Planning Guide: Equations with Letter Variables

Examples of Whole Class/Group Assessment

The following is a performance assessment that could be used with a whole group or class. It includes a marking rubric to be used with the assessment.

Gardening with Formulas

In this assessment, students will solve problems to demonstrate their understanding of patterns and formulas related to the perimeter and area of rectangles and the volume of right rectangular prisms by using concrete materials, as needed, diagrams and symbols. They will create pictorial representations of rectangles and explain why the formula for the area of a rectangle is 
A = length × width.

Then students will explain how to find the largest area of a rectangular garden for a given perimeter. By using larger numbers, students will need to apply the formula for the area of a rectangle and the perimeter of a rectangle.

Finally, students will apply the volume formula for right rectangular prisms to find different dimensions for the floor of a garden shed, given the volume and height of the shed.  

Materials required: square tiles, centicubes.

Students could explain why the formula for the area of a rectangle is A = length × width by using the square tiles to set up different arrays. They draw the arrays and show that the area of each the rectangular array is found by multiplying the number of rows (width) by the length of each row (length). The data for the arrays could be shown in a chart. The pattern in the chart can be generalized as the formula for the area of rectangles.

When given the perimeter of a rectangle and asked to find the rectangle with the largest area, students could use the formula for the perimeter of a rectangle, P = 2L + 2W and take half of it.  If the entire perimeter is 40 m, then half the perimeter is 20 m. Therefore, L + W = 20 m. Students could list the different dimensions that add up to 20 in a chart and include the area for each. When they get to 10 m by 10 m, the numbers are repeated so they do not have to be listed in the chart.

	Length (m)
	19
	18
	17
	16
	15
	14
	13
	12
	11
	10

	Width (m)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Area (m2)
	19
	38
	51
	64
	75
	84
	91
	96
	99
	100


Some students may know that the square provides the greatest area for a given perimeter of a rectangle. They may use the formula for the perimeter of a square, P = 4 × n, where P = the perimeter of the square and n = the length of one side of the square. Substituting into the formula: 40 = 4 × n. Therefore, n = 10.

Students must answer the question asked in a sentence with the correct number and unit for the measurement. Sample answer: "The dimensions of the garden that would provide the most space to plant the vegetables are 10 m by 10 m. It would be a square garden."

The formula for the volume of a right rectangular prism can be written as V = area of the rectangular base × height or V = B × h. Because the volume and the height are provided in the problem, the student can use the formula to write the equation: 24 = 2 × B, where 24 m3 is the volume of the rectangular prism, 2 m is the height and B is the area of the rectangular base. 
2 × 12 = 24. Therefore, the area of the rectangular base is 12 cm2. Some students may need to use the centicubes to build the rectangular prisms with different bases.  

Using the formula for the area of rectangles, A = L × W, students can write the factor pairs for 12 and may include them in a chart. When they get to 4 m by 3 m, the numbers are repeated so they do not have to be listed in the chart because students apply the commutative property of multiplication; i.e., 4 × 3 = 3 × 4.

	Length (m)
	12
	6
	4
	3

	Width (m)
	1
	2
	3
	4

	Area of the base (m2)
	12
	12
	12
	12


Students must answer the question asked in a sentence with the correct number and unit for the measurement. Sample answer: "The dimensions of the rectangular base of the shed could be 6 m by 2 m or 4 m by 3 m. If the dimensions of the base are 12 m by 1 m, the shed would likely be too narrow."

Task-specific Criteria

Each student will:

· write and explain the formula for finding the perimeter of any given rectangle

· write and explain the formula for finding the area of any given rectangle

· identify the unknown in a problem where the unknown could have more than one value, and represent the problem with an equation

· identify the unknown in a problem, represent the problem with an equation, and solve the problem concretely, pictorially or symbolically

· explain, using models, how the area of any rectangle can be determined

· generalize a rule (formula) for determining the area of rectangles

· explain, using models, how the volume of any right rectangular prism can be determined

· generalize a rule (formula) for determining the volume of right rectangular prisms

· solve a given problem involving the perimeter of polygons, the area of rectangles and/or the volume of right rectangular prisms.

Early finishers can:

· find the rectangle with the largest area that has a perimeter of 24 cm

· find the rectangle with the least perimeter that has an area of 144 cm2
· find all the possible right rectangular prisms that have a volume of 64 cm3, using only whole number dimensions

· find the one-hundredth term in the pattern 8, 12, 16, 20, …. 

	Gardening with Formulas—Student Assessment Task

Materials: square tiles, centicubes

You are getting ready to plant a vegetable garden. In making decisions about the garden, you will use some formulas for perimeter, area and volume.

1. Explain, using concrete materials and at least two different diagrams, why the formula for the area of a rectangle is A = length × width.

2. You have 40 metres of fencing to enclose your rectangular garden. Find the dimensions (length and width) of the garden using all 40 m of fencing that will provide the most room to plant the vegetables. Explain your thinking using appropriate formulas.

3. You and your dad are constructing a garden shed in the shape of a right rectangular prism with a volume of 24 m3. If the height of the shed is 2 m, what could the dimensions (length and width) of the floor be? Provide two examples using whole numbers. Explain your thinking using an appropriate formula.




Student: ___________________________________

	SCORING GUIDE:

Gardening with Formulas




	              
              Level

Criteria               
	4

Excellent


	3

Proficient
	2

Adequate
	1

Limited *
	Insufficient / Blank *

	Explains, using models and diagrams, why the formula for the area of rectangles is 

A = L × W
Question 1


	The student uses the square tiles to represent at least two rectangles, draws and labels very accurate diagrams that represent the concrete materials, and uses precise mathematical language to explain why the formula for the area of rectangles is A = L × W.  


	The student uses the square tiles to represent two rectangles, draws and labels accurate diagrams that represent the concrete materials, and explains clearly why the formula for the area of rectangles is 
A = L × W.
	The student uses square tiles to represent a rectangle, draws but may not label a diagram that represents the concrete materials, and provides a limited explanation of why the formula for the area of rectangles is A = L × W.
	The student may have difficulty using the square tiles to represent a rectangle, draws an inaccurate diagram with no labels to represent the concrete materials and does not explain why the formula for the area of rectangles is A = L × W.
	No score is awarded because there is insufficient evidence of student performance, based on the requirements of the assessment task.



	Connects perimeter and area of rectangles to solve a problem

Question 2


	The student describes clearly, using precise mathematical language with the use of formulas, the solution process, and answers the problem correctly using appropriate units.  


	The student describes clearly with the use of formulas, the solution process, and answers the problem correctly using appropriate units.  
	The student may or may not use formulas to provide a limited explanation of the solution process, may have some errors in solving the problem and may not use appropriate units.
	The student uses no formulas, has difficulty providing any explanations, makes many errors in solving the problem and does not use the appropriate units.   
	No score is awarded because there is insufficient evidence of student performance, based on the requirements of the assessment task.



	Applies the formula for the volume of right rectangular prisms to solve a problem 

Question 3


	The student describes clearly, using precise mathematical language with the use of formulas, how to find two examples for the base of the right rectangular prism, and uses appropriate units.  
	The student describes clearly, with the use of formulas, how to find two examples for the base of the rectangular prism, and uses appropriate units.  
	The student may or may not use formulas to provide a limited explanation of how to find an example for the base of the rectangular prism and may not use appropriate units.  
	The student uses no formulas, has difficulty providing any explanation of how to find an example for the base of the rectangular prism, makes many errors in solving the problem and does not use the appropriate units.
	No score is awarded because there is insufficient evidence of student performance, based on the requirements of the assessment task.


*
When work is judged to be limited or insufficient, the teacher makes decisions about appropriate interventions to help the student improve.
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