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WORKBOOKS INTRODUCTION

There are many opportunities for students to work individually during the course of the lessons
described in the other content strands. In the Workbooks strand, however, it is this individualized
work that becomes the chief end of the majority of lessons. The goal in this strand is to provide
students with opportunities

* to review many of the ideas they have met in other content strands;

e to apply their acquired knowledge to new situations requiring various kinds of strategic
thinking; and

¢ to learn how to read and use mathematics workbooks.

The following workbooks are provided:

* Galaxy of Problems #1
* Galaxy of Problems #2
* Galaxy of Problems #3
* Galaxy of Problems #4
e Fishing for Numbers, Part IV

One story-workbook is provided:

e 7o Picture

Each workbook contains problems of varying levels of difficulty. Approximately the first ten pages
of each workbook are easy problems, the next ten to twelve pages are average level difficulty, and
the last ten pages are more challenging problems. For each workbook, we suggest that all students
start work at the easiest level (i.e., on page 2) and then work through as many pages as they can
handle during the two lessons scheduled for that workbook. We estimate that, in a typical class,
about two-thirds of the students will correctly finish the first ten pages, about one-third will finish
the first twenty pages, and a few will finish all or most of the workbook. These proportions will vary
from class to class.

This guide contains an answer key for each workbook. The key follows an introduction to the
workbook and a suggested collective lesson. The lesson either presents the workbook to the whole
class or provides a warm-up activity on a problem similar to one found in the workbook.

Ten of the 17 lessons in the strand have the individual work in the workbooks as their main activity.
In the story-workbook 7o Picture, used in two lessons, students locate eight numbers in an arrow
picture and in related arrow pictures. The other five lessons present detective stories where there are
one to three secret numbers and several clues that lead to their discovery. The clues review many
ideas from the other content strands as well as involve students in new situations involving patterns
and counting techniques.



WORKBOOKS INTRODUCTION
fll Use of the Workbooks Strand for Evaluation Purposes

The workbooks provide an excellent instrument to assess the progress of your students on a regular
basis. You may not feel it is necessary to check every page and problem for each student, but you
should develop a procedure for checking students’ work with which you are comfortable. This may
include checking one or more specific pages, discussing some particular mistakes with individual
students and letting them correct their work, or just looking carefully at a few pages to be sure the
students have understood the general idea of the problems in that particular book.

In the Blacklines, you will find a record-keeping tool for each workbook to help you assess student
progress in the various strands. This tool may also assist you in parent conferences and in filling out
periodic progress reports.

Here are some important points to bear in mind for workbooks.

* Always read the introductory material for each workbook and give the short introductory
collective lesson(s).

* All students should start at the beginning of each workbook and progress as far as they can.

 All students should begin a new title on the same day, even if some students have not
finished work on the previous title.
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W1 GALAXY OF PROBLEMS #1 LESSON ONE Wi

Capsule Lesson Summar

kCornplete a subtraction table. Begin the workbook Galaxy of Problems #1. )
( Materials A
Teacher » None Student e Galaxy of Problems #1
Workbook
k * Colored pencils, pens, or crayons

fll Description of Lesson

Draw this subtraction table on the board.

T: The minus sign here (point to — in the upper
left corner) tells us that this is a subtraction table.
When this table is complete, there will be a number
in each square. To decide which numbers
are in the table, we start with a number in the left
column (point to 9, 7, and 5) and then subtract one of the numbers in the top row (point to
9, 6, 3, and 0).

3|

Point to 7, —, and 6 in the table as you say,

T: For example, one of the numbers in this table is 7 — 6. What number is 7 — 6? (1)
Where should we put 1?

Some of your students may know how to complete an operation table like this. Invite a student to
show where to put 1 for 7 — 6 = 1 or, if necessary, do so yourself. Simultaneously trace the 7-row

with your left index finger and the 6-column with your right index finger as you say,

T: 7-6=1.

Write 1 in the square where your fingers cross. Emphasize
that the 1 is in the same row as 7 and in the same column as 6.

3| ©

T (pointing to m): What number goes here?
What calculation should we do?

k

Do not write the letters on the board. They
are here just to make the description of the

S: 9 -3 =6, 50 6 is in that square. lesson easier o follow.

T (pointing to k): What number goes in this square? Whisper your answer to a neighbor.

Check answers from several students before letting a student
write the answer in the table.

-19]6|3|0
2]

T: Who can fill in another square of this table?

O30
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W1

Continue inviting students to fill a square of the table until it is complete. Emphasize that only the
numbers in the column under — and in the row to the right of — are used to decide which numbers
go in the table. Frequently trace the appropriate row and column and say the subtraction calculation
corresponding to a number entered in the table.

The completed table is shown here. ~19/6]/3]|9
9|0|3|6|9
712|1]4|7
5(2|17|2]|5

Distribute copies of the workbook Galaxy of Problems #1, and allow students to work independently
for the rest of the class period. Emphasize that the students should read instructions on each page
carefully. You may like to read the instructions on pages 2 and 3 collectively before the students
begin working individually.

At the end of the lesson, collect the workbooks for your review. They will be used again in
Lesson W2.
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W2 GALAXY OF PROBLEMS #1 LESSON TWO W2

Capsule Lesson Summar

Continue working in the workbook Galaxy of Problems #1. (This is the second of two
lessons using this workbook.) Play The Number Line Game.

\
>

Telacher ¢ None Student * Galaxy of Problems #1
Workbook
* Colored pencils, pens, or crayons

Z
<

Materials

\_
fll Description of Lesson

Distribute students’ copies of the Galaxy of Problems #1 Workbook. Ask students first to correct
or complete pages from their previous work on this workbook. Your review of the workbooks may
indicate that a short collective discussion about a particular page in the workbook is needed.

Allow approximately 30—40 minutes for students to work on their workbooks. Then collect the
workbooks for your review. Use any remaining class time to play The Number Line Game as
described on the following page.

l Assessment Adtivity

An individual student progress report for the workbook is available on Blackline W2(a). You may
like to use this form to monitor student work.

il Home Activity

If you choose to send workbooks home with students, you may want to include a letter (reminder) to
parents/guardians with this workbook. Blackline W2(b) has a sample letter.






W2

THE NUMBER LINE GAME

The Number Line Game may be played frequently throughout the year whenever you finish a lesson
early or have some extra time. Each game takes approximately five to ten minutes. There are several
variations of this game; use these variations when your class is ready for them.

T: Today we are going to play The Number Line Game. I’m thinking of a number between
500 and 1,000. I’ll show you where it is on the number line; my number is hidden in the
box.

Draw a line on the board and position a box for the secret number near the center of your picture.
Begin with the box near the center of your line. For your convenience in locating numbers, you may
wish to extend the line during the game.

The following is a description of a possible game. Suppose the secret number is 827.

S: 700.

T: I’ll show you where 700 is on this number line. It might not be in exactly the right place,
but I’ll try to make it as close as possible.

700 is less than my number. : |i|
900.

900 is more than my number. - I_:| :
800.

800 is less than my number. i - |i| -
850.

850 is more than my number. - - |i| . |
790.

79|O . ) &?0 ,

" 800 I—_‘—l ' 900
Note: Although a guess may give no new information, such as 790 in this sample game, do not
criticize or comment except to say that it is more or less than your number.

790 is less than my number.

T
700

S: 830.
T 830 is more than my number. - - v I—i—?’llJ -+ ov0
S: 827.
. 790 830 850
T You have discovered my - I~ H— o

secret number!

Play the game a few more times. Let the student who guesses the correct number choose the secret
number for the next game and whisper it to you. Ask that student to keep the number a secret and not
to play in that game. You may like to allow the student to help judge the game. (See Variation 4 of
The Number Line Game).
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VARIATIONS OF THE NUMBER LINE GAME

Variation 1

As your class becomes familiar with The Number Line Game, expand the range of possible numbers.
Possibilities include the following:

e numbers between 1,000 and 1,500
e numbers between M 100 and 100

e numbers between 1,900 and 2,100
e numbers between M200 and M100

Variation 2

As the students become familiar with numbers such as 3%, occasionally choose a non-integer as your
secret number. It is best to limit the range of possible numbers to those between 0 and 20 when you
use this variation.

Variation 3

As the students become familiar with numbers such as 0.58, occasionally choose a non-integer
decimal number as your secret number. Again, it is best to limit the range of possible numbers to
those between 0 and 20 when you use this variation.

Variation 4

When you are using only the whole numbers for your range of possible numbers, ask a student to
choose a secret number and to judge the guesses of the other students. The student who chooses the
secret number tells the class whether a guess is more or less than the secret number. You label a mark
on the number line for each guess, and if necessary, help the student to judge. Remind student judges
not to give additional clues.

Variation 5

Divide the class into two teams. Let teams alternate turns and let the members of each team take
turns guessing what the secret number is.
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W3 WHO IS PLY2 W3

Capsule Lesson Summar

Solve a detective story with clues involving regular and s-checkers on the Minicomputer,

C string picture, and an arrow picture. )
( Materials )
Teacher e Colored chalk Student Minicomputer set

e Minicomputer set
* s-checkers

Paper
Colored pencils, pens, or crayons

Worksheets W3*, #% %% and
skkoksk

. y,
fll Description of Lesson

You may like to allow students to work with a partner during this lesson.

T: Today you will have another opportunity to be detectives. Ply is the secret number. Follow
the clues carefully and you will be able to discover who Ply is.

o= 1

Display one Minicomputer board, one regular checker, and one s-checker. Student pairs should have
the same in their individual Minicomputer sets.

T: Ply can be put on this Minicomputer using exactly these two checkers (one regular and
one s-checker.) What numbers could be Ply?

Invite students to put numbers on the Minicomputer using the two given checkers. When one
student puts a number on the Minicomputer, ask another student to identify the number.
For example, suppose a student puts this configuration on the Minicomputer.

T (pointing to the s-checker): 10 x4 =...?
S: 40.

T (pointing to the regular checker): ... plus 2 more? What number is on the Minicomputer?

S: 42.

Continue this activity until three or four possible numbers are found. Record these possibilities on
the board.

T: How many different numbers can we put on this Minicomputer using just these two
checkers?

Allow several students to predict the number of possibilities.

T: What is the greatest such number? (88) o’ 88

What is the least such number? (11) K =1

W-17



W3

Continue asking students to put numbers on the Minicomputer until your list is complete.

11 12 14 18
21 22 24 28
41 42 el 48
81 82 84 88

You may wish to commend students who predicted there were sixteen numbers that could be put on
the Minicomputer using exactly one regular and one s-checker.

Claz 2

Draw this string picture on the board and
ask students to copy it on their papers.

More than 80

More than 30

T: What does this string picture tell
us about Ply?

Ply is more than 30.
Ply is less than 80.
Encourage several students to comment. Then suggest students find several numbers from Clue 1
that could be Ply and write them on their papers. You may like to ask students to put all the numbers
from Clue 1 into the string picture.
After a few minutes, invite students to put the numbers from Clue 1 into the string picture on the

board. More than 80
_More than 30

Observe with the class that no number

goes in the region of the blue string

outside the red string because all numbers
that are more than 80 are also more than 30.
Hatch the region.

T: Now, which numbers still can be Ply. 1 12 14 18 21 22 24 28
S: 41,42,44, and 48.

Erase everything on the board except the four numbers left for Ply?

Clae 3

Draw this arrow picture on the board and ask students to coov it on their papers.

+4

T: What do the unfinished arrows tell us?

S: The arrow picture continues in both directions.

W-18



W3

=

What can we say about all the numbers on this +4 arrow road?
All of the numbers on this arrow road could be multiples of 4.

If one of the numbers on this arrow road is a multiple of 4, then all the numbers are
multiples of 4. What if one of the numbers on this road is not a multiple of 4?

Then none of the numbers would be multiples of 4.
What if one of these numbers is an odd number?
Then all of the numbers would be odd numbers.

... and if one of them is an even number?

Then all of them would be even numbers.

Ply is one of the numbers on this arrow road. I will put one number in this arrow picture.
Label the dots in your picture and try to find Ply. You will need to think about numbers the
arrow road meets when you extend it.

Label any one of the dots in the arrow picture 6. Allow several minutes for students to work, and
check many of their papers before asking a student to reveal Ply’s identity. (42) Discuss with the
class why 42 is the only number left in the list after Clue 2 that would also be on this +4 arrow road.

T: Let’s check the other numbers before we agree that Ply is 42.
Could 41 be the secret number?

S: No, because 41 is an odd number.

T: Could 44 be Ply?

S: 44 is a multiple of 4, and 6 and is not a multiple of 4, so they will not be on the same +4
arrow road.

T: Could Ply be 48?

S: 48 is also a multiple of 4.

Conclude that Ply is 42.

Worksheets W3*, #* **% and **%* gre available for individual work.
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W4 GALAXY OF PROBLEMS #2 LESSON ONE W4

Capsule Lesson Summar

Explore the effect of moving, removing, or adding checkers to a configuration on the
Minicomputer—in each case, does the numerical value increase, decrease, or stay

the same? Estimate a number on the Minicomputer and then make trades, stopping
periodically to get better estimates, until standard configuration is obtained. Begin the
workbook Galaxy of Problems #2.

( Materials )
Teacher * Minicomputer set Student e Index card
* Galaxy of Problems #2
Workbook
k * Colored pencils, pens, or crayons
fll Description of Lesson
Put this configuration on the Minicomputer. o [o%!|%
. o|o||% ||| e
Lead the class to estimate the number.

A possible dialogue is given here.

T: Is the number on the Minicomputer more than 200? How do you know?

S: Yes, 300 is on the hundreds board and 300 is more than 200.

T: Is this number more than 400? How do you know?

S: The number on the hundreds board is 300 and there is more than 100 on the tens board
(80 + 20 = 100), so this number is more than 400.

T: Is this number more than 500? How do you know?

A student should explain that this number is more than 500 by indicating checkers for still another
hundred on the tens board. Eventually the class may estimate this number to be between 500 and
600, and perhaps closer to 600.

T: We know that this number is more than 500. We do not need to know exactly what number
is on the Minicomputer to compare it to other numbers.

Write these words on the board close to the Minicomputer,

and ask students to write them on their index card. More
T: I am going to move, remove, or add some checkers. Same
Each time, tell me if the number on the Minicomputer Less

is more than, the same as, or less than before.
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Move a checker from the 10-square to the 2-square. Decide
on a method for students to show whether they believe the
new configuration is for a number more than, the same as,
or less than before. For example, they could hold up the
index card pinching it on their choice.

Repeat the move very obviously if many students do not know that the number on the Minicomputer
is less than the previous number.

T: How much less is this number than the number we had before? How do you know?

S: It is 8 less, because you moved the checker from the 10-square to the 2-square.

Return the checker to its original position. Continue this activity with the following or similar
moves. After each move return the checkers to their original positions.

e Make an 80 + 20 = 100 trade. (Same)

* Move a checker from the 1-square to the 10-square. (9 more)

* Move a checker from the 8-square to the 2-square. (6 less)

* Move a checker from the 80-square to the 20-square. (60 less)

* Move a checker from the 200-square to the 800-square. (600 more)

* Remove two checkers from the 8-square, and put one checker on the 10-square. (6 less)

After you make several moves yourself, invite students to transform the number on the
Minicomputer. After each move, return the checkers to their original positions.

At the end of this activity you should have the same configuration you started with on the
Minicomputer. Remind students that they estimated the number to be between 500 and 600. Allow
students to guess what the number is, and record their guesses on the board. Then invite some
students to make trades that will make the number easier to read. After a couple of trades are made,
guide the class to make a closer estimate. Continue making trades until the standard configuration is
obtained. Invite a student to write the number below (or above) the Minicomputer, and decide which
guess is the closest.

Distribute copies of the workbook Galaxy of Problems #2 and let students work independently for
the rest of the class period. If many students are having difficulty with a particular page, you may

wish to have a collective discussion about that page.

At the end of the lesson, collect the workbooks for your review. They will be used again in
Lesson W5.
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W5 GALAXY OF PROBLEMS #2 LESSON TWO W5

Capsule Lesson Summar

Display some decimals on the Minicomputer and look at different decimal names for the
same number. Decide how to share $10 equally among two, among four, and among eight
people. Continue working in the workbook Galaxy of Problems #2. (This is the second of

Cwo lessons using this workbook.) Y
(" Materials )
Teacher * Minicomputer set Student e Galaxy of Problems #2
e Colored chalk ‘Workbook
k * Colored pencils, pens, or crayons )

fll Description of Lesson

Exercise 1

Display four Minicomputer boards. Draw a bar between the second and third Minicomputer boards.

T: Who can put 2.5 (read as “two point five”) on the Minicomputer?
Who can write this number below (above) the Minicomputer?

Minicomputer. If the student writes 2.5, ask what R
could be written below the pennies board and write
the O yourself.

Perhaps the volunteer will write 2.50 below the I .

T: Is this number 2.5?
S: Yes, we can erase the 0 below the pennies board. 2.5=2.50

T: 2.5 and 2.50 are the same number.
Remove the checkers and erase the board.

T: Who can put 15 on the Minicomputer?
Who can write this number below the Minicomputer?

Perhaps the volunteer will write 15.00. ° I

T: Is this number 15? (Yes) What other names ° °
does this Minicomputer suggest for 15? 1 5 . 0 o
15.00 (read as “fifteen point zero zero™).
15.0.

Record an equality expression on the board. 15=15.0=15.00

T: 15,15.0, and 15.00 are all names for the same number.
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Erase the board.

T: The number on the Minicomputer is 15. Who can put 15.3 on the Minicomputer by just
adding some more checkers?

Write 15.3 below (above) the Minicomputer. °

[ ] [ ] [ ] [ ]
T: What is another name for 15.3? 1 5 3
S: 15.30.

T: This 3 (point to 3 in 15.3) is for three dimes, and three dimes is the same as 30¢.

Erase the board.

T: The number on the Minicomputer is 15.3. ° °
Who can put 15.37 on the Minicomputer . . o o |(o|e
by just adding some more checkers? 1 5 . 3 7

Remove the checkers and erase the board. Ask students to put these numbers on the Minicomputer
and to write the appropriate numerals below the Minicomputer.

26 206  20.06
2.6 0.26 20.6

Remove the checkers and erase the board before going on to Exercise 2.

Exercise 2

T: Imagine that we have $10 and want to share it equally between two people.
How much money should each person receive?

S: $5 each because ’/, x 10 = 5.
Suppose we want to share $10 equally among four people. How much for each person?

S: $2.50 each because $2.50 + $2.50 = $5, and $2.50 + $2.50 = $5, and $5 + $5 = $10.

Invite a student to write $2.50 on the board.
$2.50

T: The point separates the dollars and the cents.
Now suppose we want to share $10 equally among eight people.
How much money should each person receive?

Your students might suggest several incorrect answers. The following dialogue assumes a student
answers $1.50.

S: $1.50
T: How much money do we need to give $1.50 each to eight people?
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Write the multiplication problem on the board. 8 x $ 1.50

T: Suppose we give each person a $1 bill and a 50¢ piece (half-dollar).
How many $1 bills do we need? (Eight)
How much money is eight $1 bills? ($8) 8 x $150 = $8 +
How many half-dollars do we need? (Eight)
How much money is eight half-dollars?

S: 84, because two half-dollars make $1. 8x $1.50 =9%8 + $4
T: To give $1.50 to eight people, how much money do we need?
S: $12.
Complete the number sentence on the board. 8 x $ 1.50 = $8 + $4 — $ 12
T: $1.50 is too much to give each person because we have just $10 to share.
S: Give each of them $1.25.
T: How did you decide that each person should receive $1.25?
S: When we share $10 among four people, each person gets $2.50. So I divided each of four
shares in half. $1 is one-half of $2, and 25¢ is one-half of 50¢.
Write the multiplication problem on the board. 8 x $ 1.25
T: Suppose we give each person a $1 bill and a quarter.
How many $1 bills do we need? (Eight)
How much money is eight $1 bills? ($8) 8 x $125 - $8 +

How many quarters do we need? (Eight)
How much money is eight quarters?

S: Four quarters are $1, so eight quarters are $2. 8 x $ 1.25 = $8 + $2
T: To give $1.25 each to eight people, how much money would we need?

S: 810 8x$1.25=9%8 +$2=5$10
Conclude that when $10 is shared equally among eight people, each person receives $1.25.
Distribute the students’ copies of the Galaxy of Problems #2 Workbook. Ask students first to correct

or complete pages from their previous work, and then to continue. At the end of the lesson, collect
the workbooks for your review.

l Assessment Adtivity

An individual student progress report for the workbook is available on Blackline WS5. You may like
to use this form to monitor student work.
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W6 WHO ARE KIT AND KAT? Wé

Capsule Lesson Summar

Name some even numbers less than 5,000; include the greatest such number. Solve a
detective story with clues involving a string picture and two arrow pictures.

Y.

Z
<

Materials

Teacher * Colored chalk Student * Paper
k e Colored pencils, pens, or crayons

lll Description of Lasson

Exercise 1

Ask the class to tell you what they know about even numbers and to give several examples including

¢ an even number less than O;
* an even number greater than 1,000; and
¢ an even number between 4,000 and 5,000.

Starting with the first choice of an even number between 4,000 and 5,000, begin a sequence of
inequalities on the board. For example, suppose 4,098 is mentioned first.

T: 4,098 is more than 4,000. What is an even number more than 4,098 but less than 5,000?
S: 4,910.

4,000 < 4,098 <4910

T: 4,910 is more than 4,098 and less than 5,000.
What is the greatest even number less than 5,000?

Possibly the first number suggested will not be the greatest, but record it anyway; for example,
S: 4,980.
4,000 < 4,098 <4,910 < 4,980

T: 4,980 is more than 4,910 and less than 5,000, but is it the greatest even number less than
5,000?

S: 4,998 is the greatest.

Record 4,998 and 5,000 in the sequence of inequalities on the board.

4,000 < 4,098 < 4,910 < 4,980 < 4,998 < 5,000

T: 4,998 is the greatest even number less than 5,000. Is 5,000 an even number?

S: Yes, because it ends in 0.
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Exercise 2: Detective Story

You may like to allow students to work with partners during this exercise.

T: Today I have two secret numbers for you to discover. The secret numbers are Kit and Kat,
and both are integers'. I’ll give you some clues.

Cluz 1

Less than 20

Draw this string picture on the board, and ask
students to copy it on their papers.

Even numbers

Suggest student pairs try to find some possible
numbers for Kit and Kat. After a few minutes,
begin a class discussion.

T: Kit is in the blue string, but not in the red string. So what do we know about Kit?

S: Kit is an even number.

S: Kit is not less than 20.

S: Kit could be 20.

T: What are some other numbers Kit could be? (Even numbers 20 or more than 20)
What do we know about Kat?

S: Kat is less than 20.

S: Kat is not an even number.

S: Kat is an odd number.

T: What are some numbers Kat could be? (Odd numbers less than 20)

You may like to make a list on the board of some possible numbers for Kit and Kat. Include 20 in the
list for Kit; include 19 and some negative odd numbers in the list for Kat.

T: Which number is greater, Kit or Kat?
S: Kit.
s 2

Draw this arrow picture on another part of
the board, but do not erase the string picture.

T: Kit and Kat are in this arrow picture,
but for the moment only Kat is located.
Are there any Odd numbers in this Do not write the letters on the board. They are
. 2 here just to make the description of the lesson
arrow picture!: easier to follow.
Kat
S: Yes, Kat is an odd number.

Point to the dot for Kat.

'If necessary, tell the class that integers can be positive or negative, but cannot be fractions like //, or /, nor decimals like 3.5 or 1.73.
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T: We know that Kat is an odd number, so we know that this number (point to Kat) is an odd
number.

Write odd near the dot for Kat.

T (pointing to w): Is this number even or odd?

S: 0dd, because an odd number (Kat) plus 2 is an odd number.
Write odd near w.

T (pointing to x): Is this number even or odd?

S: Even. If this number (pointing to w) were 11, then this number (x) would be 14. 14 is an
even number.

Ask students to repeat such a check several times by assigning various odd numbers to w and
deciding if the number at X is an odd or an even number. Conclude that the number at X is even.
Write even near X. Point to y.

T: Is this number even or odd?
S: 0dd, because an even number plus 3 equals an odd number.
Write odd near y. Continue this activity w odd

either odd or even is noted for each dot.

T: Kit is in this arrow picture.
Where could Kit be?

Students should observe that one of the

three dots for even numbers could be Kit. 44

Kat

T: How do you know that Kit is even
one of those numbers?

S: Kit is an even number.

Perhaps someone will notice that Kit cannot be the first number in the arrow road because Kit is
greater than Kat and the blue arrow adds 3.

Claz 3

odd
T: Here is another clue. Kit is the gr

even number in this arrow picture
Which of these dots is for Kit?

Ask a student to point to the dot for Kit an
T: How do you know that this is the

greatest even number in this
arrow picture? even
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S: All the arrows are for +2 or +3, so the numbers increase as you move to the right.

T: Let’s try to find some pairs of numbers that could be Kit and Kat.
Give me a number that Kat could be.

Accept any odd number less than 20.

S: Kat could be 5.

Write 5 near the dot for Kat, and then point to the dot for Kit in the arrow picture.

T: If Kat were 5, what number would Kit be?

Suggest students write their answers on paper before asking a student to answer aloud.
S: 20.

Write 20 near the dot for Kit in the arrow picture.

How did you know that Kit would be 20 if Kat were 5?
S: 5+42=7;7+3=10;10+3=13;13+2=15;15+2=17; and 17 + 3 =20.

T: This arrow picture tells us that if Kat were 5, then Kit would be 20.
(Point to the string picture.) Could Kit be 20?

S: Yes, 20 is an even number and 20 is not less than 20.

. o ) Kat Kit
Begin a table of possibilities for Kat and Kit on the board. 5 20
T: What are some other numbers Kat and Kit could be?

Instruct students to work with their partners to find a few other possibilities for Kat and Kit. Then
invite students to make suggestions, and collectively check each one. If a student makes an incorrect
suggestion for Kat, ask what number Kit would be and where that number belongs in the string
picture. For example, suppose a student suggests that Kat could be 1.

S: 1.
T: If Kat were 1, what would Kit be?

When the class determines that Kit would be 16, refer to the string picture.

T: Could Kit be 16?

S: No, because 16 is less than 20 and is in the red string.
Kat Kit
T: If Kit cannot be 16, then Kat cannot be 1. 5 20
7 22
Do not record an incorrect pair, such as 1 and 16, in the table. 9 24
1 26
. . .. . ) 13 28
Continue this activity until several pairs of numbers have been 5 .
recorded in the table. All of the possible pairs are recorded 17 32
in this table for your information. 19 34

-38 ., .
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odd

T: What could this arrow be for?
S: +15.

Label the green arrow +15.

Clae 4

even

T: We know that Kit is 15 more than Kat. ticie v u nnew ceue. nw e ewice us meucre us nuc.

Draw this arrow picture on the board and
ask students to copy it on their papers.

T: 2 x Kat = Kit and Kat + 15 = Kit. Kat 0\9/0 Kit
Which numbers are Kat and Kit?
+15
Allow student partners to investigate, and then to write their answers in the arrow picture. Do not be
too quick to confirm correct answers.
T: Someone tried 9 for Kat. Could Kat be 9?
Write 9 near the dot for Kat.

T (tracing the 2x arrow): If Kat were 9, then Kit would be 2 x 9. What number is 2 x 9?
S: 18.

Write 18 near the dot for Kit.

T (tracing the +15 arrow): Does 9 + 15 =18?
S: No.

Erase 9 and 18 from the arrow picture.

T: This arrow picture tells us that 2 x Kat is the same number as Kat + 15. 2 x 9 is not the
same number as 9 + 15, so Kat cannot be 9.

If 9 and 24 are recorded in your table, cross them out. Explain that if Kat cannot be 9, then Kit
cannot be 24.

Continue this activity until someone suggests that Kat is 15. Write 15 near the dot for Kat.

T: If Kat is 15, then 2 x 15 is the same number as 15 + 15.
What number is 2 x 15? What number is 15 + 15?

S: 30.

Label the dot for Kit 30, and conclude that Kat is 15 and Kit is 30.
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W7 TO PICTURE LESSON ONE W7

Capsule Lesson Summar

In the story-workbook 7o Picture, find where eight numbers belong in an arrow picture.
Discover that a second arrow picture is just a disguise of the first picture and use this to
Clelp label the dots. Y
( Materials )
Teacher e To Picture Story-Workbook Student e To Picture Story-Workbook
¢ Colored chalk
\_ Wy,

fll Description of Lesson

Distribute copies of the story-workbook 7o Picture to the students. You may like to pair the students
and give a story-workbook to each pair. Ask them to follow along as you or students read the story,
and not to read ahead.

Encourage your class to discuss the problems confronted by the number friends and to explain
the solutions that they propose. Additional comments on specific pages of the story-workbook are
provided here.

Pages 3, 4, and 5

Each of the numbers on page 5 belongs in the arrow picture on page 4. This problem is similar to
problems the students have solved in Fishing for Numbers activities. Ask the students to label the
dots on page 4, but emphasize that they should only use the numbers on page 5.

While the students are working, copy the arrow picture from page 4 on the board. Near the arrow
picture draw a string and put the eight numbers in it as on page 3.

Pages 6-10

Encourage students to comment about errors they find on page 7.

After page 10 has been read, ask where the least number is in each arrow road and why. Students
very likely will tell you that the starting dot of each arrow road is for the least number because
multiplying by 2 gives a greater number and adding 7 gives a greater number.

Note: Doubling a number does not necessarily result in a greater number; for example, 2 x B5
= N10 and B5 > N10. In this arrow picture, however, all the numbers are positive, so the starting

numbers must be less than their ending numbers. (This is for your information only.)
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Pages 11 and 12

Allow a few minutes for students to label the dots on page 12. After a few minutes, invite a student
to label the dots in the arrow picture on the board. Check that each of the numbers in the string
picture is in the arrow picture.

2% +7

214

107

Ask if this is the only way that the eight number friends in the story can arrange themselves in the
arrow picture. Consider any different arrangements that are proposed and conclude that there is only
one correct way to label the dots in the arrow picture with the eight numbers in the story.

Pages 13, 14, and 15

While students are labeling the dots on page 14, erase the first arrow picture and copy the arrow
picture from page 14 on the board near the string picture. Use white chalk to draw the arrows shown
in gray below.

2x -7 +6

Pages 16 and 17
Erase the gray (white) arrows in the picture on the board. Trace one of the green arrows.

T: If this -7 arrow points this way, which way should a +7 arrow point?

S: The opposite way.

Erase the —7 arrow and replace it with a blue +7 arrow. Then, upon agreement, replace all the —7
arrows with +7 arrows. The arrow picture on the board should look like the picture on page 17. Ask
students to compare the arrow picture from page 4 with the arrow picture on the board. Emphasize
that both arrow pictures have an arrow road with a blue arrow between two red arrows and an arrow
road with a red arrow between two blue arrows.

W-42



W7

Students can use page 4 to help them label the dots on page 17. After a few minutes, invite a student
to label the dots in the arrow picture on the board.

2x  +7
50
37 44
88 100
107
95
214

If students have difficulty labeling the dots on page 14, direct them to return to the preceding page
and label the dots before continuing.

Pages 18-21

Page 21 is a good place to end the lesson. Collect the story-workbooks and keep them for use in
Lesson W8.
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W8 TO PICTURE LESSON TWO W8

Capsule Lesson Summar

Finish the story-workbook 7o Picture. Discover that making one backward trade and
one forward trade does not alter the number of checkers in a configuration on the
Minicomputer and, of course, does not change the number displayed.

N

Materials
Teacher * TO-Pf\%IflrigoSr%?pr ter (s)élt(bOOk * Paper
Student » To Picture Story-Workbook Y,

l Description of Lesson

Distribute the students’ copies of the To Picture Story-Workbook. If students were paired for Lesson
W7, pair them again for this lesson. Ask everyone to turn to page 22.

Pages 22 and 23
Read or call on students to read pages 22 and 23 aloud; then ask students to determine which number

is on each Minicomputer. Students who finish quickly may continue until they complete page 25.

When most everyone has completed pages 22 and 23, compare the numbers on these pages with the
numbers in the arrow picture on page 20.

Pages 24 and 25

Read or call on students to read pages 24 and 25 aloud.

You may need to emphasize that students are to put 100 on the Minicomputer using exactly ten
regular checkers. Allow about five minutes for individual or partner work on page 25. Students who

finish quickly can try to find other configurations for 100 with ten checkers and record them on a
separate piece of paper.

Invite students, one at a time, to put 100 on the demonstration Minicomputer using exactly ten
checkers. Continue this activity until four or five configurations have been shown.

Pages 26 and 27

Suggest students look carefully at pages 26 and 27 to see if they can determine what game 100 is
playing.

Put this configuration on the Minicomputer.

e = 100

T: Who can make some trades so our Minicomputer
will have checkers on the same squares as the
second Minicomputer on page 26?
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The volunteer should make one forward trade and one backward trade. Either trade may be made
first.

(10 + 10 = 20)
X = 100 0 = 100
e’ ° oo
Y| X
(10=8 M
[ ]
g = 1 OO
[ ] ... [ ]
[ X ]
T: 100 made one forward trade and one backward trade. Are there still ten checkers on the
Minicomputer?
S: Yes.
T: Who can make some trades so our Minicomputer will have checkers on the same squares

as the third Minicomputer on page 26?

The volunteer should make one forward and one backward trade.

(10 + 10 = 20)
= 100 - = 100
(10=8 M
— =100
T: So 100 made one forward trade and one backward trade. Are there still ten checkers on the
Minicomputer?
S: Yes.
Continue this activity with the configurations on pages 26 and 27.
T: Do you understand 100’s game?
S: 100 always makes one forward trade and one backward trade so that there are still ten

checkers on the Minicomputer.
Could we continue this game?

S: Yes.

Invite students to play 100’s game several times on the Minicomputer. Each student should make one
forward and one backward trade.

W-46



w8

Ask students to find several ways to put 88 on the Minicomputer using exactly twelve regular
checkers and to show them on page 27. Students who finish quickly can draw other configurations
with twelve checkers for 88 on a separate piece of paper. Allow a few minutes for individual or
partner work and then invite students to put some of these configurations on the demonstration
Minicomputer. Continue this activity until four or five configurations have been shown.

Page 28

88 is playing 100’s game. Put the first configuration on the demonstration Minicomputer, and invite
a student to make trades so that the demonstration Minicomputer has checkers on the same squares
as the second Minicomputer on page 28. The student should make a 10 + 10 = 20 trade and a

2 =1+ 1 trade.

Continue this activity for the other configurations on page 28. If your students understand and enjoy
100’s game, they may wish to continue playing the game a few more times.

Pages 29-32

Ask students to read and complete pages 29-32 independently or with their partners. If your students
are interested, you may like to explore the possibility of putting 214 on the Minicomputer with more
than 214 checkers.

Note: There are two ways your students might suggest to
use more than 214 checkers to put 214 on the Minicomputer.
One way is to use negative checkers such as was done in the 5 =214
Rollerskating 37 Story-Workbook (see Lessons W11 and °
W12 in UPG-III), and as illustrated here.

The other way is to draw a bar, add boards to the right of it, and make backward trades. For example,
214 can be shown as 213 +0.8 + 0.2 oras 213 + 0.8 + 0.1 + 0.1.

=214 L 1-214
@ o

I L =214
@ .

il Home Activity

Suggest that students explain 100’s game to someone at home and challenge them to play it.
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W9 GALAXY OF PROBLEMS #3 LESSON ONE W9

Capsule Lesson Summar

Find how much spending money Stanley brings from home to the zoo if he has 98¢ after
his grandfather doubles the original amount and his grandmother adds 9¢. Begin the
workbook Galaxy of Problems #3.
\_ Z
( Materials )
Teacher  Colored chalk Student e Galaxy of Problems #3
* Collection of coins Workbook
e Paper
* Colored pencils, pens, or crayons
\_

lll Description of Lasson

Tell the following or a similar story to your class. Choose one of your students to star in this story.

T: Last Sunday Stanley’s grandparents took him to the zoo. Stanley brought some spending
money from home. At the zoo, Grandfather gave Stanley some more money so he had twice
as much as he came with, and then Grandmother gave Stanley a dime. Stanley had a total
of 98¢ to spend at the zoo.

Invite students to choose coins to show some possible ways to make 98¢.

T: How much money do you think Stanley brought with him from home?
Suggest students write their guesses on a piece of paper.

T: Can we use an arrow picture to solve this problem?

Encourage students to tell you which arrows to draw. Ask them to draw the arrow picture on their
papers as you do it on the board.

T (drawing a dot on the board): This dot is for the money Stanley brought from home. Stanley’s
grandfather gave him enough money to double this amount. How can we show this in the
picture?

S: Draw a 2x arrow.

Then Stanley’s grandmother gave him a dime.
How much money is a dime? (10¢)
How can we show this in the picture?

S: Draw a +10 arrow.

T: How much money did Stanley have after his
grandmother gave him the dime?

2% +10
S: 98¢.

Label the ending dot 98. 98
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T: How does this arrow picture help us find how much money Stanley brought from home?
S: We can draw the return arrows and label the dots.
Invite students to draw and label the return arrows. 2 x +10

T: How much money did Stanley bring with him from home? ‘/)\Q.%
&8

Suggest students check their previous guesses in the arrow picture
and change them if they need to. Then discuss labeling the dots -10
with the class. or

T (tracing the —10 arrow): What number is 98 — 10?
S: 88.

Label the dot for 88 and trace the /,x (or +2) arrow.

T: What number is '/, x 882 How do you know? M/\an

S: 44.7,x80 =40 and’/,x 8 =4,50 "/, x 88 =44. ~10
Label the dot for 44.

T: How much money did Stanley take with him from home? (44¢)
How much money did Stanley’s grandfather give him? (44¢)

Distribute copies of the workbook Galaxy of Problems #3, and let the students work independently
for the rest of the class period. If many students have difficulty with a particular page, you may wish

to have a collective discussion about that page.

At the end of the lesson, collect the workbooks for your review. They will be used again in
Lesson W10.
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W10 GALAXY OF PROBLEMS #3 LESSON TWO W10

Capsule Lesson Summar

Play a cooperative game with the calculator in which you start with a number on the
display and try to reach a target number. Players can press a, B, 6, or f any one-digit
number, followed by #, to reach the target. Continue working in the workbook Galaxy of
Problems #3. (This is the second of two lessons using this workbook.)

( Materials )
Teacher * Calculator (overhead) Student * Calculator
¢ Colored chalk * Galaxy of Problems #3
Workbook
k * Colored pencils, pens, or crayons

fll Description of Lesson

Using an overhead calculator or a class calculator, put 27 on the display.

T: 27 is on the calculator and our target is 200. We are going to work together to reach the
target. When you take a turn you can press a, B3, 0, or f any one-digit number you want,
and then #. Let’s see how quickly we reach the target.

Call on students one at a time. After each turn, announce where you are and repeat the target as well
as the rule. For example:

T: Anthony pressed a § #. The number on the calculator is now 33 and our target is 200. The
next person can press a, B3, 0, or f any one-digit number and then #. Remember, we are
trying to reach 200.

Continue this activity, letting different students take turns until the class gets 200 (the target) on the
calculator. If appropriate, you may like to keep track of how many turns it takes in an arrow picture
and challenge the class to reach this same tareet in fewer steps. For example:

+6 +& +9 x4

v N S N

27 33 41 50 200

T: It took us four steps (turns) to reach the target. Do you think we could reach the target in
fewer steps?

In this case there are many three-step solutions and one two-step solution.

+9 +4 x5 x2 —4 x4

27 36 40 200 2.7/-)\5.4/-)-\5'0/-)\230
x 7 +5 +6 -2 x8&

27 189 194 200 27 25 200
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If your class enjoys this activity, provide calculators and a couple similar target problems for the
students to work on with a partner. You may challenge students with targets such as 175 or 231.

Distribute the students’ copies of the Galaxy of Problems #3 Workbook. Ask students first to correct
pages from their previous week’s work and then to continue. At the end of the lesson, collect the
workbooks for your review.

Bl Assessment Activity

An individual student progress report for the workbook is available on Blackline W10. You may like
to use this form to monitor student work.
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W11 SPINNER GAME DETECTIVE STORY WTI

Capsule Lesson Summar

Review how to play a spinner game. Solve a detective story in which the clues involve

Che Minicomputer, a string picture, an arrow picture, and a spinner game. )
( Materials A
Tefacher * Spinf@ldued chalk  Colored pencils, pens, or crayons
e Minicomputer set * Minicomputer set
[ | 3 D
JITUAcChil ¢ rapcl

Advance Preparation: Use Blackline W11 to make a spinner face for display during Exercise 1. You
may want to put the spinner face on an overhead transparency, or to draw it directly on the chalkboard,
making it bigger so everyone can see easily. )

ll Description of Lesson

Exercise 1
Display this spinner face on the board.

+ 5
Note: Try to keep this part of the lesson moving quickly
so your class will have enough time for the detective W &
story in Exercise 2.

T: Do you remember the spinner game? What can you tell me about this game?

Encourage students to recall the important facts about the spinner game.

* Starting at 0, spin four times, and follow the results of the four spins to get your score.

* The highest possible score is 200.

* The lowest possible score is M200.

* Some scores between M200 and 200 are possible to get and some are impossible to get
when you play this game.

T: What are some of the final scores we can get when we play this game?

Record the students’ suggestions on the board. Some of the possibilities are the following:

Score Score
O+10+20—-10 +50 =70 O+ 20 + 20 + 20 - 20 =40
O+50+50+50—-50=100 O+20+ 20 + 10 + 10 = 60
O-50-50-50+50= 100 O-20-20-20+50=10

Is it possible to get a score of 150?

We can get 150 in five spins; 0 + 50 + 50 + 50 + 50 — 50 = 150.
I can get 151 in four spins; 0 + 50 + 50 + 50 + 1 = 151.

We need +30 on the spinner; 0 + 50 + 50 + 20 + 30 = 150.

We cannot get a score of 150 with four spins.
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Is it possible to get a score of 149?
S: Yes, 0 + 50 + 50 + 50 — 1 = 149.

T: I am going to write some numbers on the board. I want you to try to find a way to get each
of them as a score in the spinner game.

Write these numbers on the board. 16 29 51 52 53

Ask the students to record on their papers a sequence of spins that would result in each score. Allow
a few minutes for individual work, and then invite some students to record on the board one possible
sequence of spins to obtain a score of 16, 29, 51, and 53; 52 is not a possible score.

16=0+5+5+5+1 51=0+50+ 1+1-1
29=0+10+10+10-1 52
53=0+50+1+1+1

T: Is it possible to get a score of 52? (No)
Why not?

Perhaps a student can explain why a score of 52 is impossible, but do not expect a well-formed
explanation.

Note: It is possible to get a score of 50 after only one spin or after three spins, but it is not possible
to increase that score by 2 in exactly three more spins or in one more spin.

Exercise 2: Detective Story

Students may work with a partner or in groups to solve the detective story.

Claz 1

Put this configuration on the Minicomputer.

T: What number is on the Minicomputer?
S: 51, because 4 x 10 =40 and 4 +6 + 1 =11;40 + 11 =51. :0 °| o

olleoe
Today you will have another opportunity to be detectives. The first clue is that the secret
number can be found on this Minicomputer by removing exactly two checkers. What could
the secret number be?

Invite a student to remove two checkers from the configuration
on the Minicomputer. The student might remove the checker on .
the 4-square and the checker on the 1-square.

:: oe| X

T: What number is thiS? An “X” through a checker

S: 46, because 4 x 10 =40 and 3 x 2 = 6.

is removed.

The secret number could be 46, because we can get 46 on this Minicomputer by removing

exactly two checkers.
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Record this possibility for the secret number, and then put the checkers back in the original
positions.

T: What is the least number we can get on this Minicomputer by removing two checkers?
S: 31.
Invite someone to put 31 on the Minicomputer by o
removing exactly two checkers. =31
ox o
oxllee| ®
T: What is the greatest number we can get on this Minicomputer by removing two checkers?
S: 48.
Invite someone to put 48 on the Minicomputer by R
removing exactly two checkers. = 48
oo
HIBAR

Record 31 and 48 on the board, leaving enough space so that several other numbers can be
recorded between them. Return the checkers to their original positions.

T: The least number we can get by removing exactly two checkers is 31 and the greatest is
48. We can also get 46. Are there any other numbers between 31 and 48 that we can get?
Can we get 40? (Yes)

Invite a student to show 40 by removing two checkers, and add
it to the list of possibilities, ° - 40
oo o -
. - _ ow/lee] ®
Let students experiment to find the other possibilities between 40 and48.

Note: Removing two checkers from the tens board gives 31 as a possibility. Removing two
checkers from the ones board gives possibilities greater than 40. Removing one checker from each
board gives the other possibilities (37, 39, 40).

31 37 39 40 45 46 47 48

T: The secret number is one of these numbers. We need another clue.

Cluz 2

Draw this string picture on the board.

Multiples of 2

Multiples of 3

T: Which numbers belong inside
the blue string?

The multiples of 2.

0,2,4,6,8,10,....

B2,B4,B6,BS,....

Which numbers belong inside the red string?

The multiples of 3.
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S: 0,3,6,8,12,...and B3 ,B6 ,B9 ,N12, ....
T: Which numbers are in both the blue string and the red string?

Encourage students to suggest several numbers that are both multiples of 2 and multiples of 3.
Perhaps a student will comment that the numbers in the middle region are the multiples of 6.

Draw and label a dot for the secret number
outside of both strings.

Multiples of 2

Multiples of 3

T: What information does this give us
about the secret number?

The secret number is not a multiple of 2.
The secret number is an odd number.
The secret number is not a multiple of 3.
Which of the numbers in the list can we cross out because they are multiples of 2?
40,46, and 48.

Which of these numbers can we cross out because they are multiples of 3?

39,45, and 48.

Note: 48 is a multiple of 3 and a multiple of 2.
Your class should conclude that the secret number could be 31, 37, or 47. Erase the other numbers
from the list and erase the string picture.

Claz =

Draw this arrow picture on the board and ask students to copy it.

+5

N T N T N N N

~

&

T: The secret number is one of these numbers: 31,37, or 47. I will give you another clue.
The secret number is on the same +5 arrow road as BS. Label the dots in this arrow
picture, and try to decide which of these numbers could be the secret number.

Walk around the room and look at several of the students’ papers. Invite a student to label the dots in
the arrow picture on the board. If necessary, remind students that the unfinished arrows indicate that
the +5 arrow road continues in both directions and that onlv part of the road is drawn on the board.

+5

N T N T N N N N

8 3 2 7 12 17

Point to the list of possible numbers and ask which of them are on this +5 arrow road.
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S: 37 and 47 are on this arrow road because they both end in 7.

T: All whole numbers that end in 2 or 7 are on this arrow road, so 37 and 47 could both be
the secret number. Is 31 on this arrow road?

S: No, 31 is on the +5 arrow road that meets the number 1.
Erase 31 and conclude that the secret number is either 37 or 47.

Cluae 4

T: The last clue is that the secret number is one of the scores we can get when we play the
spinner game. Remember that we spin exactly four times when we play the game. What
is the secret number? Write it on your paper.

Look at several of the students’ papers and then ask someone to answer aloud.

S: 47 is the secret number because 0 + 50 -1 -1 -1 =47.

T: Can we get 37 as a score when we play the spinner game? (No)

Perhaps one of the students will be able to explain why it is not possible to get a score of 37 when
you play the spinner game, but do not expect a well-formed answer.

Note: A score of 37 is impossible because neither +30 nor +40 is on the spinner face (so it takes at
least two spins to get a score of 30 or 40). It takes at least three spins to increase a score of 30 to 37

or to decrease a score of 40 and 37.

Conclude that 47 is the secret number.
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W12 GALAXY OF PROBLEMS #4 LESSON ONE W12

Capsule Lesson Summar

Begin the workbook Galaxy of Problems #4 . Play The Number Line Game with

\_

Gon-integer decimal numbers as secret numbers. )
( Materials A
Teacher * None Student  Galaxy of Problems #4

Workbook
* Colored pencils, pens, or crayons

il Description of Lesson

Distrib

ute copies of the workbook Galaxy of Problems #4 and let students begin working

individually. If the questions you receive indicate that many students are having difficulty with
a particular page, hold a short collective discussion of the problems presented on that page.

Allow

30 to 40 minutes for individual work in the workbook; then collect the workbooks for your

review. They will be used again in Lesson W13. Spend any remaining time playing The Number

Line G

ame with secret numbers that are non-integer decimal numbers. An example of a possible

game is given here. The secret numbers is 0.57.

T:

I am thinking of a number between 0 and 1. My number is hidden in this box.

Draw a line on the board and position a box for the secret number near the center of your picture.

T:

Guess what my secret number is. It may help you to think of the $ number line between
$0 and $1.

0.5.

That’s the same number as > I_—Ll
and 0.50. I’ll show you where 0.5

is on this number line.

0.5 is less than my number.

0.9.
What is another name for 0.9? | |

08
0.90. i

0.9 might not be in exactly the right place, but I’ve tried to make it as close as possible.
0.9 is more than my number.

0.30 (or 0.3).

How much money would that be? , | "

I I
0.5 0.9
30 cents. I__Ll

0.30 is less than my secret number.
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Note: Although a guess may give no new information, such as 0.30 in this sample game, do not
criticize or comment except to say that it is more or less than your number.

The game continues with students guessing 0.60; 0.55; and 0.57.

0.30 0.50 0.20
I | I I

T T T
0.3 0.5 l——Ll 0.9

T: 0.57 is my secret number.

You may like to continue this activity with a secret number between O and 2.
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W13 GALAXY OF PROBLEMS #4 LESSON TWO W13

Capsule Lesson Summar

Continue working in the workbook Galaxy of Problems #4. (This is the second of two
lessons using this workbook.)

( Materials )
Teacher * None Student  Galaxy of Problems #4
Workbook
k * Colored pencils, pens, or crayons

fll Description of Lesson

Your review of the students’ workbooks may indicate that a short collective discussion is needed
about a particular page. If appropriate, solve a problem similar to the problems on that page before
distributing the students’ copies of the workbook Galaxy of Problems #4.

After 30—40 minutes of individual work, collect the workbooks for your review. Spend any time that
remains playing Minicomputer Golf (see Lesson N25 for a description of this game).

Bl Assessment Adtivity

An individual student progress report for the workbook is available on Blackline W13. You may like
to use this form to monitor student work.
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W14 WHO ARE ZIN AND ZAN? W14

Capsule Lesson Summar

Solve a detective story with two secret numbers using clues that involve the
kMinicomputer, a string picture, and an arrow picture. )
( Materials A
Teacher » Minicomputer set Student * Paper
¢ Colored chalk e Colored pencils, pens, or crayons
\_ J
fll Description of Lesson
T: Today we are going to investigate two secret numbers. Their code names are Zin and Zan.
Clus 1
Display two Minicomputer boards, one regular checker, ° 6
and one negative checker.
T: Your first clue is that Zin and Zan can each be put on this Minicomputer using exactly one

regular checker and one negative checker. Which numbers could Zin and Zan be?

Invite several students to put numbers on the Minicomputer using exactly two checkers, one regular
and one negative. For each number, ask if it is even or odd and record it on the board.

After several possibilities for Zin and Zan have been found, ask for the following:

e the greatest possible number (79)

the least possible number (N79)

¢ an even number less than 50

* the greatest possible even number (78)
an odd number between 30 and 40 (39)
an odd number less than 0

Continue this activity until your list includes ten to fifteen numbers.

T: The greatest number we can put on this Minicomputer using these two checkers is 79 and
the least number is N79. Therefore, we know that Zin and Zan are both between 80 and
N80.

Z1in and Zan are between N8O and 80.

Record this information on the board.

T: Some of the numbers between N80 and 80 that could be Zin and Zan are in our list. How
many numbers do you think would be in our list if we found all the numbers that can be
put on this Minicomputer using one regular checker and one negative checker?
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Let the students guess but do not try to reach any conclusions about the number of possibilities. For
your information, there are 53 numbers that can be put on two Minicomputer boards using exactly
two checkers, one regular and one negative.

T: Remember, only a few of the numbers that could be Zin or Zan are in our list. I will give
you another clue.

Clas 2

Multiples of 2

Draw this string picture on the board.

More than 50

T (tracing the red string): This string is for
multiples of 2. What is another name
for those numbers?

S: Even numbers.

T: What does this string picture tell us
about Zin and Zan?

Less than 0

Zin is an even number more than 50.

Zan is an odd number between 0 and 50.

Note: Since Zan is an odd number, Zan cannot be 0 or 50.

T: Which of the secret numbers (Zin or Zan) is greater?
S: Zin.
T: Let’s make a list of numbers Zin could be.

Point to the list of numbers resulting from the first clue.
T: Now that we know where Zin is in this string picture, could Zin be any of these numbers?

With your students, identify numbers in the list that could Zin
be Zin and record them on the board. Perhaps 78 is the only o

number in your original list that could be Zin. Ask for other 78 ®0+ 2)
numbers that Zin could be. When a number is suggested, first 76 80+ %)

ask if it is an even number greater than 50. If the answer is yes, 72 80+ B
invite a volunteer to put the number on the Minicomputer using ]
exactly one regular checker and one negative checker. Record 70 80+ 10)

any numbers that could be Zin on the board. Continue until 60 (80 + 20)

you have this list for Zin.

T: Could Zan be any of these numbers? Remember that the string picture tells us that Zan is

an odd number between 0 and 50.
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With your students, identify numbers in the list that could be Zan and record them on the board.
Perhaps 39 will be the only number in the original list that could be Zan. Ask for other numbers
that could be Zan. When a number is suggested, ask first if it is an odd number between 0 and 50. If
the answer is yes, invite a student to try to put the number on the Minicomputer using exactly one
regular checker and one negative checker. On the board, record any numbers that could be Zan.

Note: Itis possible that a student will observe that for Zan to be an odd number and to be on the
Minicomputer, the negative checker must be on the 1-square. This observation, if made, will help
your students find all the possibilities for Zan.

Zin
Continue until your students have found all 7_8 N
possibilities for Zan. Erase everything except @0+ 2)
the list of numbers for Zin and Zan. 76 80+ %)
72 80+ %)

70 (80 + 10)
60  (80+20)

Cluz 3
Draw this arrow picture on the board, and ask 2%
students to copy it on their papers. ./?-\.
. .. . Zan Zin
T: 2 x Zan = Zin. Zin is twice as much as Zan.

If you think you know which numbers are
Zan and Zin, write them on your paper.

Look at several of the students’ papers, and then ask someone to answer aloud.
S: Zanis 39 and Zin is 78.

Find that 39 is in the list for Zan and 78 is in the list for Zin, label the dots in the arrow picture, and
calculate 2 x 39 = 78. Conclude that Zan could be 39 and Zin could be 78.
T: Could any of these other numbers be Zan?

S: 39 is the greatest number in the list for Zan and 19 is the next greatest.
2 x 19 is less than 50, so none of the numbers except 39 can be Zan.

T: What number is 2 x 19?

S: 38.

T: All the numbers Zin could be are 50 or more, so it would be impossible to draw a 2x arrow
Jfrom any of these numbers (point to numbers in the list for Zan) to any of the numbers that
Zin could be.

Conclude that Zan is 39 and Zin is 78.
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W15 FISHING FOR NUMBERS, PART IV LESSON ONE W15

Capsule Lesson Summar

Put a set of ten numbers in their proper places in an arrow picture with 3x and —100
arrows. Begin the workbook Fishing for Numbers, Part IV. )
\

\
>

Materials

Teacher * Colored chalk Student * Paper
e Colored pencils, pens, or crayons
e Fishing for Numbers, Part IV
Workbook

\_ W,
fll Description of Lesson

You may like to let students work in pairs for this warm-up activity. Draw these pictures on the board
and ask students to copy the pictures on their papers. In pairs, one student can copy the arrow picture
while the other copies the numbers.

S —-100

Remind students of the Fishing for Numbers activities done previously. They should recall that
the problem is to put all of the numbers shown inside the string in their proper places in the arrow
picture. Direct students to work with their partners on this problem.

When many students have finished a problem, ask someone to suggest a number for the starting
dot of one of the arrow roads. Pursue this choice and see where it leads. If it leads to an incorrect
situation, let the students discover this and discuss why that choice for a starting dot won’t work.

In the course of solving this problem collectively, the opportunity to discuss various strategies should
arise. Allow ample opportunity for the students to discover some good strategies themselves. A
student may suggest identifying the least (greatest) number in one of the arrow roads, but this would
be difficult because multiplying a whole number by 3 results in a greater number and subtracting 100
will always result in a lesser number.

Students might suggest crossing out numbers inside the string as they place them in the arrow

picture. This procedure is questionable since in a trial and error method mistakes may be made and
new starts may be necessary.
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Continue until all the dots in the arrow picture are labeled.

147 47 141 41 123
39 17 17 51 29

Distribute copies of the workbook Fishing for Numbers, Part 1V, and allow students to work
independently for the rest of the class period. Emphasize that it is very likely they will need to use
their erasers, and that they should make several tries before asking for help.

At the end of the lesson, collect the workbooks for your review. These workbooks will be used again
in Lesson W16.
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W16 FISHING FOR NUMBERS, PART IV LESSON TWO W16

Capsule Lesson Summar

Use context clues to put the numbers in a string picture in their proper places in a story.
Continue working in the workbook Fishing for Numbers, Part IV. (This is the second of

Cwo lessons using this workbook.) Y
( Materials )
Teacher  Colored chalk Student * Paper

* Fishing for Numbers, Part IV
Workbook

Advance Preparation: Before starting the lesson, write the story for the warm-up activity on the board
or on an overhead transparency. J

#ll Description of Lesson

Allow students to work with a partner for this warm-up activity.

Put this story and set of numbers on the board.

Sarah Covington—Fulcher made the longest run by an individual.

She ran miles around the United States starting

July 21, . She ran every day for days ending on
Oct. 2, . During the run, Sarah experienced temperatures
from ° F (coldest) to ° F (hottest) and wore out

pairs of running shoes.

Tell the class that the problem is to put all the numbers inside the string into the blanks of the
story so that the story makes sense. Invite student partners to work on this problem for a few

minutes.

When many students have finished the problem, conduct a collective discussion. As students tell
the class how to fill in the blanks, ask them to explain their reasoning. A solution is given below.

Sarah CoVidgtbn—Fulcher made the longest run by an individual.
She ran 1987 miles around the United3ates starting

July 21,1988 _ She ran every day for days ending on
Oct. 2, . During the run!&4rah experienced temperatures26
from ° F (coldest) to ° F (hottest) and wore out
pairs of running shoes.

Distribute the students’ copies of the workbook Fishing for Numbers, Part IV and allow about
30—40 minutes for individual work. Ask students first to correct or complete pages from the
previous week’s work and then to continue. At the end of the lesson, collect the workbooks for

your review.
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l Assessment Activity

An individual student progress report for the workbook is available on Blackline W16. You may like
to use this form to monitor student work.

ll Home Activity

Prepare a story similar to the warm-up activity for students to do at home with family participation.
The following example is a money puzzle.

Ted has a lot of coins but not too much money.

Ted has pennies.

He has nickels, or ¢ in nickels.
He has dimes,or ¢ in dimes.

He has quarters, or ¢ in quarters.
Altogether, Ted has coins, and $

Key:

Ted has a 1bf of coins but not too much money.
Ted has 6 pennies.  30¢

Hehas 8  nickels, or 80¢ in nickels.
Hehas 3  dimes,or 75 dimes.

He has quarted® or  in quarfers.
Altogether, Ted has coins, and
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W17 A SHORT STORY ABOUT THREE FRIENDS

W17

Capsule Lesson Summar

Solve a detective story for three secret numbers. A first clue gives their positions in a +2

\

and a +3 arrow picture. A second clue says that one of the three numbers is 3x another.

>

lay The Number Line Game with non-integer decimal numbers as the secret numbers. Y
3

Materials

Teacher ¢ Colored chalk Student o Worksheet W17

Y,

fll Description of Lesson

Exerci

Distribute copies of Worksheet W17, and draw the )
arrow picture from the worksheet on the board. )

T:

Studen

se 1: Detective Story

Today you are going to be detectives again. )
Your assignment is to discover the identities
of three whole numbers whose code names
are Me, Mo, and Mu. The first clue is this
arrow picture. What does this arrow picture
tell us about the three secret numbers?

Me Mu

ts should observe that Me is the least and Mu is the greatest of the three secret numbers. If

necessary, ask where the greatest and least numbers are in the arrow picture.

Perhap

s a student will explain that Mo is 40 more than Me, and Mu is 30 more than Mo. Hence,

Mu is 70 more than Me. Commend any student who makes this observation but do not suggest it
yourself.

T:

S:
T:

This is the same arrow picture as on your worksheet. How many +2 arrows are there?
How many +3 arrows?

There are twenty +2 arrows and ten +3 arrows.

If Me were 100, what would Mo be and what would Mu be?

Draw a table for the three numbers on the board near the arrow picture.

S:

Mo would be 140 and Me Mo Mu
Mu would be 170. 100 140 170

Record this information in the table on the board, and ask
students to record it in the table on their worksheets.
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T: If Me were 30, what numbers would Mo and Mu be?

Let students write their answers in the table on their worksheets. Look at several of the students’

answers before letting someone answer aloud.

S: If Me were 30, then Mo would be 70 and Mu would be 100.

Record this information in the table on the board. Repeat this
activity asking for Mo and Mu when Me is 52, 201, and 18,
respectively.

T: What do you notice about Me, Mo, and Mu?
Allow the students to express themselves freely.

Your students very likely will observe that

e Me + 40 = Mo;

e Mo + 30 = Mu;

e Me + 70 = Mu; and

* the ones digit of all three numbers is the same.

Trace an arrow from Me to Mo.

What could this arrow be for? How do you know?

It could be for + 40, because Me + 40 = Mo.

Me Mo Mu
100 140 170
30 70 100
52 92 122
201 241 271
18 58 88

Ten +2 arrows are the same as one +20 arrow, so twenty +2 arrows are the same as one

+40 arrow.
Trace an arrow from Mo to Mu.

T: What could this arrow be for? How do you know?

S: + 30, because there are ten + 3 arrows.

Draw an arrow in green from Me to Mu.

T: What could this green arrow be for?
How do you know?

S: + 70, because 40 + 30 = 70.

T: If Me were 10, what number would Mu be? (80)
If Me were 105,...7 (175)
If Me were 37,...2 (107)
If Me were 99,...2 (169)

Ask students to explain how to calculate 99 + 70.
If no one suggests 99 + 70 = (100 + 70) — 1,
suggest this yourself.
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Draw this arrow picture on another part of the board.

T: What does this picture tell us about Me and Mu?
S: Mu is three times Me. Me Mu

T: If Me were 30, what number would Mu be? (90)
If Me were 25, ...72 (75)
If Me were 40, ...7 (120)
If Me were 50, ...7 (150)
If Me were 75, ...72 (225)

Draw a green +70 arrow from Me to Mu.

T: Our first clue told us that Mu is 70 more than Me. M
Now we know that Mu is also three times Me.
Could Me be 20? (No) +70
Why not?

S: Because 3 x 20 =60 and 20 + 70 = 90. Mu cannot be both 60 and 90 at the same time.

Could Me be 30? (No)
Why not?

S: Because 3 x 30 =90 and 30 + 70 = 100.

T: Could Me be 40? (No)
Why not?

S: Because 3 x 40 =120 and 40 + 70 = 110.

T: Who are Me and Mu? Write your answer on your worksheet.
Look at many of the students’ answers before asking a student to answer aloud.
S: Me is 35 and Mu is 105.

T: What number is 3 x 35? (105)
What number is 35 + 70? (105)

Label the dots for Me and Mu in both arrow pictures.

T: If Me is 35 and Mu is 105, what number is Mo?
S: 75.

Label the dot for Mo, and conclude that 35, 75, and 105 are the three secret numbers.

Exercise 2: Number Line Game

Play The Number Line Game with your class. Choose non-integer decimal numbers to be your secret
numbers. Begin with a secret number between O and 1. If you play a second game, choose a secret
number between 0 and 10. Adjust the difficulty of the game to the abilities of your students.
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