Introduction

This document replaces The Ontario Curriculum, Grades 9 and 10: Mathematics, 1999.
Beginning in September 2005, all Grade 9 and 10 mathematics courses will be based on the
expectations outlined in this document.

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 appli-
cations 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 teach-
ing, 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.

Mathematical knowledge becomes meaningful and powerful in application. This curriculum
embeds the learning of mathematics in the solving of problems based on real-life situations.
Other disciplines are a ready source of effective contexts for the study of mathematics. Rich
problem-solving situations can be drawn from closely related disciplines, such as computer
science, business, recreation, tourism, biology, physics, or technology, as well as from subjects
historically thought of as distant from mathematics, such as geography or art. It is important
that these links between disciplines be carefully explored, analysed, and discussed to emphasize
for students the pervasiveness of mathematical knowledge and mathematical thinking in all
subject areas.

1. Expert Panel on Student Success in Ontario, Leading Math Success: Mathematical Literacy, Grades 7-12 — The Report of
the Expert Panel on Student Success in Ontario, 2004 (Toronto: Ontario Ministry of Education, 2004), p. 47. (Referred to
hereafter as Leading Math Success.)
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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 math-
ematics. The fundamentals of important skills, concepts, processes, and attitudes are initiated in
the primary grades and fostered through elementary school. The links between Grade 8 and
Grade 9 and the transition from elementary school mathematics to secondary school math-
ematics are very important in the student’s development of confidence and competence.

The Grade 9 courses in this curriculum build on the knowledge of concepts and skills that
students are expected to have by the end of Grade 8. The strands used are similar to those of
the elementary program, with adjustments made to reflect the new directions mathematics
takes in secondary school. The Grade 9 courses are based on principles that are consistent with
those that underpin the elementary program, facilitating the transition from elementary
school. 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. Skill acquisition is an important
part of the program; skills are embedded in the contexts offered by various topics in the math-
ematics program and should be introduced as they are needed.

The Grade 9 and 10 mathematics curriculum is designed to foster the development of the
knowledge and skills students need to succeed in their subsequent mathematics courses, which
will prepare them for the postsecondary destinations of their choosing.

Roles and Responsibhilities in Mathematics Programs

Students. Students have many responsibilities with regard to their learning in school. Students
who make the effort required and who apply themselves will soon discover that there is a
direct relationship between this effort and their achievement, and will therefore be more moti-
vated to work. There will be some students, however, who will find it more difficult to take
responsibility for their learning because of special challenges they face. For these students, the
attention, patience, and encouragement of teachers and family can be extremely important
factors for success. However, taking responsibility for one’s progress and learning is an impor-
tant part of education for all students, regardless of their circumstances.

Successful mastery of concepts and skills in mathematics requires a sincere commitment to
work and study. Students are expected to develop strategies and processes that facilitate learn-
ing and understanding in mathematics. Students should also be encouraged to actively pursue
opportunities to apply their problem-solving skills outside the classroom and to extend and
enrich their understanding of mathematics.

Parents. Parents have an important role to play in supporting student learning. Studies show
that students perform better in school if their parents or guardians are involved in their educa-
tion. By becoming familiar with the curriculum, parents can find out what is being taught in
the courses their children are taking and what their children are expected to learn. This aware-
ness will enhance parents’ ability to discuss their children’s work with them, to communicate
with teachers, and to ask relevant questions about their children’s progress. Knowledge of the
expectations in the various courses also helps parents to interpret teachers’ comments on stu-
dent progress and to work with them to improve student learning.
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The mathematics curriculum promotes lifelong learning not only for students but also for
their parents and all those with an interest in education. In addition to supporting regular
school activities, parents can encourage their sons and daughters to apply their problem-
solving skills to other disciplines or to real-world situations. Attending parent-teacher interviews,
participating in parent workshops, becoming involved in school council activities (including
becoming a school council member), and encouraging students to complete their assignments
at home are just a few examples of effective ways to support student learning.

Teachers. Teachers and students have complementary responsibilities. Teachers are responsible
for developing appropriate instructional strategies to help students achieve the curriculum
expectations for their courses, as well as for developing appropriate methods for assessing and
evaluating student learning. Teachers also support students in developing the reading, writing,
and oral communication skills needed for success in their mathematics courses. Teachers bring
enthusiasm and varied teaching and assessment approaches to the classroom, addressing differ-
ent student needs and ensuring sound learning opportunities for every student.

Recognizing that students need a solid conceptual foundation in mathematics in order to fur-
ther develop and apply their knowledge effectively, teachers endeavour to create a classroom
environment that engages students’ interest and helps them arrive at the understanding of
mathematics that is critical to further learning.

Using a variety of instructional, assessment, and evaluation strategies, teachers provide numer-
ous opportunities for students to develop skills of inquiry, problem solving, and communica-
tion as they investigate and learn fundamental concepts. The activities offered should enable
students not only to make connections among these concepts throughout the course but also
to relate and apply them to relevant societal, environmental, and economic contexts. Oppor-
tunities to relate knowledge and skills to these wider contexts — to the goals and concerns

of the world in which they live — will motivate students to learn and to become lifelong
learners.

Principals. The principal works in partnership with teachers and parents to ensure that each
student has access to the best possible educational experience. To support student learning,
principals ensure that the Ontario curriculum is being properly implemented in all classrooms
using a variety of instructional approaches. They also ensure that appropriate resources are
made available for teachers and students. To enhance teaching and learning in all subjects,
including mathematics, principals promote learning teams and work with teachers to facilitate
participation in professional development. Principals are also responsible for ensuring that
every student who has in Individual Education Plan (IEP) is receiving the modifications
and/or accommodations described in his or her plan — in other words, for ensuring that the
IEP is properly developed, implemented, and monitored.
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Overview

The Grade 9 and 10 mathematics program builds on the elementary program, relying on the
same fundamental principles on which that program was based. Both are founded on the
premise that students learn mathematics most effectively when they have a thorough under-
standing of mathematical concepts and procedures, and when they build that understanding
through an investigative approach, as reflected in the inquiry model of learning. This curricu-
lum is designed to help students build a solid conceptual foundation in mathematics that will
enable them to apply their knowledge and skills and further their learning successfully.

Like the elementary curriculum, the secondary curriculum adopts a strong focus on the
processes that best enable students to understand mathematical concepts and learn related
skills. Attention to the mathematical processes is considered to be essential to a balanced math-
ematics program. The seven mathematical processes identified in this curriculum are problem
solving, reasoning and proving, reflecting, selecting tools and computational strategies, connecting, represent-
ing, and communicating. Each of the Grade 9 and 10 mathematics courses includes a set of
expectations — referred to in this document as the “mathematical process expectations” — that
outline the knowledge and skills involved in these essential processes. The mathematical
processes apply to student learning in all areas of a mathematics course.

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 prob-
lems, and to continue to meet with success as they study mathematics in the future. The alge-
braic 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.

Courses in Grades 9 and 10. The mathematics courses in the Grade 9 and 10 curriculum
are offered in two types, academic and applied, which are defined as follows:

Academic courses develop students’ knowledge and skills through the study of theory and abstract
problems. These courses focus on the essential concepts of a subject and explore related concepts as well.
They incorporate practical applications as appropriate.

Applied courses focus on the essential concepts of a subject, and develop students’ knowledge and skills
through practical applications and concrete examples. Familiar situations are used to illustrate ideas, and
students are given more opportunities to experience hands-on applications of the concepts and theories
they study.

Students who successfully complete the Grade 9 academic course may proceed to either the
Grade 10 academic or the Grade 10 applied course. Those who successfully complete the
Grade 9 applied course may proceed to the Grade 10 applied course, but must successfully
complete a transfer course if they wish to proceed to the Grade 10 academic course. The
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Grade 10 academic and applied courses prepare students for particular destination-related
courses in Grade 11. The Grade 11 and 12 mathematics curriculum offers university prepara-
tion, university/college preparation, college preparation, and workplace preparation courses.
When choosing courses in Grades 9 and 10, students, parents, and educators should carefully
consider students’ strengths, interests, and needs, as well as their postsecondary goals and the
course pathways that will enable them to reach those goals.

School boards may develop locally and offer two mathematics courses — a Grade 9 course
and a Grade 10 course — that can be counted as two of the three compulsory credits in math-
ematics that a student is required to earn in order to obtain the Ontario Secondary School
Diploma (see Program/Policy Memorandum No. 134, which outlines a revision to section
7.1.2,“Locally Developed Courses”, of Ontario Secondary Schools, Grades 9 to 12: Program and
Diploma Requirements, 1999 [OSS]). The locally developed Grade 10 course may be designed
to prepare students for success in the Grade 11 workplace preparation course. Ministry
approval of the locally developed Grade 10 course would authorize the school board to use

it as the prerequisite for that course.

Courses in Mathematics, Grades 9 and 10*

Course Course Credit
Grade Course Name Type Code Value  Prerequisite™*

9 Principles of Mathematics Academic  MPM1D 1
9 Foundations of Mathematics ~ Applied MFM1P 1

10 Principles of Mathematics Academic  MPM2D 1 Grade 9 Mathematics,
Academic

10 Foundations of Mathematics ~ Applied MFM2P 1 Grade 9 Mathematics,
Academic or Applied

* See preceding text for information about locally developed Grade 9 and 10 mathematics courses.
** Prerequisites are required only for Grade 10, 11, and 12 courses.

Half-Credit Courses. The courses outlined in this document are designed to be offered as
full-credit courses. However, they may also be delivered as half-credit courses.

Half-credit courses, which require a minimum of fifty-five hours of scheduled instructional
time, must adhere to the following conditions:

» The two half-credit courses created from a full course must together contain all of the
expectations of the full course. The expectations for each half-credit course must be divided
in a manner that best enables students to achieve the required knowledge and skills in the
allotted time.

» A course that is a prerequisite for another course in the secondary curriculum may be
offered as two half-credit courses, but students must successfully complete both parts of the
course to fulfil the prerequisite. (Students are not required to complete both parts unless the
course is a prerequisite for another course they wish to take.)

 The title of each half-credit course must include the designation Part 1 or Part 2. A half
credit (0.5) will be recorded in the credit-value column of both the report card and the
Ontario Student Transcript.

Boards will ensure that all half-credit courses comply with the conditions described above, and
will report all half-credit courses to the ministry annually in the School October Report.
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Curriculum Expectations

The expectations identified for each course describe the knowledge and skills that students are
expected to acquire, demonstrate, and apply in their class work, on tests, and in various other
activities on which their achievement is assessed and evaluated.

Two sets of expectations are listed for each strand, or broad curriculum area, of each course.

» The overall expectations describe in general terms the knowledge and skills that students are
expected to demonstrate by the end of each course.

 The specific expectations describe the expected knowledge and skills in greater detail. The
specific expectations are arranged under subheadings that reflect particular aspects of the
required knowledge and skills and that may serve as a guide for teachers as they plan learn-
ing activities for their students. The organization of expectations in subgroupings is not
meant to imply that the expectations in any subgroup are achieved independently of the
expectations in the other subgroups. The subheadings are used merely to help teachers focus
on particular aspects of knowledge and skills as they develop and present various lessons and
learning activities for their students.

In addition to the expectations outlined within each strand, a list of seven “mathematical
process expectations” precedes the strands in all mathematics courses. These specific expecta-
tions describe the knowledge and skills that constitute processes essential to the effective study
of mathematics. These processes apply to all areas of course content, and students’ proficiency
in applying them must be developed in all strands of a mathematics course. Teachers should
ensure that students develop their ability to apply these processes in appropriate ways as they
work towards meeting the expectations outlined in the strands.

When developing detailed courses of study from this document, teachers are expected to
weave together related expectations from different strands, as well as the relevant process
expectations, in order to create an overall program that integrates and balances concept devel-
opment, skill acquisition, the use of processes, and applications.

Many of the expectations are accompanied by examples and/or sample problems, given in
parentheses. These examples and sample problems are meant to illustrate the kind of skill, the
specific area of learning, the depth of learning, and/or the level of complexity that the expec-
tation entails. They are intended as a guide for teachers rather than as an exhaustive or manda-
tory list. Teachers do not have to address the full list of examples or use the sample problems
supplied. They might select two or three areas of focus suggested by the examples in the list or
they might choose areas of focus that are not represented in the list at all. Similarly, they may
incorporate the sample problems into their lessons, or they may use other problems that are
relevant to the expectation.
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Strands
Grade 9 Courses

Strands and Subgroups in the Grade 9 Courses

Principles of Mathematics
(Academic)

Foundations of Mathematics
(Applied)

Number Sense and Algebra

¢ QOperating with Exponents

* Manipulating Expressions and Solving Equations

Linear Relations

¢ Using Data Management to Investigate
Relationships

¢ Understanding Characteristics of Linear
Relations

¢ Connecting Various Representations of Linear
Relations

Analytic Geometry

* |nvestigating the Relationship Between the
Equation of a Relation and the Shape of Its
Graph

¢ |nvestigating the Properties of Slope

¢ Using the Properties of Linear Relations to Solve
Problems

Measurement and Geometry

* |nvestigating the Optimal Values of
Measurements

¢ Solving Problems Involving Perimeter, Area,
Surface Area, and Volume

¢ |nvestigating and Applying Geometric
Relationships

Number Sense and Algebra

¢ Solving Problems Involving Proportional
Reasoning

¢ Simplifying Expressions and Solving Equations

Linear Relations

¢ Using Data Management to Investigate
Relationships

¢ Determining Characteristics of Linear Relations

* |nvestigating Constant Rate of Change

* (Connecting Various Representations of Linear
Relations and Solving Problems Using the
Representations

Measurement and Geometry

¢ |nvestigating the Optimal Values of
Measurements of Rectangles

¢ Solving Problems Involving Perimeter, Area, and
Volume

¢ |Investigating and Applying Geometric
Relationships

The strands in the Grade 9 courses are designed to build on those in Grade 8, while at the
same time providing for growth in new directions in high school.

The strand Number Sense and Algebra builds on the Grade 8 Number Sense and Numeration
strand and parts of the Patterning and Algebra strand. It includes expectations describing
numeric skills that students are expected to consolidate and apply, along with estimation and
mental computation skills, as they solve problems and learn new material throughout the
course. The strand includes the algebraic knowledge and skills necessary for the study and
application of relations. In the Principles course, the strand covers the basic exponent rules,
manipulation of polynomials with up to two variables, and the solving of first-degree equa-
tions. In the Foundations course, it covers operations with polynomials involving one variable
and the solving of first-degree equations with non-fractional coefficients. The strand in the
Foundations course also includes expectations that follow from the Grade 8 Proportional
Reasoning strand, providing an opportunity for students to deepen their understanding of
proportional reasoning through investigation of a variety of topics, and providing them with
skills that will help them meet the expectations in the Linear Relations strand.
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The focus of study in the Grade 9 courses is linear relations, with some attention given to the
study of non-linear relations. In the Linear Relations strand, students develop initial under-
standings of the properties of linear relations as they collect, organize, and interpret data drawn
from a variety of real-life situations (applying knowledge gained in the Data Management
strand of the elementary school program) and create models for the data. Students then
develop, make connections among, and apply various representations of linear relations and
solve related problems. In the Analytic Geometry strand of the Principles course, students will
extend the initial experiences of linear relations into the abstract realm of equations in the
formy = mx + b, formulas, and problems.

The strand Measurement and Geometry extends students’ understandings from Grade 8 to
include the measurement of composite two-dimensional shapes and the development of for-
mulas for, and applications of, additional three-dimensional figures. Furthermore, in measure-
ment, students investigate the effect of varying dimensions (length and width) on a measure
such as area. Students in the Principles course conduct similar investigations in connection
with volume and surface area. Examination of such relationships leads students to make con-
clusions about the optimal size of shapes (in the Foundations course) or of shapes and figures
(in the Principles course). In geometry, the knowledge students acquired in Grade 8 about the
properties of two-dimensional shapes is extended through investigations that broaden their
understanding of the relationships among the properties.

Grade 10 Courses

Strands and Subgroups in the Grade 10 Courses

Principles of Mathematics Foundations of Mathematics

(Academic) (Applied)

Quadratic Relations of the Form y= ax? + bx+ ¢ Measurement and Trigonometry

* |nvestigating the Basic Properties of Quadratic * Solving Problems Involving Similar Triangles
Relations ¢ Solving Problems Involving the Trigonometry of

* Relating the Graph of y=x% and Its Right Triangles
Transformations ¢ Solving Problems Involving Surface Area and

¢ Solving Quadratic Equations Volume, Using Imperial and Metric Systems of

* Solving Problems Involving Quadratic Relations Measurement

Analytic Geometry Modelling Linear Relations

¢ Using Linear Systems to Solve Problems * Manipulating and Solving Algebraic Equations

* Solving Problems Involving Properties of Line * Graphing and Writing Equations of Lines
Segments ¢ Solving and Interpreting Systems of Linear

¢ Using Analytic Geometry to Verify Geometric Equations
Properties Quadratic Relations of the Form y= ax? + bx+ ¢

Trigonometry * Manipulating Quadratic Expressions

* |nvestigating Similarity and Solving Problems ¢ |dentifying Characteristics of Quadratic Relations
Involving Similar Triangles ¢ Solving Problems by Interpreting Graphs of

* Solving Problems Involving the Trigonometry of Quadratic Relations

Right Triangles
* Solving Problems Involving the Trigonometry of
Acute Triangles
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The strands in the two Grade 10 courses have similarities, but there are significant differences
between them in terms of level of abstraction and degree of complexity. Both courses contain
the strand Quadratic Relations in the Form y = ax? + bx + ¢. The difference between the
strand in the Principles course and its counterpart in the Foundations course lies in the greater
degree of algebraic treatment required in the Principles course. Both strands involve concrete
experiences upon which students build their understanding of the abstract treatment of qua-
dratic relations. In the Foundations course, problem solving relates to the interpretation of
graphs that are supplied to students or generated by them using technology. In the Principles
course, problem solving involves algebraic manipulation as well as the interpretation of sup-
plied or technologically generated graphs, and students also learn the techniques involved in
sketching and graphing quadratics effectively using pencil and paper.

Both Grade 10 courses extend students’ understanding of linear relations through applications
(in the Analytic Geometry strand of the Principles course and in the Modelling Linear
Relations strand of the Foundations course). Students in the Foundations course begin by
extending their knowledge into the abstract realm of equations in the formy = mx + b, for-
mulas, and problems. While students in both courses study and apply linear systems, students
in the Principles course solve multi-step problems involving the verification of properties of
two-dimensional shapes on the xy-plane. The topic of circles on the xy-plane is introduced in
the Principles course as an application of the formula for the length of a line segment.

In both the Trigonometry strand of the Principles course and the Measurement and
Trigonometry strand of the Foundations course, students apply trigonometry and the proper-
ties of similar triangles to solve problems involving right triangles. Students in the Principles
course also solve problems involving acute triangles. Students in the Foundations course begin
to study the imperial system of measurement, and apply units of measurement appropriately to
problems involving the surface area and volume of three-dimensional figures.
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The Mathematical Processes

Presented at the start of every course in this curriculum document is a set of seven expecta-
tions that describe the mathematical processes students need to learn and apply as they work
to achieve the expectations outlined within the strands of the course. In the 1999 mathematics
curriculum, expectations relating to the mathematical processes were embedded within indi-
vidual strands. The need to highlight these process expectations arose from the recognition
that students should be actively engaged in applying these processes throughout the course,
rather than in connection with particular strands.

The mathematical processes that support effective learning in mathematics are as follows:
* problem solving

* reasoning and proving

* reflecting

* selecting tools and computational strategies

 connecting

* representing

e communicating

The mathematical processes are interconnected. Problem solving and communicating have
strong links to all the other processes. A problem-solving approach encourages students to
reason their way to a solution or a new understanding. As students engage in reasoning, teachers
further encourage them to make conjectures and justify solutions, orally and in writing. The
communication and reflection that occur during and after the process of problem solving help
students not only to articulate and refine their thinking but also to see the problem they are
solving from different perspectives. This opens the door to recognizing the range of strategies
that can be used to arrive at a solution. By seeing how others solve a problem, students can
begin to think about their own thinking (metacognition) and the thinking of others, and to
consciously adjust their own strategies in order to make their solutions as efficient and accu-
rate as possible.

The mathematical processes cannot be separated from the knowledge and skills that students
acquire throughout the course. Students must problem solve, communicate, reason, reflect, and
so on, as they develop the knowledge, the understanding of concepts, and the skills required in
the course.

Problem Solving

Problem solving is central to learning mathematics. It forms the basis of effective mathematics
programs and should be the mainstay of mathematical instruction. It is considered an essential
process through which students are able to achieve the expectations in mathematics, and is an
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integral part of the mathematics curriculum in Ontario, for the following reasons. Problem
solving:

* is the primary focus and goal of mathematics in the real world;

* helps students become more confident mathematicians;

« allows students to use the knowledge they bring to school and helps them connect math-
ematics with situations outside the classroom;

* helps students develop mathematical understanding and gives meaning to skills and concepts
in all strands;

* allows students to reason, communicate ideas, make connections, and apply knowledge and
skills;

« offers excellent opportunities for assessing students’ understanding of concepts, ability to
solve problems, ability to apply concepts and procedures, and ability to communicate ideas;

» promotes the collaborative sharing of ideas and strategies, and promotes talking about math-
ematics;

* helps students find enjoyment in mathematics;

* increases opportunities for the use of critical-thinking skills (e.g., estimating, classifying,
assuming, recognizing relationships, hypothesizing, offering opinions with reasons, evaluating
results, and making judgements).

Not all mathematics instruction, however, can take place in a problem-solving context.
Certain aspects of mathematics must be explicitly taught. Conventions, including the use of
mathematical symbols and terms, are one such aspect, and they should be introduced to stu-
dents as needed, to enable them to use the symbolic language of mathematics.

Selecting Problem-Solving Strategies. Problem-solving strategies are methods that can be
used successfully to solve problems of various types. Teachers who use relevant and meaningful
problem-solving experiences as the focus of their mathematics class help students to develop
and extend a repertoire of strategies and methods that they can apply when solving various
kinds of problems — instructional problems, routine problems, and non-routine problems.
Students develop this repertoire over time, as they become more mature in their problem-
solving skills. By secondary school, students will have learned many problem-solving strategies
that they can flexibly use and integrate when faced with new problem-solving situations, or to
learn or reinforce mathematical concepts. Common problem-solving strategies include the
following: making a model, picture, or diagram; looking for a pattern; guessing and checking;
making assumptions; making an organized list; making a table or chart; making a simpler
problem; working backwards; using logical reasoning.

Reasoning and Proving

An emphasis on reasoning helps students make sense of mathematics. Classroom instruction in
mathematics should always foster critical thinking — that is, an organized, analytical, well-
reasoned approach to learning mathematical concepts and processes and to solving problems.

As students investigate and make conjectures about mathematical concepts and relationships,
they learn to employ inductive reasoning, making generalizations based on specific findings from
their investigations. Students also learn to use counter-examples to disprove conjectures.
Students can use deductive reasoning to assess the validity of conjectures and to formulate proofs.
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Reflecting

Good problem solvers regularly and consciously reflect on and monitor their own thought
processes. By doing so, they are able to recognize when the technique they are using is not
fruitful, and to make a conscious decision to switch to a different strategy, rethink the problem,
search for related content knowledge that may be helpful, and so forth. Students’ problem-
solving skills are enhanced when they reflect on alternative ways to perform a task even if they
have successfully completed it. Reflecting on the reasonableness of an answer by considering
the original question or problem is another way in which students can improve their ability to
make sense of problems.

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 math-
ematical 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 esti-
mation 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 cur-
riculum. 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 investi-
gated. 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. For example, when using spreadsheets and statisti-
cal software (e.g., Fathom), teachers could supply students with prepared data sets, and when
using dynamic geometry software (e.g., The Geometer’s Sketchpad), they could use pre-made
sketches so that students’ work with the software would be focused on manipulation of the
data or the sketch, not on the inputting of data or the designing of the sketch.

Computer programs can help students to collect, organize, and sort the data they gather, and to
write, edit, and present reports on their findings. Whenever appropriate, students should be
encouraged to select and use the communications technology that would best support and
communicate their learning. Students, working individually or in groups, can use computers,
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CD-ROM technology, and/or Internet websites to gain access to Statistics Canada, mathemat-
ics organizations, and other valuable sources of mathematical information around the world.

Manipulatives.? Students should be encouraged to select and use concrete learning tools to
make models of mathematical ideas. Students need to understand that making their own mod-
els is a powerful means of building understanding and explaining their thinking to others.
Using manipulatives to construct representations helps students to:

* see patterns and relationships;

* make connections between the concrete and the abstract;
* test, revise, and confirm their reasoning;

» remember how they solved a problem;

e communicate their reasoning to others.

Computational Strategies. Problem solving often requires students to select an appropriate
computational strategy. They may need to apply the standard algorithm or to use technology
for computation. They may also need to select strategies related to mental computation and

estimation. Developing the ability to perform mental computation and to estimate is conse-
quently an important aspect of student learning in mathematics.

Mental computation involves calculations done in the mind, with little or no use of paper and
pencil. Students who have developed the ability to calculate mentally can select from and use
a variety of procedures that take advantage of their knowledge and understanding of numbers,
the operations, and their properties. Using their knowledge of the distributive property, for
example, students can mentally compute 70% of 22 by first considering 70% of 20 and then
adding 70% of 2. Used effectively, mental computation can encourage students to think more
deeply about numbers and number relationships.

Knowing how to estimate, and knowing when it is useful to estimate and when it is necessary
to have an exact answer, are important mathematical skills. Estimation is a useful tool for judg-
ing the reasonableness of a solution and for guiding students in their use of calculators. The
ability to estimate depends on a well-developed sense of number and an understanding of
place value. It can be a complex skill that requires decomposing numbers, compensating for
errors, and perhaps even restructuring the problem. Estimation should not be taught as an iso-
lated skill or a set of isolated rules and techniques. Knowing about calculations that are easy to
perform and developing fluency in performing basic operations contribute to successful
estimation.

Connecting

Experiences that allow students to make connections — to see, for example, how concepts and
skills from one strand of mathematics are related to those from another — will help them to
grasp general mathematical principles. As they continue to make such connections, students
begin to see that mathematics is more than a series of isolated skills and concepts and that they
can use their learning in one area of mathematics to understand another. Seeing the relation-
ships among procedures and concepts also helps deepen students’ mathematical understanding.

2. See the Teaching Approaches section, on page 23 of this document, for additional information about the use of
manipulatives in mathematics instruction.
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In addition, making connections between the mathematics they study and its applications in
their everyday lives helps students see the usefulness and relevance of mathematics beyond the
classroom.

Representing

In secondary school mathematics, representing mathematical ideas and modelling situations
generally takes the form of numeric, geometric, graphical, algebraic, pictorial, and concrete
representation, as well as representation using dynamic software. Students should be able to go
from one representation to another, recognize the connections between representations, and
use the different representations appropriately and as needed to solve problems. Learning the
various forms of representation helps students to understand mathematical concepts and rela-
tionships; communicate their thinking, arguments, and understandings; recognize connections
among related mathematical concepts; and use mathematics to model and interpret mathemat-
ical, physical, and social phenomena. When students are able to represent concepts in various
ways, they develop flexibility in their thinking about those concepts. They are not inclined to
perceive any single representation as “the math”; rather, they understand that it is just one of
many representations that help them understand a concept.

Communicating

Communication is the process of expressing mathematical ideas and understandings orally,
visually, and in writing, using numbers, symbols, pictures, graphs, diagrams, and words.
Students communicate for various purposes and for different audiences, such as the teacher, a
peer, a group of students, or the whole class. Communication is an essential process in learning
mathematics. Through communication, students are able to reflect upon and to clarify ideas,
relationships, and mathematical arguments.

The development of mathematical language and symbolism fosters students’ communication
skills. Teachers need to be aware of the various opportunities that exist in the classroom for
helping students to communicate. For example, teachers can:

» model proper use of symbols, vocabulary, and notations in oral and written form;
 expect correct use of mathematical symbols and conventions in student work;

* ensure that students are exposed to and use new mathematical vocabulary as it is introduced
(e.g., by means of a word wall; by providing opportunities to read, question, and discuss);

* provide feedback to students on their use of terminology and conventions;

* ask clarifying and extending gquestions and encourage students to ask themselves similar
kinds of questions;

* ask students open-ended questions relating to specific topics or information;
» model ways in which various kinds of questions can be answered.
Effective classroom communication requires a supportive and respectful environment that

makes all members of the class comfortable when they speak and when they question, react to,
and elaborate on the statements of their classmates and the teacher.

The ability to provide effective explanations, and the understanding and application of correct
mathematical notation in the development and presentation of mathematical ideas and solu-
tions, are key aspects of effective communication in mathematics.
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Assessment and Evaluation of Student
Achievement

Basic Considerations

The primary purpose of assessment and evaluation is to improve student learning. Information
gathered through assessment helps teachers to determine students’ strengths and weaknesses in
their achievement of the curriculum expectations in each course. This information also serves
to guide teachers in adapting curriculum and instructional approaches to students’ needs and
in assessing the overall effectiveness of programs and classroom practices.

Assessment is the process of gathering information from a variety of sources (including assign-
ments, demonstrations, projects, performances, and tests) that accurately reflects how well a
student is achieving the curriculum expectations in a course. As part of assessment, teachers
provide students with descriptive feedback that guides their efforts towards improvement.
Evaluation refers to the process of judging the quality of student work on the basis of estab-
lished criteria, and assigning a value to represent that quality.

Assessment and evaluation will be based on the provincial curriculum expectations and the
achievement levels outlined in this document.

In order to ensure that assessment and evaluation are valid and reliable, and that they lead to the
improvement of student learning, teachers must use assessment and evaluation strategies that:
* address both what students learn and how well they learn;

« are based both on the categories of knowledge and skills and on the achievement level
descriptions given in the achievement chart on pages 20-21;

« are varied in nature, administered over a period of time, and designed to provide opportuni-
ties for students to demonstrate the full range of their learning;

* are appropriate for the learning activities used, the purposes of instruction, and the needs
and experiences of the students;

« are fair to all students;

» accommodate the needs of exceptional students, consistent with the strategies outlined in
their Individual Education Plan;

» accommodate the needs of students who are learning the language of instruction (English
or French);

* ensure that each student is given clear directions for improvement;

» promote students’ ability to assess their own learning and to set specific goals;

* include the use of samples of students’ work that provide evidence of their achievement;

 are communicated clearly to students and parents at the beginning of the school year or
semester and at other appropriate points throughout the year.

All curriculum expectations must be accounted for in instruction, but evaluation focuses on
students’ achievement of the overall expectations. A student’s achievement of the overall
expectations is evaluated on the basis of his or her achievement of related specific expectations
(including the process expectations). The overall expectations are broad in nature, and the
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specific expectations define the particular content or scope of the knowledge and skills
referred to in the overall expectations. Teachers will use their professional judgement to deter-
mine which specific expectations should be used to evaluate achievement of the overall expec-
tations, and which ones will be covered in instruction and assessment (e.g., through direct
observation) but not necessarily evaluated.

The characteristics given in the achievement chart (pages 20-21) for level 3 represent the
“provincial standard” for achievement of the expectations in a course. A complete picture of
overall achievement at level 3 in a course in mathematics can be constructed by reading from
top to bottom in the shaded column of the achievement chart, headed “70-79% (Level 3)”.
Parents of students achieving at level 3 can be confident that their children will be prepared
for work in subsequent courses.

Level 1 identifies achievement that falls much below the provincial standard, while still reflect-
ing a passing grade. Level 2 identifies achievement that approaches the standard. Level 4 iden-
tifies achievement that surpasses the standard. It should be noted that achievement at level 4
does not mean that the student has achieved expectations beyond those specified for a particu-
lar course. It indicates that the student has achieved all or almost all of the expectations for
that course, and that he or she demonstrates the ability to use the specified knowledge and
skills in more sophisticated ways than a student achieving at level 3.

The Ministry of Education provides teachers with materials that will assist them in improving
their assessment methods and strategies and, hence, their assessment of student achievement.
These materials include samples of student work (exemplars) that illustrate achievement at
each of the four levels.

The Achievement Chart for Mathematics

The achievement chart that follows identifies four categories of knowledge and skills in math-
ematics. The achievement chart is a standard province-wide guide to be used by teachers. It
enables teachers to make judgements about student work that are based on clear performance
standards and on a body of evidence collected over time.

The purpose of the achievement chart is to:

 provide a common framework that encompasses the curriculum expectations for all courses
outlined in this document;

* guide the development of quality assessment tasks and tools (including rubrics);

* help teachers to plan instruction for learning;

« assist teachers in providing meaningful feedback to students;

* provide various categories and criteria with which to assess and evaluate student learning.

Categories of knowledge and skills. The categories, defined by clear criteria, represent four
broad areas of knowledge and skills within which the expectations for any given mathematics
course are organized. The four categories should be considered as interrelated, reflecting the
wholeness and interconnectedness of learning.

The categories of knowledge and skills are described as follows:

Knowledge and Understanding. Subject-specific content acquired in each course (knowledge),
and the comprehension of its meaning and significance (understanding).
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Thinking. The use of critical and creative thinking skills and/or processes,? as follows:

* planning skills (e.g., understanding the problem, making a plan for solving the problem)
* processing skills (e.g., carrying out a plan, looking back at the solution)

* critical/creative thinking processes (e.g., inquiry, problem solving)

Communication. The conveying of meaning through various oral, written, and visual forms
(e.g., providing explanations of reasoning or justification of results orally or in writing; com-
municating mathematical ideas and solutions in writing, using numbers and algebraic symbols,
and visually, using pictures, diagrams, charts, tables, graphs, and concrete materials).

Application. The use of knowledge and skills to make connections within and between various
contexts.

Teachers will ensure that student work is assessed and/or evaluated in a balanced manner with
respect to the four categories, and that achievement of particular expectations is considered
within the appropriate categories.

Criteria. Within each category in the achievement chart, criteria are provided, which are
subsets of the knowledge and skills that define each category. For example, in Knowledge and
Understanding, the criteria are “knowledge of content (e.qg., facts, terms, procedural skills, use of
tools)” and “understanding of mathematical concepts”. The criteria identify the aspects of stu-
dent performance that are assessed and/or evaluated, and serve as guides to what to look for.

Descriptors. A “descriptor” indicates the characteristic of the student’s performance, with
respect to a particular criterion, on which assessment or evaluation is focused. In the achieve-
ment chart, effectiveness is the descriptor used for each criterion in the Thinking, Communica-
tion, and Application categories. What constitutes effectiveness in any given performance task
will vary with the particular criterion being considered. Assessment of effectiveness may there-
fore focus on a quality such as appropriateness, clarity, accuracy, precision, logic, relevance,
significance, fluency, flexibility, depth, or breadth, as appropriate for the particular criterion.
For example, in the Thinking category, assessment of effectiveness might focus on the degree
of relevance or depth apparent in an analysis; in the Communication category, on clarity of
expression or logical organization of information and ideas; or in the Application category, on
appropriateness or breadth in the making of connections. Similarly, in the Knowledge and
Understanding category, assessment of knowledge might focus on accuracy, and assessment of
understanding might focus on the depth of an explanation. Descriptors help teachers to focus
their assessment and evaluation on specific knowledge and skills for each category and criterion,
and help students to better understand exactly what is being assessed and evaluated.

Quialifiers. A specific “qualifier” is used to define each of the four levels of achievement — that
is, limited for level 1, some for level 2, considerable for level 3, and a high degree or thorough for
level 4. A qualifier is used along with a descriptor to produce a description of performance at a
particular level. For example, the description of a student’s performance at level 3 with respect
to the first criterion in the Thinking category would be: “the student uses planning skills with
considerable effectiveness”.

The descriptions of the levels of achievement given in the chart should be used to identify the
level at which the student has achieved the expectations. In all of their courses, students should
be provided with numerous and varied opportunities to demonstrate the full extent of their

achievement of the curriculum expectations, across all four categories of knowledge and skills.

3. See the footnote on page 20, pertaining to the mathematical processes.
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Achievement Chart - Mathematics, Grades 9-12

Categories

50-59%
(Level 1)

60-69%
(Level 2)

70-79%
(Level 3)

80-100%
(Level 4)

Knowledge and Understanding Subject-specific content acquired in each course (knowledge), and the comprehension of its meaning and significance (understanding)

Knowledge of content
(e.g., facts, terms,
procedural skills, use
of tools)

Understanding of
mathematical concepts

The student:

- demonstrates limited
knowledge of content

- demonstrates limited
understanding of
concepts

- demonstrates some
knowledge of content

- demonstrates some

understanding of
concepts

- demonstrates
considerable knowl-
edge of content

- demonstrates
considerable under-
standing of concepts

- demonstrates

thorough knowledge
of content

- demonstrates

thorough understand-
ing of concepts

Thinking The use of critical and creative thinking skills and/or processes*

Use of planning skills

—-understanding the
problem (e.g., formu-
lating and interpreting
the problem, making
conjectures)

- making a plan for solv-
ing the problem

Use of processing skills

- carrying out a plan
(e.g., collecting data,
questioning, testing,
revising, modelling,

solving, inferring, form-

ing conclusions)

—looking back at the
solution (e.g., evaluat-
ing reasonableness,
making convincing
arguments, reasoning,
justifying, proving,
reflecting)

Use of critical/creative

thinking processes (e.g.,
problem solving, inquiry)

The student:

- uses planning
skills with limited
effectiveness

- uses processing

skills with limited effec-

tiveness

- uses critical/creative
thinking processes
with limited
effectiveness

- uses planning
skills with some
effectiveness

- uses processing
skills with some
effectiveness

- uses critical/
creative thinking
processes with
some effectiveness

- uses planning skills
with considerable
effectiveness

- uses processing skills

with considerable
effectiveness

— uses critical/creative
thinking processes
with considerable
effectiveness

- uses planning skills

with a high degree
of effectiveness

- uses processing skills

with a high degree
of effectiveness

- uses critical/creative
thinking processes
with a high degree
of effectiveness

* The processing skills and critical/creative thinking processes in the Thinking category include some but not all aspects of the mathematical processes
described on pages 12-16 of this document. Some aspects of the mathematical processes relate to the other categories of the achievement chart.
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] 50-59% 60-69%

CGommunication The conveying of meaning through various forms

Expression and organiza-
tion of ideas and mathe-
matical thinking (e.g.,
clarity of expression, logi-
cal organization), using
oral, visual, and written
forms (e.g., pictorial,
graphic, dynamic,
numeric, algebraic
forms; concrete
materials)

Communication for dif-
ferent audiences (e.g.,
peers, teachers) and pur-
poses (e.g., to present
data, justify a solution,
express a mathematical
argument) in oral, visual,
and written forms

Use of conventions,
vocabulary, and terminol-
ogy of the discipline (e.g.,
terms, symbols) in oral,
visual, and written forms

The student:

70-79%
(Level 3)

21

80-100%
(Level 4)

- expresses and orga-
nizes mathematical
thinking with limited
effectiveness

- communicates for
different audiences and
purposes with
limited effectiveness

— uses conventions,
vocabulary, and
terminology of the
discipline with limited
effectiveness

- expresses and orga-
nizes mathematical
thinking with some
effectiveness

- communicates for
different audiences and
purposes with some
effectiveness

- uses conventions,
vocabulary, and
terminology of the
discipline with some
effectiveness

- expresses and orga-
nizes mathematical
thinking with consider-
able effectiveness

- communicates for
different audiences and
purposes with
considerable
effectiveness

- uses conventions,
vocabulary, and
terminology of the
discipline with
considerable
effectiveness

- expresses and orga-
nizes mathematical
thinking with a high
degree of effectiveness

- communicates for
different audiences and
purposes with a high
degree of effectiveness

— uses conventions,
vocabulary, and
terminology of the
discipline with a high
degree of effectiveness

Application The use of knowledge and skills to make connections within and between various contexts

Application of knowledge
and skills in familiar
contexts

Transfer of knowledge and

skills to new contexts

Making connections within

and between various con-
texts (e.g., connections
between concepts, repre-
sentations, and forms
within mathematics; con-
nections involving use of

The student:

- applies knowledge
and skills in familiar
contexts with limited
effectiveness

- transfers knowledge
and skills to new
contexts with limited
effectiveness

- makes connections
within and between
various contexts with
limited effectiveness

prior knowledge and experi-
ence; connections between
mathematics, other disci-
plines, and the real world)

- applies knowledge
and skills in familiar
contexts with some
effectiveness

- transfers knowledge
and sKkills to new
contexts with some
effectiveness

- makes connections
within and between
various contexts with
some effectiveness

- applies knowledge
and skills in familiar
contexts with
considerable
effectiveness

- transfers knowledge
and skills to new
contexts with
considerable
effectiveness

- makes connections
within and between
various contexts
with considerable
effectiveness

- applies knowledge
and skills in familiar
contexts with a high
degree of effectiveness

- transfers knowledge
and skills to new
contexts with a high
degree of effectiveness

- makes connections
within and between
various contexts
with a high degree
of effectiveness

Note: A student whose achievement is below 50% at the end of a course will not obtain a credit for the course.
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Evaluation and Reporting of Student Achievement

Student achievement must be communicated formally to students and parents by means of the
Provincial Report Card, Grades 9-12. The report card provides a record of the student’s
achievement of the curriculum expectations in every course, at particular points in the school
year or semester, in the form of a percentage grade. The percentage grade represents the qual-
ity of the student’s overall achievement of the expectations for the course and reflects the cor-
responding level of achievement as described in the achievement chart for the discipline.

A final grade is recorded for every course, and a credit is granted and recorded for every
course in which the student’s grade is 50% or higher. The final grade for each course in
Grades 9-12 will be determined as follows:

 Seventy per cent of the grade will be based on evaluations conducted throughout the
course. This portion of the grade should reflect the student’s most consistent level of
achievement throughout the course, although special consideration should be given to more
recent evidence of achievement.

» Thirty per cent of the grade will be based on a final evaluation in the form of an examina-
tion, performance, essay, and/or other method of evaluation suitable to the course content
and administered towards the end of the course.
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Some Considerations for Program Planning
IN Mathematics

Teachers who are planning a program in mathematics must take into account considerations in
a number of important areas, including those discussed below.

Teaching Approaches

To make new learning more accessible to students, teachers draw upon the knowledge and
skills students have acquired in previous years — in other words, they help activate prior
knowledge. It is important to assess where students are in their mathematical growth and to
bring them forward in their learning.

In order to apply their knowledge effectively and to continue to learn, students must have a
solid conceptual foundation in mathematics. Successful classroom practices involve students in
activities that require higher-order thinking, with an emphasis on problem solving. Students
who have completed the elementary program should have a good grounding in the investiga-
tive approach to learning new concepts, including the inquiry model of problem solving,* and
this approach is still fundamental in the Grade 9 and 10 program.

Students in a mathematics class typically demonstrate diversity in the ways they learn best. It is
important, therefore, that students have opportunities to learn in a variety of ways — individu-
ally, cooperatively, independently, with teacher direction, through hands-on experience,
through examples followed by practice. In mathematics, students are required to learn con-
cepts, procedures, and processes and to acquire skills, and they become competent in these var-
ious areas with the aid of the instructional and learning strategies best suited to the particular
type of learning. The approaches and strategies used in the classroom to help students meet
the expectations of this curriculum will vary according to the object of the learning and the
needs of the students.

Even at the secondary level, manipulatives are necessary tools for supporting the effective
learning of mathematics. These concrete learning tools invite students to explore and represent
abstract mathematical ideas in varied, concrete, tactile, and visually rich ways. Manipulatives are
also a valuable aid to teachers. By analysing students’ concrete representations of mathematical
concepts and listening carefully to their reasoning, teachers can gain useful insights into stu-
dents’ thinking and provide supports to help enhance their thinking.®

All learning, especially new learning, should be embedded in well-chosen contexts for learn-
ing — that is, contexts that are broad enough to allow students to investigate initial understand-
ings, identify and develop relevant supporting skills, and gain experience with varied and
interesting applications of the new knowledge. Such rich contexts for learning open the door
for students to see the “big ideas” of mathematics — that is, the major underlying principles,
such as pattern or relationship. This understanding of key principles will enable and encourage
students to use mathematical reasoning throughout their lives.

4. See the resource document Targeted Implementation & Planning Supports (TIPS): Grade 7, 8, and 9 Applied Mathematics
(Toronto: Queen’s Printer for Ontario, 2003) for helpful information about the inquiry method of problem solving.
5. A list of manipulatives appropriate for use in intermediate and senior mathematics classrooms is provided in Leading
Math Success, pages 48—49.
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Promoting Attitudes Conducive to Learning Mathematics. Students’ attitudes have a signifi-
cant effect on how they approach problem solving and how well they succeed in mathematics.
Teachers can help students develop the confidence they need by demonstrating a positive dis-
position towards mathematics.® Students need to understand that, for some mathematics prob-
lems, there may be several ways to arrive at the correct answer. They also need to believe that
they are capable of finding solutions. It is common for people to think that if they cannot
solve problems quickly and easily, they must be inadequate. Teachers can help students under-
stand that problem solving of almost any kind often requires a considerable expenditure of
time and energy and a good deal of perseverance. Once students have this understanding,
teachers can encourage them to develop the willingness to persist, to investigate, to reason and
explore alternative solutions, and to take the risks necessary to become successful problem
solvers.

Collaborative learning enhances students’ understanding of mathematics. Working coopera-
tively in groups reduces isolation and provides students with opportunities to share ideas and
communicate their thinking in a supportive environment as they work together towards a
common goal. Communication and the connections among ideas that emerge as students
interact with one another enhance the quality of student learning.’

Planning Mathematics Programs for Exceptional Students

In planning mathematics courses for exceptional students, teachers should begin by examining
both the curriculum expectations for the course and the needs of the individual student to
determine which of the following options is appropriate for the student:

« no accommodations® or modifications; or
» accommodations only; or
» modified expectations, with the possibility of accommodations.

If the student requires either accommodations or modified expectations, or both, the relevant
information, as described in the following paragraphs, must be recorded in his or her Individual
Education Plan (IEP). For a detailed discussion of the ministry’s requirements for IEPs, see
Individual Education Plans: Standards for Development, Program Planning, and Implementation, 2000
(referred to hereafter as IEP Standards, 2000). More detailed information about planning pro-
grams for exceptional students can be found in the Individual Education Plan (IEP): A Resource
Guide, 2004. (Both documents are available at http://www.edu.gov.on.ca.)

Students Requiring Accommodations Only. With the aid of accommodations alone, some
exceptional students are able to participate in the regular course curriculum and to demon-
strate learning independently. (Accommodations do not alter the provincial curriculum
expectations for the course.) The accommodations required to facilitate the student’s learning
must be identified in his or her IEP (see IEP Standards, 2000, page 11). A student’s IEP is
likely to reflect the same accommodations for many, or all, courses.

There are three types of accommodations. Instructional accommodations are changes in teaching
strategies, including styles of presentation, methods of organization, or use of technology and
multimedia. Environmental accommodations are changes that the student may require in the

6. Leading Math Success, p. 42.

7. Leading Math Success, p. 42.

8. “Accommodations” refers to individualized teaching and assessment strategies, human supports, and/or individualized
equipment.
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classroom and/or school environment, such as preferential seating or special lighting.
Assessment accommodations are changes in assessment procedures that enable the student to
demonstrate his or her learning, such as allowing additional time to complete tests or assign-
ments or permitting oral responses to test questions (see pagel4 of IEP Standards, 2000, for
more examples).

If a student requires “accommodations only”” in mathematics courses, assessment and evalua-
tion of his or her achievement will be based on the appropriate course curriculum expecta-
tions and the achievement levels outlined in this document.

Students Requiring Modified Expectations. Some exceptional students will require modified
expectations, which differ from the regular course expectations. For most of these students,
modified expectations will be based on the regular course curriculum, with changes in the
number and/or complexity of the expectations. It is important to monitor, and to reflect
clearly in the student’s IEP, the extent to which expectations have been modified. As noted in
Section 7.12 of the ministry’s policy document Ontario Secondary Schools, Grades 9 to 12:
Program and Diploma Requirements, 1999, the principal will determine whether achievement of
the modified expectations constitutes successful completion of the course, and will decide
whether the student is eligible to receive a credit for the course. This decision must be com-
municated to the parents and the student.

When a student is expected to achieve most of the curriculum expectations for the course, the
modified expectations should identify how they differ from the course expectations. When
modifications are so extensive that achievement of the learning expectations is not likely to
result in a credit, the expectations should specify the precise requirements or tasks on which
the student’s performance will be evaluated and which will be used to generate the course
mark recorded on the Provincial Report Card. Modified expectations indicate the knowledge
and/or skills the student is expected to demonstrate and have assessed in each reporting period
(IEP Standards, 2000, pages 10 and 11). Modified expectations represent specific, realistic,
observable, and measurable achievements and describe specific knowledge and/or skills that the
student can demonstrate independently, given the appropriate assessment accommodations. The
student’s learning expectations must be reviewed in relation to the student’s progress at least
once every reporting period, and must be updated as necessary (IEP Standards, 2000, page 11).

If a student requires modified expectations in mathematics courses, assessment and evaluation
of his or her achievement will be based on the learning expectations identified in the IEP and
on the achievement levels outlined in this document. If some of the student’s learning expec-
tations for a course are modified but the student is working towards a credit for the course, it
is sufficient simply to check the IEP box. If, however, the student’s learning expectations are
modified to such an extent that the principal deems that a credit will not be granted for the
course, the IEP box must be checked and the appropriate statement from Guide to the
Provincial Report Card, Grades 9-12, 1999 (page 8) must be inserted. The teacher’s comments
should include relevant information on the student’s demonstrated learning of the modified
expectations, as well as next steps for the student’s learning in the course.

English As a Second Language and English Literacy Development (ESL/ELD)

Young people whose first language is not English enter Ontario secondary schools with
diverse linguistic and cultural backgrounds. Some may have experience of highly sophisticated
educational systems while others may have had limited formal schooling. All of these students
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bring a rich array of background knowledge and experience to the classroom, and all teachers
must share in the responsibility for their English-language development.

Teachers of mathematics must incorporate appropriate strategies for instruction and assessment
to facilitate the success of the ESL and ELD students in their classrooms. These strategies
include:

» modification of some or all of the course expectations, based on the student’s level of
English proficiency;

« use of a variety of instructional strategies (e.g., extensive use of visual cues, manipulatives,
pictures, diagrams, graphic organizers; attention to clarity of instructions; modelling of
preferred ways of working in mathematics; previewing of textbooks; pre-teaching of key
specialized vocabulary; encouragement of peer tutoring and class discussion; strategic use
of students’ first languages);

* use of a variety of learning resources (e.g., visual material, simplified text, bilingual dictio-
naries, culturally diverse materials);

* use of assessment accommodations (e.g., granting of extra time; use of alternative forms of
assessment, such as oral interviews, learning logs, or portfolios; simplification of language
used in problems and instructions).

Students who are no longer taking ESL or ELD courses may still need program adaptations to
be successful. If a student requires modified expectations or accommodations in a mathematics
course, a checkmark must be placed in the ESL/ELD box on the student’s report card (see
Guide to the Provincial Report Card, Grades 9-12, 1999).

For further information on supporting ESL/ELD students, refer to The Ontario Curriculum,
Grades 9 to 12: English As a Second Language and English Literacy Development, 1999.

Antidiscrimination Education in Mathematics

To ensure that all students in the province have an equal opportunity to achieve their full
potential, the curriculum must be free from bias and all students must be provided with a safe
and secure environment, characterized by respect for others, that allows them to participate
fully and responsibly in the educational experience.

Learning activities and resources used to implement the curriculum should be inclusive in
nature, reflecting the range of experiences of students with varying backgrounds, abilities,
interests, and learning styles. They should enable students to become more sensitive to the
diverse cultures and perceptions of others, including Aboriginal peoples. For example, activities
can be designed to relate concepts in geometry or patterning to the arches and tile work often
found in Asian architecture or to the patterns used in Aboriginal basketry design. By discussing
aspects of the history of mathematics, teachers can help make students aware of the various cul-
tural groups that have contributed to the evolution of mathematics over the centuries. Finally,
students need to recognize that ordinary people use mathematics in a variety of everyday con-
texts, both at work and in their daily lives.

Connecting mathematical ideas to real-world situations through learning activities can
enhance students’ appreciation of the role of mathematics in human affairs, in areas including
health, science, and the environment. Students can be made aware of the use of mathematics
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in contexts such as sampling and surveying and the use of statistics to analyse trends. Recog-
nizing the importance of mathematics in such areas helps motivate students to learn and also
provides a foundation for informed, responsible citizenship.

Teachers should have high expectations for all students. To achieve their mathematical poten-
tial, however, different students may need different kinds of support. Some boys, for example,
may need additional support in developing their literacy skills in order to complete mathemat-
ical tasks effectively. For some girls, additional encouragement to envision themselves in
careers involving mathematics may be beneficial. For example, teachers might consider pro-
viding strong role models in the form of female guest speakers who are mathematicians or
who use mathematics in their careers.

Literacy and Inquiry/Research Skills

Literacy skills can play an important role in student success in mathematics courses. Many of
the activities and tasks students undertake in math courses involve the use of written, oral, and
visual communication skills. For example, students use language to record their observations,
to explain their reasoning when solving problems, to describe their inquiries in both informal
and formal contexts, and to justify their results in small-group conversations, oral presentations,
and written reports. The language of mathematics includes special terminology. The study of
mathematics consequently encourages students to use language with greater care and precision
and enhances their ability to communicate effectively. The Ministry of Education has facili-
tated the development of materials to support literacy instruction across the curriculum.
Helpful advice for integrating literacy instruction in mathematics courses may be found in the
following resource documents:

 Think Literacy: Cross-Curricular Approaches, Grades 7-12, 2003

» Think Literacy: Cross-Curricular Approaches, Grades 7-12 — Mathematics: Subject-Specific
Examples, Grades 7-9, 2004

In all courses in mathematics, students will develop their ability to ask questions and to plan
investigations to answer those questions and to solve related problems. Students need to learn
a variety of research methods and inquiry approaches in order to carry out these investigations
and to solve problems, and they need to be able to select the methods that are most appropri-
ate for a particular inquiry. Students learn how to locate relevant information from a variety of
sources, such as statistical databases, newspapers, and reports. As they advance through the grades,
students will be expected to use such sources with increasing sophistication. They will also be
expected to distinguish between primary and secondary sources, to determine their validity
and relevance, and to use them in appropriate ways.

The Role of Technology in Mathematics

Information and communication technology (ICT) provides a range of tools that can signifi-
cantly 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, data-
bases, sites that gave access to large amounts of statistical data, and computer-assisted learning
modules.
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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.

Information and communications technology can also be used in the classroom to connect
students to other schools, at home and abroad, and to bring the global community into the
local classroom.

GCareer Education in Mathematics

Teachers can promote students’ awareness of careers involving mathematics by exploring appli-
cations of concepts and providing opportunities for career-related project work. Such activities
allow students the opportunity to investigate mathematics-related careers compatible with
their interests, aspirations, and abilities.

Students should be made aware that mathematical literacy and problem solving are valuable
assets in an ever-widening range of jobs and careers in today’s society. The knowledge and
skills students acquire in mathematics courses are useful in fields such as science, business,
engineering, and computer studies; in the hospitality, recreation, and tourism industries; and
in the technical trades.

Health and Safety in Mathematics

Although health and safety issues are not normally associated with mathematics, they may be
important when the learning involves fieldwork or investigations based on experimentation.
Out-of-school fieldwork can provide an exciting and authentic dimension to students’ learning
experiences. It also takes the teacher and students out of the predictable classroom environment
and into unfamiliar settings. Teachers must preview and plan activities and expeditions carefully
to protect students’ health and safety.



