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To the Teacher
The McGraw-Hill Ryerson MathLinks program has several components.

Student Resource
The student resource introduces topics in real-world contexts. Each chapter 
starts with a two-page spread that introduces students to what they will 
learn in the chapter. This includes a Literacy Link that provides tips to help 
the adolescent learner read, interpret, and summarize the chapter content.

Each chapter provides a Foldable™ to help students keep track of what 
they are learning and need to work on. Each Foldable helps students to 
organize what they are learning and to self-assess their progress.

This is followed by an introduction to the Math Link. The Math Link 
introduction:
• engages students
• reactivates student learning and reinforces skills holistically
• encourages exploration
• generates discussions
• increases thoughtfulness

Work on the Math Link throughout the chapter promotes depth of 
understanding through listening, speaking, reading, and writing math, thus 
enabling student connections and increased conceptual understanding.

In each section, Explore activities encourage students to develop their own 
understanding of new concepts. 

This is followed by Link the Ideas. Some of these start with a piece of text 
that will help students connect what they did in the Explore to the examples 
that follow. Worked examples present solutions in a clear, step-by-step manner. 
The Link the Ideas ends with Key Ideas that summarize the new principles. 

The third part of each lesson is the Check Your Understanding. 
Communicate the Ideas questions at the beginning of this section help 
students communicate their understanding of what they are learning. The 
following questions allow students to Practise, Apply, and Extend the skills 
and concepts.

The student resource includes sections that can be used as assessment tools: 
chapter review, practice test, Wrap It Up!, Challenge in Real Life, and 
cumulative review. Technology is integrated throughout the program and 
includes the use of calculators and the Internet. 

Teacher’s Resource
The teaching and assessment suggestions that are provided in this 
Teacher’s Resource include:
• sample responses for the Explore the Math questions
• sample responses for the Communicate the Ideas questions
• common student errors and suggested remedies
• suggestions for Assessment as Learning, Assessment for Learning, and 

Assessment of Learning

TM

Study Tool
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Practice and Homework Book
The MathLinks Practice and Homework Books provide additional opportunities 
for students to develop the skills they used in the student resource.
• Each chapter begins with a Get Ready that can be used to help reactivate 

the skills students need to be successful with that chapter.
•  The chapter content is divided into sections. Each section starts with a 

Key Ideas Review. This is followed by a series of questions that allow 
students to Practise and Apply the skills and concepts from that section in 
the student resource.

• The end of each chapter includes a Link It Together activity that 
challenges students to combine the skills and concepts they learned during 
the chapter to solve problems.

• The fi nal page of each chapter is a Vocabulary Link that reviews the 
Key Words and other important words from each chapter in the form of 
a word puzzle.

• Answers for all questions appear at the end of the Practice and 
Homework Book.

Solutions CD-ROM
The solutions CD-ROM provides fully worked solutions for all questions in 
the numbered sections of the student resource, as well as for questions in 
the chapter review, practice test, and cumulative review features.

Computer Assessment Bank
A computerized assessment bank CD-ROM contains more than 1100 questions 
and answers based on the material presented in the student resource, with 
each of the 11 chapter banks pertaining to the corresponding student chapter. 
The question types include: Multiple Choice, Completion, Matching, Short 
Answer, and Problem. Each question in the CAB is correlated with the 
appropriate chapter, section, topic, and Curriculum Outcome from the 
WNCP Mathematics Curriculum.

The design of the computerized assessment bank facilitates the process of 
building worksheets, tests, or exams that best suit individual classes. You can 
enter your own questions, edit the questions, and customize the appearance of 
the worksheet/test/exam you have created in the ExamView® software.

Online Learning Centre
Additional activities, as well as games and puzzles, are available in 
McGraw-Hill Ryerson’s Online Learning Centre. Go to www.mathlinks9.ca 
and follow the links to the online Teacher Centre. There is also an online 
Student Centre and an online Parent Centre.

The fi rst time you enter this site, use the following username and password:

Username: mathlinks9
Password: 9_teacher

Once you log in, you will be prompted to create your own unique username 
and password.

We feel confi dent that these materials will assist you and your students in 
meeting the outcomes of the new WNCP Math curriculum.

—The Authors, Consultants, and Advisors for MathLinks 9
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Master 9 0.5 Centimetre Grid Paper
Master 10 2 Centimetre Grid Paper
Master 11 Algebra Tiles (Positive Tiles)
Master 12 Algebra Tiles (Negative Tiles)
Master 13 Integer Chips
Master 14 Coin Models
Master 15 Thematic Map
Master 16 Frayer Model
Master 17 Spider Map
Master 18 Sequence Chart
Master 19 Web Map
Master 20 Multiplication Chart
Master 21 Mathematical Symbols
Master 22 Circular Geoboard
Master 23 Famous Mathematicians

Chapter 1
BLM 1–1 MathLinks 9 Scavenger Hunt
BLM 1–2 Chapter 1 Math Link Introduction
BLM 1–3 Chapter 1 Get Ready
BLM 1–4 Chapter 1 Warm-Up
BLM 1–5 Chapter 1 Problems of the Week
BLM 1–6 Section 1.1 Example 1
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BLACKLINE MASTERS
(Available on MathLinks 9 Teacher’s Resource CD-ROM)
• This package is available on the MathLinks 9 Teacher’s Resource CD-ROM. 

It provides generic resource masters, which include a generic project rubric, 
and chapter-specifi c worksheets and tests.

• Blackline master worksheets are provided in Microsoft® Word and PDF 
format. You may use the worksheet as is, or access the Microsoft® Word 
document and revise the worksheet to meet the specifi c needs of a particular 
student or of your entire class.

• Note that the last blackline master in each chapter provides the answers to 
all the questions on the chapter blackline masters.

• There are additional worksheets on the McGraw-Hill Ryerson Online 
Learning Centre. You can access these through the MathLinks 9 book site 
at http://www.mcgrawhill.ca/mathlinks9.
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CURRICULUM CORRELATION
Strand/Outcome Chapter/Section Pages

Strand: Number

General Outcome
Develop number sense.

Chapters 2–3 pp. 42–125

Specifi c Outcomes

1. Demonstrate an understanding of powers with integral 
bases (excluding base 0) and whole number exponents by:
• representing repeated multiplication using powers
• using patterns to show that a power with an exponent of 

zero is equal to one
• solving problems involving powers.

 [C, CN, PS, R]

3.1–3.4
Math Link: Wrap It Up!
Challenge: Develop Your Own Online Tournament
Challenge: Stopping the Spread of Harmful 

Bacteria
Task: How Many Times Can You Fold a Piece 

of Paper?

pp. 92–119
p. 123
p. 124

p. 125

p. 169

2. Demonstrate an understanding of operations on powers 
with integral bases (excluding base 0) and whole number 
exponents.
[C, CN, PS, R, T)

3.2–3.4
Math Link: Wrap It Up!
Challenge: Develop Your Own Online Tournament
Challenge: Stopping the Spread of Harmful 

Bacteria

pp. 99–119
p. 123
p. 124

p. 125

3. Demonstrate an understanding of rational numbers by:
• comparing and ordering rational numbers
• solving problems that involve arithmetic operations on 

rational numbers. 
 [C, CN, PS, R, T, V]

2.1–2.4
Math Link: Wrap It Up!
Challenge: Reaction Time
Challenge: Going Up?
Task: How Many Times Can You Fold a Piece 

of Paper?

pp. 46–81
p. 85
p. 86
p. 87
p. 169

4. Explain and apply the order of operations, including 
exponents, with and without technology.
[PS, T]

3.3–3.4
Math Link: Wrap It Up!
Challenge: Develop Your Own Online Tournament
Challenge: Stopping the Spread of Harmful 

Bacteria
Task: Choosing a Television to Suit Your Room

pp. 108–119
p. 123
p. 124
p. 125

p. 287

5. Determine the square root of positive rational numbers 
that are perfect squares. 
[C, CN, PS, R, T]

2.4
Math Link: Wrap It Up!
Challenge: Reaction Time
Challenge: Going Up?

pp. 72–81
p. 85
p. 86
p. 87

6. Determine an approximate square root of positive 
rational numbers that are non-perfect squares. 
[C, CN, PS, R, T]

2.4
Math Link: Wrap It Up!
Challenge: Reaction Time
Challenge: Going Up?

pp. 72–81
p. 85
p. 86
p. 87

Strand: Patterns and Relations (Patterns)

General Outcome
Use patterns to describe the world and solve problems.

Chapter 6 pp. 206–249

Specifi c Outcomes

1. Generalize a pattern arising from a problem-solving 
context using linear equations and verify by substitution. 
[C, CN, PS, R, V]

6.1
Math Link: Wrap It Up!
Challenge: Hot-Air Ballooning
Challenge: Opening a Fitness Club

pp. 210–219
p. 247
p. 248
p. 249

2. Graph linear relations, analyze the graph and interpolate 
or extrapolate to solve problems.
[C, CN, PS, R, T, V]

6.2–6.3
Math Link: Wrap It Up!
Challenge: Hot-Air Ballooning
Challenge: Opening a Fitness Club
Task: Choosing a Television to Suit Your Room
Challenge: Global Warming

pp. 231–243
p. 247
p. 248
p. 249
p. 287
p. 448
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Strand/Outcome Chapter/Section Pages

Strand: Patterns and Relations (Variables and Equations)

General Outcome
Represent algebraic expressions in multiple ways.

Chapters 5, 7–9 pp. 170–205, 250–373

Specifi c Outcomes

3. Model and solve problems using linear equations of 
the form:
• ax = b •   

x
 _ a   = b, a ≠ 0 • ax + b = c

•   
x
 _ a   + b = c, a ≠ 0 • ax = b + cx • a(x + b) = c

• ax + b = cx + d • a(bx + c) = d(ex + f)  
•   

a
 _ x   = b, x ≠ 0

 where a, b, c, d, e and f are rational numbers. 
[C, CN, PS, V]

Task: Choosing a Television to Suit Your Room
8.1–8.4
Math Link: Wrap It Up!
Challenge: School Store
Challenge: Pair Up, Create, and Solve

p. 287
pp. 292–329
p. 333
p. 334
p. 335

4. Explain and illustrate strategies to solve single variable 
linear inequalities with rational coeffi cients within a 
problem-solving context.
[C, CN, PS, R, V]

9.1–9.3
Math Link: Wrap It Up!
Challenge: Not for Profi t
Challenge: The Inequalities Game

pp. 340–367
p. 371
p. 372
p. 373

5. Demonstrate an understanding of polynomials (limited to 
polynomials of degree less than or equal to 2).
[C, CN, R, V]

5.1
Math Link: Wrap It Up!
Challenge: Kayaks for Rent
Challenge: What Have You Got to Hide?

pp. 174–182
p. 203
p. 204
p. 205

6. Model, record and explain the operations of addition 
and subtraction of polynomial expressions, concretely, 
pictorially and symbolically (limited to polynomials of 
degree less than or equal to 2).
[C, CN, PS, R, V]

5.2–5.3
Math Link: Wrap It Up!
Challenge: Kayaks for Rent
Challenge: What Have You Got to Hide?

pp. 183–199
p. 203
p. 204
p. 205

7. Model, record and explain the operations of 
multiplication and division of polynomial expressions 
(limited to polynomials of degree less than or equal to 2) 
by monomials, concretely, pictorially and symbolically. 
[C, CN, R, V]

7.1–7.3
Math Link: Wrap It Up!
Challenge: Design a Card Game
Challenge: Polynomial Puzzle

pp. 254–277
p. 281
p. 282
p. 283

Strand: Shape and Space (Measurement)

General Outcome
Use direct or indirect measurement to solve problems.

Chapter 10 pp. 374–409

Specifi c Outcomes

1. Solve problems and justify the solution strategy using 
circle properties including:
• the perpendicular from the centre of a circle to a chord 

bisects the chord
• the measure of the central angle is equal to twice the 

measure of the inscribed angle subtended by the same arc
• the inscribed angles subtended by the same arc are 

congruent
• a tangent to a circle is perpendicular to the radius at the 

point of tangency.
 [C, CN, PS, R, T, V]

10.1–10.3
Math Link: Wrap It Up!
Challenge: Dream Catcher

pp. 378–403
p. 407
p. 408

Strand: Shape and Space (3-D Objects and 2-D Objects) 

General Outcome
Describe the characteristics of 3-D objects and 2-D shapes, 
and analyze the relationships among them.

Chapters 1, 4 pp. 2–41, 126–169

Specifi c Outcomes

2. Determine the surface area of composite 3-D objects to 
solve problems. 
[C, CN, PS, R, V]

1.3
Math Link: Wrap It Up!
Challenge: Making a Paper Airplane
Challenge: Musical Instruments

pp. 26–35
p. 39
p. 40
p. 41
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Strand/Outcome Chapter/Section Pages

Strand: Shape and Space (3-D Objects and 2-D Objects) continued 

3. Demonstrate an understanding of similarity of polygons.
[C, CN, PS, R, V]

4.4
Math Link: Wrap It Up!
Challenge: Shadow, Shadow
Challenge: Graphic Designer
Task: How Many Times Can You Fold a Piece 

of Paper?

pp. 154–159
p. 163
p. 164
p. 165
p. 169

Strand: Shape and Space (Transformations) 

General Outcome
Describe and analyze position and motion of objects 
and shapes.

Chapters 1, 4 pp. 2–41, 126–169

Specifi c Outcomes

4. Draw and interpret scale diagrams of 2-D shapes. 
[CN, R, T, V]

4.1–4.3
Math Link: Wrap It Up!
Challenge: Shadow, Shadow
Challenge: Graphic Designer

pp. 130–159
p. 163
p. 164
p. 165

5. Demonstrate an understanding of line and rotation 
symmetry.
[C, CN, PS, V]

1.1–1.3
Math Link: Wrap It Up!
Challenge: Making a Paper Airplane
Challenge: Musical Instruments

pp. 6–35
p. 39
p. 40
p. 41

Strand: Statistics and Probability (Data Analysis)

General Outcome
Collect, display and analyze data to solve problems.

Chapter 11 pp. 410–452

Specifi c Outcomes

1. Describe the effect of:
• bias • use of language • ethics 
• cost • time and timing • privacy
• cultural sensitivity

on the collection of data. 
 [C, CN, R, T]

11.1
Challenge: Global Warming
Challenge: Probability in Society

pp. 414–421
p. 448
p. 449

2. Select and defend the choice of using either a population 
or a sample of a population to answer a question.
[C, CN, PS, R]

11.2
Challenge: Global Warming
Challenge: Probability in Society

pp. 422–429
p. 448
p. 449

3. Develop and implement a project plan for the collection, 
display and analysis of data by:
• formulating a question for investigation
• choosing a data collection method that includes social 

considerations
• selecting a population or a sample
• collecting the data
• displaying the collected data in an appropriate manner
• drawing conclusions to answer the question.

 [C, PS, R, T, V]

11.1–11.4
Math Link: Wrap It Up!
Challenge: Global Warming
Challenge: Probability in Society

pp. 414–443
p. 443
p. 448
p. 449

Strand: Statistics and Probability (Chance and Uncertainty)

General Outcome
Use experimental or theoretical probabilities to represent 
and solve problems involving uncertainty.

Chapter 11 pp. 410–452

Specifi c Outcomes

4. Demonstrate an understanding of the role of probability 
in society. 
[C, CN, R, T]

11.3–11.4
Challenge: Probability in Society

pp. 430–443
p. 449
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TIME LINES FOR MATHLINKS 9
The chart below shows estimated times, in minutes, for covering the material in 
MathLinks 9. Please note that times will vary depending on your particular 
class and its individual students. Field-testing shows that many classes can 
do some of this material in much less time than is outlined here, while it 
takes others more time. The chart shows an average. In most cases, the full 
course can be handled in 160 classes.

Also note that there are alternative ways to cover and assess many 
outcomes. For example, student achievement of chapter outcomes can 
be checked by having students do the chapter review, practice test, and 
chapter test, or, more holistically, by having students complete one of the 
Challenges, or by doing a combination of these things.

In a similar manner, you may wish to have some advanced students do 
one of the Challenges or a particular chapter while other students work 
on the sections. In other chapters, the Challenges may provide additional 
motivation for all students. Questions from the cumulative review could be 
used for extra practice for students who need it.

Chapter 1 2 3 4 5 6 7 8 9 10 11

Chapter Opener 40–50 40–50 40–50 40–50 40–50 40–50 40–50 40–50 40–50 40–50 40–50

Section 1 80–100 80–100 45–60 80–100 80–100 80–100 60–80 80–100 50–60 50–60 60–80

Section 2 90–100 80–100 50–60 80–100 100–120 80–100 60–80 80–100 50–60 50–60 80–100

Section 3 120–135 80–100 50–60 80–100 100–120 80–100 60–80 80–100 50–60 50–60 80–100

Section 4 80–100 50–60 80–100 80–100 80–100

Chapter Review 40–50 40–50 40–50 40–50 40–50 40–50 40–50 40–50 40–50 40–50 40–50

Practice Test 40–50 40–50 40–50 40–50 40–50 40–50 40–50 40–50 40–50 30–40 40–50

Math Link: Wrap It Up! 40–50 40–50 80–100 80–100 60–80 80–100 60–75 40–50 30–40 40–50 40–50

Challenge #1 40–100 40–50 40–50 40–50 40–60 60–80 80–100 40–50 30–40 50–60 80–100

Challenge #2 40–50 40–50 40–50 40–50 40–50 40–50 50–60 30–40 30–40 60–80

Cumulative Review 60–75 60–75 60–75

Task 40–50 40–50
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AN INTRODUCTION TO MATHLINKS 9 
TEACHER’S RESOURCE
The teaching notes for each chapter have the following structure:

Opening Matter and Charts
• These are provided on a four-page foldout immediately after each chapter tab.
• These pages provide:

– an overview of the chapter outcomes and the concepts, skills, and 
processes that will be assessed

– assessment suggestions for the use of the Literacy Link in the chapter 
opener, the Math Link introduction, the Foldable, and the section 
Warm-Ups

– an introduction to the Problems of the Week
• The Chapter Planning Chart provides

–  suggested timing for the numbered sections, chapter review, practice 
test, Math Links: Wrap It Up!, games, and Challenges

– a list of prerequisite skills for each section
– suggested assignments for most students
– a list of related blackline masters available on the CD-ROM
– a list of materials and technology tools needed for each lesson
– the location of Assessment as Learning, Assessment for Learning, and 

Assessment of Learning opportunities in the chapter
– suggested sources for extra support

Chapter Opener
The Chapter Opener includes:
• a description of the math that will be covered in the chapter 
• suggestions for introducing students to the chapter’s topics
• ideas about how to introduce the Math Link
• suggestions for how students could use the Foldable most effectively

Numbered Sections
The opening page lists:
• Specifi c Outcomes and Mathematical Processes that the section covers 

in whole or in part
• Materials needed for the section
• Suggested Timing for the section
• Blackline Masters useful for extra practice, assessment, and adaptations. This 

includes a Warm-Up master that provides exercises for reinforcing material 
in previous sections of the student resource, as well as mental math skills.

• a question planning chart that specifi es the questions to be assigned.
– Essential: the minimum, usually knowledge and skill questions, that all 

students should be able to complete to address the outcomes
– Typical: questions that most students should be fairly successful with
– Extension/Enrichment: questions that extend the concepts horizontally 

and provide additional challenge

TM

Study Tool
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Teaching Notes
The key items include the following:
• Answers for the Explore questions let you know the expected outcome of 

these activities.
• Planning Notes give insights about and suggestions for the three parts of 

the lesson: Explore, Link the Ideas, and Check Your Understanding.
• Sample responses for the Communicate the Ideas questions provide the 

type of answers students are expected to give. 
• Assessment boxes give a variety of short assessment strategies and related 

supported learning for Assessment as Learning, Assessment for Learning, 
and Assessment of Learning. These boxes are provided for each of the 
activities in the student resource numbered sections.

• A Math Link box describes what students will achieve with the Math Link 
activity and provides strategies for students to complete it successfully.

End of Chapter Items
• The chapter sections are followed by a chapter review and a practice test.
• The chapter problem is fi nalized in a Math Link: Wrap It Up! Related 

notes provide ideas for handling this assessment opportunity. A rubric and 
suggested assessment notes are provided.

• The fi nal two pages in each chapter provide one or two Challenges. These 
activities can be used as holistic assessment tools, as extra activities for 
gifted and enriched students, and/or by all students as motivating activities 
related to real life. A rubric and suggested assessment notes are provided 
for Challenges that do not consist solely of students playing a game to 
reinforce skills.

• Cumulative reviews reinforce the previous four chapters.
• In chapters 4 and 7, the cumulative reviews are followed by a Task. This 

activity can be used as a holistic assessment tool for cross-strand work 
or as an extra activity for gifted and enriched students. A rubric and 
suggested assessment notes are provided.

The Teacher’s Resource CD-ROM also provides editable masters:
• Generic Masters such as grid paper
• Blackline Masters related to each chapter:

– an open-ended diagnostic assessment opportunity
–  Warm-Up questions that provide exercises for reinforcing material in 

previous sections and mental math skills
– Problems of the Week, including innovative problems that require 

students to think outside the box and experiment with a variety of 
approaches

– Extra Practice questions for each section
– scaffolding for each Math Link and Math Link: Wrap It Up! for 

students who need supported learning
– a chapter test
– answers for blackline master questions
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CHARACTERISTICS OF MCGRAW-HILL RYERSON’S 
MATHLINKS PROGRAM
McGraw-Hill Ryerson’s MathLinks program is based on a view that all 
students can be successful in mathematics and should have the opportunity 
and support to learn mathematics for depth and understanding (NCTM, 
2000). The goal is to assist students in becoming more responsible, 
thoughtful, and active learners. The program is built on principles of effective 
practice and on research about how early adolescents learn—prerequisites for 
achieving a balanced approach to instruction in mathematics. 

Mathematics: Making Links
Throughout the MathLinks student resource, students are given the 
opportunity to see the links between real life and mathematics.
• Every chapter is introduced with a Math Link problem that models 

mathematics in the real world, engages students’ interest, and gives 
students a meaningful purpose for learning the mathematics presented 
in the chapter. The Math Link provides an important foundation for the 
concepts and skills developed throughout the chapter. The problem is 
designed to engage students by making links between the mathematics 
in the chapter and students’ personal experiences, as well as between 
mathematics and the real world.   
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• The Math Link is revisited at the end of most lessons. This provides 
students with the opportunity to apply newly acquired concepts and skills 
in the context of the original problem. 

• At the end of the chapter, the Math Link: Wrap It Up! offers an open-
ended assessment opportunity for students to demonstrate their understanding 
by solving the problem introduced at the beginning of the chapter.

• Most concepts or procedures in the chapter are introduced in a real-life 
context.

• What You Will Learn at the beginning of each chapter lists in student-
friendly language the outcomes of the mathematics curriculum that 
are covered in the chapter. These outcomes may be from different 
strands that naturally fi t together and further illustrate how the program 
makes important links among concepts within the discipline and with 
the real world.

• Connections with other curriculum areas, such as science, geography, 
history, language, and art, are evident in a number of lessons in several of 
the chapters. Some of these are in subject link and Did You Know? boxes. 
For example, the Did You Know? shown here is part of a Chapter 6 Math 
Link that talks about the Intertropical Convergence Zone (ITCZ). The 
Teacher’s Resource also identifi es the various ways that concepts 
developed in the chapter are linked to concepts in the different strands.
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Procedural Fluency and Conceptual Understanding
The three-part lesson structure in McGraw-Hill Ryerson’s MathLinks 
program is designed to engage students in learning that develops their 
conceptual understanding and procedural fl uency. The three parts are 
described below.

1. Explore
• begins with a focus question that 

identifi es the learning objective of 
the lesson

• provides an opportunity for students to generalize learning about the 
key concepts and to answer the original focus question in the Refl ect on 
Your Findings in MathLinks 7 and MathLinks 8, and Refl ect and Check 
in MathLinks 9

2. Link the Ideas
• some start with a piece of text that helps students connect what they did in 

Explore to the Examples
• provides worked examples of the mathematics being modelled, often with 

multiple approaches to a solution
• makes use of commonly available concrete materials and mathematics 

manipulatives
• provides opportunities for students to check their understanding of 

concepts, through Show You Know questions, before proceeding to 
the next example

• Key Ideas summarize the key concepts or big ideas of the lesson
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responsible thoughtful

active

Differentiating
Instruction

Assessment Problem
Solving

3. Check Your Understanding
• Communicate the Ideas consolidates 

student learning through questions that 
include explaining or comparing concepts, identifying and correcting 
errors, and discussing as a group

• allows practice of new skills and application of learning to different situations
• provides opportunities for solving problems in a variety of contexts and 

using multiple approaches
• provides opportunities for students to extend their thinking (e.g., 

synthesizing, analysing, evaluating) by using what was discussed in the 
chapter in a different context or a different way

MathLinks balances:
• procedural fl uency and conceptual understanding  
• mental mathematics, paper-and-pencil 

arithmetic, and technology 
• concrete, pictorial, and symbolic 

representations 
• practice and application
• student and teacher responsibility  

This approach is embedded in 
three cornerstones of the 
MathLinks program:

• problem solving 
• differentiating instruction
• assessment

Problem Solving
Problem solving is central to the McGraw-Hill Ryerson MathLinks program. 
Signifi cant emphasis has been placed on incorporating problems that: 
• have a range of contexts
• can be solved using different problem solving strategies
• may have multiple solutions

Check Your Understanding

responsible thoughtful

active

Contexts

StrategiesMultiple
Solutions
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A variety of problem solving experiences are provided throughout the lessons:
• A four-step problem solving model is outlined at the beginning of the 

student resource: Understand, Plan, Do It!, Look Back.
• Problem solving strategies are reinforced at the beginning of the student 

resource. These pages serve as a reference for students as they solve 
problems within the chapters.

•  Examples throughout the MathLinks 7 student resource show the problem 
solving model and strategies being used in context. In MathLinks 8 and 
MathLinks 9, the examples continue to show strategies in context.
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• Students are frequently asked to discuss their methods for solving 
problems. Doing so reinforces thinking and helps students realize 
that there may be multiple methods for solving a problem.

• The Math Link at the beginning of each chapter activates student 
knowledge of skills and concepts related to the topic in the chapter. 
The Math Link models a mathematics problem from the real world. 
This problem is wrapped up at the end of the chapter in the form of 
a performance task.

• A problem provides the focus for learning in Explore the Math in 
MathLinks 7 and MathLinks 8, and Explore in MathLinks 9, often 
making use of concrete materials.

• Students are challenged to higher levels of thinking and to extend their 
thinking in the Extend section of the exercises, the Problems of the 
Week Blackline Master for each chapter, the Extended Response 
section in the practice test, the Math Games, and the Challenges.

Diff erentiating Instruction
Differentiating instruction provides educators with the tools needed to 
create a learning environment where students are actively involved and 
working together. Hands-on activities engage students and help to meet 
their diverse needs. Signifi cant emphasis has been placed on: 
•  variety — provides opportunities for students to be thoughtful about 

what and how they learn
•  choice — encourages students to develop responsibility by making 

good personal decisions
•  balance — is essential in having students actively involved in their 

learning. Students’ needs are best met when they experience a variety 
of ways to develop and understand concepts. 

Care has been taken in the McGraw-Hill Ryerson MathLinks program to 
ensure that all students—including special needs students (with learning 
disabilities or gifted), students at risk, English language learners, or students 
from different cultures—can access the mathematics and experience success. 
• Visuals that illustrate how to carry out explorations accompany the 

instructions. These visuals help the student to “see” the process. They 
also aid in the acquisition of mathematical language. 

responsible thoughtful

active

Balance

Choice Variety
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• Visuals and graphics are paired with questions and content in other 
strategic locations in the student resource.

• A Literacy Link at the beginning of each chapter provides tips to help 
students read and interpret the chapter content.

• Other Literacy Links throughout the chapters provide students with 
strategies for how to read and understand mathematical language.

• The Teacher’s Resource provides strategies and blackline master support 
for accommodating different learning styles, special needs, English 
language learners, First Nations, Métis, Inuit, and at-risk students.
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• The Get Ready materials in the MathLinks Practice and Homework Books 
and on the MathLinks book site activate student knowledge and concepts 
related to the topic in the upcoming chapter. 

•  Support for combined grades situations appears on the MathLinks book 
site at www.mathlinks.ca.

• The Teacher’s Resource, MathLinks Practice and Homework Books, and 
MathLinks Online Learning Centre offer further support in the form of 
concrete activities, additional practice, and diagnostic strategies to support 
students who may have gaps in their learning.

• The open-ended nature of many of the problems and tasks accommodate 
the needs of all students by allowing for multiple entry points.
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• Did You Know? boxes present interesting information related to the math 
or context of the lesson. In MathLinks 9, some provide connections to 
other subject areas.

Ten Needs of the Learner
Anna Sfard (2003) has identifi ed ten needs of the intermediate learner. 
She claims these needs are the driving force behind learning and must be 
fulfi lled if the learning is to be successful. The needs are universal, but may 
be expressed differently in different individuals and at different ages.

1.  The Need for Meaning 
 Learners look for order, logic, and causal dependencies behind things, 

events, and experiences. This approach requires students to actively 
engage in generating the meaning for themselves. It also directs students’ 
thinking so no time is lost investigating incorrect paths. While students 
are developing meaning for new concepts, they are guided to develop 
patience, persistence, and tolerance in the face of insuffi cient clarity.

2.  The Need for Structure
 This need follows from the need for meaning. Meaning involves 

relationships among concepts. The connections among concepts already 
learned and new concepts being introduced should be an integral part 
of instruction. Such connections must include not only real-world 
applications and relevance, but also assistance in building mathematical 
abstractions, so students can see how the results can be transferred from 
one context to another (Wu, 1997). The more connections that exist among 
facts, ideas, and procedures, the better students’ conceptual understanding.

3.  The Need for Repetitive Action 
 A person who has created meaning and structure for a mathematical 

concept is aware of a repetitive, constant structure in certain actions. 
A reasonable level of mastery of basic skills is an important element 
in constructing mathematical knowledge (Fuson and Briars, 1990; 
Fuson and Kwon, 1992; Hiebert and Wearne, 1996; Siegler, 2003; 
Stevenson and Stigler, 1992). If students are to refl ect on the processes 
of mathematics, they must fi rst master those processes to a suffi cient 
degree. This does not mean a focus on rote repetition. Rather, it should 
be a process of refl ective practice, where mastery of the action leads 
to refl ection on the meaning of that action, which leads to further 
understanding and learning.

4.  The Need for Diffi culty
 True learning implies coping with diffi culties. The goal of learning is 

to advance students from abilities they now possess to those they have 
not yet developed. The best way to accomplish this goal is to present 
students with tasks that are demanding but still within their reach.

5.  The Need for Signifi cance and Relevance 
 Signifi cance means linking new knowledge to existing knowledge, 

so this need also stresses the importance of helping students build 
connections. Signifi cance and relevance do not come from only the 
concrete and the real; they also come from problems that are more 
abstract. Focusing only on real-life applications would lead to a 
fragmented, incomplete picture of mathematics.
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6.  The Need for Social Interaction 
 There is an inherent social nature to learning and making meaning. 

Jerome Bruner states that the fundamental vehicle of education is 
social interaction not “solo performance” (Bruner, 1985). The most 
obvious forms are student–teacher or student–student exchanges, but 
even interaction with a textbook is a form of social interaction (Sfard, 
2003). Cooperative learning is another form of learning interaction in 
which the teacher does not have the central role.

7. The Need for Verbal–Symbolic Interaction 
 Interaction in learning means communication, and communication 

means using language (speech) and symbols (written language as well 
as mathematical symbols) to convey thoughts. If mathematical learning 
is to take place in an interactive setting, students must be encouraged to 
“talk” mathematics.

 8.  The Need for a Well-Defi ned Discourse 
  Discourse goes beyond the idea of a conversation. It refers to all 

communication practices of the classroom, both written and verbal. 
Discourse implies that the resulting communication follows specifi c 
rules. Researchers now recommend that rules be adjusted to the needs 
and potential of the learning child (Siegler, 2003). This does not mean 
giving up the need for rigour, but it does mean carefully choosing 
which rules we use and which rules we modify, and making these rules 
clear to students.

 9.  The Need for Belonging 
  The desire to belong and be counted as a member of a particular social 

group is a powerful force behind our actions. Learning by participation 
requires us to be a part of a learning community. Students need to feel 
respected and free to speak their mind in the classroom. However, the 
extent to which students value mathematics is infl uenced by the value 
given to mathematics by the wider community (Comiti and Ball, 1996). 
Thus, it may be diffi cult to instill a desire to embrace mathematics in 
an environment where mathematics is not valued. The most promising 
directions for improvement seem to be those that incorporate historical 
context in the mathematics content, portray mathematics as something 
unique in our world, and present it as something to be valued for its 
own sake (Sfard, 2003).

 10. The Need for Balance
  To meet learners’ wide range of needs, the pedagogy must be 

variegated and rich in possibilities. The need for balance suggests an 
advantage in searching for the good in all theories. It does not imply 
that old and new are mutually exclusive. The reality is that there must 
be a bit of everything in the classroom: problem solving as well as 
skills practice, teamwork as well as individual learning and teacher 
exposition, real-life problems as well as abstract problems, and learning 
by talking as well as silent learning.
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ASSESSMENT
A variety of assessment strategies and tools are 
employed to accommodate the diversity of 
students’ abilities and styles of learning.

Assessment as Learning 
(Diagnostic)
These assessment tools include 
student refl ection. They are 
provided throughout the 
MathLinks student resource 
and Teacher’s Resource to 
assist the teacher in programming by 
identifying student weaknesses and gaps.
• The Foldables™ activity in each chapter gives 

students a way to organize their learning and 
provides them with opportunities to express their 
understanding in their own words. A unique part 
of each chapter Foldable asks students to keep track 
of what they need to work on, allowing them to be 
self-directed learners.

• In MathLinks 7 and MathLinks 8, the Refl ect on 
Your Findings questions in each Explore the Math 
provide early opportunities for students to construct 
knowledge about the section content. In MathLinks 9, 
the Refl ect and Check questions in the Explore 
serve the same purpose.

•  The Communicate the Ideas questions allow 
students to explore their initial understandings of a concept.

•  The Warm-Up exercises, journaling questions, and Math Learning Log 
suggestions in the Teacher’s Resource provide additional support in 
identifying and facilitating student learning.

•  The suggested assignments, questions, Problems of the Week, and 
activities in the Meeting Student Needs boxes in the Teacher’s Resource 
address a variety of learner needs, including those of English language 
learners and gifted and enrichment students.

•  Diagnostic support in the form of introductory questions designed to open 
discussion in the classroom and in the form of exploration activities are 
provided in the Teacher’s Resource, where appropriate.

Assessment for Learning (Formative)
Formative assessment tools are provided throughout the MathLinks student 
resource and the Teacher’s Resource.
•  The Math Link and the Literacy Link at the beginning of each chapter 

activate learning necessary for students’ success in the upcoming chapter.
•  The MathLinks Practice and Homework Books and the MathLinks book 

site include a Get Ready section designed to provide teachers with an 
opportunity to activate student knowledge and assess the understanding 
that students should have to begin the chapter. In MathLinks 7, alternative, 
open-ended assessments for the Get Ready are provided as blackline masters. 
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active
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These assessments focus on determining if students possess both procedural 
knowledge and conceptual understanding of prerequisite concepts. In 
MathLinks 8 and MathLinks 9, the alternative open-ended assessment is 
in the Assessment for Learning box on the back of the chapter fold-out.

•  Additional support in the Teacher’s Resource and on the MathLinks 
Online Learning Centre provides assistance for identifying and supporting 
weaknesses in students’ learning.

•  The MathLinks Teacher’s Resource provides Blackline Masters that 
complement the student resource in areas where formative assessment 
indicates students may need further support.

•  The Refl ect on Your Findings in MathLinks 7 and MathLinks 8, the 
Refl ect and Check in MathLinks 9, and the Communicate the Ideas 
questions provide an opportunity to determine students’ understanding of 
concepts through conversations and/or written work.

•  The Show You Know questions target key skills of a section.
•  Students can use the Practise assignments in each section to check their 

understanding.
•  The Math Links at the end of most sections allow students to apply their 

understanding of the lesson’s concepts to a problem that is linked to the 
Math Link: Wrap It Up! at the end of each chapter.

•  The chapter reviews and cumulative chapter reviews provide 
opportunities to assess knowledge/understanding, applications, 
communications, mental math, and problem solving.

Assessment of Learning (Summative)
Summative assessment is provided in the following ways:
•  Practice tests are provided at the end of the chapters in the student resource, 

and chapter tests are provided as blackline masters in the Teacher’s Resource.

•  The Math Link: Wrap It Up! at the end of each chapter provides 
teachers with an opportunity to check whether students have synthesized 
the concepts and procedures. A rubric for each Wrap It Up! is included in 
the Teacher’s Resource. Student exemplars are on the MathLinks Online 
Learning Centre.
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•  In MathLinks 7 and MathLinks 8, Math Games at the end of each chapter 
give students and teachers another opportunity for assessment. These 
games are linked to concepts studied in the chapter. Some games also 
review outcomes in previous chapters. In MathLinks 9, some Challenges 
take the form of a game.

•  A Challenge in Real Life is provided at the end of 
every chapter and it is accompanied by a rubric and 
suggested scoring in the Teacher’s Resource. Student 
exemplars are on the MathLinks book site. There are 
one or two Challenges at the end of each chapter in 
MathLinks 9. Some challenges have students play or 
develop and play a game that will help them reinforce 
chapter outcomes.
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•  A Task is included after each cumulative review in MathLinks 7 and 
MathLinks 8, and after the Chapter 4 and Chapter 7 cumulative reviews 
in MathLinks 9. An accompanying rubric and suggested scoring can be 
found in the Teacher’s Resource. Student exemplars are provided on the 
MathLinks Online Learning Centre.

•  A Computerized Assessment Bank (CAB) offers a database of additional 
questions. The database includes a variety of question types (True/False, 
Multiple Choice, Completion, Matching, Short Answer, and Problems) and 
levels of diffi culty (easy, average, and diffi cult). True/False questions are 
present in the MathLinks 7 CAB, but not in either the MathLinks 8 CAB 
or MathLinks 9 CAB.

Portfolio Assessment
Student-selected portfolios provide a powerful platform for assessing 
students’ mathematical thinking. Portfolios provide the following benefi ts:
• help teachers assess students’ growth and mathematical understanding
• give insight into students’ self-awareness about their own progress
• help parents/guardians understand their child’s growth

MathLinks 9 has many components that provide ideal portfolio items. 
Including any or all of the following chapter items is a non-threatening, 
formative way to gain insight into students’ progress:
• student responses to the chapter opener
• answers to the Refl ect and Check questions, which give students early 

opportunities to construct knowledge about the section content
• answers to the Communicate the Ideas questions, which allow students 

to explore their initial understanding of concepts
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• journal and Math Learning Log responses, which show student 
understanding of the chapter skills and processes

• student responses to the Math Link: Wrap It Up! assignments
• Task and Challenge assignments, which show student understanding, 

usually across several chapters and strands

Master 1 Project Rubric
The Master 1 Project Rubric may be used for all assessments of Math 
Links: Wrap It Up! assignments, Challenges, and Tasks. This unique 
rubric includes
• a Score/Level grade ranging from 1 to 5 (Beginning to Standard of 

Excellence) Note: The Teacher Centre on the Online Learning Centre 
provides a four-level rubric and related exemplars.

• a Holistic Descriptor for each grade range, describing the level of 
understanding and communication skills

• Specifi c Question Notes, which provide suggested solutions typical of 
each grade range. These notes are meant to represent what the majority of 
students display. They are by no means exhaustive of all possible solutions. 
Teachers are encouraged to continually refer to both the specifi c and 
holistic pieces of the rubric.

Teachers are encouraged to share the rubric with students early in the year. 
This will help them become active participants in their own assessment and 
program planning. Discussing and building the Specifi c Question Notes 
with students allows them to engage actively in their learning.
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CONCRETE MATERIALS
The McGraw-Hill Ryerson MathLinks program engages students in a 
variety of worthwhile mathematical tasks that span the continuum from 
concrete to abstract.

Where appropriate, concept development in the program begins with 
students working with concrete materials. Most Explore the Math activities 
in MathLinks 7 and MathLinks 8, and Explore activities in MathLinks 9 
have students using commonplace materials and conventional mathematical 
manipulatives in a hands-on approach. Pictorial images of the materials 
support the text and accommodate the stages of investigations in the 
absence of concrete materials. After an appropriate number of hands-on 
opportunities, students move from the pictorial to the symbolic in the 
examples, Show You Know, and Check Your Understanding exercises.

An example of how students move through the continuum of learning 
can be seen in the development of the concept of adding and subtracting 
polynomials. Students begin by using algebra tiles or other models to 
show addition and subtraction. Pictorial images of the models are paired 
in the text with sample solutions. Once students become confi dent with 
their understanding, they can use only the symbolic to add and subtract 
polynomials. Some students may need to stay at the concrete and/or 
pictorial stage longer than others.
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TECHNOLOGY
Where appropriate, lessons are designed to provide students with the 
opportunity to develop their skills in the use of calculators and spreadsheets, 
but not to rely on this technology to think mathematically. Students are also 
asked to use the Internet to research information related to problems they are 
required to solve. 

The student resource provides technology learning that matches technology 
requirements for curriculum expectations. In MathLinks 9, some Tech Links 
refer students to the MathLinks 9 Online Learning Centre where they can 
use software to extend their understanding of a concept.

Blackline Masters of text-based technology activities that can easily be 
used in a computer laboratory are also included in the Teacher’s Resource 
when grade-specifi c outcomes suggest these are needed. The masters 
include directions for using a number of different softwares common in 
many classrooms.
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CAPITALIZING ON DIVERSITY AND REAL LIFE
Throughout the student resource, students are given opportunities to see 
how mathematics connects to real life by engaging in meaningful problem 
solving situations. Chapters are introduced with problems that model 
real life. Visual images used to introduce lessons, as well as those in the 
Explore the Math in MathLinks 7 and MathLinks 8, in the Explore in 
MathLinks 9, and in the exercise sets, depict the cultural diversity within 
classrooms. Examples of mathematics from other cultures are evident 
throughout the text. Names used in the lessons and exercises also refl ect the 
diversity of Canadian society.

Grouping
There are multiple opportunities throughout the program for teachers to 
use different types of student groupings. The Explore the Math sections in 
MathLinks 7 and MathLinks 8 and the Explore sections in MathLinks 9 
lend themselves to group work, but teachers are free to choose student 
groupings that meet their needs. Additional suggestions are also provided 
in the Teacher’s Resource.
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Home Connections
The design of the McGraw-Hill Ryerson MathLinks program recognizes that 
students’ learning in mathematics also takes place outside of the classroom 
as they complete their homework, work with parents/guardians, and employ 
their mathematical skills in everyday life. The following features support 
learning outside of the classroom:   
• Key Ideas provide summaries and worked examples to serve as references 

for students and parents/guardians when doing homework.
• Visuals and Key Ideas allow investigations to be easily followed 

independently.
• Opportunities for bringing mathematics activities home are provided 

through Practise/Apply/Extend, Math Links, Math Games, Challenges, 
and Tasks.

• The MathLinks Practice and Homework Books provide additional 
opportunities for parents/guardians to assist students in developing 
needed skills.

• Additional activities, as well as games and puzzles, are available on 
the McGraw-Hill Ryerson Online Learning Centre, which includes a 
Parent Centre.
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COOPERATIVE LEARNING
There are multiple opportunities throughout the program for teachers to use 
different types of classroom groupings. The explorations at the beginning 
of each section lend themselves to being completed in groups, but teachers 
are free to choose class groupings that meet the needs of their students. 
Additional suggestions are also provided in this Teacher’s Resource.

Students learn effectively when they are actively engaged in the process of 
learning. Most sections of MathLinks 9 begin with a hands-on activity that 
fosters this approach. These activities are best done through cooperative 
learning during which students work together—either with a partner or 
in a small group of three or four—to complete the activity and develop 
generalizations about the topic or process.

Group learning such as this is an important aspect of a constructivist 
educational approach. It encourages interactions and increases chances 
for students to communicate and learn from each other.1

Teachers’ Role—In classrooms where students are adept at cooperative 
learning, the teacher becomes the facilitator, guide, and progress monitor. Until 
students have reached that level of group cooperation, however, the teacher 
will need to coach them in how to learn cooperatively. This may include
• making sure that the materials are at hand and directions perfectly clear, 

so that students know what they are doing before starting group work
• carefully structuring activities so that students can work together
• coaching how to provide peer feedback in a way that allows the listener 

to hear and attend
• constantly monitoring student progress and providing assistance to groups 

having problems with either group cooperation or the math at hand

Group Composition—The size of group may vary from activity to activity. 
Small-group settings allow students to take risks that they might not take in 
a whole class.2 Research suggests that small groups are fertile environments 
for developing mathematical reasoning.3

Results of international studies suggest that groups of mixed ability work 
well in mathematics classrooms.4 If your class is new to cooperative 
learning, you may wish to assign students to groups according to the 
specifi c skills of each individual. For example, pair a student who is 
talkative but weak in number sense and numeration with a quiet student 
who is strong in those areas. Pair a student who is weak in many parts of 
mathematics but has excellent spatial sense with a stronger mathematics 
student who has poor spatial sense. In this way, student strengths and 
weaknesses complement each other, and peers have a better chance of 
recognizing the value of working together.

1Sternberg, R.J., and W.M. Williams, Educational Psychology (Boston, MA: Allyn
& Bacon, 2002).

2Van De Walle, J., Elementary and Middle School Mathematics: Teaching
Developmentally, 4th ed. (Boston, MA: Addison Wesley Longman, 2000).

3Artzt, A.F., and S. Yaloz-Femia, “Mathematical Reasoning During Small-Group
Problem Solving,” in L. Stiff and F. Curcio (eds.), Developing Mathematical Reasoning 
in Grades K–12 (Reston, VA: National Council of Teachers of Mathematics, 1999), 115–26.

4Kilpatrick, J., J. Swafford, and B. Findell, Adding It Up: Helping Children Learn
Mathematics (Washington, DC: National Academy Press, 2001).
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Cooperative Learning Skills—When coaching students about cooperative 
learning, consider task skills and working relationship skills.

Task Skills Working Relationship Skills

• following directions
• communicating information 

and ideas
• seeking clarifi cation
• ensuring that others understand
• actively listening to others
• staying on task

 • encouraging others to contribute
• acknowledging and responding to the contributions 

of others
• checking for agreement
• disagreeing in an agreeable way
• mediating disagreements within the group
• sharing
• showing appreciation for the efforts of others

Use class discussions, modelling, role-plays, and drama to provide positive 
task skills. For example, role-play different ways to provide feedback and 
have a class discussion on which ones students like and why. Discuss 
common group roles and how group members can use them. Make sure 
students understand that the same person can play more than one role.

Role Job Sample Comment

Leader  • makes sure the group is on task and 
everyone is participating

• pushes group to come to a decision

 Let’s do this.
Can we decide ... ?
This is what I think we should do ...

Recorder  • manages materials
• writes down data collected or 

measurements made

This is what I wrote down. Is that 
what you mean?

Presenter  • presents the group’s results and 
conclusions

This is what the group thinks ...

Organizer • watches time
• keeps on topic
• encourages getting the job done

Let’s get started.
Where should we start?
So far we’ve done the following ...
Are we on topic?
What else do we need to do?

Clarifi er • checks that members understand 
and agree

Does everyone understand?
So, what I hear you saying is ...
Do you mean that ... ?

 Types of Groups
Three group types are commonly used in the mathematics classroom.

Think/Pair/Share—This consists of having students individually think 
about a concept and then pick a partner to share their ideas. For example, 
students might work on the Communicate the Ideas questions and then 
choose a partner to discuss the concepts with. Working together, the partners 
could expand on what they understood individually. In this way, they learn 
from each other, learn to respect each other’s ideas, and learn to listen.

Cooperative Task Group—Task groups of two to four students can work 
on activities in the explorations at the beginning of each section. As a 
group, students can share their understanding of what is happening during 
the activity and how that relates to the mathematics topic, at the same time 
as they develop group cooperation skills.
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Jigsaw—Another common cooperative learning group is called a jigsaw. In 
this technique, individual group members are responsible for researching 
and understanding a specifi c area of information for a project. Individual 
students then share what they have learned so that the entire group gets 
information about all areas being studied. For example, during data 
management, this type of group might have “experts” in the advantages 
of a particular type of graph. Group members could then coach each other 
on the best graph(s) to use a particular application.

Another way of using the jigsaw method is to assign “home” and “expert” 
groups during a large project. For example, students researching nutrition 
might have a home group in which each member is responsible for 
researching how carbohydrates, calcium, fi bre, and protein contribute to 
good nutrition. Individual members could then move to expert groups. 
Expert groups would include all of the students responsible for researching 
each of the nutrients. Each of the expert groups would research foods that 
provide that nutrient and how much of the nutrient each food provides. They 
can use this information to develop math problems related to the outcomes 
being studied. Once the problems have been developed, individual members 
of the expert group could return to their home group and have other members 
do the problem(s) developed. They can coach students in how to solve 
particular problem(s).
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MENTAL MATHEMATICS
A major goal of mathematics instruction for the twenty-fi rst century is for 
students to make sense of the mathematics in their lives. The development 
of all areas of mental mathematics is a major contributor to this comfort 
and understanding. Mental mathematics is the mental manipulation of 
knowledge dealing with numbers, shapes, and patterns to solve problems.

The diagram above shows the various components under the umbrella 
of Mental Mathematics. All three are considered mental activities and 
interact with each other to make the connections required for mathematics 
understanding. Estimation and mental math are not topics that can be 
isolated as a unit of instruction; they must be integrated throughout the 
study of mathematics.

Estimation
Estimation refers to the approximate answers for calculations, a very 
practical skill in today’s world. The development of estimation skills 
helps refi ne mental computation skills, enhances number sense, and 
fosters confi dence in math abilities, all of which are key in problem
solving. Over 80% of out-of-school problem solving situations involve 
mental computation and estimation.5

Estimation does not mean guessing at answers. Rather, it involves a host 
of computational strategies that are selected to suit the numbers involved. 
The goal is to refi ne these strategies over time with regular practice, so that 
estimates become more precise. The ultimate goal is for students to estimate 
automatically and quickly when faced with a calculation. These estimations 
allow for recognition of errors on calculator displays, provide learners with a 
strategy for checking the reasonableness of their calculations, and give students 
a strategy for fi nding an answer when only an approximation is necessary.

Mental Imagery
Mental imagery in mathematics refers to the images in the mind when 
one is doing mathematics. It is this mental representation, or conceptual 
knowledge, that needs to be developed in all areas of mathematics. Capable 
math students “see” the math and are able to perform mental manoeuvres 
in order to make connections and solve problems. These images are formed 

Mental
Mathematics

Mental Imagery

Estimation
(in computation and

in measurement)

Mental
Computation

(precise answers)

5Reys, B. J., and R.E. Reys, “One Point of View: Mental Computation and Computational 
Estimation—Their Time Has Come,” Arithmetic Teacher (Vol. 33, No. 7, 1986), 4–5.
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when students manipulate objects, explore numbers and their meanings, 
and talk about their learning. Students must be encouraged to look into 
their mind’s eye and “think about their thinking.” 

Asking, “What do you see in your mind’s eye?” when asked to visualize, 
as in the exercises below, forces students to think about the images they 
are using to help them solve problems. Students are often surprised when 
fellow students share their personal images; the discussion generated is 
very worthwhile.

Try these mental imaging exercises with students.

E xample 1: 
Draw the mental image you have for 
each of the following:

•   2 _ 3  

• 75% of the questions on the page
• a 175° angle

 Example 2:
Use mental imagery to answer the following:
1. How many edges does a cube have?
2. If I am facing east, what direction is to my left?
3. What is the perimeter of a 90 cm × 30 cm shelf?

Mental Computation 
Mental computation refers to an operation used to obtain the precise answer 
for a calculation. Unlike traditional algorithms, which involve one method 
of calculation for each operation, mental computations include a number 
of strategies––often in combination with each other––for fi nding the exact 
answer. As with estimation, strategies for mental computation develop in 
quantity and quality over time. A thorough understanding of, and facility 
with, mental computation allows students to solve complicated multi-step 
problems without spending needless time fi guring out calculations and is 
a valuable prerequisite for profi ciency with algebra. Students need regular 
practice in these strategies.

Some Points Regarding Mental Mathematics
• Students must have a knowledge of the basic facts (addition and 

multiplication) in order to estimate and calculate mentally. They learn 
the many strategies for fact learning in elementary school. With practice, 
they eventually commit these facts to memory. Without knowing the basic 
facts, it is unlikely that students will ever attempt to employ any estimation 
or mental math strategies, as these will be too tedious. 

• The various estimation and mental calculation strategies must be taught 
and are best developed in context; opportunities must be provided for 
regular practice of these strategies. Having students share their various 
strategies is vital, as it provides possible options for classmates to add 
to their repertoire.

• Unlike the traditional paper-and-pencil algorithms, there are many mental 
algorithms to learn. With the learning, however, comes a greater facility 
with numbers. Key to the development of skills in mental math is the 
understanding of place value (number sense) and the number operations. 
This understanding is enhanced when students make mental math a focus 
as they calculate.
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• Mental math strategies are fl exible; the student needs to select one that is 
appropriate for the numbers in the computation. Practice should be in the 
form of practising the strategy itself, selecting appropriate strategies for 
a variety of computation examples, and using the strategies in problem 
solving situations.

• Although students should not be pressured with time constraints when 
fi rst learning a mental math strategy, it is benefi cial to provide timed tests 
once they have some facility with mental computation. If too much time 
is provided, many students will resort to the traditional algorithm and will 
not use mental strategies.

• Mental math algorithms are used with whole numbers, fractions, and 
decimal numbers.

• Sometimes mental math strategies are used in conjunction with paper-and-
pencil tasks. The questions are rewritten to make the calculation easier. 

• The ultimate goal of mental mathematics is for students to estimate for 
reasonableness and to look for opportunities to calculate mentally.

• Encourage students to refer to the strategies by their name (e.g., front-
end strategy). Once the strategies have been taught, post them around the 
room. Have students write problems in which a mental strategy would be 
the appropriate computation. Share these problems with the class.

• Students need to identify why particular procedures work; they should not 
be taught computation “tricks” without understanding.

• Those who are skilled in using mental mathematics will be able to transfer, 
relate, and apply mental strategies to paper-and-pencil tasks. 

Keep in Mind
Practice in classrooms has traditionally been in the form of asking students 
to write the answers to questions presented orally. This is particularly 
challenging for students who are primarily visual learners. Although we are 
sometimes faced with computations of numbers we cannot see, most often 
the numbers are written down. This makes it easier to select a strategy. In 
daily life, we see the numbers when solving written problems (e.g., when 
checking calculations on a bill or invoice, when determining what to leave for 
tips, when calculating discounted prices from a price tag). Provide students 
with mental math practice that is sometimes oral and sometimes visual.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 90
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (Custom)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU <FEFF0043007200e90065007200200070006100720020005400720061006e00730063006f006e00740069006e0065006e00740061006c0020006c006500200031003100200061007600720069006c002000300037002e0020004600720061006e00630069007300200050006100710075006500740074006500200031002d003800380038002d003800380033002d0034003000300031>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


