Factors of a number other than itself are some-
times referred to as proper factors.

Activity
A O 4 Perfect Numbers
5 Objective: learn about perfect, abundant, and deficient numbers.

Pick a number. List the proper factors. Find the sum of the proper factors, and
then classify the number as perfect, abundant, or deficient. Pick another number,
list the proper factors, find their sum, and classify the number. Can you find one
number of each type?
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Things to Think About

Were you able to find a perfect number? There aren’t a lot of perfect numbers,
only two that are smaller than 30: 6 and 28. Some abundant numbers are 12,
18, 20, 24, and 30. Examples of deficient numbers include 8, 9, 10, 14, 15,
21, and 25. All prime numbers are deficient numbers. Can you think of a rea-
son that explains why? A prime number has only two factors, 1 and itself, so
the only proper factor is 1. Therefore, the “sum” of the proper factors is also 1
and is always less than the number. Exposing students to a variety of classifica-
tion schemes broadens their appreciation of the many roles numbers play in
society. A

2. Understanding Numbers

Students’ understanding of quantity is based on their understanding of number
meaning and number relationships and develops over time. Young children use
counting to make sense of quantity both by recognizing where numbers are in the
counting sequence and by connecting counting and cardinality to actual objects.
Their understanding is extended when they are able to consider sets of objects
as parts of wholes and can conceptualize a number as comprising two or more
parts. They eventually establish anchor quantities like 5 and 10 and realize that
these groups can themselves be counted (e.g., 60 can be thought of as 6 groups of
10 not just 60 units). As students’ understanding of number progresses, they es-
tablish relationships that link prime factors, factors, and multiples in numerous
ways.

Counting is very important in developing students’ early understanding of quan-
tity. Rational counting progresses from objects that can be touched to objects that
are only seen to the mental image of a group of objects. Learning to count by rote
involves both memorization and identification of patterns. The first twelve nu-
meral names are arbitrary and must be memorized. The numerals 13 through 19
follow a “teens” pattern—a digit name followed by teen, which represents a ten.
Then the pattern shifts so that the tens value is presented first (twenty, thirty, . . . )
followed by the ones digits. The transition at decades (e.g., counting on from 79 to
80 or on from 109 to 110) is especially difficult for children, in part because the
decade names break the tens-ones pattern (we don’t say twenty-ten, twenty-
eleven) and require students to have learned the order of the decade names. Inter-
estingly, the Chinese numerals for the decades are much more orderly and
systematic—one-ten represents the number ten, two-ten is equivalent to twenty,
three-ten represents thirty, and so on. Thus, 42 is read four-ten-two, and 89 is read
eight-ten-nine.

Some children enter kindergarten being able to count to 10 or 20; this ability
is strongly affected by opportunities to practice. Other children are unable to
count when they come to school, because they have had limited or no practice. Fur-
thermore, many early childhood programs don’t include counting activities with
quantities greater than 20. As a result it is very difficult for students to identify
counting patterns, learn the decade names, and generalize how these patterns
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continue. Teachers need to increase the number of counting activities for children
whose counting skills are weak so that they learn the number names in sequence.
Asking students to discuss patterns in counting and to reflect on how numbers are
said also promotes the development of these skills.

In order for students to attach quantitative meaning to number words, however,
they must do a great deal of counting of things. This is sometimes referred to as
“meaningful counting,” “counting with understanding,” or “rational counting.”
Young children work hard to master counting objects one by one and with time de-
velop strategies for counting things accurately. Most mistakes occur because students
don’t count each member of the relevant set once and only once, perhaps because
they are moving too many objects at a time or not attending to what they are doing.
If you notice students who do not coordinate their verbal counting with their actions
with regard to objects, you can show these students how to keep track of their counts
by moving an object from the uncounted pile to the counted pile as you say each
number (it helps to use a mat with a line down the center or a shoe box lid divided
into two sections with string). In addition it helps children make generalizations
about quantity if you vary the arrangement of objects to be counted (in a row, a
circle, or a random pattern) and if you ask children to share their own strategies for
keeping track of what they have counted (Ginsburg 1989). Counting pictures or
things that can’t be moved is a different skill. If possible, have children cross off each
picture as it is counted.

An important milestone occurs when children connect counting and cardinality—
they understand that the last number counted indicates how many are in a set. Some
children grasp the cardinal meaning of number as young as age two or three. When
children start school without this understanding, teachers may be explicit: The last
number you say when counting tells how many objects you have. Watch me. One, two,
three, four, fwe. Five. There are five marbles. Watch again.

In addition to using counting to make sense of quantities, children also use im-
agery. In general, children are interested in developing more efficient ways to count,
and over time they learn to “see” small numbers without counting. They instantly
recognize 94 as three. The identification of small quantities without counting is
known as subitizing and appears to develop after children have had repeated practice
in counting such sets. Sometimes students recognize only particular arrangements of
objects such as the dots on a die. In order for students to extend their use of subitiz-
ing, it helps to vary the arrangement of the objects. For example, the number 4 can
be shown using many different dot patterns:
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Furthermore, when students identify without counting that there are four dots,
they tend to think about this quantity as a group instead of as individual dots. Visual-
izing a set of objects as a “group” is an important step toward being able to decom-
pose quantities into small groups (e.g., 5 can be thought of as a group of 2 and a
group of 3). Dot cards, dominoes, and dice are often used in instruction because they
present a variety of arrangements of dots (or pips) for small numbers.

The ten-frame (a 2-by-5 array of squares) is a tool used to help students organize
visual patterns in terms of 5 and 10. As students count objects, they place each
counted object into a cell of the ten-frame. It is important in terms of visualization
that students first fill the top row of the ten-frame (5) and then move to the second
row. This helps them see that a quantity such as 8 can be thought of as a group of
5 and a group of 3.

O0]010]|0
OO0

A ten-frame can be used in spatial relationship activities that focus on identifying
groups of objects. For example, you can place eight pennies on a ten-frame and cover
it with a sheet of paper. Quickly uncover the ten-frame and observe which students
count and which students “see” the parts (5 and 3) and/or the whole group (8). Ex-
posure to this type of activity will help students develop visual images of specific-size
groups. The ten-frame also helps students visualize and quantify 10. In the ten-frame
above, eight cells are filled and two cells are empty—Ileading us to consider 10 as
8 plus 2 and as 5 plus 3 plus 2.

Understanding Part-Whole Number Relationships

Recognizing small groups or quantities is a skill students use to develop more
sophisticated understanding about number. A major milestone occurs in the early
grades when students interpret number in terms of part and whole relationships.
A part-whole understanding of number means that quantities are interpreted as
being composed of other numbers. For example, the number 6 is both a whole
amount and comprises smaller groups or parts such as 1 and 5 or 2 and 4. Research
indicates that students instructed using a part-whole approach do significantly
better with number concepts, problem solving, and place value than those students
whose instruction focuses just on counting by ones. Students first learn about part-
whole relationships for the numbers O through 10. Solid understanding of the
many relationships inherent to number takes time. Therefore it is not unusual

for some second graders to have limited part-whole constructs for the numbers
7 through 12.
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There are many instructional activities that encourage part-whole thinking. For
example, you can show students a tower of interlocking cubes and ask them to deter-
mine all the ways they can divide the tower into two parts. Be sure to ask students to
link numerical symbols with the concrete manipulations; when dividing a set of
cubes into two groups, students should record their findings on paper. After they
finish, they should reconnect the blocks in order to revisualize the “whole” amount.
Or give your students six objects, ask them to put some in one hand, the rest in their
other hand, and to put their hands behind their backs. Then ask each child how
many objects are in one hand (for example, 4), how many are in the other hand (2),
and how many objects he or she had to start with (6). It may appear that these activ-
ities are teaching addition, and they do provide a strong conceptual base for addition
and subtraction. However, the focus is actually on the meaning of the quantity in
terms of composition/decomposition.

Activity
A O 4 Exploring Part-Whole Relationships
6 Objective: explore patterns when numbers are decomposed additively into two
parts.

A number can be broken into two parts in different ways. Eleven, for example, is
made up of 4 and 7, among other combinations. Order matters, because we are
looking at the number of combinations, not the actual addends: 4 and 7 is differ-
ent from 7 and 4. Zero is an acceptable part. How many different two-part com-
binations of whole numbers are possible for 11?7 77 12?7 357 n? What patterns do
you notice in the combinations? What generalizations can you make?

Things to Think About

For 11, there are 12 two-part combinations; for 7, there are 8 two-part combi-
nations; for 35, there are 36 two-part combinations; and for n, there are n + 1
two-part combinations. What patterns did you observe in the combinations? For
the number 7, the combinations are 7 and 0, 6 and 1, 5 and 2, 4 and 3, 3 and 4,
2 and 5, 1 and 6, and 0 and 7; as one number decreases, the other number in-
creases. The reason there are n + 1 two-part combinations becomes clear if you
look at the actual combinations. Since zero (0) is a part, there are actually eight
different numbers (O through 7) that can be combined with other numbers: any
of the eight numbers 0, 1, 2, 3, 4, 5, 6, or 7 can be the first part, and the corre-
sponding quantity that creates 7 is the second part. A

Activity
A O 4 Exploring Combinations
7 Objective: explore patterns when numbers are decomposed additively into more
than two parts.

Materials: Cuisenaire rods.

A purple Cuisenaire rod is 4 units long. There are eight different ways to combine
other Cuisenaire rods to create a rod that is the same length as the purple rod:
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w | w | w|w light green | w
w | w red w | light green
w red w red red
red w | w purple

You can use four rods (1-1-1-1), three rods (1-1-2; 1-2-1; 2-1-1), two rods
(3-1; 1-3; 2-2), or one rod (4). The order of the parts matters: 1-1-2 is different
from 1-2-1. How many different ways are there to create each of the other
Cuisenaire rods? You may wish to list the different combinations in a table.

ROD (LENGTH) PARTS THAT MAKE THE ROD NUMBER OF COMBINATIONS

White (1)
Red (2)

Light Green (3)

Purple (4) 1T+1+1+1,1+1+2,1+2+1, 8
24+1+1,3+1,1+3,2+2,4

Yellow (5)

Dark Green (6)

Things to Think About

For the smallest rod, white, there is only one way to show that length—with a
white rod. The length of the next rod, red, can be made using two white rods or
one red rod. There are four combinations that equal the length of the light green
rod—light green; red and white; white and red; and white, white, and white.
There are eight combinations for the purple rod, sixteen combinations for the
yellow rod, and thirty-two combinations for the dark green rod.

NUMBER OF

ROD (LENGTH) PARTS THAT MAKE THE ROD COMBINATIONS
White (1) 1 1 20
Red (2) 1+1,2 2 21
Light Green 3) 1+ 1+1,1+2,2+1,3 4 22

Continued
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NUMBER OF
ROD (LENGTH) PARTS THAT MAKE THE ROD COMBINATIONS

Purple (4) T+1+1+1,1+1+2,1+2+1, 8 23
2+ 1+1,3+1,1+3,2+2,4

Yellow (5) T+1+1+1+1,1+1+1+2,1+1+2+1, 16 2
1T+2+1+1,2+1+1+1,2+2+1,
1+2+2,2+1+2,3+1+1,1+3+1,

1

+1+3,1+4,4+1,3+2,2+3,5

Dark Green (6) +1+1+1+1+1,1+1+1+1+2, 32 25
+1+1+2+1,1+1+2+1+1,
+2+1+1+1,2+1+1+1+1,
+1+2+2,1+2+1+2,1+2+2+1,
2+2+1+1,2+1+1+2,2+1+2+1,
1T+1T+1+3,1T+1+3+1,1+3+1+1,

341 +1+1,1+2+3,2+1+3,2+3+1,
1+3+2,3+1+2,3+2+1,1+1+4,
1+4+1,4+1+1,3+3,4+2,2+4,1+5,
5+1,2+2+2,6

What patterns did you observe in the number of combinations? As the rods got
longer, by one centimeter each time, the number of combinations doubled. These
numbers, 1, 2, 4, 8, 16, 32, . . ., are referred to as powers of two, since each of
the numbers can be represented as 2 to some power: 1 = 20,2 =21 4 =22 8 = 23,
16 = 24, and 32 = 25. Another pattern can be seen in the exponents; each expo-
nent is one less than the length of the rod. For example, the yellow rod is 5 cm
long and there are 2%, or 16, ways to make a rod this length. The patterns ob-
served in the number of combinations can be used to generalize the relationship
to rods of any length; the number of combinations for each rod is 2¢ =, where
n is the length of the rod in units. Thus, there are 25, or 64, ways to make a black
rod; 27, or 128, ways to make a brown rod; 28, or 256, ways to make a blue rod;
and 29, or 512, ways to make the 10-centimeter orange rod. Notice how quickly
the number of combinations increases. A

Understanding Multiplicative Number Relationships

So far in this section we have examined number from a counting and a part-whole
(or additive) perspective. As students’ understanding of number expands and as they
move through formal schooling, they are introduced to multiplicative number rela-
tionships. One multiplicative relationship involves factors and products. For example,
because 3 times 8 equals 24, 3 and 8 are factors and 24 is a product. Factors that are
prime numbers are called prime factors. Factors are also called divisors, since they di-
vide the number evenly with a zero as the remainder. Knowledge of factors and divi-
sors is used when applying the rules of divisibility, determining the least common
denominator, and finding common multiples.

Integers greater than 1 can always be expressed as the product of prime factors in
one and only one way. The number 12 can be factored using the following primes:
2 X 2 X 3. Twelve is unique in its composition of prime factors. Thus, changing one
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Activity

of the prime factors (e.g., 2 X 2 X 5) results in a different product and thus a differ-
ent number (20). The relationship between a number and its prime factors is so im-
portant that there is a theorem about it, the Fundamental Theorem of Arithmetic,
which states that every integer greater than 1 can be expressed as the product of a
unique set of prime factors. The order of the factors does not matter. For example,
2 X 3 X 5isthe same as 3 X 5 X 2. Each set of these prime factors equals 30, regard-
less of which factor is listed first, second, or third.

A O 4

O

Prime Factors

Objective: understand how prime factors are combined multiplicatively to form
numbers.

Determine the prime factors for 120. Then list all factors of 120. How can you
use the prime factors of 120 to determine all the factors of 120? Is 120 divisible
by 2, 3, 4,5, 6, 7, or 8 How are the prime factors of 120 related to whether or
not 120 is divisible by any of these numbers? Pick another composite number
and determine its prime factors. What are the factors of your new number? What
numbers divide evenly into your new number or, put in another way, are divisors
of your new number?

Things to Think About

There are a number of ways to factor a number, but the most common approach
is to use a factor tree. In a factor tree, the factors are represented on branches
and the next-lower line of branches presents factors that produce the number
above as a product. The tree continues until no number on the bottom line can be
factored further. Here are two factor trees for 120. Notice that while the upper
parts of the trees use different factors, the prime factors at the bottom of the
trees (2 X 2 X 2 X 3 X 5) are the same:

/\ /\
/\/\ /\

2

/\\\\/\\

2 2 5 5 2 3

How can the prime factors be used to determine all the factors of 120? First,
it is important to remember that all the prime factors of 120 must be used; oth-
erwise you will end up with a different number than 120. Using the commutative
and associative properties, the prime factors of 120 can be combined in different
ways to find all other factors. For example, multiplying two of the prime factors,
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2 and 3, gives a product of 6, which is one factor. That leaves 2 X 2 X 5, or 20,
as the other factor that pairs with the 6. Some of the factors of 120 are:

4 x300r(2X2)X(2X3xX5)
8 X 150r(2xX2xX2)X(3X5)
10 X 12 0r (2 X 5) X (2 X2 X 3)
120 X 1or (2 X2 X2 X3 X5)X1

Continuing with this method, 16 factors of 120 can be found. They are 1, 2, 3, 4,
5,6,8,10, 12, 15, 20, 24, 30, 40, 60, and 120.

The number 120 is divisible by 1, 2, 3, 4, 5, 6, 8, 10, 12, 15, 20, 24, 30, 40,
60, and 120, because each of these numbers is a factor of 120. Numbers that
are not factors of 120, such as 7 and 9, do not divide evenly into 120. A

Understanding Negative and Positive Number Relationships

In the middle grades, students’ experiences with numbers are expanded to include
negative numbers. The topic is difficult for a number of reasons. Students not only
must make sense of negative values with which many have little experience, but also
are introduced to new symbols and vocabulary. Computations with negative and pos-
itive numbers are especially problematic, as the operations and algorithms are rarely
understood and easily confused.

What are the important characteristics of this group of numbers? One is direction,
which indicates whether a number is to the right of zero, and therefore positive, or to
the left of zero, and therefore negative. We can use the concept of direction to com-
pare numbers, since the farther a number is to the right on the number line, the greater
it is. For example, which is greater, 74 or 9?7 Both are negative and are to the left of
zero, but 74 is greater than ~9 since ~4 is to the right of ~9 on the number line.

' '

- | | | | | | | | | | | | .
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1079 87°6574737271 012345467 8 910

The other important characteristic when thinking about positive and negative
numbers is the magnitude of the number. Magnitude is the distance of a number from
0. Five is 5 intervals from 0 and ~2 is 2 intervals from 0. We refer to the magnitude of
a number as its absolute value. Put another way, the absolute value of a number is its
distance from 0. This concept is so important that there is a particular symbol, Inl, to
represent when we are referring to a number’s magnitude or absolute value. The ab-
solute values of both =6 and 6 are the same (1761 = 6 and 6] = 6) since both =6 and
6 are 6 intervals from O, yet these numbers are in opposite directions from 0. Numbers
that are the same distance from O but on opposite sides of O are known as opposites.
What do we now know about the number ~467? It is a negative number and thus its
direction is to the left of 0. It is less than O and is 467 intervals away from 0. It is a
small number, because it is so far from O to the left. The opposite of 467 is 467. Both
numbers are the same distance from 0.
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When we combine the two characteristics of direction and magnitude, we have
powerful information to help us interpret, compare, and order all numbers, but in
particular, negative numbers.

The language associated with comparisons is particularly important when working
with negative numbers: we compare numbers using the terms greater than, less than, and
equal to. Informal language used to compare quantities, such as bigger, smaller, and
larger, can cause significant confusion when dealing with negative numbers. In the
early elementary grades, when students work with positive numbers, there is general
agreement on the meaning of comparative terms; students understand that if a number
is “bigger” or “larger” than another, it is another positive number. Their knowledge
comes from counting; the last number you say when counting is the greatest. But when
students start working with negative numbers, informal language can be problematic.
For example, which is larger, “8 or 2?7 Since when we count, 8 comes after 2, students
often think ~8 is greater than ~2. Furthermore, the magnitude or distance from 0 to =8
is greater than ~2, so again students think ~8 is greater. Also, a common model to help
students think about negative numbers uses red chips for negative values and black
chips for positive values. Eight red chips representing =8 is physically more than two
red chips representing ~2, even though ~8 is actually less than ~2.

One way to help students avoid these types of errors is to link the concepts of dis-
tance and magnitude to comparisons on the number line. Numbers to the right of
other numbers are greater; 25 is greater than ~47 because it is to the right of 747.
Likewise, since ~2 is to the right of ~8 on the number line, ~2 is greater than =8 (or
we can say that =8 is less than ~2). Which negative number is closer to O (72 is closer
to O than ~8, for example) is another way of determining which of them is greater.
However, which number is closest to O is not enough when comparing negative and
positive numbers. For example, ~1 is closer to O than 5 but ~1 is not greater than 5;
5 is farther to the right on the number line. Students need to learn that the place-
ment of a number on the number line is important when comparing the size of nega-
tive numbers, in particular. In addition, we should try to use only the proper
terminology, greater than and less than, in order to eliminate any possible confusion
about which characteristics we are considering. We want these comparison words to
be correctly associated with the related concepts.

Positive numbers can be written in three ways: 35, +35 or *35. A positive number
does not have to have a plus sign; it is required only when there may be confusion as
to the sign of the number. Sometimes the plus sign is raised, but it doesn’t have to be.
Negative numbers always have a negative sign in front of them (raised or not) and
are often put in parentheses in number sentences where a subtraction sign is used
and the negative sign is not raised (e.g., 5 — (—3)) to help us differentiate between
the negative sign and the subtraction sign. When using positive and negative num-
bers it is tempting to refer to them using the terms plus and minus. However, if we say
plus 20 instead of positive 20 or minus 7 instead of negative 7, it is easy to become con-
fused: do we mean the positive and negative numbers or do we mean the operations
of addition and subtraction?

Two other terms are also applied to negative and positive numbers: signed numbers
and integers. Signed numbers is an informal name for the set of negative and positive
real numbers. It is usually used when we want to let others know we are talking about
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negative and positive numbers, including negative and positive fractions and deci-
mals (and irrationals). Integers, on the other hand, are numbers that are formally
defined as the whole numbers and their opposites—they do not include negative and
positive fractions and decimals. Thus, some signed number are integers (723 and
149), but other signed numbers are not (72.5 and 133).

Activity
A O 4 The Number Line
Q Objective: create a number line and generalize its important features.

1. Draw a blank number line (without numbers indicated). Make two marks any-
where along the line. Label the marks 3 and 5. Where is 0? Where is 1?

-3 5

A
Y

2. Place the following numbers on your number line: A) ~2.3; B) ~i; C) V/23;
D) ~33; E) |72|; F) the opposite of “54; G) ~\/13; H) x when |x| = 4.

3. Is 0 a positive number, a negative number, or neither? What is the opposite of 07
Explain your thinking.

Things to Think About

The number line is an important representation that pictures numbers as points
on a line. Every point on the real number line corresponds to exactly one real
number, and every real number corresponds to exactly one point on the number
line. Although we refer to a number as a point, this is not actually the case—a
point really represents the magnitude of the number or its distance from zero.

What did you have to consider in order to construct your number line? First,
determining the placement of O is essential, since numbers to the right of O repre-
sent positive values (values greater than 0) and numbers to the left of O represent
negative values (or values less than 0). Second, the number line is symmetrical
around O (namely, pairs of numbers are the same distance from 0). Thus both *5
and 75 are 5 intervals away from O and are 10 intervals apart. The idea that the
line folds onto itself around O may be an image that helped you in numbering
the line. Third, the intervals between consecutive integers must be the same
but the actual length of the interval is arbitrary. There are 8 intervals between ~3
and 5, so we can make 7 equally spaced hash marks to represent the numbers
2, 71,0, 1, 2, 3, and 4. The size of the intervals on your number line may be
different from the one here because of where you originally placed ~3 and 5. Each
interval represents one unit.

- -
<% '
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Constructing number lines and placing points on the line focuses our attention
on both the size and direction of each number. Where do \/23 and ~\/13 be-
long? The square root symbol, often called a radical, indicates that the operation
of evaluating the square root is to be performed. Thus the approximate values
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are 4.8 and 7(3.6), respectively, which can then be placed on the number line.
The absolute value symbol indicates that we must evaluate the absolute value of
the number |~2|, which is 2 (since it is 2 units from 0), and place 2 on the num-
ber line. The absolute value of a number is always positive since it is a distance
(the number of intervals from 0). What is x when |x| = 47 In this case, x has two
values. Both 4 and ~4 have an absolute value of 4.

G F
D C

Hl A B E Hl
~65=4-32-1 01 2 3 45 6

Students always have questions about O. Is it positive? Is it a number? Does it
have an opposite? Zero is neither a positive number nor a negative number since
there is no change in direction and it has no magnitude. The opposite of O is O:
numbers with the same absolute value are opposites, and opposites are numbers
that are the same distance from O but on opposite sides of 0. A

3. Our Place Value Numeration System

In order to communicate ideas related to number, we must have a way of represent-
ing numbers symbolically. A numeration system is a collection of properties and sym-
bols that results in a systematic way to write all numbers. We use the Hindu-Arabic
numeration system, which was developed around A.D. 800.

One of the important features of the Hindu-Arabic numeration system is that it is
a positional system: there are place values. Equally important is that it is based on re-
peated groupings of ten. For this reason the Hindu-Arabic system is also referred to
as the base ten or decimal numeration system.

These two characteristics, place value and groupings by ten, require students to
interpret numerals within numbers on two levels: place value and face value. The
5 in 58 has a place value representing the tens place; the face value of the 5 must
therefore be interpreted to mean that five groups of ten, not five ones, are being con-
sidered. Sometimes students interpret numbers by considering only the face values of
the digits. For example, students who have little understanding of place value might
incorrectly assume that 58 and 85 represent the same quantity, since each numeral
contains both a 5 and an 8. Likewise, when dealing with decimal fractions, students
often state that 0.4 and 0.04 are equivalent if they consider only the face values
(both numerals have a 4 in them) and not the place values.

Larger numbers are read by naming the period of each group of three digits. The
three digits in each period represent the number of hundreds, tens, and ones making
up that period. The periods to the left of hundreds are thousands, millions, billions,
trillions, quadrillions, quintillions, and so on. Zillions, though used a great deal in lit-
erature, are not a mathematical period! The numeral 23,456,789 is read “twenty-
three million, four hundred fifty-six thousand, seven hundred eighty-nine.” It
provides us with a great deal of information—there are 2 groups of ten million and
3 groups of one million (which is equivalent to 23 groups of one million); 4 groups of
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one hundred thousand, 5 groups of ten thousand, and 6 groups of one thousand
(which is equivalent to 456 groups of one thousand); plus 7 hundreds, 8 tens, and
9 ones. While we say the quantity in each period as if we are only focusing on face
value (“four hundred fifty-six thousand”), students must be able to interpret the
place value meaning of each digit within the periods (which involves more than sim-
ply identifying the place value of each digit).

Helping Students Understand Our Place Value System

How can we help students understand our place value system? First, students must be
able to organize objects into specific-size groups (tens, hundreds, thousands, . . . ) and
realize that they can count these groups. Many teachers use grouping activities to help
their students think of quantities as groups of hundreds, tens, and ones. For example,
students might count 147 beans by grouping the beans into sets of ten. Counting
reveals that there are 14 groups of ten plus 7 additional beans. The notion that 147 can
be represented by single units and by a variety of groups of tens and hundreds doesn’t
always makes sense to children; counting helps young students verify that the quanti-
ties, despite the different groupings, are equal. With sufficient experiences and guid-
ance from a teacher, students internalize these relationships.

Second, students must apply their understanding of the part-whole relationship to
partitioning numbers into groups based on powers of ten (e.g., hundreds, tens, and
units). For example, 123 is equivalent to 1 group of a hundred plus 2 groups of ten
plus 3 ones. Note that if students aren’t quite sure that they can count groups or that
these groupings are equivalent to a number of units, they will have difficulty decom-
posing a number into place values. Students’ understanding of these notions is grad-
ual and appears to develop first with two-digit numbers and then with three-digit
numbers. Students often partition numbers into place values when they devise their
own algorithms for adding and subtracting numbers, because this allows them to deal
with the component parts separately.

Other ideas related to place value that students must make sense of involve the
relationships among the groups. There is growing evidence from research and na-
tional assessments that many young students do not understand to any depth the
multiplicative relationship among groups and thus have difficulty comprehending,
for example, that there are 32 hundreds in 3,289 or that ten hundredths equals one
tenth. Decomposing numbers into equivalent parts using place values other than the
face values is another problematic area for students; many students can identify that
78 is equal to 7 tens and 8 ones but are not so sure that 78 can be represented with
6 tens and 18 ones, or 5 tens and 28 ones. The standard subtraction algorithm is an
example of using equivalent representations—to subtract 38 from 62 using the stan-
dard algorithm we have to think of (or regroup) the 62 as 5 tens and 12 ones.

Activity

A O 4 Analyzing a Different Numeration System
I O Objective: group and record quantities using a different number base system.

A factory packages chocolate truffles in cartons that hold 27 truffles, in trays
that hold 9 truffles, in 3-packs, and in individual boxes:
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carton tray 3-pack box

When an order for truffles arrives at the factory, workers package the truffles in
as few boxes as possible: that is, they never use three packaging units of the
same size (e.g., three trays) but instead always repack the truffles into the next-
larger unit (e.g., one carton). Thus, an order for 38 truffles would be filled using
one carton (27), one tray (9), and two single boxes (2). The factory’s method for
recording this shipment is 1102 _ . each digit corresponds to the number of
cartons (1), trays (1), 3-packs (0), and singles (2).

You have just begun work at the truffle factory. Determine the packaging for
orders of 10, 49, 56, 75, and 100 truffles. (You may want to make sketches of
the packages.)

Now record shipments of 1 to 20 truffles. You start with 1, which you record
as 1, mes 2 truffles you record as 2, ... 3 truffles would be packaged in a
3-pack and recorded as 10 Continue recording the packaging of 4 through
20 truffles.

truffles”

Things to Think About

The record entry for 10 truffles is one tray and one single (101 ....), since 9 + 1 =
10. The record entry for 49 truffles is one carton, two trays, one 3-pack, and one
single (1211_...), for 56 truffles it is two cartons and two singles (2002 ... ),
and for 75 truffles it is two cartons, two trays, one 3-pack, and zero singles
(2210,,..)- Did you notice that the groupings in the truffle factory are based on
threes? When there are three singles they are regrouped into a 3-pack, three
3-packs are regrouped into a tray, and three trays are regrouped into a carton.
Each package is three times as large as the next smallest package. The truffle fac-
tory record system is similar to our numeration system in that it uses groupings,
but it is dissimilar in that the groupings are based on threes rather than tens.

Was your record entry for 100 truffles 321 _ .. 7 What happens when we have
three cartons? Because the factory regroups whenever there are three of any-
size package, we need to regroup and make a new package that is equivalent to
three cartons and holds 81 truffles. Let’s call it a crate! Thus, following the pack-
aging rules, when packaging 100 truffles we use one crate (81), zero cartons,
two trays (18), zero 3-packs, and one single—10201 _ ..

Packaging truffles in groups of three provides you with some insight into the
difficulties students have making sense of grouping by tens. The chocolate factory
uses a base three numeration system. To make sense of the symbols—21012 _ .
for example—you have to understand the place values of the digits and the group-
ing relationships among the place values associated with base three. Just as you
had to clarify packaging by threes, students have to master base ten relationships.
Pictures and models can help students make sense of our base ten system.

The record entries for packaging 1 through 20 truffles are 1, 2, 10, 11, 12, 20,
21, 22, 100, 101, 102, 110, 111, 112, 120, 121, 122, 200, 201, and 202.
Notice that only the digits 0, 1, and 2 are used to represent all the packaging
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options. Whenever there are three of any package, the numeral three isn’t used
to represent this quantity because the truffles are repackaged (regrouped) into a
larger package. That is, the number after 212 is not recorded as 213 but as 220,
since the three singles are repackaged into another 3-pack. The packaging nota-
tion for the truffle factory is identical to counting in base three. Our base ten
numeration system has ten digits—O0, 1, 2, 3, 4, 5, 6, 7, 8, and 9. Whenever there
are ten of any item, we regroup (repackage) the quantity and record the amount
using the next place value. Thus, in base ten when we have 19 items and add one
additional item, we don’t record that we have one ten and ten ones but regroup
to show that we have two tens (20). A

So far we have examined place value concepts using quantities greater than one.
Grouping whether in base ten or base three enables us to represent large quantities
efficiently and with only a few symbols. But what about when we have to represent
quantities less than one? How do we apply the idea of groups of 10 with small quanti-
ties? When dividing up quantities we can partition groups into 10 equal pieces. In
other words, in our numeration system we divide (or partition) groups by 10 when
representing quantities less than one.

+10 +10 +10 +10 +10 +10

R Y Y YV Ve

thousands hundreds tens ones tenths hundredths thousandths

L A A WA A . A

x10 x10 x10 x10 x10 x10

Let’s start with 5 brownies that we want to share evenly with 4 people. How much will
each person receive? We can represent the 5 brownies using squares.

Each person will receive one full brownie and a part of a brownie. To determine the
part of the one brownie that each person gets, we must follow our dividing rule—cut
the extra brownie into 10 equal pieces called tenths. Distribute 2 of these tenths to
each person, leaving 2 pieces left over.

(N
3

Left over
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Activity

Following the dividing rule again, we cut the 2 tenths into 10 pieces each. We now
have 20 pieces, each one-hundredth of the original square. These 20 hundredths can
be distributed evenly to the four people—each person receiving 5 hundredths.

Therefore, each person receives 1 whole brownie, and 2 tenths plus 5 hundredths of
a brownie, for a total of 1.25 brownies.

vaw
Il

Place Values Less than One
Objective: understand decimal place values.

Materials: graph paper cut into 10-by-10 squares.

Try the cutting activity yourself to help you better understand how decimal place
values are created. For example, explore sharing 1 brownie equally among 6 peo-
ple and 17 brownies equally among 8 people.

Things to Think About

In order to share 1 square (brownie) equally among 6 people, we have to cut the
brownie. Following the dividing rule, we cut it into 10 pieces called tenths. Each
of the 6 people gets one-tenth with 4 tenths left over. Divide each of the 4 pieces
by 10 and we have 40 hundredths. These can be distributed to the 6 people, each
receiving 6 hundredths (40 +~ 6 = 6 with 4 left over). Take these 4 hundredths and
cut each of them into 10 pieces, forming 40 thousandths. Again the 6 people each
receive 6 thousandths with 4 thousandths left over. When one brownie is shared
equally among 6 people, they each receive 0.166 brownie and there is 4 thou-
sandths of the brownie left over. Notice that if we keep cutting the leftovers, the
process will never end. Repeating decimals result when there are leftovers from
the dividing process no matter how many times we divide.

When 17 brownies are shared equally among 8 people, each person gets
2.125 brownies. This decimal does not repeat but terminates, since there are no
leftovers from the cutting process. A

Teaching Number Sense

Promoting the development of children’s number sense is a complex and multifac-
eted task. Students’ early understanding of number involves making sense of count-
ing, decomposition, and place value. These ideas are the foundation of mathematics.
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As students progress through school they build on the additive nature of number and
consider multiplicative relationships involving factors, products, divisors, and multi-
ples. Students in middle school expand their use of number to different sets of num-
bers such as rational numbers and irrational numbers. They must be aware of both
the similarities and differences among sets of numbers.

Teachers play an important role in helping students develop number sense. Tasks
that highlight relationships and properties as well as that focus on skills are essential.
Reexamine your curriculum materials in light of some of the discussions in this chap-
ter. Decide how you might incorporate some of these ideas into appropriate instruc-
tional tasks for your students.

Questions for Discussion

1. Numbers are classified in many ways. Which classification system do you
find most useful? Why?

2. Why is the concept of evenness and oddness so important? How might a
fourth grader explain that the sum of two odd numbers must be an even
number?

3. How does a young child’s concept of quantity develop? Discuss activities
that will promote students’ understanding and help them reach important
milestones.

4. Numbers can be decomposed both additively and multiplicatively. What
does it mean to understand number concepts from these two perspectives?

5. What features of signed numbers are essential for students to explore?

6. Using what you know about our base ten system, explain why the decimal
expansion of 1 is 0.083. (See Chapter 6, page 133.)
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