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These Mathematics Learning Progressions Organizers are not replacements for teachers’ individual unit KUDs.  Rather, they are an unpacking and clarification of the concepts inherent in the Common Core State Standards.  These are a resource from which teachers should select appropriate Knowledge, Understandings, and Dos to develop their own unit KUDs to guide planning for instruction.

	
Teaching and Learning Branch



	Learning Progressions

	CCSS: Grades 9 – 12

Algebra Strand

	(KUD Organizer)

	Mathematics
D. Roscoe

	4/26/2011

	


Course: Math Grades 9-12
Topic: Algebra: Seeing Structure in Expressions
Team: H. Sutton, J. McCarthy, D. Roscoe, V. Maxwell, J. Riser, K. Clifton
Which standards are in this learning progression?
	9-12.A.SSE.1a-b, 9-12.A.SSE.2, 9-12.A.SSE.3a-c, 9-12.A.SSE.4


By the end of this learning progression, students will be able to…
	UNDERSTAND:

	Students will understand that:

Reading an expression with comprehension involves analysis of its underlying structure. This may suggest a different but equivalent way of writing the expression that exhibits some different aspect of its meaning. 

Viewing an expression as the result of operation on simpler expressions can sometimes clarify its underlying structure. 


	KNOW:
	DO:

	Number properties that facilitate the writing of the equivalent forms


	9-12.A.SSE.1 Interpret expressions that represent a quantity in terms of its context.* 

9-12.A.SSE.1a Interpret parts of an expression, such as terms, factors, and coefficients. 
9-12.A.SSE.1b Interpret complicated expressions by viewing one or more of their parts as a single entity. For example, interpret P(1+r)n as the product of P and a factor not depending on P. 

9-12.A.SSE.2 Use the structure of an expression to identify ways to rewrite it. For example, see x4 - y4 as (x2)2 - (y2)2, thus recognizing it as a difference of squares that can be factored as (x2 - y2)(x2 + y2). 

9-12.A.SSE.3 Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity represented by the expression.* 
9-12.A.SSE.3a Factor a quadratic expression to reveal the zeros of the function it defines. 

9-12.A.SSE.3b Complete the square in a quadratic expression to reveal the maximum or minimum value of the function it defines. 

9-12.A.SSE.3c Use the properties of exponents to transform expressions for exponential functions. For example the expression 1.15 t can be rewritten as (1.151/12)12t( 1.01212t to reveal the approximate equivalent monthly interest rate if the annual rate is 15%. 

9-12.A.SSE.4 Derive the formula for the sum of a finite geometric series (when the common ratio is not 1), and use the formula to solve problems. For example, calculate mortgage payments.* 

Interpret and model a given context using expressions

Decompose and recompose algebraic expressions using number properties in the context of solving problems

Demonstrate flexible and strategic use of equivalent expressions to model and solve world problems.

	Mathematically proficient students acquire precision in the use of mathematical language by engaging in discussion with others and by giving voice to their own reasoning. By the time they reach high school they have learned to examine claims, formulate definitions, and make explicit use of those definitions. The terms students should learn to use with increasing precision in this unit are: Expression, Term, Coefficient, Geometric Series, Exponential Function, Quadratic Function, Complete the Square, Factor, Zeros, Roots, Intercept, Maximum, Minimum.

	Standards for Mathematical Practice:

1.  Make sense of problems & persevere in solving them.

2. Reason abstractly & quantitatively.

3. Construct viable arguments and critique the reasoning of others.  

4. Model with mathematics 
	5.  Use appropriate tools strategically.

6. Attend to precision.

7. Look for and make use of structure.

8. Look for and express regularity in repeated reasoning.




Course: Math Grades 9-12
Topic: Algebra – Arithmetic with Polynomials and Rational Expressions
Team: High School Team
Which standards are in this learning progression?
	9-12.A.APR1, 9-12.A.APR2, 9-12.A.APR3, 9-12.A.APR4, 9-12.A.APR6


By the end of this learning progression, students will be able to…
	UNDERSTAND:

	Students will understand:
How to extend and apply the conceptual understanding of arithmetic structures and operation to polynomials.
Algebraic manipulations are governed by the properties of operations and exponents, and the conventions of algebraic notation. 



	KNOW:
	DO:

	Know that polynomials form a system analogous to the integers, namely, they are closed under the operation of addition, subtraction, and multiplication.

Know that polynomials can be decomposed and recomposed.

	9-12.A.APR.1 Add, subtract, and multiply polynomials.
9-12.A.APR.2 Apply the Remainder Theorem: For a polynomial p(x) and a number a, the remainder on division by x-a is p(a), so p(a) = 0 if and only if (x-a) is a factor of p(x).
9-12.A.APR.3 Identify zeros of polynomials when suitable factorizations are defined by the polynomial.
9-12.A.APR.4 Prove polynomial identities and use them to describe numerical relationships.
9-12.A.APR.6 Rewrite simple rational expressions in different forms; write a(x)/b(x) in the form q(x) + r(x)/b(x), where a(x), b(x), q(x), and r(x) are polynomials with the degree of r(x) less than the degree of b(x), using inspection, long division, or, for the more complicated examples, a computer algebra system.


	Mathematically proficient students acquire precision in the use of mathematical language by engaging in discussion with others and by giving voice to their own reasoning. By the time they reach high school they have learned to examine claims, formulate definitions, and make explicit use of those definitions. The terms students should learn to use with increasing precision in this unit are: Polynomial, Factor, Identity, Rational, Expression, Degree, Zeros, Roots

	Standards for Mathematical Practice:

1.  Make sense of problems & persevere in solving them.

2. Reason abstractly & quantitatively.

3. Construct viable arguments and critique the reasoning of others.  

4. Model with mathematics 
	5.  Use appropriate tools strategically.

6. Attend to precision.

7. Look for and make use of structure.

8. Look for and express regularity in repeated reasoning.




Course: Math Grades 9-12
Topic: Algebra: Creating Equations
Team: High School Team
Which standards are in this learning progression?
	9-12.A.CED.1, 9-12.A.CED.2, 9-12.A.CED.3, 9-12.A.CED.4


By the end of this learning progression, students will be able to…
	UNDERSTAND:

	Students will understand that:

An equation is a record of a computation with numbers, symbols that represent numbers, arithmetic operations, exponentiation, and, at more advanced levels, the operation of evaluating a function. 

Numeric relationships can be symbolically represented as equations and inequalities and fluency in transforming these symbolic representations is a tool for graphing and solving problems.

	KNOW:
	DO:

	The relationship of two or more variables can be represented as an equation or inequality

The relationship of two or more variables can be represented graphically

Knows how to interpret solutions in an equation or inequality- is the solution viable or non-viable in the context of a problem

Know what a constraint is and how to recognize it in the context of a problem

Know what number properties can be applied to symbols in order to rearrange formulas.


	9-12.A.CED.1 Create equations and inequalities in one variable and use them to solve problems.
9-12.A.CED.2  Create equations in two or more variables to represent relationships between quantities: graph equations on coordinate axes with labels and scales
9-12.A.CED.3 Represent constraints by equations or inequalities, and by systems and/or inequalities
9-12.A.CED.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations. 

	Mathematically proficient students acquire precision in the use of mathematical language by engaging in discussion with others and by giving voice to their own reasoning. By the time they reach high school they have learned to examine claims, formulate definitions, and make explicit use of those definitions. The terms students should learn to use with increasing precision in this unit are: Equation, Variable, Constraint, Linear, Quadratic, Rational , Exponential, Inequality, System of Equations



	Standards for Mathematical Practice:

1.  Make sense of problems & persevere in solving them.

2. Reason abstractly & quantitatively.

3. Construct viable arguments and critique the reasoning of others.  

4. Model with mathematics 
	5.  Use appropriate tools strategically.

6. Attend to precision.

7. Look for and make use of structure.

8. Look for and express regularity in repeated reasoning.




Course: Math Grades 9-12
Topic: Algebra – Reasoning with Equations and Inequalities
Team: High School Team
Which standards are in this learning progression?
	9-12.A.REI.1, 9-12.A.REI.2, 9-12.A.REI.3, 9-12.A.REI.4a-b, 9-12.A.REI.5, 9-12.A.REI.6 9-12.A.REI.7 9-12.A.REI.10, 9-12.A.REI.11, 9-12.A.REI.12


By the end of this learning progression, students will be able to…
	UNDERSTAND:

	Students will understand that:

Algebraic manipulations used to solve equations/systems are governed by the underlying properties and structure of number systems and the conventions of algebraic notation.

	KNOW:
	DO:

	Know algebraic properties and inverse operations used to justify the steps in solving equations.

Know the conditions under which to use factoring, completing the square, and the quadratic formula to solve problems.

9-12.A.REI.10  Knows that a graph of an equation in two variables is the set of all its solutions plotted in the coordinate plane, often forming a curve (which could be a line).
Know that problems can be solved graphically and/or symbolically.


	9-12.A.REI.1 Explain each step in solving a simple equation as following from the equality of numbers asserted at the previous step starting from the assumption that the original equation has a solution. Construct a viable argument to justify a solution method.
9-12.A.REI.2

Solve simple rational and radical equations in one variable, and give examples showing how extraneous solutions may arise.

9-12.A.REI.3

Solve linear equations and inequalities in one variable, including equations with coefficients represented by letters.

9-12.A.REI.4

Solve quadratic equations in one variable.

a) Use the method of completing the square to transform any quadratic equation in x into an equation of the form (x-p)2 = q that has the same solutions

Derive the quadratic formula from this form.

b)     Solve quadratic equations by inspection, taking square roots, completing the square, the quadratic formula and factoring, as appropriate to the initial form of the equation.

Recognize when the quadratic formula gives complex solutions and write them as a+- bi for real numbers a and b.


9-12.A.REI.5 

Prove that, given a system of two equations in two variables, replacing one equation by the sum of that equation and a multiple of the other produces a system with the same solutions.

9-12.A.REI.6

Solve systems of linear equations exactly and approximately, focusing on pairs of linear equations in two variables.
9-12.A.REI.7

Solve a simple system consisting of a linear equation and quadratic equation in two variables algebraically and graphically.
9-12.A.REI.11

Explain why the x-coordinates of the points where the graphs of the equations y=f(x) and y = g(x) intersect are the solutions of the equation f(x) =g(x); find the solutions approximately.

9-12.A.REI.12

Graph the solutions to a linear inequality in two variables as a half-plane (excluding the boundary in the case of a strict inequality), and graph the solution set to a system of linear inequalities in two variables as the intersection of the corresponding half-planes.

	Mathematically proficient students acquire precision in the use of mathematical language by engaging in discussion with others and by giving voice to their own reasoning. By the time they reach high school they have learned to examine claims, formulate definitions, and make explicit use of those definitions. The terms students should learn to use with increasing precision in this unit are: Quadratic Formula, Complete the Square, Rational Equations, Radical Equations, Complex Number


	Standards for Mathematical Practice:

1.  Make sense of problems & persevere in solving them.

2. Reason abstractly & quantitatively.

3. Construct viable arguments and critique the reasoning of others.  

4. Model with mathematics 
	5.  Use appropriate tools strategically.

6. Attend to precision.

7. Look for and make use of structure.

8. Look for and express regularity in repeated reasoning.
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