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SOLVING EQUATIONS
Relevant Learning Expectations for Grade 9
MPM1D
Number Sense and Algebra
 VROYH¿UVWGHJUHHHTXDWLRQVLQFOXGLQJHTXDWLRQVZLWKIUDFWLRQDOFRHI¿FLHQWVXVLQJDYDULHW\
RIWRROVDQGVWUDWHJLHV
 UHDUUDQJHIRUPXODVLQYROYLQJYDULDEOHVLQWKH¿UVWGHJUHHZLWKDQGZLWKRXWVXEVWLWXWLRQ
 VROYHSUREOHPVWKDWFDQEHPRGHOOHGZLWK¿UVWGHJUHHHTXDWLRQVDQGFRPSDUHDOJHEUDLF
methods to other solution methods

Linear Relations
 FRQVWUXFWWDEOHVRIYDOXHVJUDSKVDQGHTXDWLRQVXVLQJDYDULHW\RIWRROVWRUHSUHVHQW
OLQHDUUHODWLRQVGHULYHGIURPGHVFULSWLRQVRIUHDOLVWLFVLWXDWLRQV

MPM1P
Number Sense and Algebra
 VROYH¿UVWGHJUHHHTXDWLRQVZLWKQRQIUDFWLRQDOFRHI¿FLHQWVXVLQJDYDULHW\RIWRROVDQG
strategies
 VXEVWLWXWHLQWRDOJHEUDLFHTXDWLRQVDQGVROYHIRURQHYDULDEOHLQWKH¿UVWGHJUHH

Linear Relations
 VROYHSUREOHPVWKDWFDQEHPRGHOOHGZLWK¿UVWGHJUHHHTXDWLRQVDQGFRPSDUHWKHDOJHEUDLF
method to other solution methods
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Solving Equations (IS)

Possible reasons a student might struggle when
VROYLQJ¿UVWGHJUHHHTXDWLRQV
6WXGHQWVPD\VWUXJJOHLQVROYLQJ¿UVWGHJUHHHTXDWLRQV
6RPHRIWKHSUREOHPVLQFOXGH
 ODFNRIÀXHQF\ZLWKWKHLQWHJHURUIUDFWLRQRSHUDWLRQVUHTXLUHGWRVROYHDQHTXDWLRQ
 GLYLGLQJWKURXJKRQO\VRPHRIWKHWHUPVRIDQHTXDWLRQHJFKDQJLQJx – 2 = 28 to x – 2 = 7
LQVWHDGRIx± 
 GLVFRPIRUWZLWKHTXDWLRQVZKHUHWKHFRHI¿FLHQWLVQHJDWLYHHJHTXDWLRQVVXFKDV
±m  DVRSSRVHGWRm  
 QRWNQRZLQJZKDWWRGRZKHQVROXWLRQVDUHQHLWKHUZKROHQXPEHUVQRULQWHJHUV
 ODFNRIIDPLOLDULW\ZLWKHTXDWLRQVZKHUHWKHXQNQRZQLVQRWRQWKHOHIW HJQRWVXUHZKDWWR
GRZLWK mDVFRPSDUHGWRm  
 GLVFRPIRUWZLWKHTXDWLRQVZKHUHWKHYDULDEOHDSSHDUVRQERWKVLGHV
 ODFNRIXQGHUVWDQGLQJWKDWWKHUHFDQEHPRUHWKDQRQHVROXWLRQLQFHUWDLQFLUFXPVWDQFHV
e.g., 2n – 1 = n n±KDVPDQ\VROXWLRQV
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DIAGNOSTIC
Administer the diagnostic

Materials

Using the diagnostic results to personalize
interventions

 aSaQEalaQcHZLtK
couQtHrs
 sPallSaSHrEaJs

,QWHUYHQWLRQPDWHULDOVDUHLQFOXGHGRQHDFKRIWKHVHWRSLFV
 using the guess and test method
 using a balance model
 using opposite operations
 UHDUUDQJLQJHTXDWLRQVDQGIRUPXODV
<RXPD\XVHDOORURQO\SDUWRIWKHVHVHWVRIPDWHULDOVEDVHGRQVWXGHQWSHUIRUPDQFH
ZLWKWKHGLDJQRVWLF,IVWXGHQWVQHHGKHOSLQXQGHUVWDQGLQJWKHLQWHQWRIDTXHVWLRQLQWKH
GLDJQRVWLF\RXDUHHQFRXUDJHGWRFODULI\WKDWLQWHQW

Evaluating Diagnostic Results

Suggested Intervention Materials

,IVWXGHQWVVWUXJJOHZLWK4XHVWLRQV±

use Using Guess and Test

,IVWXGHQWVVWUXJJOHZLWK4XHVWLRQV±

use Using a Balance Model

,IVWXGHQWVVWUXJJOHZLWK4XHVWLRQV±

use Using Opposite Operations

,IVWXGHQWVVWUXJJOHZLWK4XHVWLRQV
and 11

use Rearranging Equations and
Formulas

,IVWXGHQWVDUHVXFFHVVIXOZLWK8VLQJ2SSRVLWH2SHUDWLRQVLWLVQRWHVVHQWLDOWRXVHWKH
8VLQJ*XHVVDQG7HVWRU8VLQJD%DODQFH0RGHODSSURDFKHV+RZHYHULIWKH\DUHQRW
VXFFHVVIXOZLWK8VLQJ2SSRVLWH2SHUDWLRQVXVHWKHGLDJQRVWLFWRGHFLGHZKLFKHDUOLHU
LQWHUYHQWLRQZRXOGEHYDOXDEOH



6HSWHPEHU

0DULDQ6PDOO

6ROYLQJ(TXDWLRQV ,6

Solutions
1. a) e.g., Yes, since 3x DQGLVFORVHWR
b) HJ1RVLQFHWKDWZRXOGEHWKHDQVZHUZLWKRXWWKH±VRDKLJKHUJXHVVZRXOGEHEHWWHU
c) e.g., No, since 500 – 300 is 200 and that is high.
2. a) HJVLQFHî±ZDVDELWKLJKVRJRLQJORZHULVDJRRGLGHD
b) HJ\RXQHHGDKLJKHUQXPEHUWKDQVR\RXZDQWWRWDNHOHVVDZD\
c) HJ\RXQHHGDKLJKHUQXPEHUWKDQVRLImZHUHPRUHWKHQPRUHLVFORVH
3. a) 6ROXWLRQLVHJJXHVVWHVW JXHVVWHVW
b) 6ROXWLRQLVHJJXHVVWHVW JXHVVWHVWJXHVVWHVW
c) 6ROXWLRQLVHJJXHVVWHVW JXHVVWHVW
4. a)  x
b) x x
5. a) HJ7DNHIURPERWKVLGHV
b) e.g., Take 3xIURPERWKVLGHV
6. a)
g
g

63

g
g

g

17

=

b)
m

31

25
m

m

m

m

=

7. a)
b)
c)
d)

HJ6XEWUDFWIURPERWKVLGHV
e.g., Add 600 to both sides.
e.g., Add 3m to both sides.
e.g., Subtract 2mIURPERWKVLGHV

8. a) m = 12
c) m = 32

b) m 
d) m 

9. a) e.g., s  RU s = 20
b) e.g., s  RU V 
c) e.g., 3s – 12 = 288 or 3s – 12 = 12
10. a) 'LYLGHERWKVLGHVE\
c) e.g., Add 80 to both sides.

b) 6XEWUDFWIURPERWKVLGHV

11. a) t = m – 10
(m
c) t = __
3
(3m – 8)
___
e) t = 6

m
b) t = _

d) e.g., t = 0.75m
m
f) e.g., t = 15 – _
2
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Diagnostic

Diagnostic
1. Hassan is solving some equation by guess and test. Is his Àrst guess a good one?
Explain.
a) 3x + 24 = 95

First guess: 25

b) 2x – 18 = 146

First guess: 73

c) 500 – 6s = 116

First guess: 50

First guess: 20

b) 124 = 200 – 4s

First guess: 30

c) 7m + 18 = 165

First guess: 10

(Continued)

x

x

x

x

x
x

x

25

=

2. Raina was solving some equations by guessing and testing. Her Àrst guess is listed.
What would a good second guess be? Why?
a) 5x – 30 = 65

b)

5. Imagine you are going to solve the equations shown on the pan balances in
Question 4.
a) What is your Àrst step for the Àrst equation?
b) What is your Àrst step for the second equation?

6. Show how to model each of these equations using a pan balance.
Then show how to adjust the balance to solve it.

3. Solve each equation using guess and test. List all of your guesses and show how
you tested each guess.

a) 5g + 17 = 63

b) 3m + 25 = 2m + 31

a) 6g + 23 = 101
b) 12m – 80 = 64
c)

348 = 500 – 8m

=

=

4. What equation does each pan balance model?
NOTE: The box marked 46 would contain

7. What is the Àrst operation you would perform to solve the equation?

46 small balls like the 4 balls on the right of
the balance. It is just quicker to show than

a) 6m + 14 = 86

b)

9m – 600 = 228

c) 154 – 3m = 58

d)

5m + 8 = 2m + 149

drawing 46 separate balls.

a)
46

x

x

x

x

8. Solve each equation in Question 7 using opposite operations.

=
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Diagnostic
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(Continued)

9. List two equations you might solve by doing these operations:
a) dividing by 4

b) subtracting 12

c) adding 12 and then dividing by 3

10. Suppose you wanted to change the equation to the form x = …
What is the Àrst step you would take in each situation?
a) if y = 2x

b) if y = x + 50

c) if y = 2x – 80

11. Write an equation that tells how to calculate t if you know m.

5

6

a) m = t + 10

b)

m = 4t

c) m = 3t – 9

d)

3m = 4t

e) 3m = 6t + 8

f)

2m + 4t = 60
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USING INTERVENTION MATERIALS
7KHSXUSRVHRIWKHVXJJHVWHGZRUNLVWRKHOSVWXGHQWVEXLOGDIRXQGDWLRQIRUZRUNLQJZLWK
PRUHFRPSOLFDWHGOLQHDUHTXDWLRQV HJRQHVLQYROYLQJGHFLPDOVRUIUDFWLRQV DQGZLWKPRUH
FRPSOLFDWHGIRUPXODV HJVXUIDFHDUHDIRUPXODV 
(DFKVHWRILQWHUYHQWLRQPDWHULDOVLQFOXGHVDVLQJOHWDVN2SHQ4XHVWLRQDSSURDFKDQGD
PXOWLSOHTXHVWLRQ7KLQN6KHHWDSSURDFK7KHVHDSSURDFKHVERWKDGGUHVVWKHVDPHOHDUQLQJ
JRDOVDQGUHSUHVHQWGLIIHUHQWZD\VRIHQJDJLQJDQGLQWHUDFWLQJZLWKOHDUQHUV<RXFRXOGDVVLJQ
MXVWRQHRIWKHVHDSSURDFKHVRUVHTXHQFHWKH2SHQ4XHVWLRQDSSURDFKEHIRUHRUDIWHUWKH
Think Sheet approach.
6XJJHVWLRQVDUHSURYLGHGIRUKRZEHVWWRIDFLOLWDWHOHDUQLQJEHIRUHGXULQJDQGDIWHUXVLQJ\RX
FKRLFHRIDSSURDFKHV7KLVWKUHHSDUWVWUXFWXUHFRQVLVWVRI
 4XHVWLRQVWRDVNEHIRUHXVLQJWKHDSSURDFK
 Using the approach
 &RQVROLGDWLQJDQGUHÀHFWLQJRQWKHDSSURDFK
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Using Guess and Test
Learning Goal

VHOHFWLQJDSSURSULDWHJXHVVHVZKHQXVLQJDJXHVVDQGWHVWVWUDWHJ\WRVROYHHTXDWLRQV

Open Question

Materials
 calculators

Questions to Ask Before Using the Open Question
¸ Why might you guess that 20 would be close to the solution for 3m – 40 = 28?
HJ6LQFHîLVDQG±LVQRWWKDWIDUIURP
¸ Would your second guess be higher or lower than 20? Why? (Higher since 20 is
WRRORZ\RXKDYHWRKDYHWRVXEWUDFWIURP
¸ What other equation involving multiplication and addition might have a solution that
is not far from 20? (e.g., 2x 

Using the Open Question
0DNHVXUHVWXGHQWVXQGHUVWDQGWKDWWKHJURXSRI¿YHHTXDWLRQVPXVWVDWLVI\WKH
conditions listed.
%\YLHZLQJRUOLVWHQLQJWRVWXGHQWUHVSRQVHVQRWH
 KRZWKH\XVHWKHWHVWDIWHUWKH¿UVWJXHVVWRJHWDEHWWHUVHFRQGJXHVV
 KRZWKH\RSHUDWHZKHQFRHI¿FLHQWVDUHQHJDWLYH
 ZKHWKHUWKH\FDQKDQGOHHTXDWLRQVZKHUHVROXWLRQVDUHQRWZKROHQXPEHUV

&onsolidating and ReÀecting on the Open Question
¸ How did you create your ¿rst equation? HJ,PXOWLSOLHGE\DQGDGGHGWKHQ
,ZURWHWKHDQVZHURQWKHRWKHUVLGHEXW,DGGHGDOLWWOHELWWRLW Why did you add
the little bit? VRWKHVROXWLRQZDVQRWH[DFWO\
¸ How did you create an equation with k on both sides HJ,ZURWHWZRH[SUHVVLRQV
involving kWKDWZHUHWKHVDPHIRUk = 18)
¸ How did you solve the equation when the answer was a decimal? HJ,ZRUNHG
LWRXWVRWKDWWKHVROXWLRQZDVDQLQWHJHU,FKDQJHGWKHFRQVWDQWDQGWKHQ,WULHG
GHFLPDOWHQWKVWKDWZHUHFORVHWRWKHLQWHJHUVROXWLRQ,VWDUWHGZLWK

Solutions
e.g.
6k 
200 – 3k 
2k k
80 – 5k = 6
k = 20k – 20

8
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Think Sheet
Questions to Ask Before Assigning the Think Sheet
¸ Why might you guess that 20 would be close to the solution for 3m – 40 = 28?
HJ6LQFHîLVDQG±LVQRWWKDWIDUIURP
¸ Would your second guess be higher or lower than 20? Why? (Higher, since 20 is
WRRORZ\RXKDYHWRKDYHWRVXEWUDFWIURP
¸ What other equation involving multiplication and addition might have a solution that
is not far from 20? (e.g., 2x 

Using the Think Sheet
5HDGWKURXJKWKHLQWURGXFWRU\ER[ZLWKWKHVWXGHQWVRUFODULI\DQ\TXHVWLRQVWKH\
PLJKWKDYH0DNHVXUHWKH\UHFRJQL]HWKHLPSRUWDQFHRIWHVWLQJDIWHUDJXHVVDQG
XVLQJWKHUHVXOWVWRGHFLGHZKHWKHUWRJRXSRUGRZQ
Assign the tasks.
%\YLHZLQJRUOLVWHQLQJWRVWXGHQWUHVSRQVHVQRWHLIWKH\
 PDNHDUHDVRQDEOH¿UVWJXHVV
 FDQ¿JXUHRXWZKHWKHUWRLQFUHDVHRUGHFUHDVHWKHQXPEHUIRUDVHFRQGJXHVV
 FDQWHOOZKHQDQHTXDWLRQKDVEHHQVROYHG

&onsolidating and ReÀecting Questions to Ask After Using the Think Sheet
¸ Why is it a good idea to start with guesses like 10 or 20 rather than 12 or 23?
HJ6RWKDW\RXFDQXVHPHQWDOPDWKWRWHVWKRZFORVH\RXDUHWRWKHYDOXH
\RXZDQW
¸ You are trying to solve 4x – 30 = 80. What would be a good ¿rst guess? (e.g., 25,
VLQFHî±LVZKLFKLVFORVHWR Would you try a higher or lower
number next? Why? +LJKHUVLQFH\RXZDQWWRVWDUWZLWKPRUHWRWDNHWKHIURP
¸ If you had guessed x = 30 in an equation involving 8x and you were 72 too low,
what might your next guess be? Why? VLQFHî DQG\RXZDQWWKH
H[WUD

Solutions
1. a) <HVHJVLQFH±LVFORVHWR
b) 1RHJVLQFHîLVDOUHDG\PRUHWKDQHYHQEHIRUH\RXDGG
c) Yes, e.g., since 180 is close to 200.
2. a)
b)
c)
d)
e)

e.g., x = 20 since 123 is close to 117.
e.g., x VLQFH±LVFORVHWRDQGWKDWLVQRWWRRIDUIURP
e.g., x VLQFH±LVQRWWRRPXFKKLJKHUWKDQ
e.g., x VLQFHLVFORVHWR
e.g., x = 30 since 212 – 150 is 62 and that is close to 53.

3. e.g., 15x x ± ±x = 320.
4. a)

b)

c)

HJ,QHHGDQH[WUDDQGHDFKWLPHxJRHVXSE\xJRHVXSE\VR,ZDQWx
WRJRXSE\
HJ,QHHGDQH[WUDDQGHDFKWLPHmJRHVXSE\mJRHVXSE\LIm
JRHVXSE\WKHQmJRHVXSE\
HJ,QHHGWRVXEWUDFWOHVV(DFKWLPHcJRHVGRZQE\c JRHVGRZQE\LI
cJRHVGRZQE\WKHQcJRHVGRZQE\

5. HJ,QWKH¿UVWHTXDWLRQ[LVRQO\VR\RXQHHG[ to be bigger to make 6[
ELJJHU,QWKHVHFRQGHTXDWLRQ\RXDUHWDNLQJDZD\WKH[¶V± VR\RXWRRN
DZD\WRRPXFKDQGKDYHWRWDNHDZD\OHVV


6HSWHPEHU

0DULDQ6PDOO

6ROYLQJ(TXDWLRQV ,6

6. a)
b)
c)
d)
e)
f)

t = 23
m 
j = 23
c 
k = 138.5
k = 53

7. e.g., 7k± 6HHLQJWKRXVDQGWKVZRXOGPDNHPHZRQGHUZKHWKHU
JXHVVDQGWHVWZRXOGEHWKHEHVWPHWKRG
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Open Question

Using Guess and Test
Learning Goal
 selecting appropriate guesses when using a guess and test strategy to solve
equations.

Open Question
Sometimes you can solve an equation by guessing a solution.
 Create Àve different equations involving the variable k where a guess of k = 15
would make sense as a Àrst guess. Make sure 15 is not the actual solution.
As you create your equations, make sure:
–

some of the equations involve addition and some involve subtraction.

–

the coefÀcient of k is never 1, e.g. the equation involves 2k or 3k, but not just k.

–

some of the coefÀcients of k are negative, e.g. the equation involves -2k or -k.

–

some equations have k on both sides of the equal sign.

–

some of the solutions are decimals.

 Solve each equation. Show your thinking.

6
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Think Sheet
Using Guess and Test

(Continued)

Using Guess and Test

(Continued)

2. What would be a good Àrst guess to solve each equation?

Think Sheet

Explain why.
You can solve an equation using Guess and Test.

a) 6x + 3 = 117

Guess and Test is a 3-step process:
b) 8x – 37 = 107

- Step 1: Make a reasonable guess for a solution.
-Step 2: Substitute to test.

c) 56 – 3x = 14

-Step 3: Adjust your guess, if needed.
For example, to solve 3x - 8 = 19:

d) 46 + 5x = 93

Start by guessing 10. 10 makes sense since it is an easy number to work with.
3 x 10 - 8 = 22.
22 is too high. Try a lower number.
Try 9.
3 x 9 - 8 = 19.
19 works, so the solution is x = 9.

e) 53 = 212 – 5x

3. You are solving an equation involving 15x. A Àrst guess of x = 20 makes sense. List
three possible equations.

Guess and test also works if the solution is a simple decimal.
For example, to solve 5x + 3 = 29.
Start by guessing 5. This makes sense since 5 x 5 = 25 and is close to 29:
5 x 5 + 3 = 28.

28 is too low, but not very low.
4. You are solving equations using guess and test. The result of your Àrst guess
is shown. What would be a good second guess? Explain why.

Try 5.3.
5 x 5.3 + 3 = 29.5

29.5 is too high.

a) 8x – 36 = 100

First guess: 10

8 × 10 – 36 = 44

b) 12m – 35 = 277

First guess: 20

12 × 20 – 35 = 205

c) 500 – 4c = 144

First guess: 100

500 – 4 × 100 = 100

Try 5.2.
5 x 5.2 + 3 = 29.

This is correct, so the solution is x = 5.2.

But if the solution to an equation were an inÀnite decimal or a decimal like 4.1286,
it might take a lot of guesses or we might never get an exact solution.

1. Would a Àrst guess of 10 make sense to solve each equation? Tell why or why
not for each one.
5. You guess x = 20 as a Àrst guess to solve both of these equations. Why would your
next guess be higher for one of them, but lower for the other?

a) 5x – 8 = 40
b) 37 + 17x = 160

6x + 18 = 150

c) 300 – 12s = 200

7
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Solving Equations (IS)

Using Guess and Test

(Continued)

6. Use guess and test to solve each equation.
a) 9t + 17 = 224

b) 15m – 123 = 387

c) 400 – 6j = 262

d) 134 = 8c + 58

e) 516 = 4k – 38

f)

48 + 6k = 10k – 164

7. Give an example of an equation where guess and test might NOT be a good
method and explain why it might not.

9
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Using a Balance Model
Learning Goal

UHSUHVHQWLQJDQHTXDWLRQZLWKDPRGHODVDVWUDWHJ\WRVROYHLW

Open Question

Materials

Questions to Ask Before Using the Open Question
¸ Place ¿ve cubes in a light, opaque bag. Write the letter x on the bag. Place the bag
and three cubes on one side of a pan balance and eight cubes on the other side.
How does the balance show the equation x + 3 = 8? (e.g., There is a bag named x
and three cubes and it balances eight cubes.) Do you know how many cubes must
be in the bag? (5) Why might you say the solution to the equation is 5? (e.g., 5 cubes
have to be in the bag to make the pans balance.)
¸ How does the diagram show the equation 2x + 6 = 21?
x

x

 SaQEalaQcH
 couQtHrscuEHs
 soPHsPalllLJKtSaSHr
EaJs
 calculators

6

21

HJ7KHWRWDOOHQJWKRIxPDWFKHVWKHOHQJWK
¸ How do you know that x must be worth 7.5? HJ,I\RXWDNHWKHSDUWDZD\IURP
WKHWKHUHLVOHIWWKDWKDVWREHVSOLWLQWRWZRx’s, so each one must be 7.5)

Using the Open Question
0DNHVXUHVWXGHQWVXQGHUVWDQGWKDWWKH\PXVWERWKFUHDWHDQGPRGHOWKH¿YH
HTXDWLRQVWR¿WWKHFRQGLWLRQV
7KH\PXVWDOVRGHVFULEHHDFKVROXWLRQPHWKRGEDVHGRQWKHPRGHOVHOHFWHGDQG
then solve each equation.
%\YLHZLQJRUOLVWHQLQJWRVWXGHQWUHVSRQVHVQRWHLIWKH\
 FDQWUDQVODWHEHWZHHQDPRGHODQGDQHTXDWLRQDQGYLFHYHUVD
 recognize that the same amount can be added or subtracted to both pans or both
OHQJWKV
 XVHDQDSSURSULDWHRSHUDWLRQWRPDNHLWHDVLHUWR¿JXUHRXWZKDWxLVZRUWK
 FDQVROYHHTXDWLRQVZKHWKHURUQRWWKHUHDUHYDULDEOHVRQERWKVLGHVRIWKH
equation.

&onsolidating and ReÀecting on the Open Question
¸ How could you model an equation of the form ___x + ___ = ___? HJ,ZRXOG
PRGHOWKHULJKWQXPEHURIx’s and some counters on one side and the right number
RIFRXQWHUVRQWKHRWKHUVLGH
¸ What would be different for the model of an equation of the form ___x – ___ = ___?
HJ,ZRXOGKDYHWKHEDODQFHXQEDODQFHGDQGWKHOHIWVLGHZRXOGVKRZDQx but
VLQFHVRPHWKLQJKDGWREHVXEWUDFWHGWRHTXDOWKHRWKHUVLGHLWZRXOGEHKHDYLHU
¸ One of your equations was 3x + 2 = 2x + 7. What options did you have for your ¿rst
move? HJ,FRXOGKDYHWDNHQWZRx¶VIURPERWKVLGHVRUPD\EHWKH
¸ Which of your equations did you choose to model with the lengths? Why did you
make that choice? (e.g., I modelled 18 – 3x ZLWKOHQJWKVVLQFH,WKRXJKWLWZDV
HDVLHUWRVKRZWKHVXEWUDFWLRQ

13

September 2011

© Marian Small, 2011

Solving Equations (IS)

Solutions
e.g.
 2QWKHEDODQFHWKHUHDUHxER[HVRQRQHVLGHDQGSRVLWLYHFRXQWHUVRQWKHRWKHU
VLGH,NQRZWKHOHIWVLGHLVKHDYLHUVR,KDYHWRUHPRYHVRPHWREDODQFHWKHULJKWVLGH
6LQFHWKHHTXDWLRQVD\V±,ZRXOGKDYHWRUHPRYH
8VLQJWKHUHFWDQJOHVWKHUHDUHxVHFWLRQVDQGWKHUHLVDFRYHULQJWKHODVWSDUWRIWKH
last xVRLWLVx±$QGWKHWRWDOOHQJWKZLWKRXWWKHPDWFKHVWKHOHQJWKRI
 :LWKWKHSDQEDODQFH,ZRXOGDGGSRVLWLYHFRXQWHUVWRERWKVLGHV7KHQ,ZRXOG
RUJDQL]HWKHFRXQWHUVRQWKHULJKWLQWRJURXSVWREDODQFHWKHxER[HV(DFKxER[
ZRXOGEHZRUWKSRVLWLYHFRXQWHUVVRx 
:LWKWKHUHFWDQJOHV,ZRXOGDGGDOHQJWKRIWRWKHDQGDOVRDGGWRWKHWRSZKLFK
LVOLNHUHPRYLQJWKHWDNHQDZD\IURPWKHODVWx7KHQ,ZRXOGGLYLGHWKHLQWRHTXDO
VHFWLRQVDQGHDFKVHFWLRQZRXOGPDWFKRQHx(DFKVHFWLRQZRXOGEHZRUWK
0\HTXDWLRQVPRGHOVDQGVROXWLRQVDUH
 2x 
x

22

x

=

 ,ZRXOGUHPRYHFRXQWHUVIURPERWKVLGHV,ZRXOGRUJDQL]HWKHFRXQWHUVRQWKHULJKW
into 2 piles. Each pile matches one xER[VRx = 7.
 5x = 3x

x
x

x

x

x

x

x

x

12

=

 ,ZRXOGUHPRYHxER[HVIURPHDFKVLGH,ZRXOGRUJDQL]HWKHFRXQWHUVRQWKHULJKW
into 2 piles. Each pile matches one xER[VRx = 6.
3x



 18 – 3x 

x

18

x



x

9

 ,ZRXOGDGGx-ER[HVWRWKHERWWRPDQGWRS7KDWPHDQVWKHWRSEHFRPHVMXVW7KHQ
,ZRXOGVHHWKDWxPDWFKHV7KHQ,ZRXOGUHPRYHIURPERWKOLQHV7KDWZRXOG
leave 3 xVHFWLRQVPDWFKLQJ,ZRXOGVSOLWWKHLQWRHTXDOSDUWVDQGHDFKSDUWZRXOG
EHZRUWKVRx = 3.


 x± 

x

x

x

5

x

39

 ,ZRXOGDGGWRWKHERWWRPURZDQGWRSURZ7KDWPDNHVWKHWRSxDQGWKHERWWRP,
ZRXOGGLYLGHWKHLQWRHTXDOVHFWLRQVVRHDFKZRXOGEHVRx = 11
 6x± 



x

x

x

x

x

x

4
x

26

 ,ZRXOGDGGWRWKHERWWRPURZDQGWRSURZ7KDWPDNHVWKHWRSx and the bottom 30. I
ZRXOGGLYLGHWKHLQWRHTXDOVHFWLRQVVRHDFKZRXOGEHVR x = 5.
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Think Sheet

Materials

Questions to Ask Before Assigning the Think Sheet

 SaQEalaQcH
 couQtHrs
 soPHsPallSaSHrEaJs
 calculators

¸ Place ¿ve cubes in an opaque paper bag. Write the letter x on the bag. Place the
bag and three counters on one side of a pan balance and eight counters on the
other side. +RZGRHVWKHEDODQFHVKRZWKHHTXDWLRQ[ "(e.g., There is a
bag named x and three counters and it balances eight counters.)'R\RXNQRZ
KRZPDQ\FXEHVPXVWEHLQWKHEDJ"(5):K\PLJKW\RXVD\WKHVROXWLRQWRWKH
HTXDWLRQLV"(e.g., 5 cubes have to be in the bag to make the pans balance.)
¸ How does the diagram show the equation 2x + 6 = 21?
x

x

6

21

HJ7KHWRWDOOHQJWKRI[PDWFKHVWKHOHQJWK
¸ How do you know that x must be worth 7.5? HJ,I\RXWDNHWKHSDUWDZD\IURP
WKHWKHUHLVOHIWWKDWKDVWREHVSOLWLQWRWZRx’s, so each one must be 7.5.)

Using the Think Sheet
0DNHVXUHVWXGHQWVXQGHUVWDQGWKHPDWHULDOH[SODLQHGLQWKHLQVWUXFWLRQDOER[
Then assign the tasks on the page.
%\YLHZLQJRUOLVWHQLQJWRVWXGHQWUHVSRQVHVQRWHLIWKH\
 FDQWUDQVODWHEHWZHHQDPRGHODQGDQHTXDWLRQDQGYLFHYHUVD
 recognize that the same amount can be added or subtracted to both pans or both
OHQJWKV
 UHODWHWKHRSHUDWLRQVSHUIRUPHGRQWKHSDQEDODQFHRUZLWKWKHUHFWDQJOHVWRWKH
FRHI¿FLHQWVDQGFRQVWDQWVLQWKHHTXDWLRQ
 FDQVROYHHTXDWLRQVZKHWKHURUQRWWKHUHDUHYDULDEOHVRQERWKVLGHVRIWKH
HTXDWLRQ
 UHFRJQL]HWKDWWKHUHDOSDQEDODQFHPRGHOIDLOVXQOHVVWKHVROXWLRQLVDZKROH
number.

&onsolidating and ReÀecting on the Open Question
¸ How could you model an equation of the form ___x + ___ = ___? HJ,ZRXOG
PRGHOWKHULJKWQXPEHURIx’s and some counters on one side and the right number
RIFRXQWHUVRQWKHRWKHUVLGH
¸ What would be different for the model of an equation of the form ___x – ___ = ___?
HJ,ZRXOGVWDUWZLWKRQHVLGHEHLQJKHDYLHUWKDQWKHRWKHUWKHQ,ZRXOGDGG
FXEHVWRWKHOLJKWVLGHWREDODQFHLWEHIRUH,FRQWLQXHG
¸ Which of the equations in Question 5 did you choose to model with the lengths?
Why did you make that choice? HJ,PRGHOOHG±j ZLWKOHQJWKVVLQFH
,WKRXJKWLWZDVHDVLHUWRVKRZWKHVXEWUDFWLRQ
¸ Why would you not be able to use an actual pan balance to solve the equation
3x + 2 = 10? HJ(DFKEDJZRXOGKDYHWRKDYH_83 counters in it and that is not
possible.)
Note: When using the rectangle model, remember that a constant is added to a
JURXSRIYDULDEOHVWRPDWFKWKHIXOOOHQJWKRIcLIWKHHTXDWLRQLVRIWKHIRUPaxb = c.
,IWKHHTXDWLRQLVRIWKHIRUPax – b = c, then an amount bLVUHPRYHGIURPWKHODVWRI
the xER[HVLQRQHURZRIWKHPRGHO7KHc matches the part that is NOT removed.

15
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Solutions
1. a)
b)
c)
d)
e)

2x 
x 
5t 
3x 
x± 

2. a) HJ7KHQ\RXZRXOGKDYHMXVWWKUHHER[HVRQWKHOHIWDQG\RXFRXOGPDWFKWKHPXS
ZLWKRQHRIWKUHHHTXDOJURXSVRQWKHULJKW
b) 3s = 21
c) s = 7
3. a) HJ7DNHHLJKWFRXQWHUVIURPHDFKVLGH
b) HJ7DNHWZRFRXQWHUVIURPERWKVLGHV
c) ,ZRXOGVSOLWWKHLQWRDQGWKHZRXOGPDWFKWKHERWWRP
4. e.g., 6x – 8 = 16 or 6x – 8 = 22 or 6x – 8 = 28
5. a) e.g.,

k
k

k
k

72

k
k

9

k

=

k 
b) e.g.

 18 
t

t

t

t

46

t = 16
c)

e.g.,

9 j


300

j

j

j



jj j

j

m

m

m

m

m

m

j

j

j

192

j = 12
d) e.g.,
57

=

m 

16
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e) e.g.,

112
k
k

f)

k 
e.g.,

k
k

k

k

k

k

k

k

k

k

k

36
k

k

12

=

k 

6. e.g.,
a) 2k 
b) 1REHFDXVH\RXFDQQRWKDYHQHJDWLYHFRXQWHUVLQDER[
c) e.g.,
,I,WDNHDZD\IURPWRSDQGERWWRP,KDYHkPDWFKLQJVRHDFKkLV

k

17
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Open Question

Using a Balance Model
Learning Goal
 representing an equation with a model as a strategy to solve it.

Open Question
The two models below can be used to represent the equation 4x – 2 = 14.

x

x



x

14

x

x

x

x

2



x

14

 Explain why both of them represent the equation.

 Describe how to use the models to solve the equation to determine the
value of x.

 Create and model Àve equations. Use either or both models.
– Make sure that some of the equations involve subtraction.
– Make sure that the coefÀcient of the variable is never 1.
– Make sure that some equations have the variable on both sides of the
equal sign.

 Describe how to use your models to solve each of your equations.

10
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Think Sheet
Using a Balance Model

(Continued)

Using a Balance Model

Think Sheet

If the equation involved subtracting from both sides, the model would have to be
different. In this case, we might start with an unbalanced model and Àgure out
what to do to make it balance.

The two sides of an equation are equal; they balance. We can think of modelling
the equation on a pan balance to Àgure out the unknown value that would make
the two sides equal.

For example, if the equation were 3x – 8 = 22, we would imagine that one side
shows 3x and the other shows 22, but you must remove 8 from the 3x side to make
the equation balance.

For example, if the equation is 4x + 8 = 32, we could imagine
x

x

x

x

(Continued)

x

x

x

x

x

x

=

We could remove 8 ones from each side of the balance.

It is hard to visualize how to take the 8 away, so another model might be more
helpful. If an amount is shown with arrows above an x box, it is taken away.

This is like subtracting 8 from each side of the equation: 4x = 32 – 8 = 24.



x
x

x

x

x

8



x

x
22

Notice that a section 8 units long is cut from 3x and the remaining section
balances 22. If the 8 unit section were not removed from the top row and added
to the bottom one, it would result in the full 3x on top and 22 + 8 = 30 on bottom.

=

We can divide the 24 counters on the right into four equal groups ³ one group
to match each x box. That means that we can divide both sides by 4 to see that
x = 24 ÷ 4 or 6.
x

x

x

x

x

x

x

22

8

Since the 30 is made up of three sections labeled x, each section must be
worth 10.
10

10

10

22

8

=

Note: We can draw a box that is marked 24 instead of drawing 24 counters.
1. What equation does each model represent?
a)

x

19

x

= 19 counters

=

11

18
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Using a Balance Model

(Continued)

Using a Balance Model

(Continued)

3. What would be your Àrst step to solve each of these?

b)

a)
77
x

x

x

x

x

x

x

x

27

=
=

c)

b)
t
t

t
t

43
t

=

x

x

x

x

x

x

74

=

d)

x

x

12

x

c)

66

48
x



e)

x

x

x

11

x

x

18



x

69

2.

s
s

25

s

4.
=

You are solving an equation modelled on a pan balance. Your Àrst step is to
take 8 counters off of each side and your next step is to separate the counters
on the right side into 6 equal groups. List three possible equations.

a) Why might it make sense to take 4 counters off of each side of the balance?

b) What is the resulting equation?

c) Solve the equation to determine the value of s.

13
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(Continued)

5. Sketch a model (pan balance or rectangles of equal lengths) you could use
to help you to solve each equation. Then solve it.
a) 7k + 9 = 72

b) 4t – 18 = 46

c) 300 – 9j = 192

d) 57 = 6m + 3

e) 112 = 5k – 88

f)

36 + 2k = 12 + 8k

6. a) Create an equation with a solution of k = –2.

b) Explain whether you would be able to use a real pan balance to solve it.

c) Explain how to use a model to solve it.

15
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Using Opposite Operations
Learning Goal

ZRUNLQJEDFNZDUGVWRVROYHDQHTXDWLRQ

Open Question
Questions to Ask Before Using the Open Question
¸ What makes two fractions equivalent? 7KH\DUHHTXDO
¸ What do you think makes two equations equivalent? HJ7KH\DUHHTXDO What
might that mean? HJ7KH\KDYHWKHVDPHVROXWLRQ Indicate that the equations
QRWRQO\KDYHWKHVDPHVROXWLRQEXWSURYLGHH[DFWO\WKHVDPHLQIRUPDWLRQLQD
GLIIHUHQWIRUP
¸ Why are addition and subtraction opposite operations? HJ,I\RXDGGDQXPEHU
WRVRPHWKLQJ\RXFDQXQGRWKHDGGLWLRQE\VXEWUDFWLQJWKDWQXPEHUIURPWKHVXP
¸ What is the opposite operation to multiplication? (division) ,IGHVLUHGLQWURGXFHWKH
SKUDVHLVRODWHWKHYDULDEOHLHWKHLGHDWKDWLIWKHYDULDEOHKDVDFRHI¿FLHQWRI
RQRQHVLGHRIWKHHTXDWLRQDQGWKHUHLVDYDOXHRQWKHRWKHUVLGHWKHQWKHUHLV
QRWKLQJOHIWWRGRWR¿JXUHRXWWKHYDOXHRIWKHYDULDEOH

Using the Open Question
0DNHVXUHVWXGHQWVXQGHUVWDQGZK\WKHWZRHTXDWLRQVDWWKHWRSRIWKHSDJHDUH
HTXLYDOHQW(QVXUHWKDWWKH\UHDOL]HWKDWWKH\PXVWFUHDWHDWOHDVWHTXDWLRQVRU
PRUHLIWKH\ZLVKWRPHHWWKHUHTXLUHGFRQGLWLRQV
%\YLHZLQJRUOLVWHQLQJWRVWXGHQWUHVSRQVHVQRWHLIWKH\
 UHDOL]HWKDWLIDGGLQJLVXVHGWKHHTXDWLRQLQYROYHVDVXEWUDFWLRQRUYLFHYHUVD
 UHDOL]HWKDWLIGLYLGLQJLVXVHGWKHHTXDWLRQLQYROYHVDPXOWLSOLFDWLRQRUYLFHYHUVD
 UHDOL]HWKDWDOWKRXJKZHRIWHQDGGRUVXEWUDFWEHIRUHZHPXOWLSO\RUGLYLGHLWLVQRW
UHTXLUHG
 GLYLGHDOOWHUPVRIWKHHTXDWLRQWKURXJKZKHQGLYLGLQJ¿UVW
 solve equations using opposite operations.

&onsolidating and ReÀecting on the Open Question
¸ What did you notice about the equations where you divided? HJ7KHFRHI¿FLHQW
RIWKHYDULDEOHZDVQRW
¸ What did you notice about the equations where you added? (e.g., The constant on
WKHVDPHVLGHRIWKHHTXDWLRQDVWKHYDULDEOHZDVQHJDWLYH
¸ What kind of equation did you use when you divided ¿rst? HJ2QHZKHUHHYHU\
FRHI¿FLHQWDQGFRQVWDQWZDVDPXOWLSOHRIWKHVDPHQXPEHU
¸ Could you divide ¿rst and then add to solve the equation 4x – 2 = 12? (e.g., Yes)
What would the equivalent equation be? (e.g., 2x – 1 = 6.)

20
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Solutions
e.g.
 ,I\RXFDQDGGWRDQXPEHUWRJHWWKHQXPEHUPXVWEHOHVVWKDQ7KHQXPEHUZRXOGEHs.
 ,I\RXVXEWUDFW\RXJHWDVLPSOHUHTXDWLRQs DQGLI\RXGLYLGH\RXFDQ¿QGWKHYDOXHRIRQHs.
±DGGLQJDQGWKHQGLYLGLQJ
s – 20 = 28
s=8
±RQO\VXEWUDFWLQJ
s 
s = 30
±RQO\GLYLGLQJ
s 
s = 10
±VXEWUDFWLQJWZLFH
3s s s = 8
±GLYLGLQJDQGWKHQVXEWUDFWLQJ s 
s=8
±GLYLGLQJDQGWKHQDGGLQJ
s± 
s = 12
s
_
s = 78
±DGGLQJDQGWKHQPXOWLSO\LQJ
3 – 20 = 6

21
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Think Sheet
Questions to Ask Before Assigning the Think Sheet
¸ What makes two fractions equivalent? 7KH\DUHHTXDO
¸ What do you think makes two equations equivalent? HJ7KH\DUHHTXDO What
might that mean? HJ7KH\KDYHWKHVDPHVROXWLRQ Indicate that the equations
QRWRQO\KDYHWKHVDPHVROXWLRQEXWSURYLGHH[DFWO\WKHVDPHLQIRUPDWLRQLQD
GLIIHUHQWIRUP
¸ Why are addition and subtraction opposite operations? HJ,I\RXDGGDQXPEHU
WRVRPHWKLQJ\RXFDQXQGRWKHDGGLWLRQE\VXEWUDFWLQJWKDWQXPEHUIURPWKHVXP
¸ What is the opposite operation to multiplication? (division) ,IGHVLUHGLQWURGXFHWKH
SKUDVHLVRODWHWKHYDULDEOHLHWKHLGHDWKDWLIWKHYDULDEOHKDVDFRHI¿FLHQWRI
RQRQHVLGHRIWKHHTXDWLRQDQGWKHUHLVDYDOXHRQWKHRWKHUVLGHWKHUHLVQRWKLQJ
OHIWWRGRWR¿JXUHRXWWKHYDOXHRIWKHYDULDEOH

Using the Think Sheet
:RUNWKURXJKWKHLQWURGXFWRU\VHFWLRQZLWKVWXGHQWVRUPDNHVXUHWKH\XQGHUVWDQG
ZKDWWKH\KDYHUHDG
Assign the tasks.
%\YLHZLQJRUOLVWHQLQJWRVWXGHQWUHVSRQVHVQRWHLIWKH\
 UHDOL]HWKDWLIWKHHTXDWLRQLQYROYHVDVXEWUDFWLRQDGGLQJPDNHVVHQVHWRLVRODWH
WKHYDULDEOH
 UHDOL]HWKDWLIWKHHTXDWLRQLQYROYHVDPXOWLSOLFDWLRQGLYLGLQJPDNHVVHQVHWRLVRODWH
WKHYDULDEOH
 GLVWLQJXLVKEHWZHHQHTXDWLRQVZKHUHRQHRSSRVLWHRSHUDWLRQLVUHTXLUHGWRLVRODWH
WKHYDULDEOHDQGWKRVHZKHUHPRUHWKDQRQHRSHUDWLRQLVUHTXLUHG
 UHDOL]HWKDWDOWKRXJKZHRIWHQDGGRUVXEWUDFWEHIRUHZHPXOWLSO\RUGLYLGHWRVROYH
DQHTXDWLRQLWLVQRWUHTXLUHG
 solve equations using opposite operations.

&onsolidating and ReÀecting Questions to Ask After Using the Think Sheet
¸ For what sort of equation might you add 8 ¿rst? HJDQHTXDWLRQRIWKHIRUP
___x – 8 = ___)
¸ For what sort of equation might you divide by 4? HJDQHTXDWLRQLQYROYLQJx)
¸ How are equations where you have to do two opposite operations different from
ones where you only do one opposite operation? HJ,I\RXQHHGWZRRSSRVLWH
RSHUDWLRQVWKHUHLVXVXDOO\DFRHI¿FLHQWRIWKHYDULDEOHWKDWLVQRWDQGWKHUHLV
also an addition or subtraction in the equation.)
¸ Why might you divide ¿rst rather than subtract for 3x - 6 = 9? (e.g.because 3,6 and
DUHDOOPXOWLSOHVRIDQGWKHHTXDWLRQx LVVLPSOHUWRZRUNZLWK

Solutions
1. a) and c).
HJ)RUD ,ZRXOGDGG¿UVWWRJHWx = 30 to make it easier to solve.
)RUF ,ZRXOGDGGtWRERWKVLGHV¿UVWDQGWKHQ,ZRXOGVXEWUDFWIURPERWKVLGHV
7KDWZD\,ZRXOGNQRZKRZPXFKtLVDQGMXVWGLYLGHWKHDPRXQWE\
2. a)
b)
c)
d)
e)
22

HJ6XEWUDFWWRXQGRWKHDGGLWLRQRIWKH
HJ$GGWRXQGRWKHVXEWUDFWLRQRIWKH
e.g., Add 8s WR¿JXUHRXWKRZPXFKsZRXOGEH
HJ6XEWUDFWWRWDNHDZD\WKH
e.g., Add 3mWR¿JXUHRXWKRZPXFKmZRXOGEH
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3. a) e.g., 8x RUx RUx  
b) $IWHUVXEWUDFWLQJ,ZRXOGGLYLGHE\

4. e.g., 3x – 12 = 18

3x – 10 = 50

3x± 

5. a) HJ%HFDXVHWKHUHLVRQO\RQHRSHUDWLRQLQWKH¿UVWHTXDWLRQEXWWZRLQWKH
second.
b) One operation – addition
c) e.g., 3x = 30
6x ±
x – 8 = 10
x 
x = 10
x=7
x = 18
x = 22
d) e.g.

3x x = 8





x x = 10





x = 11, x = 3





x x = 5

6. a)
b)
c)
d)
e)
f)

m 
t = 20
k = 17
c = 12
k = 21
m=8

7. HJ%RWKRIWKHPDUHULJKW.\ODZRXOGJHWx ZKLFKLVWKHVDPHDVx DQG
(ULFZRXOGJHWx ZKLFKDOVRKDSSHQVZKHQx 

23
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Open Question

Using Opposite Operations
Learning Goal
 working backwards to solve an equation.

Open Question
6s + 20 = 68 and
6s = 68 – 20 are equivalent equations.

 Explain how they give the same information.

 Why might someone think that the way you solve 6s + 20 = 68 involves subtracting
and then dividing?

 Create and then solve equations that might be solved by performing each
of these operations:
– adding and then dividing
– only subtracting
– only dividing
– subtracting twice
– dividing and then subtracting
– dividing and then adding
– adding and then multiplying

16
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Think Sheet
Using Opposite Operations

(Continued)

Using Opposite Operations

(Continued)

1. For which of these equations would you add something Àrst to solve using
opposite operations? Tell why.

Think Sheet

a) 3x – 9 = 21

If an equation such as 3x + 4 = 19, was modelled on a pan balance, we would
subtract four counters from each side to get a simpler equivalent equation.

b) 62 = 5x + 22
c) 120 – 9t = 18

x
x

x

2. What is the Àrst operation you would perform in solving each equation? Why?

=

This means that
3x + 4 = 19 and
3x
= 19 -4

a) 7x + 8 = 71
are equivalent equations.

The equation was simpliÀed to 3x = 15 by performing an opposite operation.

b) 9s – 18 = 63

4 had been added to 3x, so now we subtract it.
If 3x = 15, you multiplied x by 3.
The opposite operation is division.

c) 120 – 8s = 48

So if
3x = 15, then
3x ÷ 3 = 15 ÷ 3
x = 5 is a very simple equivalent equation.

d) 52 + 9t = 151

e) 73 = 115 – 3m

This is exactly what you would have done on the pan balance, without using the
balance.
When using opposite operations, it is useful to think of the order of operations
(BEDMAS) in reverse.

3. You are solving an equation involving the term 8x. Each time, your Àrst step is
to subtract.
a) List three possible equations.

If you add and subtract last, it might be easier to do the opposite Àrst.
To solve 3x + 4 = 19, Àrst subtract and then divide.
b) Tell what your next step would be and why.

You can divide Àrst, but you have to divide every term.
3x + 4 = 19 is equivalent to x + 4/3 = 19/3.

17
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Using Opposite Operations

(Continued)

4. You solve an equation by Àrst adding something and then dividing by 3.

Using Opposite Operations

(Continued)

7. Kyla said that to solve 4x + 20 = 56, you have to subtract 20 Àrst.
Eric said you could divide by 4 Àrst as long as you divide everything by 4.

List three possible equations.

With whom do you agree? Why?

5. a) Why would you use only one opposite operation to solve 4x = 20 but two
opposite operations to solve 4x + 9 = 29?

b) How many and what opposite operations would you use to solve
x – 8 = 12?

c) List four equations that could be solved using only one opposite operation.
Solve the equations.

d) Create four equations that require two operations to solve them. Solve the
equations.

6. Use opposite operations to solve each of these equations.

19

25

a) 11m + 23 = 67

b)

12t – 182 = 58

c) 100 – 4k = 32

d)

215 = 8c + 119

e) 46 = 5k – 59

f)

24 + 6m = 8m + 8
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5HDUUDQJLQJ(TXDWLRQVDQG)RUPXODV
Learning Goal


UHSUHVHQWLQJDQHTXDWLRQRUIRUPXODLQDGLIIHUHQWZD\WRPDNHLWHDVLHUWRVROYH

Open Question
Questions to Ask Before Using the Open Question
¸ If the area of a rectangle was 20 square units and the length was 2 units, how
would you ¿gure out the width? HJ'LYLGHE\ Why? 6LQFH\RXPXOWLSO\WZR
times the length to get the area and the opposite operation is division.)
¸ Why is what you just said the same as saying that if A = l × w, then w = A ÷ l?
HJ<RXDUHGLYLGLQJWKHDUHDE\WKHOHQJWKMXVWDVZHGLGZLWKDQG
¸ How is that like solving the equation A = l × w for w? HJ,IWKHHTXDWLRQZHUH
x \RXZRXOGGLYLGHE\6RLWLVOLNHSUHWHQGLQJWKDWA = 8 and l 

Using the Open Question
(QFRXUDJHVWXGHQWVWRXVHDFRPELQDWLRQRIIRUPXODVDQGVLWXDWLRQVWKDWFDQEH
GHVFULEHGZLWKWZRRUPRUHYDULDEOHV
%\YLHZLQJRUOLVWHQLQJWRVWXGHQWUHVSRQVHVQRWHLIWKH\
 UHFRJQL]HVLWXDWLRQVLQYROYLQJPRUHWKDQRQHYDULDEOH
 FDQXVHLQYHUVHRSHUDWLRQVWRLVRODWHDQ\YDULDEOHLQDVLPSOHHTXDWLRQ

&onsolidating and ReÀecting on the Open Question
¸ When might an equation involve more than one variable? (e.g., When it is
GHVFULELQJDUHODWLRQVKLSEHWZHHQWZRDPRXQWV
¸ Choose one of your equations. Explain how you solved for one of the variables in
terms of the other? (e.g., I used P hWRGHVFULEHWKHSD\IRUDQHOHFWULFLDQ
IRUhKRXUV7RVROYHIRUh,UHDOL]HG\RXZRXOGKDYHWRWDNHIURPP and then
GLYLGHE\

Solutions
e.g.,
a) A = bh IRUPXODIRUWKHDUHDRIDSDUDOOHORJUDP
h = _Ab and b = _Ah
b) V = lî wî h IRUPXODIRUWKHYROXPHRIDUHFWDQJXODUSULVP
V
V
V
l = __
W = __
h = __
(wîh)
(lîh)
(wîl)
c) 7KHUHDUHVRPHWDEOHVZLWKIRXUSHRSOHDWWKHPDQGVRPHWDEOHVZLWK¿YHSHRSOHDWWKHP$OOWKHWDEOHVDUH
IXOODQGWKHUHDUHSHRSOHVHDWHG+RZPDQ\RIHDFKNLQGRIWDEOHPLJKWWKHUHEH"
(100 – 5b)
±a)
 ab
a = ___
b = ___
5

d) $QHOHFWULFLDQFKDUJHVIRUDYLVLWDQKRXU+RZPXFKPLJKW\RXSD\
(P – 35)
P h
h = __

e) P = 2lw IRUPXODIRUWKHSHULPHWHURIDUHFWDQJOH
P – 2w
P – 2l
l = __
w = __
2
2
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Think Sheet
Questions to Ask Before Assigning the Think Sheet
¸ If the area of a rectangle was 20 square units and the length was 2 units, how
would you ¿gure out the width? HJ'LYLGHE\ Why? 6LQFH\RXPXOWLSO\WZR
times the length to get the area and the opposite operation is division.)
¸ Why is what you just said the same as saying that if A = l × w, then w = A ÷ l?
HJ<RXDUHGLYLGLQJWKHDUHDE\WKHOHQJWKMXVWDVZHGLGZLWKDQG
¸ How is that like solving the equation A = l × w for w? HJ,IWKHHTXDWLRQZHUH
x \RXZRXOGGLYLGHE\,WLVOLNHSUHWHQGLQJWKDWA = 8 and l 

Using the Think Sheet
5HDGWKURXJKWKHLQWURGXFWRU\ER[ZLWKWKHVWXGHQWVRUFODULI\DQ\TXHVWLRQVWKH\
might have.
Assign the tasks.
%\YLHZLQJRUOLVWHQLQJWRVWXGHQWUHVSRQVHVQRWHLIWKH\
 UHODWHVWUDWHJLHVIRUVROYLQJHTXDWLRQVZLWKWZRYDULDEOHV RUPRUH WRWKRVHWKH\
OHDUQHGIRUVROYLQJHTXDWLRQVLQYROYLQJRQHYDULDEOH
 XVHRSSRVLWHRSHUDWLRQVWRVROYHHTXDWLRQVIRURQHYDULDEOHLQWHUPVRIDQRWKHU
 UHFRJQL]HWKHYDOXHRIXVLQJDJHQHUDOIRUPXODUHDUUDQJHPHQWZKHQPDQ\
substitutions are required.

&onsolidating and ReÀecting Questions to Ask After Using the Think Sheet
¸ How is solving 2x – 4 = 8 like solving 2x – 4 = y for x? HJ<RXUHDOO\GRMXVWWKH
VDPHWKLQJH[FHSW\RXFDQQRWDFWXDOO\FRPELQHDQGyWKHVDPHZD\\RXFDQ
FRPELQHDQG<RXMXVWZULWHy
¸ What operations will you use on the formula for the circumference of a circle
(C = 2ʌr) to solve for the radius when you know the circumference? HJ,ZRXOG
GLYLGHVLQFHLWLVWKHRSSRVLWHRIPXOWLSO\LQJrE\ʌ
¸ If you have to ¿nd lots of different values of x for different values of y when
y = 3x – 14, why might it be better to solve for x in terms of y than to substitute
each value of y in the original equation? HJ,I\RXVXEVWLWXWHLQWKHRULJLQDO
HTXDWLRQ\RXKDYHWRUHPHPEHUHDFKWLPHWRDGGWKHDQGGLYLGHE\,I\RX
VROYHIRUx\RXRQO\KDYHWRUHPHPEHURQFHDQGWKHQMXVWGRWKHVXEVWLWXWLRQV

Solutions
1. a) and c) or a), c) and d)
)RUD WKHRSSRVLWHRIVXEWUDFWLQJLVDGGLQJ
)RUF WKHRSSRVLWHRIVXEWUDFWLQJLVDGGLQJ
)RUG \RXPLJKWDGGxWRERWKVLGHVVLQFHWKHRSSRVLWHRIVXEWUDFWLQJLWLVDGGLQJLW
2. a)
b)
c)
d)
e)
3. a) 5

e.g., Add 8 to both sides.
e.g., Add 3m to both sides.
e.g., Add 2 to both sides.
HJ$GGm to both sides.
HJ6XEWUDFWIURPERWKVLGHV
b) 10

c) 15

d) 25 ÷ e ÷

4. a),ZRXOGGLYLGH$E\b.

b ,ZRXOGGLYLGH$E\h

c) I used the same idea.

5. a 7RVROYHIRUh,ZRXOGPXOWLSO\AE\DQGWKHQGLYLGHE\ b b WRVROYHIRUb,
,ZRXOGPXOWLSO\AE\GLYLGHE\h and then subtract 5.
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6. a) h = V ÷12
b) w = (P - 12) ÷ 2
c) w = (SA - 30) ÷16
(y – 3)

d) x = __
2
y – 10

e) x = __
2
f)

(18 – y)

x = __
3

7. a) HJ,ZRXOGFKRRVH6WUDWHJ\$VLQFHLWLVOHVVZRUN
b) HJ,ZRXOGFKRRVH6WUDWHJ\%VLQFH,FRXOGXVHWKHVDPHIRUPXODRYHUDQGRYHU
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Open Question
Rearranging Equations and Formulas

Rearranging Equations and Formulas
Learning Goal

(Continued)

Think Sheet

 representing an equation or formula in a different way to make it easier to solve.

When an equation involves two or more variables, you can solve for any one of
them using the other(s).

Open Question
Sometimes equations describe the relationship between different variables.
Some examples are:

For example, if y = x + 2, then y is 2 more than x.

E = 15h (the total earnings for h hours if you earn $15 an hour)

That means that x is 2 less than y.

A = lw (the formula for the area of a rectangle)

You can use opposite operations to see this:

2t + 5f = 100 (the total value of t toonies and f $5 bills)

y = x + 2 , so
y–2=x+2–2

Sometimes you know one of the variables and want to solve for the other.

y- 2=x

For example, for the Àrst equation, you might know the number of hours and want
to Àgure out the earnings or you might know the amount earned and try to Àgure
out how many hours.

In a triangle, A = bh ÷ 2.
You can use opposite operations to solve for h if you know b and A.

For the second equation, you might know the area and length and want to Àgure out
the width or you might know the length and width and want to Àgure out the area.

A = bh ÷ 2, so
2A = bh, so

 Think of at least Àve formulas you know or create situations that you could
describe with two or more variables.
– Make sure that some of the equations involve coefÀcients other than 1.
– Make sure that different operations are used in different equations.
– Do not use the equations or situations from the background section above.

2A÷b = h

If you know actual values to substitute, you can substitute and then solve. For
example, if the area of a triangle is 12 square units and the base is 4 units, you
could write:
A = bh÷2, so
12 = 4h÷ 2, so

 Show how you would solve for each variable in terms of all of the others.

2 x 12 = 4h, so
24 ÷ 4 = h.
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Think Sheet
Rearranging Equations and Formulas

(Continued)

1. For which of these equations would you add something Àrst to solve for x in
terms of y? Why?

Rearranging Equations and Formulas

(Continued)

(

)

b+5
5. The formula for the area of this trapezoid is A = –––
h.
2
5

a) y = 4x – 8
h

b) y = 3x + 12
b

a) How would you solve for h if you knew A and b?

c) 6x – 12 = y

d) 500 – 2x = y

b)How would you solve for b if you knew A and h?

2. What is the Àrst step you would perform to solve for m in terms of p?
a) p = 6m – 8

b)

p = 15 – 3m

c) p = 3m – 2

d)

2p = 5 – 4m

6. For each equation, solve for the bolded variable in terms of the non-bolded
variable.

e) 10p = 18 + 3m

a) V = 12h

b) P = 12 + 2w

3. Complete this table to determine the values of r if C = 2r.

C
a
b
c
d
e

r

c) SA = 30 + 6w + 10w

10
20
30
50
100

d) 4y = 8x + 12

e) 2y = 4(x + 5)

4. The formula for the area of a paralllelogram is A = bh
a) How would you solve for h in terms of A and b?

f)

3y + 9x = 54

b) How would you solve for b in terms of A and h?
c) What do you notice about your two strategies?
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Think Sheet
Rearranging Equations and Formulas
7.

(Continued)

The formula for the perimeter of a rectangle is P = 2l + 2w.

a) To solve for w if you know that P = 20 and l = 4, which of the following strategies
could you choose?
Strategy A: Write 20 = 2 × 4 + 2w and solve the equation 20 = 8 + 2w.
Strategy B: Solve for w in terms of P and l. w = (P – 2l) ÷ 2. Then substitute for P and
l, to get w = (20 – 2 × 4) ÷ 2.
b) If the perimeter were 20 but you had to solve for a lot of values of l for a lot of
different values of w, what strategy would you choose?
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