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PROBLEMS & INVESTIGATIONS

Introducing Add to 15 & 15-Tac-Toe

Overview

To begin, students find many different ways
to add combinations of numbers from 1
to 9 to equal 15. After discussing what

it takes to solve challenging problems,
students are introduced to 15-Tac-Toe, a
variation of tic-tac-toe that provides prac-
tice with strategic thinking and mental
computation. As they play numerous rounds
of the game, students will engage in the
four elements of problem solving: under-
standing the problem, devising the plan,
carrying out the plan, and looking back.
At the end of the session, the teacher
assigns Home Connection 5.

Actions
1 Students start on How Many 15's, a
challensing problem.

2 Students and teacher discuss prob-
lem-solving strategies.

3 The teacher introduces the game of
15-Tac-Toe.

4 Students play the games in pairs.

5 The teacher assigns Home Connection
5, Primes & Composites.

Starting the Problem

Skills & Concepts
H using problem solving strategies

H making generalizations about patterns
in problems

H using strategies in a gaming situation

You'll need
H Introducing 15-Tac-Toe (Overhead 1.10)

H Add to 15 (Bridges Student Book,
page 11)
H Home Connection 5, pages 11 and 12

H Word Resource Cards (associative
property, commutative property)

H access to all math manipulatives

H overhead pens

Note In this session, students take a short
break before returning to work with prime
and composite numbers in Session 11.
Today’s session introduces problems that
require persistence to solve, while giving
students a short time to ruminate about
prime numbers, which they will explore

a bit further in tonight’s Home Connection.

Ask students to turn to Add to 15 on page 11 in their Bridges Student Books.
The problem asks students to find as many ways as possible to add differ-

ent combinations of numbers from 1 to 9 to total 15. Because the problem is
based on adding small numbers, it is an easy one for almost all students to
access. However, the tasks of organizing their work and making sure they
have found every possibility will challenge even the most sophisticated math-

ematical thinkers in your room.
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Bridges Student Book For use in Unit One, Session 10,
NAME DATE

Add to 15

1 List as many ways as you can to use the numbers 1 through 9 to add up to 15,
without repeating any of the numbers in a single equation. If you can, try to list all
possible ways.

example 13 +4+8=15
example 2 1 +2+3+9=15

2 List as many ways as you can to use the numbers 1 through 9 to add up to
15, where 1 or more of the numbers is used twice (but no more than twice) in a single
equation. If you can, try to list all possible ways.

example 16 +6+3=15
example2 1 +1+2+2+9=15

Review the instructions with the class and clarify questions for them before
they begin. Have students work on their own or in pairs on the two problems,
and invite them to use any of the manipulatives they find helpful. Be sure
they understand that each solution they find has to be unique, and changing
the order of the numbers won't yield different solutions. For instance, 9 + 6
would be considered the same as 6 + 9. Between the two problems, there are
56 possible solutions, and they are listed on pages 149 and 150 in the answer
key for this unit. It is not realistic to expect that any of your students will
find all of these solutions, so you'll want to set reasonable expectations for
your class. For example, you might ask them to find 6 to 8 different solutions
for each of the two problems in the time allotted during this session, and
award extra credit to students who are interested in finding more at home or
during any free time they may have at school over the next few days.

Discussing Problem-Solving Strategies

After students have had about 25 minutes to work on Add to 15, reconvene
the class to discuss the two problems as a whole group. Ask students to share
not only their answers, but their overall approach to the problem and their
feelings about solving it. During this discussion, you can get a sense of how
individual students approach problems.

Teacher Who would like to share their answers or tell us about how
they approached this problem? What did you think about it? How did
you get started?

Rian | liked this problem because | could get started right away. But |
have no idea how many combinations there are.
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Jasmine | got out 15 tiles and started to put them in different groups.
Each collection was an answer. Here’s one | got for the second problem
where we can use a number twice.

4+4+7=15

Nick | know we were supposed to find answers for both problems, but
Javier and | wanted to find out if we could get all of them for just the first
problem. We found 17 of them, and we're pretty sure there aren’t any more.

Javier \We decided to start with using 9 and then using 8 and on and on.
Josie That's a good idea to try and go in order.

The rest of this session will be spent learning a new game, but you might of-
fer extra credit to students for continuing to work the problem at home or in
their free time at school over the next couple of weeks.

Introducing the Game of 15-Tac-Toe

Spend the rest of today’s session introducing 15-Tac-Toe, a variant of tic-tac-
toe in which players try to arrange 3 numbers whose sum is 15 in a row, hori-
zontally, vertically, or diagonally. Display the 15-Tac-Toe overhead and read
the instructions out loud.

Overhead 110 for use in Unit One, Session 10.

Introducing 15-Tac-Toe

Instructions for 15-Tac-Toe

1 This game is played like tic-tac-toe, but instead of using X’s and O’s, you use
the digits 1 through 9.

2 Ifyou are Player 1, you are only allowed to use the numbers 1, 3, 5, 7, and 9.
On your first turn, write one of those numbers in any of the spaces on the tic-tac-
toe grid and cross it off your list of numbers.

3 Ifyou are Player 2, you are only allowed to use the numbers 2, 4, 6, and 8. On
your first turn, write one of your numbers on the grid and cross it off your list.

4 Take turns until one player gets 3 numbers in a row that add up to 15. You can
only use each of your numbers once. The first player to make a straight row—ver-
tical, horizontal, or diagonal—in which the numbers add up to 15 wins. If no row
adds to 15 when the grid is filled, the game is a tie.

5 After each game, switch who is player 1 and who is player 2.

Explain that the class will work together as a team to play 2 rounds of the
game against you. Have a student volunteer act as the speaker for the class
and allow her or him to go first. By going first, the student is taking the odd
numbers 1, 3, 5, 7, and 9. You are left with 2, 4, 6, and 8. Before students take
the first turn, ask them to think a bit about which of their numbers to start
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with and where to place it on the grid. Then ask them to discuss it as a group.
In the end, the student volunteer will have to choose a number and decide
where to place it on the first grid.

Students Start in the corner.
No, start in the middle.

Use a high number.

Use the middle number.

A common opening move is to put a 5 in the middle. Respond to the students’
move by placing one of your numbers, say 8, in a corner.

Grid

Player 1's Numbers

Player 2's Numbers

Example

18879

7464

Game 1

13579

2468

Game 2

13579

2468

Now the students go again. Encourage them to think carefully and share
their ideas. If they only pay attention to how they can win, then they will
lose quickly. In most cases a student will see that if they do not block you,
you will win in the next turn.

Students Put a number on the left-hand side of the 5 so we can go
across. If you put a 7 there, then we can put in a 3 later.

How does that work?

7+ 5+ 3is 15.

But if we do that, Ms. Esquivel can just put a 2 in the bottom left-hand
corner. Then she’ll win because she’ll have 8 + 5 + 2 going diagonally.
Oh, we need to block that!

Okay, I'll put the 7 in that corner so she can't put her 2 in there and win.

Game 1

13579

2468

Game 2

13579

2468
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Continue taking turns until either you or the students win the first round or
it's a tie. With each turn you take, share your thinking about which number
you choose and where you place it. Then play another round of the game. As
you play, prompt students to generate some strategies for winning. Does it
matter if you go first or second? Does it matter if you have the even numbers
instead of the odd numbers? Is it best to place your first number in the mid-
dle square of the grid, or is it better to place it elsewhere?

The game of 15-Tac-Toe is an extended problem, and as students play it, they
are engaged in problem solving. Each round of the game presents numerous
problems as students decide how to arrange their numbers to their own ad-
vantage and block their opponent. The game also presents the more general
problem of how to devise an overall strategy for winning. In his classic work
How to Solve It, George Polya delineates 4 elements central to problem solv-
ing: understanding the problem, devising the plan, carrying out the plan, and
looking back. As you play the game a second time, and as students play it as a
Work Place in Session 14, you'll see them address all four elements.

1. Understanding the Problem First, students must understand the objective of
the game. They must also realize that to win, they must arrange their num-
bers not only to set up a winning arrangement of numbers for themselves,
but also to prevent their opponent from winning.

2. Devising a Plan Students will begin to devise different strategies for win-
ning that depend on whether they go first or second, whether they are using
the odd or even numbers, and the moves their opponent makes.

3. Carrying Out the Plan Students will apply their strategies in repeated
rounds of the game.

4. Looking Back As they play again and again, students will apply their strate-
gies, evaluate their effectiveness, and adapt them as needed.
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Playing the Game in Pairs

After you have played 2 rounds with the class, ask students to continue play- /

ing in pairs by drawing grids and listing their numbers in their journals. Be- %‘/%
NN

fore they begin, let them know that they will return to this game in a couple STUDENT
of days to refine their strategies for winning. Take a few minutes at the end
of today’s session to have volunteers share the strategies they have begun to
develop.

JOURNAL

HOME CONNECTION 5

At the end of the session, introduce and assign Home Connection 5, Primes &
Composites. The last part of the assignment is a challenge problem in which
students color in the composite numbers on a grid of numbers from 1 to 100
and then record observations or generalizations about the numbers that re-
main uncolored. If you think the item is appropriate for most of your stu-
dents, you might require students to complete it as part of the assignment. If
not, you can make it optional.

Home Connections For use after Unit One, Session 10, Home Connections

NAME DATE Home Connection 5 Worksheet (cont.)

Home Connection 5 % Worksheet

When you multiply two whole numbers to get another number, the two num-
bers you multiplied are factors of the other number. Example: 3 and 5 are factors
Primes & Composites of 15 because 3 x 5 = 15.

. . A prim g ly has factors: 1 and itself. E: le: 17 =1 x 17
‘Words in italics are defined at the top of the next page. prime number only has two factors: 1 and itse xample x

1 Make a quick sketch of all the rectangles that can be formed with tile for the A composite number has more than two factors. Example: 6 =1 x 6and 6= 2 x 3.

numbers 23, 32, 35, and 37. Note The number 1 is neither prime nor composite because it has just one
factor: itself.

a3 b 32

C 35 d 37 4 On the grid to the right, follow the 11213/4|5/6[7/8]|9/[10
directions to color in all the composite
numbers. 11(12|13|14|15[16 (17| 18|19 (20
a@ Color in all the even numbers ex- 21/22|23|24/25|26|27|28|29| 30

2 List all the factors for 23, 32, 35, and 37. cept 2 itself. 31(32(33|34|35|36|37|38(39|40

a 23 b 32 b Color in all the numbers that end in 41]42|43|44|45|46|47|48|49|50
5 except 5 itself. 51|52|53|54|55|56(57|58|59(60

C 35 d 37 C Color in any numbers you get when 61(62(63|64|65(66|67|68(69|70
you count by 3 except 3 itself. If you 71172173|74|75|76|77|78|79|80
land on a number that is already

3a Which of the numbers 23, 32, 35, and 37 are prime? Which are composite? colored, you don't have to color it in 81/82/8384|85|86|87|88|89| 90
twice. 91(92|93|94|95|96(97|98|99(100

are prime are composite

d Color in any numbers you get when
you count by 7 except 7 itself. If you
land on a number that is already
colored, you don't have to color it in
twice.

@ List at least three mathematical
observations about the numbers that
never got colored in.

b Explain how you made your choices.

(Continued on back.)
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