Excerpts from the Ontario Mathematics 
Curriculum Documents (Grades 9-10, and 11-12)

Available online at:

http://www.edu.gov.on.ca/eng/curriculum/secondary/math.html
The Place of Mathematics in the Curriculum 

The unprecedented changes that are taking place in today’s world will profoundly affect the future of today’s students.  To meet the demands of the world in which they will live, students will need to adapt to changing conditions and to learn independently.  They will require the ability to use technology effectively and the skills for processing large amounts of quantitative information.  Today’s mathematics curriculum must prepare students for their future roles in society. It must equip them with essential mathematical knowledge and skills; with skills of reasoning, problem solving, and communication; and, most importantly, with the ability and the incentive to continue learning on their own.  This curriculum provides a framework for accomplishing these goals. 

The choice of specific concepts and skills to be taught must take into consideration new applications and new ways of doing mathematics.  The development of sophisticated yet easy-to-use calculators and computers is changing the role of procedure and technique in mathematics. Operations that were an essential part of a procedures-focused curriculum for decades can now be accomplished quickly and effectively using technology, so that students can now solve problems that were previously too time-consuming to attempt, and can focus on underlying concepts.  “In an effective mathematics program, students learn in the presence of technology. Technology should influence the mathematics content taught and how it is taught.  Powerful assistive and enabling computer and handheld technologies should be used seamlessly in teaching, learning, and assessment.” This curriculum integrates appropriate technologies into the learning and doing of mathematics, while recognizing the continuing importance of students’ mastering essential numeric and algebraic skills…
The development of mathematical knowledge is a gradual process.  A coherent and continuous program is necessary to help students see the “big pictures”, or underlying principles, of mathematics…These courses reflect the belief that students learn mathematics effectively when they are initially given opportunities to investigate ideas and concepts and are then guided carefully into an understanding of the abstract mathematics involved…

A balanced mathematics program at the secondary level includes the development of algebraic skills.  This curriculum has been designed to equip students with the algebraic skills they need to understand other aspects of mathematics that they are learning, to solve meaningful problems, and to continue to meet with success as they study mathematics in the future. The algebraic skills required in each course have been carefully chosen to support the other topics included in the course. Calculators and other appropriate technology will be used when the primary purpose of a given activity is the development of concepts or the solving of problems, or when situations arise in which computation or symbolic manipulation is of secondary importance.

Selecting Tools and Computational Strategies 
Students need to develop the ability to select the appropriate electronic tools, manipulatives, and computational strategies to perform particular mathematical tasks, to investigate mathematical ideas, and to solve problems. 

Calculators, Computers, Communications Technology. Various types of technology are useful in learning and doing mathematics. Students can use calculators and computers to extend their capacity to investigate and analyse mathematical concepts and to reduce the time they might otherwise spend on purely mechanical activities. 

Students can use calculators and computers to perform operations, make graphs, manipulate algebraic expressions, and organize and display data that are lengthier or more complex than those addressed in curriculum expectations suited to a paper-and-pencil approach. Students can also use calculators and computers in various ways to investigate number and graphing patterns, geometric relationships, and different representations; to simulate situations; and to extend problem solving.  When students use calculators and computers in mathematics, they need to know when it is appropriate to apply their mental computation, reasoning, and estimation skills to predict results and check answers. 

The computer and the calculator must be seen as important problem-solving tools to be used for many purposes. Computers and calculators are tools of mathematicians, and students should be given opportunities to select and use the particular applications that may be helpful to them as they search for their own solutions to problems. 

Students may not be familiar with the use of some of the technologies suggested in the curriculum. When this is the case, it is important that teachers introduce their use in ways that build students’ confidence and contribute to their understanding of the concepts being investigated. Students also need to understand the situations in which the new technology would be an appropriate choice of tool. Students’ use of the tools should not be laborious or restricted to inputting and learning algorithmic steps…
The Role of Technology in Mathematics 
Information and communication technology (ICT) provides a range of tools that can significantly extend and enrich teachers’ instructional strategies and support students’ learning in mathematics.  Teachers can use ICT tools and resources both for whole-class instruction and to design programs that meet diverse student needs.  Technology can help to reduce the time spent on routine mathematical tasks and to allow students to devote more of their efforts to thinking and concept development. Useful ICT tools include simulations, multimedia resources, databases, sites that gave access to large amounts of statistical data, and computer-assisted learning modules.

Applications such as databases, spreadsheets, dynamic geometry software, dynamic statistical software, graphing software, computer algebra systems (CAS), word-processing software, and presentation software can be used to support various methods of inquiry in mathematics.  The technology also makes possible simulations of complex systems that can be useful for problem-solving purposes or when ﬁeld studies on a particular topic are not feasible. 

Specific expectations mentioning CAS
:

Principles of Mathematics, Grade 9, Academic

· multiply a polynomial by a monomial involving the same variable [e.g., 
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], using a variety of tools (e.g., algebra tiles, diagrams, computer algebra systems, paper and pencil);

· expand and simplify polynomial expressions involving one variable [e.g.,  
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], using a variety of tools (e.g., algebra tiles, computer algebra systems, paper and pencil); 

· solve ﬁrst-degree equations, including equations with fractional coefficients, using a variety of tools (e.g., computer algebra systems, paper and pencil) and strategies (e.g., the balance analogy, algebraic strategies);
Foundations of Mathematics, Grade 9, Applied

· add and subtract polynomials involving the same variable up to degree three [e.g., 
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], using a variety of tools (e.g., algebra tiles, computer algebra systems, paper and pencil); 

· multiply a polynomial by a monomial involving the same variable to give results up to degree three [e.g., 
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], using a variety of tools (e.g., algebra tiles, drawings, computer algebra systems, paper and pencil); 

· solve ﬁrst-degree equations with non-fractional coefficients, using a variety of tools (e.g., computer algebra systems, paper and pencil) and strategies (e.g., the balance analogy, algebraic strategies) 
(Sample problem: Solve 
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Principles of Mathematics, Grade 10, Academic

· expand and simplify second-degree polynomial expressions [e.g., 
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, using a variety of tools (e.g., algebra tiles, diagrams, computer algebra systems, paper and pencil) and strategies (e.g., patterning); 

· factor polynomial expressions involving common factors, trinomials, and differences of squares [e.g., 
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], using a variety of tools (e.g., concrete materials, computer algebra systems, paper and pencil) and strategies (e.g., patterning); 

Foundations of Mathematics, Grade 10, Applied

· solve ﬁrst-degree equations involving one variable, including equations with fractional coefficients (e.g. using the balance analogy, computer algebra systems, paper and pencil) 
(Sample problem: Solve 
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and verify.); 

· expand and simplify second-degree polynomial expressions involving one variable that consist of the product of two binomials [e.g., (2x+ 3)(x+ 4)] or the square of a binomial [e.g., 
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], using a variety of tools (e.g., algebra tiles, diagrams, computer algebra systems, paper and pencil) and strategies (e.g. patterning); 

· factor binomials (e.g., 
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) involving one variable up to degree two, by determining a common factor using a variety of tools (e.g., algebra tiles, computer algebra systems, paper and pencil) and strategies (e.g., patterning); 

· factor simple trinomials of the form 
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 (e.g., 
[image: image20.wmf]x

2

+

7

x

+

1

0

, 
[image: image21.wmf]x

2

+

2

x

-

8

), using a variety of tools (e.g., algebra tiles, computer algebra systems, paper and pencil) and strategies (e.g., patterning); 

Functions and Applications, Grade 11 

*
The knowledge and skills described in this expectation may initially require the use of a variety of learning tools (e.g., computer algebra systems, algebra tiles, grid paper).

1.2
represent situations (e.g., the area of a picture frame of variable width) using quadratic expressions in one variable, and expand and simplify quadratic expressions in one variable 
[e.g., 
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1.3
factor quadratic expressions in one variable, including those for which a≠1 (e.g., 
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), by selecting and applying an appropriate strategy* 
Sample problem: Factor 
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Foundations for College Mathematics, Grade 11 

1.5
expand and simplify quadratic expressions in one variable involving multiplying binomials [e.g., 
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] or squaring a binomial [e.g., 
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], using a variety of tools (e.g., paper and pencil, algebra tiles, computer algebra systems)

Advanced Functions, Grade 12 
3.1
make connections, through investigation using technology (e.g., computer algebra systems), between the polynomial function f(x), the divisor x–a, the remainder from the division 
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, and f(a) to verify the remainder theorem and the factor theorem 
Sample problem: Divide 
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 by x–a for various integral values of a using a computer algebra system. Compare the remainder from each division with f(a). 

3.3
determine, through investigation using technology (e.g., graphing calculator, computer algebra systems), the connection between the real roots of a polynomial equation and the x-intercepts of the graph of the corresponding polynomial function, and describe this connection [e.g., the real roots of the equation 
[image: image31.wmf]x

4

-

1

3

x

2

+

3

6

are the x-intercepts of the graph of f(x) = 
[image: image32.wmf]x

4

-

1

3

x

2

+

3

6

] 


Sample problem: Describe the relationship between the x-intercepts of the graphs of linear and quadratic functions and the real roots of the corresponding equations. Investigate, using technology, whether this relationship exists for polynomial functions of higher degree. 

3.4
solve polynomial equations in one variable, of degree no higher than four (e.g., 
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), by selecting and applying strategies (i.e., common factoring, difference of squares, trinomial factoring, factoring by grouping, remainder theorem, factor theorem), and verify solutions using technology (e.g., using computer algebra systems to determine the roots; using graphing technology to determine the x-intercepts of the graph of the corresponding polynomial function)

3.5
determine, through investigation using technology (e.g., graphing calculator, computer algebra systems), the connection between the real roots of a rational equation and the x-intercepts of the graph of the corresponding rational function, and describe this connection [e.g., the real root of the equation 
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3.6
solve simple rational equations in one variable algebraically, and verify solutions using technology (e.g., using computer algebra systems to determine the roots; using graphing technology to determine the x-intercepts of the graph of the corresponding rational function) 

Mathematics for College Technology, Grade 12 

2.3
determine, through investigation using technology (e.g., graphing calculator, computer algebra systems), and describe the connection between the real roots of a polynomial equation and the x-intercepts of the graph of the corresponding polynomial function [e.g., the real roots of the equation 
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Sample problem: Describe the relationship between the x-intercepts of the graphs of linear and quadratic functions and the real roots of the corresponding equations. Investigate, using technology, whether this relationship exists for polynomial functions of higher degree. 

3.1
solve polynomial equations in one variable, of degree no higher than four (e.g., 
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), by selecting and applying strategies (i.e., common factoring; difference of squares; trinomial factoring), and verify solutions using technology (e.g., using computer algebra systems to determine the roots of the equation; using graphing technology to determine the x-intercepts of the corresponding polynomial function) 
Sample problem: Solve
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� There are many other learning expectations for which CAS could be used as an effective tool.  I’ve only listed the expectations that specifically mention CAS.
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