Patterns in Arithmetic

Multiplication - Booklet 3 PDF
Properties and Factoring

Parent/Teacher Guide

By Alysia Krafel, Suki Glenn, and Susan Carpenter
Ilustrations by Karen Minns and Suki Glenn

Based on methods developed by Prof. Michael Butler at the
UCI Farm Elementary School
University of California, Irvine

7




Multiplication: Booklet 3 - PDF - Properties and Factoring

Contents

Pre-Assessment ....oooeevvviiiiiiniiiieiin, 1 Prime Factoring .....c..cccoevevervnennnicinennnnn 29

Introduction to Factoring ......cc...ccovveenniennnn. 11 Multiplying Factors ......cccccoceviirinnneenn 33

Concept  viviiieiii 13 Factorinng into Tens ..........cccccevvunirinns 35

Number Lines ...ccccoovvevvvivrreeeeniiiieneeeenninennenns 15 Multiplication Facts Chart ..........cceeee. 38

Commutative PrOPerty ......cccccvvverrnivreenvnecrnenenne 17 Post-ASSesSSment ......ccccceceevevrenriennnnnn. 39

Area PUuzzle ....cooooviiiiiiiiiiiirci e 18  Answer Key ..cccooveevveeniieniciniinnicnnnnns 41

Using Parentheses ........ccevveveenveneniininncinenenn 20

AsSOCIative PTOPEILY ..oooeevvevrereeierieereereereeneennens 21 I dedicate this booklet to my wonderful hus-

Discovering Prime Numbers ........c.ccccocvevvvennn. 25 band, Tom Glenn. Without his love and sup-

DivisiDility .ovvevevveeireieiei e 28  portIcould not have finished this math series.
Suki Glenn

Acknowledgments

The knowledge, patience, and dedication of Professor Michael Butler made the UCI Farm Elementary
School and this mathematics program possible. Special thanks go to Alysia Krafel and Susan Carpenter,
who helped develop much of the math materials based on the teachings, ideas, and insights of Professor
Butler.

For many years Farm Schbol teachers, students, parents, and staff have shared their unfailing delight in
learning. Thank you for your support and dedication.

The books would never have been completed if the students at Chrysalis Charter School in Redding,
California, under the guidance of Alysia and Paul Krafel, hadn't needed them. Thank you for your
patience through all of the draft copies.

Susan Carpenter edited, added her wise words, useful suggestions, and helped make the Answer Keys
areality. Karan Founds-Benton contributed her meticulous editing skill and knowledge. Diligent and

" thorough copy editing was done by Jacqueline Logue.

The cover mandala and many delightful illustrations are by Karen Marie Christa Minns. Other
illustrations are by Suki Glenn and ClickArt by T/Maker.

To all of the mathematicians, from antiquity to the present, who discovered the principles of mathematics
goes our heartfelt appreciation for your dedication.

Patterns in Arithmetic: Multiplication - Booklet 3 PDF

Parent/Teacher Guide All rights reserved.
©2014 Pattern Press Practice worksheets may be duplicated.
Published by Pattern Press .

PO Box 2737 Printed on recycled paper.

Fallbrook, CA 92088

(760)728-3731
ISBN 978-1-935559-92-4

www.patternpress.com
E-mail: Patternpress1 @gmail.com



Pre-Assessment: Part 1 Date
Put a question mark next to any problem you do not know how to do.
1. Look at the picture. Write the addition and multiplication number sentence.

&  +__ +_4__+__=____ Addition
E B E E E X = Multiplication

b

B REE - o g
_X_=_____ Multiplication

C.

HBPBAARAR —+ = Addition

d. _X__=_____ Multiplication

- o+ = Addition

B _X_=____ Multiplication

2. Here is a multiplication number sentence: 3 x 7 = 21.
Write the meaning of each number in the multiplication number sentence.
a. The 3 means the
b. The 7 means the
c. The 21 means the

3. a. What is the area of this rectangle?

b. What is the area of this rectangle? 5

Patterns in Arithmetic: Multiplication - Booklet 3 Pre-Assessment
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Pre-Assessment: Part 2 - Worksheet 1 Date

Put a question mark next to any problem you do not know how to do.

1. Show all the ways of associating (grouping) these three numbers: 2, 5, 6

(_x_)x__ = (_x_)x__ = (_x__)x_ =
X = X = X =

2. Find the volume of these rectangular solids.
Length (L) Width (W) Height (H)

a. Volume b. Volume c. Volume
\: v N 5 L=3;, W=6; H=2
*\ av\ 4
T T 7
+
T + + A

3. What is a Factor? Use numbers to help you explain.

4. What is a Prime Number?

5. List the first ten Prime Numbers starting with 2.

2
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Pre-Assessment: Part 2 - Worksheet 2
6. Prime Factor 24, 50, and 37. Record the Prime Factors in the boxes.

a. b. C.
24 20
N N
_X__ X
7. Factor 50 and 80 by tens. By tens
a. 50 b.
7N\
__X_
8. a. Solve these problems.
6 60 600
X 8 X 8 x_ 8

Date

37

7N\
X

By tens

80
7N\

X

X

6,000
8

b. What patterns do you notice in the answers to these problems?

c. Use the pattern to find the answer to 600,000 x 8.

9. Use factoring by tens to show how to get the product of 400 x 6.

400 x 6

AN
X__X
(x_)x
X

Use the Answer Key to check for errors.

Patterns in Arithmetic: Multiplication - Booklet 3
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Assessment Guide

Purpose

Prerequisites

Materials

Instructions

Note

Assessment
Guide

Assessment Guide

4

The purpose of this guide is to assess the fundamental knowledge necessary for
success in this booklet. Pre-Assessment: Part 1 is review material from Patterns in
Arithmetic: Multiplication: Booklet2. Pre-Assessment: Part2 is a preview of the
new material presented in this booklet and is used to set the baseline for what the
student already knows at the beginning of instruction.

The Post-Assessment is administered to determine if the student learned the materi-
al that was presented in this booklet. A comparison of the score on Pre-Assessment:
Part 2 to the score on the Post-Assessment will give both you and your student a
sense of growth. The Post-Assessment is the same as Pre-Assessment: Part 2.

Patterns in Arithmetic: Multiplication - Booklet 2

Pre-Assessment: Part 1 and Part 2, pages 1-3

Pre-Assessment: Part 1 and Part 2 Score Sheets, pages 8 and 9 in this booklet
Post-Assessment Score Sheet, page 10

Cuisenaire Rods

Instruct the student to attempt all the problems. If he does not know how to do a
problem, he should put a question mark by it. This will let you know he looked at
the item and decided he could not do it.

It is acceptable to read the items to a student. We are assessing math, not reading.
Do not explain any items to him. If he does not know what the question means, tell
him to put a question mark on that item.

Do the assessment in two parts. Give Pre-Assessment: Part 1 and check it for readi-
ness for this booklet. The answers are in the Answer Key. If he is not ready for
this booklet, there is no point in giving Pre-Assessment: Part 2. If he passes all the
readiness items, then give Pre-Assessment: Part 2.

After scoring Pre-Assessment: Part 2, use the Booklet Selection Guide to determine
the correct booklet for your student based on the results of the assessment.

This Assessment Guide explains what concept each item on the test is assessing.
The item numbers match the item numbers on the student test page. The title of
the lesson and Booklet number tell you where the concept is taught. In the Assess-
ment Guide, under each lesson title are several assessment criteria. Each criterion
is labeled with capital letters ‘A,” ‘B,” etc. These criteria tell you what to look for
in the student work. On the student test, sometimes multiple problems are used to
test a concept. These multiple problems are labeled with small letters ‘a,” ‘b,’ etc.
Score sheets that match the Assessment Guide for Pre-Assessment: Part 1, Pre-
Assessment: Part 2, and the Post-Assessment follow. The answers for Pre-Assess-
ment: Parts 1 and 2 are in the back of the Answer Key. The Post-Assessment is on
pages 39 and 40.

Patterns in Arithmetic: Multiplication - Booklet 3
Parent/Teacher Guide



Assessment Criteria for Pre-Assessment: Part1
Can the student:
1. Concept (Multiplication: Booklets 1 and 2)

A. identify correctly the addition number sentence associated with the picture in three of the
four problems?

B. identify correctly the multiplication number sentence associated with the picture in three
of the four problems?
If he identifies the problem in item 1a as 5 x 4 instead of 4 x 5, it means he is not familiar with the
convention used in these books. The Patterns in Arithmetic series always places the size of the group
first, then the operations sign. The second number tells the number of groups. Reteach this convention
but give him a Yes on the score sheet.

C. write the correct answer to three of the four problems?

2. Concept (Multiplication: Booklets 1 and 2)
The three may be identified as the number of groups or the number in each group. Whichever one is
used for the three, the other one must be used for the seven.

A. identify the correct meaning of the three?

B. identify the correct meaning of the seven?

C. identify twenty-one as the total? The words ‘the answer’ are not sufficient to score a Yes
on this item.

3. Standard Area (Multiplication: Booklets 1 and 2)

A. give the correct area on problem a, which gives a picture?

B. give the correct area on problem b, which gives only the numbers?
Note: If he gives the answer as 20 on 3a or 24 on 3b, he has area confused with perimeter. The answers
should also be given in square units. If the numbers are correct, but he leaves off the square units,
remediate this while you are teaching the lesson on area in Multiplication: Booklet 3.
Booklet Selection Guide based on results of Pre-Assessment: Part 1
If he gets a No on 1A, 1B, 2A, and 2B, he is not ready for this booklet. It is possible to know the mul-
tiplication table and not understand the concept or what the multiplication number sentence means.
Begin with Booklet 1 to build his conceptual understanding of multiplication and the multiplication
number sentences. If he knows his multiplication tables, you can focus on the first part of Multiplica-
tion: Booklet 1 and move onto Booklet 2, hitting the parts he does not know. Use the assessments
in Multiplication: Booklet 2 to determine what he does and does not understand about single digit
multiplication.

If he gets a Yes on 1A, 1B but gets a No on 2A, 2B, or 3A, he is not quite ready for this booklet; begin
with Multiplication: Booklet 2. If Multiplication: Booklet 2 has been completed, remediate and re-
test. Then give Pre-Assessment: Part 2 and begin this booklet. Multiplication: Booklets 2 and 3 can
be taught concurrently once the number sentence is understood.

If he gets a Yes on six or more of the items in Pre-Assessment: Part 1, give Pre-Assessment: Part 2.

Assessment Criteria for Pre-Assessment: Part 2

Can the student:

1. Associative Property (Multiplication: Booklet 3)
A. write the numbers into the parentheses on at least one problem?
B. fill in all three problems with the numbers in different orders?

Patterns in Arithmetic: Multiplication - Booklet 3 Assessment Guide
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C. fill in the correct numbers on the second line of two of the three problems?

D. give the answer sixty on any of the problems?
This group of items tests if he knows that the numbers can be placed in any order of combination and
the product will be unchanged. The goal is for him to recognize what associating is and to be able to
use the parentheses to show all the orders in which these three numbers can be multiplied.

2. Volume Puzzles (Multiplication: Booklet 3)

A. determine the correct volume of a rectangular solid with a picture showing the cubes (a)?

B. determine the correct volume of a rectangular solid with a picture with only numbers and
no cubes shown (b)?

C. determine correctly the volume of a rectangular solid given only the length, width, and
height (c)?

3. Discovering Prime Numbers (Multiplication: Booklet 3)
A. explain and/or show an example of a factor?
2 Points: A factor is a number that results in a product (answer) when multiplied by
another factor. Example: 2 x 3 =6. Two and three are factors of six.
1 Point: A factor is a number used to make an answer such as 2 x 3 = 6.

4. Discovering Prime Numbers (Multiplication: Booklet 3)
A. explain what a prime number is?
2 Points: A number that has only itself and one as factors.
1 Point: A number that can only be made one way (referring to the rectangular arrays
drawn in the lesson).

5. Discovering Prime Numbers (Multiplication: Booklet 3)
A. list eight of the first ten prime numbers?
If he includes 9, 15, 25, or 27 in this list, it indicates he thinks that all odd numbers are prime.

6. Prime Factoring (Multiplication: Booklet 3)
A. prime factor correctly two of the three numbers?
B. place the prime factors from largest to smallest in the box?
C. realize thirty-seven can not be factored?

7. Factoring by Tens (Multiplication: Booklet 3)
A. factor both of the numbers correctly by factors of ten?

8. Expanded Tables (Multiplication: Booklet 3)

A. give the correct answers to three of the four problems?

B. explain that the number forty-eight will always occur as the first two numbers in the product
but the number of zeros after the forty-eight will change? Or that the place value of the forty-eight will
change?

C. extend that pattern to get forty-eight followed by five zeros? If he used addition to get the
answer, or the standard multiplication format, give a No. To get a Yes on this item, just the answer
should be written down. You might also see little dots above the zeros where he counted the number
of them.

Assessment Guide Patterns in Arithmetic: Multiplication - Booklet 3
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9. Using Factoring with Expanded Tables (Multiplication: Booklet 3)
A. give the correct product at the bottom?
B. show that the four hundred is factored into 4 x 100 in the first factoring line?
C. show the reordering of the factors to combine the 4 x 6 in the second factoring line?

Booklet Selection Guide based on results of Pre-Assessment: Part 2

If his score is 17 or more Yes answers on the criterion score sheet, then he does not need this booklet.
Move on to Booklet 4

If the score is 12 - 15 Yes answers on the criterion score sheet, use this booklet to remediate the weak
areas and move on to Booklet 4.

If the score is 11 or below, this is the correct booklet for your student.

Whenever remediation is needed, rely upon the following process, which is used throughout the Pat-
terns in Arithmetic series to develop understanding of a concept.

1. Introduce the concept with a manipulative. Orally discuss it. Build it. Verify it. Practice it. Re-
peat the experience with a different manipulative (oral manipulative).

2. Use manipulatives to explore the concept again. This time record it with pictures (pictorial/repre-
sentation). Practice it. Use worksheets.

3. Record the problem with numbers (abstract/symbolic), which links the pictorial with the abstract.
4. Practice fluency.

5. Practice for speed.

Begin each lesson with a warm-up and review. Always end a lesson with a success before the student
is tired. It is best to end while the student is still enjoying the lesson.

Ask questions or make statements, such as: “Are you sure?” or “Build it.”” or “What gave you the
clue?” or “Show me how you got that.” or “Prove it.” even when a student is correct. This is im-
portant to do often. Many students will ask an adult, “Am I right?” rather than answering definitively.
Confidence in a student’s response must come from within. A student needs to self-check and have
confidence in his or her ability and knowledge. Asking the student if he or she is right, even when
correct, will encourage self-confidence and the ability to self-check.

Please note that the dialogues in most lessons are idealized, with a student giving all the correct an-
swers. The dialogue you have with your student will be unique. What’s most important is to listen to
the student and figure out the model of the world she is presenting. From your understanding of what
she says, continue to ask probing questions or statements, such as: “How did you get that?” “Show
me what you mean.” “Build a model of that.” “Tell me more so I can understand what you are
saying.”

Patterns in Arithmetic: Multiplication - Booklet 3 Assessment Guide
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Pre-Assessment: Part 1 Score Sheet Name Date
Can the student:
1. Concept (Multiplication: Booklets 1 and 2)
Yes No A. identify correctly the addition number sentence associated with the picture
in three of the four problems?
Yes No B. identify correctly the multiplication number sentence associated with the picture
in three of the four problems?
Yes No C. write the correct answer to three of the four problems?

2. Concept (Multiplication: Booklets 1 and 2)
Yes No A. identify the correct meaning of the three?
Yes No B. identify the correct meaning of the seven?
Yes No C. identify twenty-one as the total?
Note: The words ‘the answer’ are not sufficient to score a Yes on this last item.

3. Standard Area (Multiplication: Booklets 1 and 2)
Yes No A. give the correct area on problem a, which gives a picture?
Yes No B. give the correct area on problem b, which gives only the numbers?

Items Correct = = %
Items Possible = 8

Assessment Guide Patterns in Arithmetic: Multiplication - Booklet 3
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Pre-Assessment: Part 2 Score Sheet Name Date
Can the student:
1. Associative Property (Multiplication: Booklet 3)
Yes No A. write the numbers into the parentheses on at least one problem?
Yes No B. fill in all three problems with the numbers in different orders?
Yes No C. fill in the correct numbers on the second line of two of the three problems?
Yes No D. give the answer sixty on any of the problems?

2. Volume Puzzles (Multiplication: Booklet 3)
Yes No A. determine the correct volume of a rectangular solid with a picture showing the
cubes (a)?
Yes No B. determine the correct volume of a rectangular solid with a picture with only
numbers and no cubes shown (b)?
Yes No C. determine the correct volume of a rectangular solid given only the length,
width, and height (c)?

3. Discovering Prime Numbers (Multiplication: Booklet 3)
1Pt. 2 Pts. A. explain and/or show with an example what a factor is?

4. Discovering Prime Numbers (Multiplication: Booklet 3)
1Pt. 2 Pts. A. explain what a prime number is?

5. Discovering Prime Numbers (Multiplication: Booklet 3)
Yes No A. list eight of the first ten prime numbers?

6. Prime Factoring (Multiplication: Booklet 3)
Yes No A. prime factor correctly two of the three numbers?
Yes No B. place the prime factors from largest to smallest in the box?
Yes No C. realize thirty-seven can not be factored?

7. Factoring by Tens (Multiplication: Booklet 3)
Yes No A. correctly factor both of the numbers by factors of ten?

8. Expanded Tables (Multiplication: Booklet 3)
Yes No A. give the correct answers to three of the four problems?
Yes No B. explain the pattern?
Yes No C. extend that pattern to get forty-eight followed by five zeros?

9. Using Factoring with Expanded Tables (Multiplication: Booklet 3)
Yes No A. give the correct product at the bottom?
Yes No B. show that the four hundred is factored into 4 x 100 in the first factoring line?
Yes No C. show the reordering of the factors to combine the 4 x 6 in the second factoring

line?
Items Correct = = % 17 Yes points to pass, or 80%
Items Possible = 22
Patterns in Arithmetic: Multiplication - Booklet 3 Assessment Guide
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Pgst-Assessment Score Sheet Name Date
Can the student:
1. Associative Property (Multiplication: Booklet 3)
Yes No A. write the numbers into the parentheses on at least one problem?
Yes No B. fill in all three problems with the numbers in different orders?
Yes No C. fill in the correct numbers on the second line of two of the three problems?
Yes No D. give the answer sixty on any of the problems?

»

Volume Puzzles (Multiplication: Booklet 3)
Yes No A. determine the correct volume of a rectangular solid with a picture showing the
cubes (a)?
Yes No B. determine the correct volume of a rectangular solid with a picture with only
numbers and no cubes shown (b)?
Yes No C. determine the correct volume of a rectangular solid given only the length,
width, and height (c)?

3. Discovering Prime Numbers (Multiplication: Booklet 3)
1Pt. 2 Pts. A. explain and/or show with an example what a factor is?

4. Discovering Prime Numbers (Multiplication: Booklet 3)
1Pt. 2 Pts. A. explain what a prime number is?

5. Discovering Prime Numbers (Multiplication: Booklet 3)
Yes No A. list eight of the first ten prime numbers?

6. Prime Factoring (Multiplication: Booklet 3)
Yes No A. prime factor correctly two of the three numbers?
Yes No B. place the prime factors from largest to smallest in the box?
Yes No C. realize thirty-seven can not be factored?

7. Factoring by Tens (Multiplication: Booklet 3)
Yes No A. correctly factor both of the numbers by factors of ten?

8. Expanded Tables (Multiplication: Booklet 3)
Yes No A. give the correct answers to three of the four problems?
Yes No B. explain the pattern?
Yes No C. extend that pattern to get forty-eight followed by five zeros?

9. Using Factoring with Expanded Tables (Multiplication: Booklet 3)
Yes No A. give the correct product at the bottom?
Yes No B. show that the four hundred is factored into 4 x 100 in the first factoring line?
Yes No C. show the reordering of the factors to combine the 4 x 6 in the second factoring

line?
Items Correct = = % 17 Yes points to pass, or 80%
Items Possible = 22
Assessment Guide Patterns in Arithmetic: Multiplication - Booklet 3
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Introduction to Factoring

Factoring is a tool used with multiplication to break numbers into smaller units. Alysia Krafel always
tells students that factoring is like a screwdriver. This tool will enable operations like simplification
of fractions, division, and long multiplication.

The answer to a multiplication problem is called a product. A product is produced by multiplying two
numbers together. These two numbers are the factors of that product.

In multiplication we have factors and multiples. Here is a set of statements that will clarify these two
related ideas.

Four is a factor of twelve. This statement means four can be multiplied by another number to produce
twelve.

Twelve is a multiple of four. This statement means that twelve can be produced by multiplying another
number by four.

Three and four form a factor pair that will produce twelve. Twelve can be produced with several
different factor pairs: 1x 12,2 x 6, and 3 x 4. Twelve is then a multiple of 1,2,3,4,6,and 12. All
numbers have themselves and one as factors. 1,2,3,4,6,and 12 are factors of twelve.

There are three types of factors commonly used at this grade level. They are: Prime Factors, Compos-
ite Factors and Factors of Ten.

A Prime Number is any number that can be evenly divided by only itself and one. Example: Seven
can not be divided evenly by any number other than one group of seven or seven groups of one.

The first ten prime numbers are 2, 3,5,7, 11, 13,17, 19, 23, and 29. Notice that 1 is not in the list.
One is not defined as a prime number. Notice that all prime numbers other than two are odd numbers,
but not all odd numbers are prime. Think nine (3 x 3) and fifteen (3 x 5), for example.

Prime Factors are the ‘bones’ of a multiple. Prime factors are a set of prime numbers that when
multiplied together will produce a specific multiple. For example: 3 x 3 x 2 are the prime factors of
eighteen. 7 x 5 x 2 are the prime factors of seventy.

Prime numbers and prime factors will be used by students at this grade level to simplify fractions. If
a fraction contains a prime number, it can only be simplified if the other number is a multiple of the
prime. For example: 7 can be simplified because twenty-eight is a multiple of seven. % cannot be
simplified because seven is prime and eighteen is not a multiple of seven. There are no common fac-
tors to divide by. A nifty way to simplify a really nasty fraction is to prime factor both the numerator
and the denominator and cancel out all the matching numbers. What will be left is the simplified frac-
tion. This is how algebraic fractions are simplified.

Example: Take this difficult little fraction. The prime factors are listed after the fraction. The common
factors are canceled out; what is left is multiplied, and you are left with a simplified fraction. Voila!

"5% %%% 777°F %’2‘77':%

Patterns in Arithmetic: Multiplication - Booklet 3 Introduction to Factoring
Parent/Teacher Guide 11



A Composite Number is any number that is not prime. When writing 24 = 4 x 6, the numbers four
and six are composite factors of twenty-four. Composite factors are included in a list of all possible
factors of a number. These are important to recognize when simplifying fractions. If the numbers in
the fraction are composites, there is a high probability that the fraction can be simplified by looking
for common factors. The fraction % is not simplified because both the numerator and the denominator
are composite numbers that share two as a factor. Students must understand all of these words—prime,
composite, and factoring—before they try to learn how to form equivalent fractions or simplify frac-
tions.

Factors of Ten are numbers in the place value system. These include ones, tens, hundreds, thousands,
tenths, hundredths, and so on. Factoring numbers by multiples of ten is a tool used to determine the
product of numbers like 600 x 30 and how to set the decimal for 0.5 x 0.07. Factors of ten are also
used when working with exponents.

In this booklet, the student will learn how factoring is done. She will experience the booklet as
somewhat unconnected items. The connections will occur when she encounters the operations where
factoring is used as a tool. These booklets will be Place Value: Booklet 3, Multiplication: Booklet 4,
Division: Booklet 3, and Fractions: Booklets 4,5,6,and 7.

Introduction to Factoring Patterns in Arithmetic: Multiplication - Booklet 3
12 Parent/Teacher Guide



Purpose

Prerequisites

Materials

Lesson

Test for
Understanding

Note

Concept

The purpose of this lesson is to review the basic concept of multiplication with
blocks and addition and multiplication number sentences. If you are new to this se-
ries, read the note below for the multiplication convention used throughout these books.

Basic understanding of the concept of multiplication

Concept, page 4
Unifix cubes or other interlocking cubes

Give Concept, page 4, and have the student look at the picture at the top of the page.
Have her build the multiplication problem pictured, five stacks of four linked cubes.
“What number is being added?” “The fours.”

“How many times is the four being added?”” “Five times.”
“What is the addition problem shown here?” “4 +4+4+4+4=20"
“What multiplication problem can that be turned into?” “4 x5 =20."

Build the problem in the second picture.
“What number is being added?”” “Six.”

“How many times is the six being added?”” “Three times.”
“Write the addition problem in the box next to the picture.”

“What is the multiplication problem you need to write in the blanks?”
“6x3=18"

Have her finish the rest of the page. Do not insist that she build the problems. Many
students can solve the problem with the picture. Check the work immediately.

The last two problems are Tests for Understanding. Can she draw a picture or build
with blocks the addition problem shown and turn it into a multiplication number
sentence? Can she make up her own problem and do all three steps? For example,

BBBBBB = 12 2x6=12

There are two ways to interpret a multiplication number sentence.
4x2=8canmean2+2+2+2=38or4+4=_8. Both ways are mathematically
correct. There is a profound difference between ‘four groups of two’ and ‘two
groups of four.” Students will become familiar with this difference (and eventually
discover that both concepts share the same answer) by building models to represent
the multiplication problem.

In order to make models and to be able to visualize a multiplication problem, a

Patterns in Arithmetic: Multiplication - Booklet 3 Concept

Parent/Teacher Guide
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Concept

student needs to know which number in the multiplication problem represents the
size of the groups to be made and which number represents the number of times
that group will be made or added. The choice of which representation each num-
ber bears is arbitrary. But it is important for explicit thinking, model building, and
proving answers that the numbers to the written problem have the same meaning
every time. The language used and the form of the models built must be consistent.
This series adopts the following convention.

4x2=8as4+4 =8

Four, two times

The sentence, read from left to right, says, “Make a group of four, two times.” The
first number tells the size of the group to be made, and the second number tells the
number of times the group is added. The reason for this choice is that when build-
ing models of number sentences it is easier for students if the first number of the
sentence always tells them how many blocks to start with and the second number
always tells them what to do next. The order of the words and the action of the

hands must correspond. Build a group a certain size, then repeat that action a cer-
tain number of times.

The language that corresponds to this meaning of 4 x 2 is “Make a group of four,
two times.” Or shortened to “Build four, two times.”

This may sound awkward if you are used to saying, “Make two groups of four.”
This language switches the positions of the numbers, which can be a source of
confusion.

Patterns in Arithmetic; Multiplication - Booklet 3
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Purpose

Prerequisites

Materials

Warm Up

Number Lines

The purpose is to review multiplication as evenly spaced skips on a number line.
This is a visual representation of skip counting.

Previous experience with number lines

Number Lines, page 5
Centimeter ruler (30 centimeters)
Cuisenaire Rods

Unlined paper

Number lines are very abstract for most students. To make them concrete, use a
ruler and Cuisenaire Rods. Place the ruler onto a sheet of unlined paper. Have the
student place a light green rod (three cm) on the paper and push it up against the
ruler. Be sure the first rod sits exactly at the zero mark, which may not be at the end
of the ruler. The end of the rod should match up with the three on the ruler. Have
him draw an arc from the zero to the three above the rod. Look at the arcs drawn
on the worksheet to see the shape of the line that needs to be drawn.

Now, add another light green rod. It will line up with the six. Draw an arc from
the end of the first rod to the end of the second. Continue this process until you run
out of ruler.

Have him skip count by threes, beginning with zero, by tracing the arcs with his
fingers and reading the number on the ruler that matches the end of each rod. Have
him imagine that his finger is a kangaroo. You can add a ‘boing’ sound effect for
each jump to make it more fun.

Have him slide the rods so they are above the arc lines. Then have him extend each
arc line down to where the line touches the ruler. He has now made his own number
line. Have him skip count again using the numbers on the ruler. The rods are still
there to act as a physical reminder of what counting by threes looks like.

“How many jumps do you have to take to get to fifteen?”’ “Five.”

“What multiplication problem is jumping three five times?” “Three times five.”

“What number will you land on if you jump seven times?” He does this.
“Twenty-one.”

“Using your kangaroo finger, show three times four.” He makes four jumps and
lands on twelve.

“What multiplication problem did you just do?”” “Three times four.”
Keep the ruler, arcs, and rods on the table in front of him.

Patterns in Arithmetic: Multiplication - Booklet 3 Number Lines
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Lesson

Test for
Understanding

Practice

Number Lines
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Begin the worksheet, Number Lines. ‘“Which problem is the same as the num-
ber line you just made with the rods?” “The first one.” Have him trace with
his finger the kangaroo hops while skip counting by three.

The first question asks, ‘How many numbers are skipped in each jump?’ The an-
swer is three. Have him write that in. Next is, ‘How many jumps?’ This means
how many jumps will the kangaroo make to get to the end. The answer is twelve.
The number sentence is 3 x 12 = 36.

The next problem asks him to draw 6 x 6 on the number line. Wait to see what
he does.

If he needs assistance, use the dark green rods and the ruler again. Begin lay-
ing down six rods next to the ruler. Then have him draw the first arc on the pa-
per above the rod like he did before. Then have him draw that same arc on the
smaller number line on the worksheet. Wait. See if he can finish alone without
the rods. If he cannot, go back to the rods, the ruler, and then back to the work-
sheet. Then skip the next two problems. Take out the purple rods and repeat the
warm-up exercise with the purple rods and compare it to the fifth number line on
the worksheet. Have him record the number sentence and the skip jumps, which
are the same.

If he can do the problem alone, let him proceed down the worksheet alone, help-
ing only if needed. The third and fourth number lines are again a Test for Un-
derstanding. If he can do these alone, he has demonstrated understanding of this
concept.

If he has difficulty with the third and fourth problems, have him skip them and
try the fifth and sixth problems. Some students will need to use the rods to figure
out how to end on thirty in the sixth problem. Then have him go back and try the
third and fourth problems.

On the last number line, tell him he can not use jumps of four. Let him figure out
what other size jumps will work. Twos and eights will work.

If you feel your student needs more practice, make number line problems using
blank paper and rulers with or without rods. Avoid using grid paper, as all the
extra lines confuse most students.

Patterns in Arithmetic: Multiplication - Booklet 3
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Commutative Property

Purpose The purpose is to review the meaning of the numbers in a multiplication number
sentence and the Commutative Property of Multiplication.

Prerequisites Investigation of the Commutative Property and previous introduction to the basic
concepts of multiplication as taught in Patterns in Arithmetic: Multiplication -
Booklet 1

‘Materials Commutative Property, page 6
Unifix cubes or other cubes

Warm Up Review the parts of a number sentence. On the board or a large piece of paper, draw
three large rectangles shaped like the ones at the top of the Commutative Property
worksheet. In the first rectangle write, “The number of cubes in a stack, or the size
of the group.” Have her build a stack of five cubes. In the second rectangle write,
‘“The number of stacks, or the number of groups.” Have her build three more stacks
of five cubes. Write in the third box ‘= the number of cubes in all.” Have her count
the number of cubes in all. Have her record this in her Math Journal.

“How many cubes are in each stack?” “Five.”
“Record this. How many times did you build the stack of five cubes?”

“Four times.” 'l;:g J:mber inoagh | The pumborol groups ] T[rr:ca‘riumberol GUBoS
“Write x 4 after the 5. How many cubes in
all?” “Twenty.” 0B

“Write = 20. This is the multiplication num-
ber sentence.”

“What would happen if the numbers four and five changed places?” The an-
swers will vary. “Build it.” “Prove it.” “Record it.”

H5x4=20

Lesson Have her study the first example on the worksheet and then count the number of
cubes in each stack to see that there are seven. Draw her attention to the vertical
way of writing the problem and the number sentence way of writing it. Go to the
problem to the right of the example problem.

“How many cubes are in each stack?”” “Three.” [menmsern Z‘:Zf"°;°%:‘$T§il'&f’;?:3’§g‘fr:‘iﬁé’ ﬂ?ﬁiéfé’."f—%;”z’]
“Record this.” = =

“How many stacks?”’ “Seven.”

“Record this.”

‘“How many cubes in all?” “Twenty-one.”
“Record this.”

“What is the name of this Property?” “Commutative.”

i
7

If there are no problems, have the student finish this page independently.

Math Journal In her Math Journal, have her record a definition of the Commutative Property.

Test for The Make Your Own section commutes two problems in pictures and numbers.
Understanding
Patterns in Arithmetic: Multiplication - Booklet 3 Commutative Property
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Purpose

Note

Prerequisites

Materials

Warm Up

Lesson

Note

Area Puzzle

18

Area Puzzle

The purpose to review the connection between multiplication problems, arrays, and
area of rectangles.

Do not teach perimeter in the same lesson as you teach area. Students at this age
get these two concepts mixed up. Perimeter should be taught with string so stu-
dents can see it is a measure of length. Area is taught with tiles as a measure of
square space.

Patterns in Arithmetic: Multiplication - Booklet 2

Area Puzzle, page 7
Flat, square tiles. Do not use cubes as it confuses area and volume. One inch
square tiles cut from file folder material for the do-it-yourselfer.

Using tiles instead of Unifix cubes, rebuild the problems on the Commutative Prop-
erty done on the previous page. Instead of building three towers of seven cubes,
make the sevens out of tiles. Then push the tiles together to make an array. Repeat
with the other problems shown on Commutative Property, page 6.

Review the word ‘array.” An array is an arrangement of tiles into a number of
equal rows. The arrangement forms a rectangle. The rectangle can be named as a
multiplication problem. Three rows of seven tiles is labeled as 7 x 3. If you still
have Multiplication: Booklet 2, flip though the booklet to look at all the colored
arrays that were used to learn how the Distributive Property of Multiplication was
demonstrated.

“What is an area?” “Itis a place or a space.”

“When we measure the area of a rectangle, what are we measuring?” “How
much space is inside the edges.”

“If I build a perimeter fence around a space (draw a rectangle), then what
part is the area?” “The space inside the lines.”

“Can you shade it in?” “Yes.”

“The area of rectangles are measured with arrays. In the array of 7 x 3, how
many squares filled the space?” “Twenty-one.”

‘“Twenty-one whats?” “Twenty-one squares.”
“On Area Puzzle, page 7, what is the area of rectangle G?”

Pay attention to how he gets the answer. Does he count all the squares? Does he
count one row and double it?

Patterns in Arithmetic: Multiplication - Booklet 3
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“What is the area of rectangle M?” If he begins to count, stop him and tell him
to figure out what multiplication problem is shown by the array.

“The array is four tiles across. How many rows of four are there?” “Seven.”

“What multiplication problem is that?” “Four times seven which is twenty-
eight.”,

“Twenty-eight whats?”” “Twenty-eight squares.”

Solve the riddle ‘What do elves do after school?’ by doing each problem.
Have him begin with the problems that show the squares in the array. If he wants
to build them with the tiles, allow that.

Watch to see what he does on K and E. Does he build? Does he draw in the lines
and count, or does he use the multiplication array to find the answer?

Same thing on the two O problems. Some students will need to draw in the lines.
Most will not by this time. A student who needs to draw or build should have more
practice with the concept of area of rectangles.

Additional practice on this concept can be made with grid paper, made-up prob-
lems, or from problem sets on the Internet.

This free website has interactive practice on this concept: AAA Math - Ge-
ometry. Search the Internet for AAA math area, and you will get to this site.
Scroll down for the practice sets: http://www.aaamath.com/geo78_x3.htm.

Test for Build an array that has twenty-four tiles and six in each row. “How many rows
Understanding will there bQ?” “Four.”

“Build all the rectangles that have an area of twenty-four.”

1x24 2x 12 3x8 4x6
Patterns in Arithmetic: Multiplication - Booklet 3 Area Puzzle
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Purpose

Materials

Lesson

Test for
Understanding

Using Parentheses

20

Using Parentheses

The purpose is to introduce the parentheses as a tool for grouping numbers together
to indicate order of combination and to name these parentheses 'Do me first.'

Paper and a pencil

""Write on a piece of paper 1+ 2 x 3 =7 and solve it." Most will add the 1 + 2
to get 3 and then multiply the 3 x 3 to get 9.

Draw a pair of parentheses () on the paper. '"These are called parentheses and
when numbers are written inside them it means, 'Do me first.' "' Then give an
example.

Write the same problem two ways: (1 +2)x3=__and1+(2x3)=__.

""Solve both problems. Will the answers be the same?"

Many students are surprised that the answers are different.

""Write three, one digit numbers on the paper. Put a + sign between two of the
numbers and a x sign between the other two." Example: 5+6 x 2=__. Have
her put the parentheses in different places and find the answers. (5+6)x2=22 and
5+(6x2)=17.

Have her try multiplication and subtraction signs, suchas4 x 5 -3 =__
(4 x5)-3=20-3=17and4 x(5-3)=4 x 2=8.

Next have her try addition and subtraction together, such as (2 +5)-4 =__and 2
+(5-4)=___. "What happens?" "The answers are the same."

Try putting the - before the +. (7-3)+ 2=__,and 7- B +2)=___.

""What happens this time?'' The answers are different."

'""What about (+ and +) or (xand x)? " "The order you combine the numbers in
doesn't matter."

""What patterns do you notice?" "The answer changes only when you mix
multiplication with addition or subtraction or if you put (- and +) with the - first.”
""When is it important to have parentheses in a problem." "When changing the
order of combinations changes the answer."

This lesson should be playful and short. Most students will catch on to using the
parentheses quickly. Some will have trouble seeing the overall patterns of when
answers change and when they don't, but that's not a major concern at this point. Do
not press for explanations of why the change in the order of combination changes
some answers and not others.

Give afew problems with parentheses in them and see if the student does the operation
inside the parentheses first. Give these problems: (5x 8)-2 and 5 x (8 - 2). For the
purposes of this lesson, the student does not need to be able to predict in advance
whether or not the answer will change when the order of operations changes. It's nice
if she can, but not necessary.

Patterns in Arithmetic: Multiplication- Booklet 3
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Purpose

Background

Prerequisites

Materials

Warm Up

Lesson
Part 1

Associative Property

The purpose is to demonstrate the Associative Property of Multiplication using
volume of rectangular solids and various groupings of numbers using parentheses.

The Associative Property of Multiplication (and Addition) allows the combination
of three or more numbers in any order. 2 x 3 x4 =4 x 2 x 3. If all the signs are
multiplication signs, changing the order will not change the answer. This property
is used in taking volumes of containers, in factoring, and has many applications in
fractions. A 3-D rectangle is called a rectangular solid or a rectangular prism.

Associating three numbers in multiplication means to multiply all three together.
But in reality, you can multiply only two of the three together at once. You must
multiply two numbers together and then multiply the product of those first two by
the third number. The order of these pairings can change without changing the final
product.

Basic multiplication tables, free exploration with linking cubes and Commutative
Property

Associative Property - Worksheets 1 and 2, pages 8 and 9

Associative Property: Volume Puzzles - Worksheets 1 and 2, page 10 and 11
Associative Property: Investigation - Worksheets 1 - 5, pages 12 - 16

Cubes — snap-together type are the best. LinkerCubes work the very best. Regular
cubes can be used and taped together to hold the structure together.

After free exploration time: “‘Start with one cube. Add cubes to make a larger
rectangular solid that has two blocks on each side. Guess how many cubes it
will take.”

“How long is your rectangular solid”? “Two cubes.”

“How wide is your rectangular solid”? “Two cubes.”

“How tall is your rectangular solid”? “Two cubes.”
“How many cubes does it take in all”’? “Eight cubes.”

Begin with Associative Property - Worksheet 1, page 8. Follow the instructions. If
you are using regular cubes, use tape to hold each layer together. Put the tape along
the boundaries between cubes.

Have her build the first solid and count the total number of cubes used. To make
this easier, there are no hidden cubes inside the solid.

Now have her use more cubes to build the second solid. There is a space on the
worksheet for her to estimate and enter her best guess for how many cubes will be
in this solid.

Patterns in Arithmetic: Multiplication - Booklet 3 Associative Property
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Note

Worksheet

Test for
Understanding

Part 2
Warm Up

Part 3
Warm Up

Associative Property

22

Do not tell her the formula for volume at this time. As always, let her discover it
for herself.

A few students will notice at this point that the solid is the same one every time
but rotated. The solid always has a row of two, of three, and of four cubes. This
would be a very insightful thought. She may want to just rotate the solid instead
of building a new one. Allow this. In fact, it is a great mathematical solution that
saves time.

If by the end of the page she does not notice that the solid is actually the same solid
each time, have her take her first solid and rotate it and write down the length, width
and height. Then have her rotate it again. Use the Answer Key to be sure she is
doing the page correctly.

Now give Associative Property - Worksheet 2, page 9. Some students will want
to skip building this one. If she tells you she already knows the total number of
cubes in the solid, ask her to explain how she knows. She may count the cubes or
squares she can see. This solid has cubes in the center that are not visible from the
outside. Or, she may have realized that all she has to do is to multiply the length by
the width, by the height. But, for a physical confirmation of her thoughts, do not
skip building.

Do allow her to build it only once and then rotate it to see that the total does not
change when the position of the numbers changes. 5 by 3 by 4 will have the same
number of cubes as a 3 by 4 by 5 and the same as the 4 x 5 x 3, but the shape will
look a bit different.

Associative Property: Volume Puzzle - Worksheet 1, page 10 “Build the drawings
of I, U, R, and L” (the drawings on the top row.) Count the number of cubes in
each shape. The number of cubes in a solid is called the volume.”

See if she can figure out the volume of problem L, the drawing in the center of the
page. Have her use her pencil to connect the lines so she can better visualize the
cubes. Can she figure it out without building? Has she discovered a method for
calculating it yet?

Go to the Associative Property: Volume Puzzle - Worksheet 1 and do only problem
E. Suggest that she try to figure out the total number of cubes before she builds it.
See if she realizes all she has to do is multiply the three numbers together. Then
have her build it to confirm.

Calculating Volume
Associative Property: Volume Puzzle - Worksheet 1 Have her look at problem R

in the top row. “How could you calculate that there would be twelve cubes in
the rectangular prism shown in problem R?”

Patterns in Arithmetic: Multiplication - Booklet 3
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Several answers are possible. One conversation might go like this:

“I can see that there are six cubes on the top level and that there are two lev-
els, so I could just multiply six times two. How could you find the six without
counting the six cubes on the top level?” “I could see that there are two rows of
three and multiply two times three.”

“‘So what multiplication problem could you do that would give you the answer
twelve that uses the numbers in the length, width, and height of the prism?”
“I could just multiply all three numbers together.”

“Let’s see if that works with problem L on the top row. What multiplication
problem do you see there?” “I see two wide, three long, and five high. That
would be 2x 3 x 5,0r30.”

“Does that match what you got when you built it a few days ago?”’ “Yes.”

“So what pattern can you use to figure out the volume of a rectangular prism?”’
“You just multiply the width times the length times the height in any order and it
will tell you.”

“Try your pattern with Problem I in the second row.” “I see three wide, three
deep, and three high, so that would be twenty-seven.”

“Build it to see if you are right.”

Problems S and T are two-step problems. Do problem S first.

‘“How can you use your multiplication pattern to find the total number of
cubes in figure S?” “On the bottom you just see six long, two wide and two tall.
So you multiply those to get twenty-four. Then you just add the four on top to get
twenty-eight.”

“What multiplication problem do you see in that little part on top?” “Two by
two by one.”

“Can you write the number sentence for these two parts that would give you
the answer twenty-eight?”’ Most students will need help with this.

“First write the multiplication problem for the bottom part and put parenthe-
ses around it.” Student writes (6 x 2 x 2).

“Now write the multiplication problem for the top part.” Student writes
2x2x1D.

“How do you put those two together to get the total?”” “I add them.”

“Where do you put the + sign?” “Between the two sets of parentheses.” Student
writes (6x2x2)+ (2x2x1)=28.

Patterns in Arithmetic: Multiplication - Booklet 3 Associative Property
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Associative Property

24

“Now try problem T.”

This might help. Figure T has two rectangular solids hooked together. Have her
build the top part of problem T in one color of blocks and the base of it in another
color of blocks.

“What multiplication problem do you have to do to find the total number of
cubes in problem T?”

“I have two. The top one is a cube of two by two by two, and the bottom one is two
by four by two.”

“Write that out with numbers.” T=(2x2x2)+ (2 x4 x 2) =24 cubes.
Have her finish the page and get the message.

Associative Property: Volume Puzzle - Worksheet 2, page 11

Associative Property: Investigation - Worksheets 1 - 5, pages 12 - 16, are written
to the student. Have her work though the worksheets on her own. Do encourage a
clear answer on the explanation questions. Make sure she writes answers in com-
plete sentences in legible writing.

Associative Property: Investigation - Worksheet 3, page 14, is somewhat tedious,
but important. Most students need help with this page. What does it mean physi-
cally to multiply three numbers together? (2 x 3) x 4 means to add two three times
and then do that four times.

See the Answer Key to make sure the work is done correctly.

End the session after the completion of Associative Property: Investigation - Work-
sheet 3, page 14. Continue the next day with Associative Property: Investigation
- Worksheets 4 and 5, pages 15 and 16.

Find all the ways of associating these numbers: 3,6, and 10. Then draw the build-
ings that these three numbers would create if the first number in the set is length, the
second width, and the third height. (__ x _)x __

length width height

B3x6)x10 (6x10)x3 (10x3)x6

Patterns in Arithmetic: Multiplication - Booklet 3
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Purpose

Prerequisites

Materials

Note

Warm Up

HJdH

Discovering Prime Numbers

The purpose is to introduce prime and composite numbers using tiles to make rect-
angles. The making of rectangles is a physical way to factor a number. Some num-
bers can be arranged in two or more rectangular shapes. Eight tiles, for example,
can be arranged in a single row of eight or a double row of four. Some numbers,
such as seven, can only be arranged in a single row. In this lesson, the student
will discover which numbers of tiles can be arranged in only a single row; these
numbers are defined as prime numbers. A prime number is any number that has
only itself and one as a factor. The numbers that have more than one arrangement
are defined as composite numbers. Composite numbers have two or more pairs of
factors.

Recognizing if a number is prime or composite is important to elementary students
when they simplify fractions.

Fluency with the multiplication tables and knowledge of odd and even numbers

Discovering Prime Numbers: Worksheets 1 - 5, pages 17 - 21

Colored pencils

Twenty-five tiles Any kind of tile will work. One inch tiles can be obtained at
home improvement centers for very little cost. Cut them loose from the netting
and you have a great manipulative for all kinds of activities on factoring, area, and
patterns. Tiles can also be made with heavy paper, but these are harder for students
to manipulate.

It is best to avoid cubes, as students can confuse factoring with volume when cubes
are used for this activity.

A multiplication chart may be helpful for students who have not mastered the mul-
tiplication tables. Use the Speed Tests, pages 43 - 46, to practice the tables.

Give the student time to play with the tiles before beginning the lesson. Fifteen
minutes may be adequate if he has had free exploration time previously.

“Use the tiles to build the multiplication problem 2 x 3.” Most students will
make three groups of two. Have him push them into a rectangular array with two
rows of three. Tell him that this array shows the problem 2 x 3 or 3 x 2 depending
on how you look at it.

Lesson Do Discovering Prime Numbers - Worksheet 1 together.

Part 1 When you get to the bottom of the first page, have him go back over the rectangles
and label them with a heavy pencil.
The first square is 1 x 1, the second is 2 x 1, the third is 3 x 1, the fourth has two:
4x1and2x?2,etc.

Patterns in Arithmetic: Multiplication - Booklet 3 Discovering Prime Numbers
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Then have him select a color for each number. Lightly color in all the rectangular
arrays of a number the same color. For example, both the 4 x 1 and the 2 x 2 would
be colored the same color. This becomes important on the next two pages where the
rectangles will take up lots of space and can get mixed up.

Now begin Discovering Prime Numbers - Worksheet 2, page 18. Have him take out
eight tiles. In the example it shows a drawing of two times four. It is labeled 2 x 4.
Have him lightly shade in this rectangle with a color he has not used yet.

“Is there any other way to arrange eight tiles?” “Yes, I could make one row of
eight.”

“Draw one row of eight tiles to the right of the rectangle shown on your work-
sheet. How should this one be labeled?” “1x8.”

“How should it be colored in?”’> “The same color as the 2 x 4.”

Have him take one more tile to make nine tiles. Repeat this same process. Some
students will think that because nine is an odd number, there can be only one rect-
angle. If this happens have him explore different ways to arrange the tiles. To con-
firm, he can look at a multiplication chart and find the nines. He will find the nine
in the three times table. So nine can be made with one row of nine and three rows
of three. Have him draw both rectangles, label them, and shade them in.

Eventually, you will run out of colors. It is fine to repeat them. The purpose of the
shading is to keep the rectangles with the same total number of tiles sorted from
their neighbors. '

Have him finish Discovering Prime Numbers - Worksheets 2 and 3 the same way.
This activity can be a bit tedious for some. Have him work for fifteen more minutes
and stop. Continue the activity the next day. Most students take two to three days
to complete both pages working in thirty minute sets.

Do not continue to Discovering Prime Numbers - Worksheet 4 until Worksheets 2
and 3 are completed. Check the work using the Answer Key to make sure that all
the factors were found.

Lesson Discovering Prime Numbers - Worksheet 4, page 20

Part 2 The student will now go back though all the rectangles he drew and sort them into
two groups: the numbers that had only one rectangle and the numbers that had
more than one. Work on this page together.

There is a little investigation on the addition of odd and even numbers. Understand-
ing will be assisted by using tiles and arranging them in pairs. An odd number will
have one tile unpaired. When you put two odd numbers together, the ‘odd man out’
of each number get together and make an evenly paired group.

Discovering Prime Numbers Patterns in Arithmetic: Multiplication - Booklet 3
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Practice

Discovering Prime Numbers - Worksheet 5, page 21

Worksheets Have him do this worksheet in pencil. Errors are likely. The goal is to end up with
only prime numbers circled.

Note Divisibility rules are useful here. The rule for multiples of three is that if the digits
in the number add up to a number in the three times table, then the number is a mul-
tiple of three and therefore not prime. Look at the number eighty-seven. It looks so
much like a prime number, but 8 + 7 = 15 and therefore eighty-seven is in the three
times table and not prime.

Gus the Bus Driver, page 22, is an exercise in two-step multiplication word prob-
lems.

Test for “Explain what a prime number is in writing. You may use a drawing to help

Understanding you.”

A good answer: A prime number is any number that has only itself and one as a
factor.

An OK answer: A prime number is a number that can only be made one way in
multiplication. Suchasseven. [T [ [ [ [ [ | Seven tiles made into a rectangle.

Math Write the definition of a prime number.

Journal

Extension Look up Eratosthenes. He was a Greek mathematician living in ancient Egypt and
a very interesting person.

Patterns in Arithmetic: Multiplication - Booklet 3 Discovering Prime Numbers
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Divisibility

Purpose The purpose of this lesson is to explore divisibility rules for 2, 5, and 3.
Prerequisites The ability to do simple division problems such as 39 + 3.
Materials Paper and pencil
Lesson Give this set of problems: 12 +2, 8+2, 14+2,16+2,10+2,24+2, 32+ 2,
Part 1 15+2,28+2,42+2,23+2
“What do you notice about these problems?” “They are all divided by two.”
“What else?” “The ones digits are all even except in 15 +2 and 23 +2.”
“How are the answers different in these problems?”” “They have a remainder.”
“What else is different about these problems?”” “The ones digits are odd.”
““Write a rule of divisibility for problems divided by two.” Give more examples
if needed. Possible answers:
If a number ends with an even number it is evenly divisible by two.
Divisible by two means when you divide by two there are no remainders.
A number is divisible by two if its ones digitis 0,2,4, 6, or 8.
“Can you find a problem that is divisible by two in which this rule doesn’t
work?” Student tries several problems on her own. “No.”
Lesson Give this set of problems: 20+ 5, 15+5, 35+5,40+5,5+5,50+5, 25+5, 65+5
Part 2 “What do you notice about these problems?” “They are all divided by five.”
“What else?” “The ones digits are all zero or five.”
“Write a rule of divisibility for problems divided by five.”” If a number ends in
a5oraQ0,itis divisible by 5.
Lesson Give this set of problems: 12 +3,9+3,27 +3,24 + 3,36 + 3,15+ 3,18 + 3,
Part 3 42 +3,33+3
“What do you notice about these problems?” “They are all divided by three.”
“What else?” “There are no remainders.”
“Can you see any patterns that will help you find a rule of divisibility? This rule
is harder to figure out. If the student can’t find any rule, give her a hint.
“Find the sum of each of the numbers being divided. Is it divisible by three?”
“Write a rule of divisibility for problems divided by three.” A number is divisible
by three if the sum of its digits is divisible by three.
Test for “Are these numbers divisible by three?” 51,28,45,21,25
Understanding yes No yes yes no
Divisibility Patterns in Arithmetic: Multiplication - Booklet 3
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Purpose

Prerequisites

Materials

Warm Up

Prime Factoring

The purpose is to teach the process of prime factoring. Prime factoring is a method
of revealing the base factors of any number, the ‘bones’ if you will. Factoring is a
tool, a screwdriver, which allows us to break up numbers using multiplication. It
allows us to rearrange numbers to make problems easier, to simplify fractions, and
find patterns.

Previous lessons, Divisibility lesson, and the ability to do simple division problems
such as 39 + 3. Students need to be able to test numbers such as thirty-nine or
seventy-eight, which do not appear in the multiplication table but which are not
prime. Both of these numbers are divisible by three.

Basic rules: A number is divisible by

2 If the number ends with an even number.
If you divide by two and there are no remainders.
If its ones digitis 0,2, 4, 6, or 8.

3 If the sum of the digits in a number equals a number in the three times
table.
If the sum of its digits is divisible by three.

4 If the last two digits of the number are divisible by four.

5 If the number ends in a five or a zero.

6 If a number follows the divisibility rules for both two and three.
10 If a number ends in zero.

Discovering Prime Numbers - Worksheets 4 and 5, pages 20 and 21
Prime Factoring - Worksheets 1 - 9, pages 23 - 31

Prime Factor Puzzles - Worksheets 1 and 2, pages 32 and 33
Prime Factoring Practice - Worksheets 1 and 2, pages 34 and 35
Show You Know, page 36

Review Discovering Prime Numbers.

“What is a prime number?” “Any number that can be divided only by itself and
one. Or, any number that has only itself and one as factors.”

“Write the numbers 2 though 30. Remember, 1 is not either prime or composite.
Circle any prime numbers and cross out all composite numbers. You can use
your list on Discovering Prime Numbers worksheet 4 if you need to.”

When she gets to twenty-six, she will be beyond the numbers she investigated in
the last lesson.

“Can any even number except two be prime?”’ “No.”

Patterns in Arithmetic: Multiplication - Booklet 3 Prime Factoring
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“Why not?” “Because all even numbers can be divided by two.”
“What about odd numbers?”’ “Some odd numbers are prime and some are not.”

“How can you tell the difference?”” “If an odd number is in the times tables other
than the first row, then it is not prime.”

Finish the task on the first thirty numbers. The only new prime number is twenty-
nine.

Listing All Factors

Here is a handy tool for listing factors. Here is a way to find all the factor pairs for
twelve. Begin with 1 x 12. Write them on opposite ends of your factor list like this:

1 12

Then goto2. 2x 6= 12, Add these to the list, again putting the factors on opposite
sides of the list moving to the inside like this:

1 2 6 12

Then goto 3. 3 x4 =12. Add these to the list again putting the factors on opposite
sides of the list moving to the inside like this:

1 2 3 4 6 12

What numbers are between 3 and 4? None. So there are no more factors of twelve
to list. ’

This is what the list would look like for 18. 1 x 18, 2x9,and 3 x 6.
1 2 3 6 9 18

Now all we have to do is look for any factors of 18 that are between 3 and 6. We
can examine 4 and 5. Neither of these is a factor of 18. So we know there are no
more factors of 18.

“Make a list of all the factors of twenty.” “1,2,4,5,10,20.”

“What does the word factor mean? What is a factor?” “It is a number you
multiply by to make another number.”

“List two multiples of twenty.” “Forty and eighty.”
y g

“How is a multiple different from a factor?”” “A multiple is the answer or the
product of multiplying by two factors.”

“How many whole number factors does twenty have?” “Six.”
“How many whole number multiples does twenty have?” “An infinite number.”
“Which of the factors of twenty are prime numbers?” “Two and five.”

Patterns in Arithmetic: Multiplication - Booklet 3
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Practice
Worksheets

Notes

Lesson
Part 2

Warm Up

Lesson

“Which of the multiples of twenty are prime numbers?” “None because they
all have twenty as a factor.”

Follow the instructions on Prime Factoring - Worksheets 1 and 2, pages 23 and 24.

The prime factors of twelve listed at the bottom of Prime Factoring: Worksheet 2
will be the same as the ones listed on Prime Factoring - Worksheet 1.

No matter what factor pair you start with, the prime factors at the bottom will be
the same.

Do Prime Factoring - Worksheet 3 together. Use the Answer Key to be sure you are
doing the work correctly. The last one, sixteen, is a little puzzle.

On the practice sheets she will encounter numbers that are not prime, but do not
show up on the multiplication chart. Examples: Seventy-eight and thirty-nine.
She will need to use the divisibility rules to determine if the number is prime or a
composite.

Prime Factoring - Worksheets 4 - 9, pages 26 - 31
Spread these worksheets over several days while you work on other new topics.
Check each page as soon as it is completed.

Reteach if the student frequently lists composite numbers in the prime factor list.
Watch for addition instead of multiplication in the factor trees. It is not uncommon
to see ten factored into 5 x 5. She was thinking 5 + 5 is 10. Remind her she must
use the multiplication number sentence for 5 + 5 = 10, whichis 5 x 2, not 5 x 5.

Prime Factor Puzzles - Worksheets 1 and 2, pages 32 and 33
List the prime factors of sixty. The factors are 2,2, 3, and 5.

“What will the product be if you multiply 2 x 2 x 3 x 5 together?”” Wait until she
does the problem. “You get sixty back again.”

“Does this always work? Try prime factoring another number. Then multiply
the prime factors together and see.” “It does work every time.”

Solve the first problem on Prime Factoring Puzzles - Worksheet 1 together.

You are to figure out what numbers go in the blanks. Wait. See if she can figure
out what to do. There are two ways to solve this. One is to start at the bottom and
work backwards. On the last line are the factors 3 x 2. That means the number
above must be six. The blank number above the 6 must be equal to 6 x2 or 12. The
number above the twelve must be 2 x 12 or 24. The other way is to multiply the
prime factors in the box. 3 x2x 2 x 2 =24.

The problem on the right works the same way, except the prime factors are not
listed in the box. She needs to realize that the numbers listed in the factor tree are
the prime factors. Again she can work up the tree, or multiply all the prime factors

Patterns in Arithmetic: Multiplication - Booklet 3 Prime Factoring
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Note

Practice
Worksheets

Test for
Understanding

Prime Factoring

32

together and then work down filling in the blanks as she goes.
Do not help unless needed.

The next set of problems on the lower left require the student to multiply the primes
together to find out the starting number.

Check the work and assign practice.
Prime Factoring Puzzles - Worksheet 2, page 32
Prime Factoring Practice - Worksheets 1 and 2, pages 34 and 35

Show You Know, page 36 The answers are in the Answer Key.

Patterns in Arithmetic: Multiplication - Booklet 3
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Purpose

Prerequisites

Materials

Warm Up

Multiplying Factors

The purpose of this lesson is to demonstrate to the student that when two numbers
with a known product are factored and their factors reordered and multiplied to-
gether, the product will be unchanged. In previous lessons, the student has learned
that no matter how you factor a number you will get the same prime factors at the
end. He has also learned that multiplying the prime factors of a number together
will produce the original number as a product. Now we will take two numbers
that have known products, factor them, reorder the factors, and multiply. He will
see that the final product is unaltered as when he multiplied the original numbers
together.

This concept is important because when we multiply large numbers such as 400
x 60 together, they are factored to (4 x 100) x (6 x 10). Then the rule of the As-
sociative Property of Multiplication is used to reorder the numbers. They are reor-
dered to (4 x 6) x (100 x 10) to get 24 x 1,000 or 24,000. This is the source of the
‘multiply the four times the six and add three zeros’ trick. When multiplying large
numbers like this, he needs to trust that the pattern works because it is difficult to
determine the truth of 24,000 manipulatively. Thus, in this lesson the pattern is
demonstrated with numbers the student already knows the answers to.

Previous lessons

Multiplying Factors, page 37

Find the prime factors of eight and four. They are (2x2 x2)x (2x 2).

“What is the product of eight and four?” “Thirty-two.”

“What product do you think you will get if you multiply all the prime factors
of eight and four together?” Let him predict and then try it.

“What happened?”” “I got thirty-two, the same as when I multiplied eight times
four.”

“Do you think that will always work?” “Maybe.”
“How could you test it?”’ “I could try another one.”
“What problem would you like to try?” “6x4.”

“What is the product of six times four?” “Twenty-four.”

List the prime factors of these numbers and then multiply them all together.
6x4=2x3)x(2x2) =24

Patterns in Arithmetic: Multiplication - Booklet 3 Multiplying Factors
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Lesson

Note

Test for
Understanding

Multiplying Factors
34

Use Multiplying Factors worksheet. Have him factor the four and write the num-
bers on the second line. Repeat with the eight.

“Will the pattern still work if the factors you use are not prime?”

Listen to the response. If he says, “Of course it will work because no matter how
you break it down, all the factors will get multiplied and the product will be the
same.” You will know he is understanding the concept. Most students will be much
less sure at this point.

“Factor the eight into four times two, and put those on the second line under
the eight. Now, reorganize the numbers. Put all the twos first and the four last.
What happens?”

“You get the same answer as before. It does not matter how you factor it, you still
get the same answer.”

Many students will at this point realize this process can be used to help you find
the answer to a multiplication fact you can not remember. If he can not remember
what six times eight is, he can factor the six into two times three. 6 x 8 =(2x3) x 8
He can then multiply three times eight to get twenty-four and then double it. This
understanding creates mathematical power.

Complete the worksheet together. It is not necessary to break the numbers all the
way down to prime factors. Use the Answer Key to be sure he is doing the prob-
lems correctly.

“Show how to use factoring to find the answer to 9 x 8 if you can’t remember
the multiplication factor.”

Solutions are varied. Some examples: 9x 8= 9x (2x2x2) = Double nine three
times; 18,36,72
9x8=3x0Bx4)x2=3x12x20r36x2=72

Patterns in Arithmetic: Multiplication - Booklet 3
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Factoring into Tens

Purpose The purpose of this lesson is to introduce the concept of factoring by tens. This tool
is used in long multiplication and division.
Prerequisites Multiplying Factors and Expanded Tables in Multiplication: Booklet 2
Materials Factoring into Tens: Worksheets 1 and 2, pages 38 and 39, Factor by Tens and
Prime Numbers, page 40, Using Factoring with Expanded Tables, page 41, Ex-
panded Tables: Review, page 42
Warm Up Prime factor a number. Multiply numbers together by factoring them as was done
in the last lesson.
Lesson Do Factoring into Tens - Worksheet 1 with your student. Check the Answer Key to
Part 1 be sure you are doing it correctly.
Factoring into Tens - Worksheet 2 is harder than it looks.
Problem 1
First find all the prime factors of one hundred twenty. Suggest she begin with fac-
toring one hundred twenty by tens. 10x 12=(2x5)x (3 x2 x2) So the prime
factors of one hundred twenty are 5,3,2,2,2.
Problem 2
To find all the composite factors of one hundred twenty (of which there are many)
use the Associative Property to make all the possible groupings you can find of the
prime factors.
Begin by writing 1 x 120 on opposite sides of the paper like this:
1 120
To make the search orderly, move from left to right. The next number is two.
1 2 120
To find what the other factor is, use the Associative Property and change the group-
ing of the prime numbers. We can put the two by itself and multiply the other prime
factors togetherto get2x (5x3x2x2)= 2x60 =120.
Now add the sixty to the list of composite factors of one hundred twenty. Now you
might think, I could have found sixty without all this writing. True, but you will not
find all the composite factors easily without this handy tool. Just wait.
1 2 60 120
The next number is three. Add the three to the list.
1 2 3 60 120
Use the prime factors to find the other number in the pair by putting the three alone
and use the other four numbers together.
Patterns in Arithmetic: Multiplication - Booklet 3 Factoring into Tens
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3x(5x2x2x2) =3x40. Addforty to the list.
1 2 3 40 60 120
The next number is four. Here is a possible questioning strategy.

“Is four a factor of one hundred twenty?”” “Yes, you can make it with 2 x 2 from
the prime number list.”

2x2)x(3x5x2)= 4x30 Sonow add thirty to the list.

1 2 3 4 30 40 60 120

“The next number is five. Is five a factor of one hundred twenty?” “Yes, it’s

in the prime factor list. Also, one hundred twenty ends in zero, so it is a multiple
of five.”

“Use the list of prime factors and put the five alone and then group the others.”
5x(3x2x2x2)= 5x24 Now that is one you may not have thought of!

So we can now add five and twenty-four to our list.

1 2 3 4 5 24 30 40 60 120

“What about six?” “Six is made with 2 x 3. Two and three are in our prime factor
list.”

6x 7=120 (2x3)x(5x2x2)=6x20. Add them to the list.

1 2 3 4 5 6 20 24 30 40 60 120

Now we know the last factors of one hundred twenty must be between six and
twenty. Seven? No, seven is a prime and is not on our prime factor list.

“What about eight? Eight does not look like a factor of one hundred twenty.
Can eight be made from the prime factor listof 5x3x2x2x27?” “Yes,2x
2x2is 8

“So what is the other number?” “2x2x2)x(3x5)=8x15=120."

You definitely would not have easily found this one. Add these to your list.
1 2 3 4 5 6 8 15 20 24 30 40 60 120

“What about nine? What prime factors would we need to make a nine?” “3 x
3, so nine is not a factor of one hundred twenty.”

“What about ten?” “We already know that 10 x 12 is equal to one hundred twen-
ty.”
1 2 34 5 6 8 10 12 15 20 24 30 40 60 120

“The only number left is eleven.” “Eleven can’t be a factor of one hundred twenty
because eleven is prime and eleven is not in our prime factor list.”

“So we have found all the composite factors of one hundred twenty. Put circles
around all the factors on your list that are composite factors of one hundred
twenty.”

Patterns in Arithmetic: Multiplication - Booklet 3
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Finish this page and end the session.

Test for Factor by Tens and Prime Numbers, page 40, is an assessment. At this point we

Understanding want to see that she can prime factor a number on her own and peel zero off a
number by factoring by tens.

Lesson Use Factoring with Expanded Tables, page 41, and Expanded Tables: Review,

Part 2 page 42. Do the worksheets together and check with the Answer Key to be sure
they are being done correctly.

Extension Finding the composite factors of a number and associated problems is continued
in the lesson Prime Numbers Meet the Associative Property and (affectionately
called) Rat Cage Problems. which can be found in Patterns in Arithmetic: General
Math - Booklet 5.

Note . A useful way to practice the times tables is to give Speed Tests on pages 43 - 45.
The same tests are repeated but the problems are in different orders on each page.
These can be given periodically throughout the year. Speed Test Graph, page 46,
can be used throughout the year to graph and show the student’s progress through-
out the year.

Worksheets Give the Post-Assessment - Worksheets 1 and 2, pages 48 and 49. The Pre-Assess-
ment: Part 2 and the Post-Assessment are the same. The answers for both are on
the last page of the Answer Key.

Proceed to Patterns in Arithmetic: Multiplication - Booklet 4.
Patterns in Arithmetic: Multiplication - Booklet 3 Factoring into Tens
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H

Purpose The purpose is to develop fluency with multiplication facts and to find patterns
in the multiplication tables one through ten.

Prerequisites Understanding basic multiplication

Materials Multiplication Facts Chart, page 47

Lesson The student fills out the Multiplication Facts Chart from memory.
She then looks for patterns in the completed chart. There are many patterns in this
chart.
Can the student find the sequence of squares?
One activity is to make multiple copies of the filled-out chart and shade the
multiples of each times table.
Ifthere are several students, have them compare and discuss the different patterns
found.

Test for None

Understanding

Multiplication Facts Chart Patterns in Arithmetic: Multiplication - Booklet 3
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Post-Assessment - Worksheet 1 Date

Put a question mark next to any problem you do not know how to do.
1. Show all the ways of associating (grouping) these three numbers: 2, 5, 6

(—x_)x__ = (_x_)x__ = (—_x__)x__=
X = X = X =

2. Find the volume of these rectangular solids.
Length (L) Width (W) Height (H)

a. Volume b. Volume c. Volume
\: RN 5 L=3; W=6;, H=2
* n a 4 7
T + + 7

3. What is a Factor? Use numbers to help you explain.

4. What is a Prime Number?

5. List the first ten Prime Numbers starting with 2.

2

Patterns in Arithmetic: Multiplication - Booklet 3 Post-Assessment
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Post-Assessment: Worksheet 2 Date
6. Prime Factor 24, 50, and 37. Record the Prime Factors in the boxes.

a. b. C.

24 50 37

N VN /N

X _ X __ __X_

7. Factor 50 and 80 by tens. By tens By tens
& 50 > 80

N N
X X

8. a. Solve these problems.

6 60 600 6,000
X 8 X X 8 X 8

b. What patterns do you notice in the answers to these problems?

c. Use the pattern to find the answer to 600,000 x 8.

9. Use faCtoring by tens to show how to get the product of 400 x 6.

400 x 6
AN
X X
(_x_)x
X

Use the Answer Key to check for errors.

Post-Assessment Patterns in Arithmetic: Multiplication - Booklet 3
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Answer Key Legend

AWV = answer(s) will vary
BUWY = break up will vary
OWV = order will vary

Pattern Blocks

r =red trapezoid

g = green triangle

y = yellow hexagon

0 = orange square

b = blue parallelogram
t = tan rhombus

Cuisenaire Rods
1 w = white

21 =red

3 1lg =light green
4 p =purple
5y =yellow

9 bl =blue
10 o =orange

Note: Some items and pages are left out of the answer key.

1) Some pages in which the answers are open-ended or will vary.

2) Make your own problems. Since students create their own problems and
solutions, these sections give valuable information about the level of confidence
and competence. It can be a useful source of curriculum for other students.

3) Practice pages.

4) Workboards.

5) The answers are in the Parent/Teacher Guide.
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Answer Key for the Student Workbook
©2013 Pattern Press
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Published by Pattern Press .
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Multiplication - Booklet 3 A ssessmerils ose on th

Concept

Look at the picture. Write the addition and multiplication number sentences.
Example:

e \0«3"' ?ﬂﬁe/' .

0T O O O O
S01 2345678 91011121314 15 16 1718 1920 21 22 23 24 25 2627 2829 30 313233 34 3536
How many numbers are skipped in each jump?, 3 How many jumps?

Number Lines

6+6+6+6= 24  Addition
Racord the number sentence: _.3 _ x |2 =36.
6 x_4 7 24  wuttiplication
\lllllllllllllllIIIIIIIII!III!I\

]t ) = B 5 5 012345678 9101112131415 1617181920 21 22 73 24 25 2627 2829 30 313233 34 3536
imh i
E@E @EE Record the skip jumps: 6 X6= Z{Q.
Addition 4 +8 +4+5+4= 20 Addition =

3434 3+3¢3+3+343= 24
Multiplication 3 »x ¢

R

bt b+bHl b= 30
Multiplication ,__Q_ X __5__-_3.9_

Multiplication _4 x _§=_%0
EEBREBRER

Addition
P22+ 2 ¥ AL 2+ T2

Multiplication A x 9 =_[§

H B B
ERBAE
& 1 g
Addition - Addition
T+1r1=2 E45 45 £5 45 453230
Muttipication _7_x 3 =2/ | Multiplicaton 5 x & = 30
Draw the picture. Make your own,
Addition
3+3+3+3+3= _I5 °
3 x5 = 15 Multiplication ____ % __=____

4

<|l|]ll|ll|i!|l||lll,
0 10 20 36 40 50 6 70 8§ 90 100 110 120 130 140 xscxmﬂolxoxsuzoozmuuzsouo

Record the number sentence: 30 x 5 =1 50
=l 1 i i i { | i i ] i m .,
<

0 10 20 30 40 50 60 70 80 50 100 110 120130 140 150 160 170 150 190 200 210 220 230 290

Record the skip jumps: ‘A0 x 1A =240,

] [0 00 R 00 T 0O T 0 I 1 |

I 0 O
012345678 910171121314 1516171819 2021 222324 252627 2629 30 31 32

Regord the number santence: H X £ =32.

Record the skip jumps: =32,

(RO T 00 00 O 0 T I I O A 0 I A B
012345678 91011121314 1516171819 2021 222324 2526772529 3031 32

Make your own. AWV
Record the number sentence: X

Record the skip jumps: ___ X = 30.

=30.

{0000 0 0 T O T 0 T 0 O 0 1 O I I
910 11121314 15 1617 1819 20 21 222324 2526 27 28 29 30 31 32

pid
s
0612

Record the number sentence: x = 32.
Record the skip jumps: ___ % =32.

In multiplication ail the skip jumps ate the sa size.

Commutative Properiy

Record the meaning of each numberina mulllplication number sentence.
umboersd he tetal

ﬂ___ﬂ_el«i thedetal
ineacharoan X, g_x_:_(bgoaug Lsmdg = _pumberof blocks

e

3Bx7 =1 |

A ¢

- w : \
PR RRER 0
o | BE

2
x 6
12

Are your answers the same ot dxﬁe ent? S(LN\L
why? The amount of blo WQ nw(ﬁ

sentencefs Wrten hud, ways.

xZ | Lx2=12

Continue this patfem. Draw the plctu es.

Area Puzzle
24 18 35 28 32 25 27 36 20

GIN{OIMIE W DIRIK

Figure out the area of these rectangles. Place the letler beside the rectangle in
the box below its area in square units to solve this riddle.

o= A7
Kk=_10
e-32
18
= AK

What do elves do
after school?

N=
w

e

FTRNE T S S TN O

et
PRI IR SO T T
£ SN R Mt S B

7
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Associative Property - Worksheet 1

Take out a set of linking blocks.
Build a figure that is two blocks long, three blocks wide and four blocks
high. It will look something like this:

This figure is called a rectangular solid.

It's a three dimensional or 3D rectangle.

In these lessons the size of the sides are always
listed in this order: length, width, height.

This solid would be called 2 by 3 by 4.

How many blocks did you use to build
this rectangular solid?

Now build this solid.

Gozal
"""5” Thisoneisa A by Doy 2.

How many blocks will this solid take?

actual 2)“‘"

guess

Compare the number of blocks you used for the first solid
1o the number of blocks you used in the second solid.
What did you find out?

Arrange the solid another way.  Draw a picture of your model.

ftcouldbe _3_ by __by _/*"_

What changes when you change the arrangement of the numbers?

The shage of the solid.
Whatgdoes not cﬁg\ge? The "tO'th number of L’\ookst

Associative Property - Worksheet 2

Build another rectanglular solid like this:  length  width  height
3by 4 by 5 3 4 5
How many blocks will it take to build this
new solid?
guess actual ‘_(@O_
Now build this solid.

This one is a _Lé by 5 by A.

How many blocks will this solid take?

actual __@_Q

guess

length  width  height
5 3.

Arrange the solid another way.  Draw a picture of your model.

hwouldbe .3 by 5 by 4 length wi%t_h heiéc;ﬁ

How many blocks wili this one take?

actual __[QQ

guess

Associative Property: Volume Puzzle - Worksheet 1
What kind of pliers do you use in arithmetic?
6 6030 24 8 48 50 27 40 12 28 ‘

lMIJL'HI]PILlIIEMISI

Figure out the volume of these figures.  Each block stands for 1 cube. Place the

letter beslde a figure in the box below its volume in cubic units to solve this riddle.

- ZX 1=_&

= % L= 50
oy M=_l
E=_40 u= 60
L=_230 R=_{2.

10
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Associative Property: Volume Puzzle - Worksheet 2
Why did the amoeba fail the math test?

The answer to this question is written in code. Solve these &8
volume problems. Then write the letter next to a problem
above it's answer to solve this riddle.

Length (L) Width (W) Height (H)
BECAUSE IT MWLITPLIED

147-56-30-64-126-751 722 70-54-144-27-48-140-36-96-42-
BY RIVIDEING.

608 90-120-125-84-210-40-105-13

b Di=1w=2 H=3 210
.(eQ BL: 3, W=4, H=5 3_0
1 Er-=2w=4 H=2 Q0
8 Y i-2w=2 H=2 B4
Y A L4 w=4 H=4 2
(26 V L=5 w=5 H=5 |40

Di=3 w=7 H=10
CL=5w=1; H=6
Di=6 w=5 H=3
UL=9 w=3 H=2
| L=2 w=9 H=24
PL=4 w=5 H=7

H7 BL=7 w=7 H=3 96 | L-6 w=8 H=2
H2 E L=7 w=2 H=3 15 S -3 w=5 H=5
27 T L=8 w=3 H=3 H8 T -4 w=1 H=s
N8 | L=8 w=2 H=3 HO | L=2 w=4 H=5
132 GL=6 W=2 H41 105 NvL=7 w=s; H=3
30 L L=3 w=6 H=2 126 UL-6 w=3; H=7
0 Mui=2 w=5 H=7 44 L -8 w=g; H=2
84 | =7 w=e H=2 [0 | L-5 w=3 H=8
5 EL=4w=2 H=7 11



Associative Property: Investigation - Worksheet 1

In science, we learn that there are things called Laws of Nature. That the solar
system is held together by the force of gravity is one such law. There are

in mathematics too. These laws are often called properties. You will explore
one such property today. It is called the Associative Property of Multiplica-
tion This property is about the order in which we combine numbers.

Solve this muitiplication problem. 2x3x4= 251
You are being asked here to multiply three numbers together.
You can only multiply two numbers together at a time.
Which two did you multiply together first?

LxH=24

What would happen if you multiplied the numbers together in a different order?
he Swe o a S0INE .

P

Then what did you do?

Solve this problem. 3x4x2= Zﬂ:

Explaln how you |d ltth;stlme
Xz 2= 24

Did changing the order of the numbers change the final answer? no

Solve this problem. 4x2x3= 2 f‘

Did changing the order of the humbers change the final answer? No

12

t
Associative Property: Investigation - Worksheet 2

You did a math experiment. You muitiplied 2 x 3 x 4. Then you multiplied
3 x 4 x 2. Then you multiplied 4 x 2 x 3. What did you find out?

E\/e\r\/ time the answer was the game.

Did the order in which you paired the numbers change the result? _DQ___
This is what the Associative Property of Multiplication says. It says thatthe

order in which you multiply a series of numbers will not change the final
answer This is a law of muitiplication.

You will use this property later to help you solve large whole number and frac-
tion problems more easily

We use a symbol like this { ) to group numbers together. These are called
parenthesis (pair- n - the - seez). Parenthesis tell you o do what is inside first.

(2x3)x 4= means multiply 2 x 3 first o get 6.
_B_ x 4= now muitiply the 6 times the 4 fo get 24.

Do these. (3x4)x 2 = (4x2)x3

12 x2 = =2
Find all three ways of associating these three numbers. 3,4, 5
The first one is done for you.
(3x4)x5 = (M x ‘f)x_s_

12" x5=060 20 =60
(3 x5 )x 4
s xAH =60
13

Associative Property: Investigation - Worksheet 3

Here are four ways to record the problem 2% 3

Multiplication Addition Drawing Prism
2 r“
2x 3=6 2 T
52 B I
° B R
Here are four ways to record the problem (2 X 3) x 4.
Mutliplication Addition Drawing Prism
(@x3)xd= 2 g g g BREER
222  OBBB
seec  BERE

Show the other two ways 1o associate the nu'mbers 2, 3, and 4. Record the

multiplication problem with parenthesis, the addition problem, and the drawing
for each way.

@Bx4x2=

phowae

;'Sfémcou
[wx]
fHER a0

4 4
dx2)x8= +4 x4
8 B

.afiﬁ-sn

o
(FT13

Build a model of 2 %3 x 4 with linking cubes or Unifix cubes.

14

Associative Property: Investigation - Worksheet 4

Find all the ways of associating these three numbers. 2,5, 6

(ZxE)x b = (2x b)yx 5
10 x& 12 x5 =
(5x b)x 2
300 x2=060
Math Experiment
You found that there are three ways to associate 3 number.s in multiplication,

How many ways are there to do it with 4 numbers? 3 out ve mfw\j
Make a guess.

Use these four numbers 2, 3, 5, 6  You may use a calculator if you want.
The first one is done for you.

(2x 3)x(5x 6)

6 = 180
5x2)x(3xb)
(*Q)))((( _[)_(g_)=\80
(5x3)x(Zxb)

15 x 12 =180

15

Answer Key: Multiplication - Booklet 3



Associative Property: Investigation - Worksheet 5

Find all the ways of associating these three numbers with multiplication.
You may use a calculator if needed. 3,57

Is the product the same every time? €

The product Is the answer to a multiplication problem.

Try it again. This time use addition instead of multiplication.
Use 3, 5, 7 again. Do you think all the sums will be the same? B N V

(3+5)+7] = (I+5)+3 _
B +T=_A J2 +83 =15
(3+M)y+ 5 What did you find out? Al the amaiers
10 +5 =15 qare the same.

Try it one more time. This time the signs will be mixed and both x and + wili .
be used. Will the answers be the same every time this time?
You may use a calculator . Use 3, 5, and 7 again.

(3xM)y+5H. = (5xT+3
20 1A -2 2 13- 38

(3x5)+= (I+5)x3
5 +1=22 J2 x3 =36

x5 = 5.+8)xT
o 50 g7 s,

What happens when you mix addition and muitiplication
All the pnswers agve. different.

16

Discovering Prime Numbers - Worksheet 2

8 tiles |2 =

9 tiles e o

10 tiles Py 10 x1

11 tiles lxd

12 tiles 246 T 12
13 tiles X1

14 tiles plyct 1421

15 tiles |- 15Tk

18

Discovering Prime Numbers - Worksheet 3
16

16 tiles

n

*

17 tiles TIX07

18 tiles 3

19 tile: 1ixl1
20 tile

N
=

21 tile ] Tx 2l ]
22 tiles .

23 tiles

e
[

24 tiles RIELY

o

25 tiles %5

25

19
Answer Key: Multiplication - Booklet 3

Discovering Prime Numbers - Worksheet 4

Go back through your Investigation and find ali the numbers that had only one
raclangle.

e s 7. . 13 _17.]4. 23

These numbers are called PRIME NUMBERS.

A prime number Is a number that has only itself and one as a factor.

Tha only way to make 17 in mulliplication Is 17 x 1. This means that 17 Is a pime
number. The number 1 Is not considered to be a prime numbar.

Go back through your Investigation and find all the numbers that had two or more
rectangles. These are numbers that can be made with several different factors.
List thosg numbers here:

A 8. 9.10 42,19 15 [b 25
18 20, 21 22 24,25

These numbers are called COMPOSITE (kahm -pahz-it) NUMBERS.

A composite number Is any number that has not only Itself and one as factors but
other numbers too. An example of this Is the number 9. Nine can be mads in
multiplication with @x 1 andalso3x 3,

Look up the word compaoslte in the dictionary.
Copy the first definition. V} \ .
i of t .
Mixfive (nmgs

How many prime numbers are even?

How many prime numbers are odd? % b +h
Are composite numEcrs evrn or odd? (0]
Give examples IQ. {g, 2}

Guess the answer to these equations.

Check with numbers and saee If you ware correct.
Even + Eyen=_ €V N ien +0dd = d

+ 1 = 5
Chack +
odd + 0dd = _EVeN odds+Even=_Odd
Check 3 + 5 = 8 3+ =43 0000
Checkd_+ 3__ =_[2 5+ =
between 2 and 100.
Leam prime numbaers. They will help you when you leam fractions.

Check. + = i
= L +3 = 9
Uss the SIEVE OF ERASTOSTHENES (next page) to discover all the prime numbers



Discovering Prime Numbers - Worksheet 5
The Greek mathematician Erastosthenes (275-194 B.C.) invented
this technique of a numerical sieve to discover the prime numbers

smaller than some given numbet

(9
&)

39

R

SRR EE R R e

49

&

69

®
gé

RRPRI

3@ e |®e s |®B|®
N
R O

9

e EREENNEE
NE LA RN E
ORI ENERNCIEREE
R E R

EEE R T R

o
1N

1) Cross out 1. Itis not considered a prime.
2) Circle 2, the smallest positive even prime. Cross out all of the multiples of two.
3) Circle the next prime, itis _3 , Cross out all of the multiples of _23 . Every
ed _number will be crossed out.
4) Circle the next open number. Itis o) . Cross out every _4 th number.
5) Continue the process until all the numbers up through 100 are either circled or
crossed out. 21

Gus the Bus Driver

Jumbo bus

Gus, the bus driver, now has his own bus company. He has a Minivan, a
Van, a Large bus, and a Jumbao bus. He has also hired a mechanic, Madge,

{o help keep the buses in good shape.

Large bus

Mini-van Van

1. Gus decided to get new windshield wipers for three buses. Each wiper
cost $4.00 each and each bus needs two. How much will he spend on one
bus?. #£.00 _ How much will he spend on three buses? (8]

2. When Gus went shopping, Madge, the mechanic, slipped him a mail-in
rebate. "One dollar off each wiper bladg when you buy four or more.”
How much money can he get back? 2 Q.OL )

How much will he spend on the wipers for three buses? ,g ngg D

3. The field trip to see the lilacs at Evring Park, (75 miles), picnic a the
Living History Farm, (17 miles), back to schoo! (66 miles), was planned for
two different classes. How many miles would Gus drive over the two

days?

4, Gus' favorite gas station sells candy and sodas. He decides fo surprise

the kids on the last week of school with a tootsie roll pop as they get of { the
bus. The pops are 10¢ each. His 60 seat bus usually carrles 44 kids

home. How much money will Gus need? How much change
will he get from a $10.00 bili? 25 D,

22

Prime Factoring - Worksheet 1

This is how you discover the prime factors of a composite number.

Step 1. Factar the top number.

Circle any prime factor.

Step 4. 2\

Step 5. These circled numbers are the prime factors of the number you
started with, in this case 12. Prime factors are usually listed in a box after
the number being factored in order from largest to smallest. Separate them

with a comma.
o 123,22
23

Prime Factoring - Worksheet 2

We will factor 12 1o prime numbers again. This time we willuse 2x 6 1o
start instead of 3 x 4. Do you think the prime factors of 12 at the end
wilt be the same or different? __Saeae ..

Step 1 12 Faotor the top number.
/N
Zx6
Stepa 12 Circle any prime factor.
N
@x L
Stepd 12 Factor the uncircled composite factor.
N
Xk
N\
3 x2A
Step 4 1 2 Repeat Steps 2 and 3 until all the numbers
\ are circled prime factors.
Xk
/N
=0
Steps List the prime factors in order of size.
Are they the same as before?
12322 Y
24
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Prime Factoring - Worksheet 3

Prime Factoring - Worksheet 4

o " 18
3Bx 6 2x%x.9
4 [22 ] 6 7N 7N\
7\ PN A XD —3.X32
A XA BXA
21 [3.7 I 22 [ 1,2
8 VAN N\
2 N S Fan
x4 3x3
N\
A X2
/24{ [3.2.2.2] 55\ | 5;5 l
10 w7z 1| & ay
L x2Z 2x.T /\
2x 4
fx
15 16 g
N N\ or My H
VAN
2.x4_ %2 AA%
/AN
AX A
25 26
Prime Factoring - Worksheet 5 Prime Factoring - Worksheet 6
/\ 7\ 2N l:: N
Bxa Ax 28 9x3 27x. 2
T /\ als
o o &
}1
4 [ 122 /32\ 22,22, 2, 2732 | j’f\
VAN 7N\
Nx AL %X—#\— fox1 K
2&\7\ /k}\vz ¥ 2%3 o
50 2 4o 3 o
/N 7N Lxlb. /N 32x 2
\ S x 10 Ix b 7\ /N 6%3 /
\ /< /\ 2¥3 23 3/\{\,\ /g xj\
\ 2¥5 2x3 ' /z@cz 2%
X
\ 72 33,2221 > a0 (532 ]
- 58 | 29 2 08 /N /
(. oY R 2
! ALK 42X \
| /N /l{u 3x3 3x5
1‘ Tx7 AX2
27 | 28

] Answer Key: Multiplication - Booklet 3



Prime Factoring - Worksheet 7 Prime Factoring - Worksheet 8

5 51
AN PaN
Y e I A nrcw il A cevam _ou_im
3@3 ;us 3){3 3)43
A A - A AN
W 2922 a2 | ] Lovime | _3_3(;2:))/_6{
X2 v
%
R X
Lo i Ao lmE ] ahinualll AT
;u/f\’j :{Q‘% 3xtl
wc&
" A
S /N g
75 1 Bxsl[853 1| 2xaL3La Zx ﬂm
» Q\XZTL
3x5 7
4.4
29 30

Prime Factoring - Worksheet 9

Prime Factoring Puzzles - Worksheet 1

/\ v A Fill in the missing numbers.
Zxzels3ar | uzlis _
e = %L [322Z ] o[Zaza
R 7N\
3x5 x ”\ 3730
A 2 2l Axdo
. : 2xb
Ayl 52,22 Fdxzalll, 3,2 ~ X/\
/\ _ /N 37,5 5%
2xlo g %l o %2 2 x
axs
80 95 I
PN — 7\ - 3
xolEaiaz]  xxl195 ] (0$[9,8,2,2 %ft
iylo 417,322 ixlg
/N /N PN
drd s ¢l[E333 ] 3%¢
VAN
N A | X 2/x3
%KL L1234 %%,X_Z\_ 13,3,2 What are the prime factors of 10007 5.5 5.2, 2,3
ZRES 13%3 AT
AN I~
5xd low1p.
/N
5%
31 32
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Prime Factoring Puzzles - Worksheet 2

Fill in the missing numbers.

wls222] w0 [E322]
N

Prime Factoring Practice - Worksheet 1

Factor these to prime numbers. List the prime factors in the box.

Remember to put them in order from largest to smallest. Put commas between

the prime factors.

VN / Cigas ] IZZ:;ZZI _
_§_x73_\ SxI2 26 32 48
N /7 N\ N /

2 x4 3 x4 13 %2 6\/)4 N 12 X\;P\
3 27 ;,\/M dea 3K Aaa
- - 2% 2 2 M2

30 2 [33222 1 |3 (35322l
AN 35 100 300
42 3 x4 AN / N
7\ Tx 5 lo X}Q ?VXt/s\o
wl2.2,2,2 2 2| /_{Q X }4_\ sva 5% 5_% X9
X3 5
1o [11,5,2. 2x3 2Zx2 K2
. (532, ] [£32.2 ] —
What are the prime factors of 1007 30 60 L
JN £ %30 7N
ENY A*
33 | 34 x 5%3
Prime Factoring Practice - Worksheet 2 Show You Know
Factor these to prime numbers. 1. If you need to multipliy tl;(ree numbers together, in what order should
you do it? An\! oraen,
N AN AN
3 X ;‘\ /‘2\ X 10\ ’ ﬂf)iol DX 1;)\ 2. Explain what a prime number s. A \U‘f\Oge nm\DQP -\-\'\oj'can
YR I Aen A L 5%2 only be (vided evenly by itsel€ and one.
/\ X
202 by
3. Find the prime factors of 60. 60
FZ—1  EEga] EEEaa ] {x\slf" 32,2 |
/N /N AN A
Ix 5 10 X 18] X500 I5%2
g\ 5/x\3 % 100 5R
K2 g0 X3
NN
NentEn aﬁ'e >r§'-‘~ 5k% 4. Prime factor 100 two different ways.
100
Zzaa] 5232an]  BEZEEEia] onLB522 1 RIs522 |
/16\ /160 5@\ 2 xlﬁo 10 X le
\ /
A o % 10 10 % k0 252 ska 5x2
N\ \
) A2 g/yz X% Jox e, 5x5
w2 Bxa R
ez X2
What pattern do you see in the prime factors in the box? ore,
RXA G-ty Mulbiolied together thel
one hundired.
351 36
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Multiplying Factors

= 6
%X\L ix "

=32 _2Ax3

X

2 x A

8 =

7N\

1§

Hg

2x2 x4 x RA=32 2x 3 x_2Ax 4 =N

What happens v«gxen ou multlply the factors of a number tagether?

\Iou ae ¢ oriainnd numbec

7 X 6

VAN v
Ax1T 3 2. ‘ﬂ-éi’}_ _&x =M
dIx T x 3 x 2=H22x3x A x 2 = 24

20 X 8 = 30 X /6\ =

/ /7

lﬁx__ _Lx\fé..= j_)(}LD 2. x3 =
j0x 2 x 1 x & ={p0_3x 10x 2 _x 2 =jg0

Changs the order of the numbars.

dx 2 x10x B =l60lox 2 x

_Zx 3 =130

37

Factoring into Tens - Worksheet 1
Sometimes factoring a number into multiples of ten is more useful than

Factor By Tens and Prime Numbers

Factor each number info prime numbers and then by tens.

50 Prime numbers
5 x IR
xS
/80 Prime numbers
Ltg X2 52222
lol X2,
/\
[
FAS
5xZ 450 Prime numbers
AN "
£ %
25‘2(2,
5 kb
/7'00\ Prime numbers
7 X /9\0~ T8 2.2
50x 2,
VAN
25w
/ ~
sx8

40

By iens

50
7N
A x 10

By tens
80

VRN
R x [0

By tens
150

7\
150 {0

By tens
700

/' '\
70 x 10

factoring it vlvith prime numbers. 300
Two examnples: 20 / \
VRN 3 x 100
2 x10 % or / \
Factor these numbers by tens. 3 x 10x 10
40 80 100
VAN / ‘}
i x 4 10 x o x L8
600 800 700
VRN 7N\
b x 1o 8 x _lo0 M ox LoD
or / or/ \\ or /"
b x10x 1o R x10x1lo M xioxio
38 o
Factoring into Tens - Worksheet 2
What are the prime factors of 1207? 94_3;_2-_,\.29.24_ 120
What are all the composite factars of 120'i'l9_€?.,‘:f£,__i‘]_l.ﬁ1 2 x60
Factor 120 by tens. 120 12, @ s x 10
/1% X 1/0\ Z/X\B 2/X 5
2%x6 2%x5
N

2x3
Prime factors of mystery number=5, 2, 3,2,2,2

mystery number = 7 Al
Prime factors of mystery number=7,3, 3,2

mystery number= | ‘,g o

Factor to primes. Draw a circle around the prime numbers.

gy 1 Als333 | 20[33333 |
i7x Cf‘}l LY
. 243 3¢ C’l\/“q 39

Using Factoring with Expanded Tablés 5503

8,000x 4 Factor 8,000 into tens.
8 x1,000x 4 D/ Rearrange and graup.
(8 x 4) x 1,000 ¥ Multiply what's inside the ().
32x 1,000 P Find the product.
32,000
You try it.
700x83 500x7
/7 N\ 7\
7 x100x3 A x100x7
(Ix3yx100 (5x7)x100
2l x100 35 x100
2,1_&_ 3500
400x6 2,000x7
7\ VAN
X xlopx 2" xtaox T
45 byx 160 (RxT)x[ 0D
2 fé: x L0 /4 x [ o
2 ko> 000

What patterns do you not:ce when

multiplying by 100 2. Zero s

add 3Zeros

multiplying by 1,000

41
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Expanded Tables: Review

Speed Tests - Worksheet 1

300 3,000 2x 2= 3x 8=2 ||4x 6= 5x 2=_{0
3 30 "3 2x 0=_0| |3x 3= | |4x o:_% 5% 5=24
X 3 X 3 X_3 X ox 6=72.| |3x 7=2[||4x 3=12 | |5x 4=_20
9 90 400 9,000 ox12=24] 13x 2 = & | [4x12=4& | |5x 7=35
2X B:ﬁ 3x 6=13 | |4x 8=232| |5x12=€0
2x 7=l 3x 4=(2 ||Ax §=20| |9x 3=4
7 70 700 7,000 2x 5=/0| [3x12=3f | |4x 7=28 | [5Xx 8=40
X 4 X 4 X _4 x4 2)(8:% X b=/5| |4x 2=_F | |6x 9=5
20 2,800 22 000 2% 4= 3x 0=_0] |4x 4= 5x 6=30
A3 ~ ’ ) 2x 9=I% | |3x 9 =27 |4x 9=§ 5X0=0
Tolal = Tolal = Tolal =__ Total =
8 80 800 8 ’OOO Sec/Problem = Ket/Problem = Sec/Problem =______ Sec/Problem=____
X 7 X 7 X 7 X 7 _Sﬁ 3—(£
Y =10 5,00 56.000 6x6=%@ 7x 9=6C3| |8x 8=4 9x 4=
56 6 ! ’ 6x 3=[8 | |7x 6=42 8x5=% 9x7=63
6x 8= TX7=44||8x7=4%| |9x 6=5¢
6 5=30||7x8=5¢1[8x0=_0} |9x9=8
6 60 600 6,000 6x 7=42 | |7x3=2| |8x12=9¢ | |ox 2=/%
X 8 X 8 X 8 X 8 X 2=46 | |7x2=_14||8x 6=48| |9x5=45
6x 0=_01! |7x12=841 |8x 4=32| {9x 3=27
e hgo A geo /7181000 6X 9=54 1 |7x5=35] |8x 2=_4]| |9x12=/08
6X12=7211{7x0=_0O| [8x 9=72] |9x 8=
X 4=24||7Tx 4=22] |8x 3=24| |9x0=_Q
ITotal = Total =_ Total =__ Total =
Sec/Problem = Sec/Problem=______ Sec/Problem = Sec/Problem=____
42 43
Speed Tests - Worksheet 2 Speed Tests - Worksheet 3
2x 4=8 | 13x 6 =J8 | |4x 8=32,] |5x 8 =40 2x 6=42 | [83x 4 =12 | [4x 3 =4 | |5x 6=_30
2%x 7= 3x 0=_0114x3=Jz | |5x5=24 2X3=_6 | |18x7 =2 |14x5=20] |5x0=_0O
2X 6 = 3x 3=_9 | 4% 7=2¢ 5x 7 =35 2X 8=_{{_ 3xs=% 4x6=24| [5x3=/5
2x 9=181 |8x12= 4x2=§ 5x0=_0_ 2X 5= 3N 9 =24 14X 7 =25 5x12 = (O
2% 2=_4} |3x a—_-% 4% 6= 5x12={H 2% 7='_/£/1?_' 3x 2 =_06| 4x12= 5x 8=
2x 5=10} {3x 5 = 4X4=ﬁ% 5x 6 =30 2x2=j§ 3x 5 =/5]| 4% 8 =3 5x5=£
2x 3=_G&| [8x 7 = 4%x12 = 5x 4 =70 2% 0= 3x 3=_9|4x5=20 5x 7=
2x12=% 3x 2 = AX 5=20] |Bx 2=10_ 2Xx 9=1% | |8x12=36| (4x 9 =2 5x2=_1‘3§
2X B=_{f Bx 4=/ |14x0=_0& | |6x 9 =kg 2x12=% 3X 8 =284 4=/6 5% 4=2p8
2x0=_0| 13x 9= 4x 9 = 5x 3=/ 2x 4= 3x0=_o0|4x2=_RK| |5x 9=45
Total =__ Total =___ Total =___ Total =___ ot = trotal ____—' Tolal = Total =
Soc/Problem = Sec/Problom=______ Soc/Problem=___ Soc/Problem=_____ SecProbem=____ SocProbloms____ Soc/Problom=____ SecProblom=____
6x8 =42 | |7x2=(4]| [8x8=1_(Y4]| [9x9=_%]
6x 9 = 7x 6=HZ| |8x2=l( 9x 3=27 6x3=/8 | |7x0=_o| [8x5=4%0 g“:%
6x6 = 7x3=21| |8x5=46] 19x 5 =45 X7 =42 | |76 =42 |8x7=8L] |9%x7 =
6X 7 = 7X B=46 | |8X4=32 | |9% 6 =5 6% 2 =/Z 7x12=% 8x0=_O0| |9x8=72
6X 8 = 7x5=35| |8x7 =54 |9IX 7 =65 6X6=36||7x3= 8x12 =96 9x3=%
6X3 =3 1|7x7= 8x12=94 | |9x12=/0% X4 =241 |7x7 =47 ]| |8x 6 = 9x 2 =
6X 2 =]2 7x2=ﬁ 8x3=241 |9%x 8=72 6x12=H2 | 17X 5 =35 8x4=ﬁ£ 9x12 =/6%
6x12=72 | |7x 0=_0_ 8X8=_(p% 9x 5 =44 6X 5 =30 7x8=gzzz 8x2=/#_ 9X 5 =45
sosl|mechy el paca) | sy |ndcE| (B Bl
x0=_0 X12=% X6 = X 4=3b X 9 =4 X 9 =4 8x 3 = 9x 4 =
6x 4 = 7x4=% Bx0=_01] [9%x2=/8 &4 3 2k de
Total = Total =__ Total = __ fTotal =____
Totol = Totat = Total = fotal = SecProblom=____ | [SecProblem=____ | |SecProblom=____ | [SecProvem=____
{Soc/Problom = ______ SacProblom =, Soc/Problem =_____ Sec/Problem =
44 45
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Pre-Assessment. Part 1

1 Look at the picture. Write the addition and multiplication number sentence.

5+85+8+5+5-_25  Additon
E E E EE 5x5=_25 Muttiplication
b.
B@ B Haaﬁa 3 .3+3+343+34+3+3 - 24 Addition
I x3 = ...2_._ Multiplication

CHHB FRBARA l +2+2+ 24242424242 =_18  Addition

. =_\8 Muttiplication
kwwﬂp o =_30 _ Addition
bx5 -_30 Multiplication

2. Here is a multiplication number sentence: 3 x7 =21.

Write the meaning of each number in the multiplication number sentence.
a. The 3 means the humbierg the
b. The 7 means the Nuumbero

c. The 21 means the fotal nu.mber of blocKs

3. a. What is the area of this rectangle? 25 9%

units

b. What is the area of this rectangie? f_sq_L
vnrts 7

o

Pre-Assessment: Part 2 - Worksheet 1

1. Show all the ways of assoclating (grouping) these three numbers: 2, 5, 6

(2x5)xl = (bx2)xE = (h 5)x2“
10 x6 =00 2 x5 =k 2 =D
2. Find the volume of these rlectangular solids.
H
Length (L)X {V;c:t;‘(W) Height (H) "1)( 4x2 Bxb X 2

a. Volume L'z_yx unls b vome Sl cuannts ¢ Voume 36 cin uni¥s

.~ [E I
l\‘ 4

L. + + 4

"

L=3;

W=6 H=2

3. Whatisa Factor? Use numbers to help you explain.

4. Whatis a Prime Nux‘wber? .
é Sfiﬁ?e“ hat has enly itself and one.
A Aors

5. List the first ten Prime Numbers starting with 2.

23 5 7. 1\ 3 17 19 23 29

Pre-Assessment: Part 2 - Worksheet 2

6. Prime Factor 24, 50, and 37. Record the Prime Factors in the boxes.

a. m b. c. 331_‘ ]

24
7N\ 7\ N
A xl2 A x _I;Q 1x37
3k 2%y
7. Factor 50 and 80 by tens. By tens By tens
& 50 > 80
7\
£l £
8. a. Solve these problems.
6 60 600 6,000
x 8 x 8 X 8 X 8
H8 ugo H,300 Hg,600
b, What patterns do you notice in the answers to these problems?
oty o 0

c. Use the pattern to find the answer to 600,000 x 8. 4—, 5@, [87as)

9. Use factoring by tens to show how to get the product of 400 x 6.

Answer Key - Multiplication - Booklet 3
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