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Using the Five- and Ten-Structures

This string of related quick images supports the use of the five-structure. As
with B1, display the beads briefly on the class-size arithmetic rack, and then
cover the rack with a piece of cloth. Give the children time to think, and then
ask them to tell their neighbors how many beads they saw and how they
know that their total is correct. Show the images long enough to allow
children to see the groui)s of five but not long enough to count each bead
separately. This time constraint pushes children who are counting each bead
to shift to strategies that are more efficient. Invite a few children to share their
answers with the whole group, and then move to the next quick image.

5 on the bottom
7 on the bottom
8 on the top
9 on the bottom
5 on the top, 2 on the bottom
3 on the top, 5 on the bottom,
5 on the top, 4 on the bottom

AR T TR ol X TR RS AN

Arithmetic Rack B3

Using the Five- and Ten-Structures
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QUICK IMAGES: THE ARITHMETIC RACK - B2
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Arithmetic Rack

Using the Five-Structure, Compensation

This string of related quick images supports the use of the five-structure and
compensation. Display the beads briefly on the class-size arithmetic rack,
and then cover the rack with a piece of cloth. Give the children time to think,
and then ask them to tell their neighbors how many beads they saw and how
they know that their total is correct. Show the images long enough to allow

. children to see the groups of five but not long enough to count each bead
separately. This time constraint pushes children who are counting each bead
to shift to strategies that are more efficient. Invite a few children to share their
answers with the whole group. Then show the image again to check their
solutions. Continue on to the next quick image.

7 on the top, 3 on the bottom
6 on the top, 4 on the bottom
.5 on the top, 5 on the bottom
-8 on the top, 4 on the bottom

Behmd the Numbers. How the Stnng was Crafted

LY SRR Y -7 BEEE L S BT TR PE TS b (R e IVORRR. el L e ]
The images shown in this string support the development of compensation.
The first three problems all have the same answer and illustrate what
happens when just one bead is exchanged. The last problem challenges
children to consider compensation with + 2 and —2. It can become a double
(6 + 6) or aten (10 + 2) when using compensation.

Arithmetic Rack - B5

Using the Five-Structure, Compensation, Making Ten

As does B4, this string of related quick images supports the use of the five-
structure and compensation, but with the additional challenge of using
compensation to make a ten.

8 on the top, 2 on the bottom
9 on the top, 1 on the bottom
7 on the top, 3 on the bottom
8 on the top, 4 on the bottom
9 on the top, 6 on the bottom
8 on the top, 5 on the bottom

- . . . S —— e e
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Behmd the Numbers. How the Strmg was Crafted
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The images shown in this string support the development of compensation
and the strategy of making ten. The first three problems all have the same
answer—ten. The next three problems can be solved by making ten: for
example, 8 + 4 = 10 + 2. The five-structure built into the rack by the color
pattern (five red and five white beads in each row) also supports these
strategies. See B6 for additional support. '

Arithmetic Rack -

121

e .

Using the Five-Structure, Compensation, Making Ten

Sie [l for detsils {page 26).
5 on the top, 5 on the bottom
6 on the top, 4 on the bottom
9 on the top, 1 on the bottom
9 on the top, 6 on the bottom
8 on the top, 7 on the bottom
6 on the top, 9 on the bottom
5 on the top, 10 on the bottom

Behind the Numbers: How the String was Crafted

T AN W e RN TS M TR pihiE S L R T R, AN 1L T AT PO ST SR e T
The images shown in this string support the development of compensation
and the making ten strategy. The first three problems all have the same answer.
The fourth problem challenges children to consider 9 + 6 as 9 + 1 + 5.The
fifth one increases the challenge to 8 + 7.The commutative property has been
used in the next problem and the last problem reminds children how easy it is
to use compensation and turn a difficult problem like 6 + 9 into 5 + 10.

e e R A e S

e s ———

QUICK IMAGES THE ARITHMETIC RACK - B5
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Arithmetic Rack

Using the Five-Structure, Commutative Property

This string of related quick images supports the use of the five-structure and
the commutative property.

6 on the top, 3 on the bottom
3 on the top, 6 on the bottom
5 on the top, 8.on the bottom
8 on the top, 5 on the bottom
7 on the top, 3 on the bottom
3 on the top, 7 on the bottom

Behmd the Numbers. How the String was Crafted

L el GRS MOt B IR T ' A S AT N L S il W Y SRR S AT N SRR e RIS TIT N
The images shown in this string develop the strategy of using the
commutative property of addition. The string consists of three pairs. The
problems in each pair each have the same answer. As you proceed through
the string, the pattern in the answers will become apparent no matter what
strategies children are using, and the “switching” can be discussed. The five-
structure of the apparatus provides another helpful support in learning the
basic facts. See B8 for additional support.

Arithmetic Rack

Using the Five-Structure, Commutative Property

Sae 7 dor datalz (ahove),
9 on the top, 5 on the bottom
5 on the top, 9 on the bottom
8 on the top, 5 on the bottom
5 on the top, 8 on the bottom
8 on the top, 9 on the bottom
9 on the top, 8 on the bottom
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Arithmetic Rack

123

Using the Five-Structure, Commutative Property, Doubles and Near Doubles

This string is similar to B7 and B8, but it also includes opportunities to
consider the use of doubles, with near doubles.

9 on the top, 9 on the bottom
9 on the top, 8 on the bottom
8 on the top, 9 on the bottom
8 on the top, 8 on the bottom
7 on the top, 8 on the bottom
7 on the top, 7 on the bottom

o DLW TSR R S T A L A SR s AR T S o B! SN TR AR AN N

Behmd the Numbers. How the Stnng was Crafted

The images shown in this string support the use of the commutative property
of addition and extend it to help with near doubles. The string consists of three
pairs. The problems in each pair have the same answer. As you proceed
through the string, the pattern in the answers will become apparent no matter
what strategies children are using, and the“switching” can be discussed.

Arithmetic Rack - B10

Using the Five- and Ten-Structures, Relating Addition and Subtraction

e i Lo R IO

On the class-size arithmetic rack, show numbers only on the top row of the
tack. For each image, ask, “How many beads on the top are missing to
complete the ten?” Let the children discuss how they calculated the
complement of ten. There is a nice opportunity here for children to notice and
compare the situations in which it is easier to add on, and those in which it
is easier to count back. If your students can’t do this without looking at the
rack, show the moving of the beads to reach a solution, but help them notice
how the five-structure can be helpful.

3 on the top
7 on the top
2 on the top
8 on the top
6 on the top

QUICK IMAGES THE ARITHMETIC RACK - B9
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Behmd the Numbers: How the Stnng was Crafted

=T TS A A SR R S U T T

el

The first four problems are paired to accentuate the relationship between
addition and subtraction, and to support children in using either adding on
or removing strategies, but with the five-structure as an image. The last
problem has no similar matching problem, requiring children to think of it on
their own. The five- and ten-structures of the arithmetic rack supporl
children to consider the complement in relation to five or ten. For example,
4 + ? = 10is more easily solved when one uses the five-structure: one more
makes five and another five makes ten: 4 + 1 + 5 =4 + 6 = 10. For
additional support, see the related strings that follow—B11 and B12.

Arithmetic Rack - B11

Using the Five- and Ten-Structures, Relating Addition and Subtraction

On the class-size arithmetic rack, show numbers only on the top row of the
rack. For each image, ask, “"How many beads on the top are missing?” Let
the children discuss how they calculated the complement of ten. See B10
(page 29) for further details.

6 on the top
4 on the top
7 on the top
8 on the top
2 on the top
9 on the top
5 on the top

Arithmetic Rack - B12

Using the Five- and Ten-Structures, Relating Addition and Subtraction

On the class-size arithmetic rack, show numbers only on the top row of the
rack. Show the image briefly—long enough for the children to see the beads
but not long enough for children to count each one individually. For each

30 Mmllessons for Early Addltlon and Subtraction
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image, ask,”How many beads on the top are missing?” See B10 (page 29) for
further details.

4 on the top
6 on the top
3 on the top
7 on the top
2 on the top
8 on the top
5 on the top

Arithmetic Rack - B13

Combinations That Make Ten, Compensation, Making Ten

The combinations of numbers that add up to ten and their use with more
difficult problems are the focus of this minilesson. Show the images briefly
on the class-size arithmetic rack and invite solutions and explanations.
Explore a variety of strategies that children offer.

8 on the top, only
(Ask: How many are needed to make 10?)

7 on the top, 3 on the bottom
4 on the top, 6 on the bottom
6 on the top, 4 on the bottom
9 on the top, 2 on the bottom
8 on the top, 3 on the bottom -

Behmd the Numbers. How the Stnng was Crafted

g TN B L s s IRV L3 e T T U T TR R RS ST A
The first problem encourages counting on to fill the top row, because 8 is s0
close to 10. The second problem may encourage compensation: one bead is
lost on top but gained below. The next pair may bring up a conversation about
the commutative property, allowing you to discuss that idea, and the last two
problems are more easily solved if children use a making ten strategy. For
additional support, see the related strings that follow—B14 through B16.

o rE——g— 4 i R — i . ot A T i A

QUICK IMAGES: THE ARITHMETIC RACK - B12 31
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Arithmetic Rack - B14

Combinations That Make Ten, Compensation, Making Ten

4%

Ses K13 for details {page 1)

- 8 on the top, only
(Ask: How many are needed to make 10?)

8 on the top, 2 on the bottom
9 on the top, 1 on the bottom
9 on the top, 2 on the bottom
4 on the top, 6 on the bottom
4 on the top, 7 on the bottom
5 on the top, 7 on the bottom

Arithmetic Rack - B15

Combinations That Make Ten, Compensation, Making Ten

e, TN e aie et fans R4
2 A BEIRN B T G R AN S ( ] St

6 on the top, only
(Ask: How many are needed to make 10?)

4 on the top, 6 on the bottom
4 on the top, 7 on the bottom
5 on the top, 6 on the bottom
6 on the top, 5 on the bottom
9 on the top, 2 on the bottom
2 on the top, 9 on the bottom
8 on the top, 3 on the bottom

Arithmetic Rack - B16

Compensation, Making Ten

This string of related quick images is similar to B13 through B15, but here
the combinations that make ten are no longer provided as a support.

32 Minilessons for Early Addition and Subtraction
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Name:
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MORE LESS
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presented with two sets that are quite obviously different in number. Classroom activi-
ties should help children build on this basic notion and refine it.

Though the concept of less is logically equivalent to the concept of more (select-
ing the set with more is the same as not selecting the set with less), the word less proves
to be more difficult for children than more. A possible explanation is that children have
many opportunities to use the word more but have limited exposure to the word less. To
help children with the concept of less, frequently pair it with the word more and make
a conscious effort to ask “which is less?” questions as well as “which is more?” ques-
tions. For example, suppose that your class has correctly selected the set that has more
from two that are given. Immediately follow with the question “Which is less?” In this
way, the less familiar term and concept can be connected with the better-known idea.

For all three concepts (more, less, and same), children should construct sets using
counters as well as make comparisons or choices between two given sets. The activities
described here include both types. These activities should be conducted in a spirit of
inquiry followed whenever possible with requests for explanations. “Why do you think
this set has less?”

(
0 © 603
0 o2 930

& By "

FIGURE 2.1 » -w=s ocowne .w

Making sets that are more, less,
and the same.

Malke Sets of More/Less/Same
At a workstation or table, provide about eight cards with sets
of 4 to 12 objects, a set of small counters or blocks, and some
word cards labeled More, Less, and Same. Next to each card
have students make three collections of countess: a set that is
more, one that is less, and one that is the same. The appropri-
ate labels are placed on the sets (see Figure 2.1).

In Activity 2.1, students create a set with counters, which gives
them the opportunity to reflect on the sets and adjust them as they
work. The next activity is done without counters. Although it addresses
the same basic ideas, it provides a different problem sjtuation.

Find the Same Amount

Give children a collection of cards with sets on them. Dot cards are one pos-

sibility (see the Blackline Masters). Have the children pick up any card in the
collection and then find another card with the same amount to form a pair.

Continue to find other pairs.

I

Activity 2.2 can be altered to have children find dot cards that are “less” or “more.”

Assessment Mote

Observe children as they do this task. Children whose number ideas are
completely tied to counting and nothing more will select cards at ran-
dom and count each dot. Others will begin by selecting a card that

+ SR _ BBt ar wesw "3

joen e "

Chapter 2 GEVELOPING EARLY NUMBER COMCEPTS AND NUMBER SENSE
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appears to have about the same number of dots. This is a significantly higher
Jevel of understanding. Also observe how the dots are counted. Are the counts
made accurately? Is each counted only once? A significant milestone for children
occurs when they begin recognizing small patterned sets without counting.

Early Counting

Meaningful counting activities can begin in preschool. Generally, children at
midyear in kindergarten should have a fair understanding of counting, but children
must construct this idea. It cannot be forced. Only the counting sequence is a rote pro-
cedure. The meaning attached to counting is the key conceptual idea on which all other
purmber concepts are developed. !

Meaning Attached to Counting

Fosnot and Dolk (2001) make it very clear that an understanding of cardinality
and the connection to counting is not a simple matter for 4-year-olds. Children will
learn how to count (matching counting words with objects) before they understand that
the last count word indicates the gmount of the set or the cardinality of the set. Children
who have made this connection are said to have the cardinality principle, which is a
refinement of their early ideas about quantity. Most, but certainly not all, children by
age 4% have made this connection (Fosnot & Dolk, 2001; Fuson & Hall, 1983).

o pesessment Nete

To determine if young children have the cardinality rule, listen to how {
they respond when you discuss counting tasks with them. You ask, “How
many are here?” The child counts correctly, and says, “Nine.” Ask, “Are

there nine?” Before developing cardinality, children may count again or will [ =
hesitate. Children with cardinality are apt to emphasize the last count, will ' ﬁ ﬁ
explain that there are nine “Because T just counted them,” and can use counting
to find a matching set. Fosnot and Dolk discuss a class of 4-year-olds in which
children who knew there were 17 children in the class were unsure how many
milk cartons they should get so that each could have one.

|

\

To develop their understanding of counting, engage children in almost any game
activity that involves counts and comparisons. The following is a simple suggestion.

[¢]

—

A P e
FE N AR

Fill the Chutes

Create a simple game board with four “chutes.” Fach consists of a column of

about twelve 1-inch squares with a star at the top. Children take turns rolling
a die and collecting the indicated number of counters. They then place these

counters in one of the chutes. The object is to fill all of the chutes with coun-
ters. As an option, require that the chutes be filled exactly. A roll of 5 cannot

be used to fill a chute with four spaces.
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Fill the Chutes
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Calculator Up and Back

Have each child press E 5 & E B The display will go from 110 5
. with each (=) press. The count should also be made out loud in a thythm as in
the other exercises. TO start over, press the clear key and repeat. Counting up
and back is also possible, but the end numbers will not be repeated. The fol-
lowing illustrates the key presses and what the children would say in thythm:

m1Ee66 O 188688 m 1868 ..
“1, 2, 3, 4, 5, minus 1, 4, 3,2, 1, plas 1, 2. 8%, .~

s .secomPoratEuULvEIOR T O]

The last two activities aré designed only to heip students become fluent with the
number wards in both forward and reverse order and to begin counts with numbers
other than 1. Although not at all easy for young students, these activities do not
address counting on oI counting back in 2 meaningful manner. Fosnot and Dolk (2001)
describe the ability to count on as 2 “landmark” on the path to number sense. The next

two activities are designed for that purpose.

A

0000000

: Counting On with Counters ) e~ ‘
! Give each child a collection of 10 of 12 small counters - \ \ \

that the children line up left to right on their desks. Tell Four—five, SiX, .. -

. them to count four cOURters and push them ynder their
left hands (see Figure 2.2). Then say, “Pojnt to your FIGURE 2,2 » e r T 00T R
hand. How many are there?" (Four.) “50 let's connt like Counting on: “Hide four. Count, starting from the

this: f-o-u-r (pointing to their hand), five, $isg, cov- number of counters hidden.”

Repeat with other numbers under the hand.

The following activity addresses the same concept in a bit more problem-based

mannmer.

Real Counting On

This “game” for two children requires a deck of cards with aumbers 1 to 7,
a die, a paper cup, and some counters. The first player turns Over the top
aumber card and places the indicated number of counters in the cup. The
card is placed next to the cup as & reminder of how many are there. The sec-
ond child rolls the die and places that many counters next to the cup. (See
Figure 2.3.) Together they decide how many counters in all. A record sheet
with columns for “In the Cup,” “On the Side,” and “In AI" is an option. The ) ;

largest number in the card deck can be adjusted if needed. ,
FIGURE 2.3 ovuwesses

Watch how children determine the total amounts in this last-activity. Children How many in alt? How do
children count to tell the 1

who are not yet counting on may want to dump the counters from the cup or will

i ) . _ ' L total? Dump the counters?

nt up from one without dumping out the counters. Be sure to permit these strate- Count up from L without

gies. As children continue t0 play, they will eventually count on as that strategy dumping the counters? t

becomes meaningful and useful. Count on? '

LB G ey 6L @D G om oot
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o Part-part-whole relationships: To conceptualize a
aumber as being made up of two or more parts is
the most important relationship that can be de-
veloped about numbers. For example, 7 can be
thought of as a set of 3 and a set of 4 or a set of
2 and a set of 5.

The principal tool that children will use as they con-
struct these relationships is the one number tool they
pOssess: counting. Initially, then, you will notice a lot of
counting, and you may wonder if you are making progress.
Have patiencel Counting will become less and less neces-
sary as children construct these new relationships and
begin to use the more powerful ideas.

Spatial Relationships:
Patterned Set Recognition

Many children learn to recognize the dot arrange-
ments on standard dice due to the many games they have
played that use dice. Similar instant recognition can be
developed for other patterns as well. The activities sug-
gested here encourage reflective thinking about the pat-

e R Al
terns so that the relationships will be constructed.

OYiTanities up to 10 can be known and named without

the routine of counting. This can then aid in counting
on (from a known patterned set) or learning combina-
tions of numbers (seeing a pattern of two known smaller
patterns).

A good set of materials to quggi;@on
act_iiifi_e_s__i_s_a set of ggt_glgtéﬁﬁese can be made using
small paper plates and the peel-off dots commonly available
in office supply stores. A reasonable collection of patterns
is shown in Figure 2.5. Note that some patterns are combi-
nations of two smaller patterns or a pattern with one or
two additional dots. These should be made in two colors.
Keep the patterns compact. If the dots are spread out, the

patterns are hard to see.

Learning Patterns

To introduce the patterns, provide each student with about ten counters and
a piece of construction paper as a mat. Hold up a dot plate for about 3 sec-
onds. “Make the pattern you saw using the counters on the mat. How many
dots did you see? How did you see them?” Spend some time discussing the
configuration of the pattern and how many dots. Do this with a few new
patterns each day.

oaso

va PO = pa

Spatial Relationships

O
@]
O

o]
O

Five Six Seven
(learned pattern) (3 and 3} (6 and 1 more)

One More / Two Wiore / One Less [Two Less

4 MORE 2 MORE
o W,
© 7/ S
- LS g b= -

1 LESS 2 LESS

Anchors to 5 and 10
7 W

Five and three more

Two away
from ten

Part-Part-Whole

“Six and three is nine”’

—

FIGURE 2.4 snc»en 7o

]

Four relationships to be devel-

oped involving small numbers.
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RELATIONSHIPS AMOMG NUMBERS 1 THROUGH 10
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Dot Plate Flash

Hold up a dot plate for only 1 to 3 seconds. “How many? How did
you see it?” Children like to see how quickly they can recognize and
say how many dots. Include lots of easy patterns and a few with
more dots as you build their confidence. Students can also flash the
dot plates o each other as a workstation activity.

The instant recognition activities with the
plates are exciting and can be done in 5 minutes at
any time of day or between lessons. There is value in

@.@

f; g OOC?O 8 8 e using them at any primary grade level and at any time
of year.
- In addition to dot plates, a good set of materials is
6 5 88 g 808 o a set of dot-pattern dominoes. Make a set of dominoes

out of poster board and put a dot pattern on each end.
006 The dominces can be about 2 inches by 4 inches. The
co6 same patterns can appear on lots of dominoes with dif-
ferent pairs of patterns making up each one. Let the
children play dominoes in the regular way, matching
up the ends. As a speed activity, spread out all of the
dominoes and see how fast the children play all of the
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5 889 Q00 so8 dominoes or play until no more can be played. Regular
oo 0o Re0 dominoes could also be used, but there are not as
o many patterns.
i0 f_)cf‘?o 88%0
[o]e[e]e} \oQa

One and Two More, One and Two Less

B
=
@

FIGURE 2.5

When children count, they have no reason to
A useful collection of dot patterns for “dot plates.” '

reflect on the way one number is related to another.
The goal is only to match number words with objects
until they reach the end of the count. To learn that 6 and 8 are related by the twin rela-
tionships of “two more than” and “two less than” requires reflection on these ideas
within tasks that permit counting. Counting on (or back) one or two counts is a useful
tool in constructing these ideas:

One-Less-Than Dominoes

Use the dot-pattern dominoes or'a standard set to play “one-less-than” domi-
noes. Play in the usual way, but instead of matching ends, a new domino can
be added if it has an end that is one less than the end on the board. A similar
game can be played for two less, one more, or two more.

The following activities can be done for any of the four relationships; each will be
described for only one.

Chapter 2 DEVELOPIMG £SARLY NUMBER CONCEPTS AND NUMBER SEMSE
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Teaching Math to Young Children

Examples & Roadblocks

Throughout the guide, teachers will find examples of classroom activities and games that
can supplement their lesson plans and provide opportunities for children to learn math.

Example: The Concentration: Numeral and Dots game

Objective: Match numerals with corresponding guantities.

Materials needed: One set of twenty cards: ten cards with
numerals from 1 to 10 along with the corresponding number

of dots, and ten cards with pictures of objects (the numbers of
objects corresponding to a humeral 1-10). For even more advanced
play, once children are proficient at numerals 1-10, teachers can create cards for
numerals 11-20.

Directions: Half of the cards have a humeral and dots to represent the amount

(e.g., the numeral 3 and three dots) on one side, and the other half have pictures of
collections of objects on one side (e.g., three horses, four ducks). The other side of each
card is blank. The cards are placed face down, with the numeral cards in one area and
the picture cards in another. A player chooses one numeral card and one picture card.

If they match, then the player keeps those cards. Play continues until no further matching
cards remain. The player with the most cards wins the game.

Early math content areas covered:
M Numeral recognition.
™ Corresponding quantity.

M If the objects in the pictures on the cards are in different orders, it can help reinforce
the idea that appearance does not matter when it comes to number.

Monitoring children’s progress and tailoring the activity appropriately:

M Play the game with a small group of children, noting each child’s progress in practicing
and achieving the objectives.

M This game can be played with children who are not familiar with numeracy concepts.
Use fewer cards, lower numbers, or cards with dots to scaffold. As children gain proficiency
with the concepts, increase the number of cards and the size of the numbers.

Using the activity to increase math talk in the classroom:
M Before asking, “How many?” ask, “How can we find out how many?”

In addition to these helpful examples, the practice guide also includes
concrete solutions to many of the common roadblocks that teachers may face
when teaching math to young children.



