Planning Guide: Linear Equations

Ways to Assess and Build on Prior Knowledge and Skills
Before introducing new material, consider ways to assess and build on students' knowledge and skills about their understanding of variables, equality and solving equations. You may choose to use indicators from prior grades to help to determine what students should know or understand. Consider using open-ended questions to more accurately assess what students are able to communicate and do.

1.  Variables

Research has shown that students often have misconceptions about the concept of variables. Usiskin (1988) identified three different ways that variables are used:
1. As a specific unknown with a single value; e.g., 2n + 15 = 5n + 3. Students are often asked to solve for the unknown value.

2. As a pattern generalizer; e.g., 2n + 5 where n can have an infinite number of values.
3. Variables that change in relation to one another; e.g., C = 2πr, where the measure of the radius (r) affects the value of the circumference (C).

It is important that students have an opportunity to think about the different ways that variables are used to represent an unknown. Students may also need to be reminded that other symbols like boxes and letters can serve the same purpose. Students may be confused by the meaning of letters as they often are used to represent different ideas in mathematics. The following activities should help diagnose student understanding of the use of letters and variables.

Activity 1.1: Using Letters as Variables

Explain what is the same and what is different about the way that the letter m has been used in the following cases:
· Martin ran 100 m

· 2m + 15 = 23

· 3m + 2.
Students should begin to discuss that, in the first case, the m represents an abbreviation for metre, which is different from the second two uses, where m represents a value.
· The difference between the second and third cases is that one represents a single value while the other represents an infinite number of values. Students may also require clarification that a numerical coefficient in front of the variable implies multiplication. Ask them to show 
2m + 15 = 23 and 3m + 2 in a different (expanded) form. They may share answers like:
–
2 • m + 15 = 23 or 2 × m + 15 = 23 or 2(m) + 15 = 23 or 15 + 2 × m = 23 (
–
3 • m + 2 or 3 × m + 2 or 3(m) + 2 or 2 + 3 × m or 2 + 3(m) (
If students do not bring up the operation shortcuts during their discussion, ask them to explain what operations are represented in the last two cases and how they could be written differently.

Activity 1.2: Scales 
Scales and balances help students make sense of algebraic relationships as well as encourage thinking, reasoning, discussion and debate. Many of these questions do not include operation signs, so students need to infer and interpret to arrive at a strategy to solve equations.

A single shape has the same value or mass.

Which shape has the greatest mass?

Which shape has the least mass? How do you know?


[image: image1]
Ideas derived from Van de Walle 2001, p. 399.

Activity 1.3: Algebra Number Line
Materials:
· 5 m length of masking or adding machine tape marked with 20 evenly spaced increments. This longer length allows students to stand along the line as they participate in the activity.
· Individual cards marked with the following: 0, 2, –2, 5, –5, 10, –10, x, y, y + 3, y – 4, x + 2, 
x – 2, 3x and 
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.
Instructions:
· Hold up the 0 card and ask a student to place it on the line.
Ask the student to justify why he or she chose to place it there. Ask the class if this is the only choice of places and why?

Once there is agreement on placement of the 0 card, ask students to place the integer cards one by one and discuss how the placement of the first integer card determines the interval. Pick up their card and place it on another increment closer or further away from zero. For example, if the 2 card is placed four increments away from 0, ask students, "What does each interval represent now?"
· In this case, the response should be 0.5.

Determine a place for the 2 card. The goal is to have students discuss and understand that once this number is placed, it determines the position for the subsequent placement of numbers. Ask students to place the remaining integer cards one by one.
· Hold up the x card and ask a student to place it (Note: it can go anywhere).
Ask the following questions:
· How do you know where to place x?

· Is that the only place that it can be placed?

· What do you know about the value of x?

· Hold up the x + 2 card and ask a student to place it.   

Ask the following questions:
· How do you know where to place x + 2?

· Is that the only place it can be placed?

· What do you know about the value of x + 2?

· What happens if I place x + 2 at –5?

· Continue placing the cards with variables, ask similar questions to the ones above and ask students what questions they might ask.

· Consider adding cards like 5y < 12, or 2x + 3 or 
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 to extend the activity.

· At the end of the activity, have students reflect on or discuss in small groups:

–
something they learned or something that became clearer during the activity

–
a question they have

–
something that is still confusing.
Ask the class members to share their discussion as a large group; this activity should help assess where students are at in terms of their understanding of the number line and variables. To differentiate or reinforce the learning in this activity, you may wish to show a number line on a transparency or whiteboard and have students place and move the integers and variables in this medium.
2. 
Equality

Pose the following question to your students and ask them to record their solutions on paper. Ask them to share why they selected their answers.
8 + 4 = ( + 5

Research shows that the majority of students in elementary grades will not answer this question correctly and will justify their answers by:
· saying the answer is: 8 + 4 = 12 + 5

· using all the numbers to find a sum:  8 + 4 = 17 + 5

· incorrectly adding another equal sign: 8 + 4 = 12 + 5 = 17.
From Carpenter, Franke and Levi, 2003, p. 4.

3. 
Solving Equations

In Grade 8, students should have become familiar with and should be able to solve equation formats shown in the activity below. Put each equation on an individual recipe card and ask students to sort the cards into the following three categories:

a. easy to solve in my head

b. harder, but can be solved in my head

c. easier to use a model or pen and paper to solve.
1. n + 2 = 7

2. 3n = 21

3. 2n + 7 = 19

4. 4n – 8 = 6n + 2

5. 5 = 2n – 7

6. n – 2 = 7

7. 
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 = 21

8. 3n – 5 = n + 1

9. 6(n – 4) = 2x + 4

10. 5n – 2 = 9

Ask students to discuss the following questions with a partner or in a small group:
· how did you decide which questions would be easy to solve mentally?

· what process did you use to solve these equations?

· what are the similarities and differences in the methods that each person used?

If a student appears to have difficulty with these tasks, consider further individual assessment, such as a structured interview, to determine the student's level of skill and understanding. See Sample Structured Interview: Assessing Prior Knowledge and Skills (p. 5).
Sample Structured Interview: Assessing Prior Knowledge and Skills

	Directions
	Date:

	
	Not Quite There
	Ready to Apply

	Read the following to the student: "A number is doubled and then increased by 5."
Translate this into an algebraic expression and explain a situation in real life that models this expression.

	The student is unable to translate the operations into English.
The student is not aware of what one or both of the operation signs represent or may reverse the subtraction.
The student cannot think of a context or identifies the context incorrectly.

	The student is able to translate the expression into 2n + 5.
The student is able to articulate a context like, "I got paid the same amount to mow my neighbour's lawn two times and then, the second time, my neighbour gave me a bonus of $5."


	Ask the student to show a solution using algebra tiles or a symbolic pencil and paper solution:
· 3x = 6

· 2x = –6

· –3x = 6

· –2x = ​6.


	The student is not able to identify the operation on the left as multiplication.
The student is not able to solve some of the situations involving negative coefficients or constants.
The student is unable to show dividing both sides of the equation by a common divisor.
The student can use one representation more competently than the other.
	The student solves the questions correctly with tiles and is able to show the steps.
The student is able to translate the pictorial or concrete steps into a symbolic representation.


	Ask the student to show a solution using algebra tiles or a symbolic pencil and paper solution for:
· 2(n + 1) = 8

· 2(n + 2) = 3(n + 3).


	The student is not able to use the distributive property correctly. 

The most common error is that the student does not multiply the coefficient by the second value in the brackets.
The student is not able to show the correct steps for the solutions using tiles.
The student is not able to show the correct steps for the solutions using a symbolic representation.
	The student uses the distributive property competently.

The student shows a correct solution using tiles.

The student shows a correct solution using numbers.

	Show the student the following three equations and ask the student to:

· explain why they are different 

· explain how each is solved.
· 2x = 10

· 
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 = 10

· 
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 = 10


	The student is not able to clarify the differences in the operations.
The student is unable to see a difference between the two division questions.

The student has difficulty solving one or more of the equations.
	The student is able to articulate that the first equation involves multiplication while the other two involve division.
The student may predict that the third equation will involve a rational value.
The student is able to solve all three situations.
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