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Preface
Education is not the filling of a pail, but the lighting of a fire.
—William Butler Yeats

A

n old Chinese proverb says, “I hear, and I forget; I see, and I remember; I do,
and I understand.” Consider trying to learn to dance by reading a book and
memorising the steps or learning to drive a car by reading the manual … we learn
when we are actively involved in the learning process and use a variety of learning
modalities. Not all students have the same talents, learn the same way, or have the
same interests and abilities. But all students must have access to high-quality mathematics instruction.
In the US, National Research Council (1989) stated, “Research on learning shows
that most students cannot learn mathematics effectively by only listening and imitating; yet most teachers teach mathematics this way. Most teachers teach as they
were taught, not as they were taught to teach” (p. 6).
Also from the US, the Foundation Coalition (n.d.) asks “Why don’t we teach the
way students learn?” Their Cone of Learning compares how much we remember with
how it is taught. They maintain that we remember 10% of what we read, 20% of
what we hear, 50% of what we both see and hear, but 90% of what we do—what
we are actively involved in. By participating in a real experience or simulation, students are involved and motivated, and the learning curve rises dramatically. Ahmed
(1987), in Better Mathematics, agrees: “Mathematics can be effectively learned only
by involving pupils in experimenting, questioning, reflecting, discovering, inventing,
and discussing” (p. 24).
Van de Walle (2006) describes the current teaching of mathematics in the following way: “Traditional teaching, still the predominant instructional pattern, typically begins with an explanation of whatever idea is on the current page of the text,
followed by showing children how to do the assigned exercises … The focus of the
lesson is primarily on getting answers” (p. 12). The result of this style of instruction
is that a large number of today’s students are not prepared for the realities of living
in the 21st century.
In the US, the National Council of Teachers of Mathematics (NCTM; 2000) in
Principles and Standards for School Mathematics, says, “In this changing world, those
who understand and do mathematics will have significantly enhanced opportunities and options for shaping their future. A lack of mathematical competence keeps
those doors closed.” The Council has called for “a common foundation of mathematics to be learned by all students” (p. 5). In this document, the NCTM has divided
10 standards into two groups: the Content Standards and the Process Standards. The
five Content Standards—number and operations, algebra, geometry, measurement,
and data analysis and probability—clearly describe the content that students should
learn. The five Process Standards—problem solving, reasoning and proof, commu© 2008 Hawker Brownlow Education CO5665
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nication, connections and representation—illustrate what students should be doing
to acquire and use the content knowledge. “This set often Standards does not neatly
separate the school mathematics curriculum into nonintersecting subsets… Process
can be learned within the Content Standards and content can be learned within
the Process Standards. Rich connections and intersections abound” (pp. 30–31). In
Australia, each state or territory has it’s own set of content and process standards.
Although the headings that these standards are grouped under can vary, the content
very much reflects those outlined in the NCTM standards. For instance, in Victoria,
Data Analysis and probability is more commonly known as Chance and Data.
To see how each state and territory’s mathematics content standards (the “what”)
relate to the chapters in this book, see the table on p. xiv.
In 2000 Australia introduced numeracy benchmarks that are nationally agreed
minimum acceptable standards for numeracy at a particular year level. Again, the
content described reflect the NCTM while the benchmarks themselves have names
that differ slightly to those used in this book. For instance, all standards relating to
number and operations are grouped under the term Number Sense.
The investigations in Active Learning in the Mathematics Classroom have been designed to keep students in the middle years actively involved in the learning of mathematics. I concur that “mathematics is not a spectator sport”, and this maxim has
been the guiding principle behind the structure of this book. Chapters have been
organised around the five Content Standards, but as stated above, the strands cannot be separated into non-intersecting subsets, and so all of the activities connect
many mathematics skills and concepts. The way each activity ties to the standards is
shown in Table P.1, Alignment With Standards, which immediately precedes Chapter 1.
This second edition has undergone some significant changes:
• The material has been updated and now includes websites that can be used as
enrichment and bring technology into the mathematics classroom.
• A new chapter, “Active Algebra”, has been added to reflect the changes in the
middle years mathematics curriculum.
• There are 15 new activities.
These are brief descriptions of the chapters included in the second edition:
Chapter 1, “Investigations: Estimation, Large Numbers and Numeration,” gives
students the opportunity to collect data using very large numbers, use unique ways
to revisit number theory, and explore real-world applications or recipes and music to
reinforce their understanding of fractions.
Chapter 2, “Active Algebra”, is a new addition to the book. Ten years ago it was
not common for middle years students to be studying algebra. But in today’s classrooms, many students of this age are introduced to or actively involved in the study
of this strand of mathematics. For this reason, motivating activities have been added to meet these needs. Manipulatives are used to give students a tactile experience
with patterns; algebra jokes provide a self-correcting way to help students solve linear equations and solve geometric problems; data collection and the use of variables
are merged in a tasty activity; and verbal, algebraic, and graphic representations are
combined to help students make important connections.
Chapter 3, “Geometry: Our Mathematical Window to the World”, includes a variety of activities to help students progress through van Hiele’s levels of geometric
learning (as cited in Fuys, Geddes, & Tischler, 1988). Dina van Hiele-Geldof and
vi
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PREFACE
Table P.2
Level

van Hiele’s First Three Levels
Name

How Might the Child Describe a Parallelogram?

0

Visual level/Visualisation It looks like a slanted rectangle.

1

Descriptive level/Analysis It has parallel sides.

2

Informal deductive level/
Reasoning

It is a quadrilateral whose opposite sides are
parallel and equal.

Pierre van Hiele hypothesised five levels of geometric thinking. They believed that
only when children achieved a firm understanding of geometric concepts at a lower
level were they able to move on to a higher level. While the van Hieles put forward
five levels, only three of these strongly relate to students at the middle school level.
These are shown in Table P.2.
If a child is still at Level 0, “It looks like it, therefore it is”, the van Hieles contend
that they cannot move on to Level 1, the descriptive level—a higher level of understanding. For this reason, hands-on activities such as paper folding, measuring and
building help students discover empirically the properties or rules of a class of both
two-dimensional and three-dimensional shapes.
Chapter 4, “The Measure of Mathematics”, employs current research recommendations by getting students actively involved in tasks using metric units, using
scale factors, and selecting appropriate units of measurement. Students are encouraged to measure and then use ratio, proportion and scale drawing to reproduce the
Statue of Liberty, make use of the distance formula to walk through the centre of
the Earth, experiment with scatterplots as a way to compare two measurements, and
make real-world consumer connections.
Chapter 5, “Data Collection and Probability”, demonstrates the data collection
process by taking students through the four steps: collection, organisation, analysis
and graphic representation. In today’s world, we are overwhelmed with a plethora
of statistics. Using data supplied by the National Basketball Association (NBA) in the
United States, students are encouraged to recognise the value of graphic representations to make sense of a large amount of data. The three activities related to probability ask students to discover possible outcomes, determine the “fairness” of a game
based upon odds, and make predictions based upon their experimental results.

HOW THE CHAPTERS ARE ORGANISED
Brief Introduction: At the beginning of each chapter, there is a brief description
of the activities and the mathematical concepts contained in the chapter.
Teacher’s Pages: There are several pages of planning information for each activity.
These pages contain the following:
1. Maths Topics: This is a listing of the mathematics skills and concepts that are
contained in this lesson. Because of the richness of the activities, there will always
be more than one skill listed in this area.
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2. Active Learning: This section lists what the students will do. It may also recommend a flexible grouping arrangement. A careful analysis of these concepts will help
define the components for authentic assessment.
3. Materials: This section lists the supplies and materials needed for students to
begin the activity. For example, if an overhead transparency is needed for follow-up
work with students, it will be listed here. If calculators are listed, they are necessary
because of the complexity of the computations. Having these supplies and materials
on hand will help make the activity run smoothly and efficiently.
4. Suggestions for Instruction: This area has been expanded in this edition. It has
been designed to give the teacher an idea of how to begin and of what might happen
during the lesson. Most often, this section begins with a question to be posed to the
students. For example, “What do you think will happen if …?” “Have you ever considered the possibility that …?” or “How do you think we might attempt to work that
out?” You would never want to say something like, “Don’t do it that way” or “You
must always do it this way.” Instead, serve as a facilitator or guide to the students. I
would caution you to follow two very important rules:
• Go with the flow—give your students the opportunity to explore their
own solutions. It is amazing the creativity students will use when they
can plan and organise in a cooperative group.
• Don’t be the sage on the stage—don’t feel that you must tell your students “how to do it” or what the answer is. Give them the opportunity
to experiment with various strategies and use their multiple intelligences
and learning strengths. When you give students a “rule”, you are limiting
their solution strategies to one right way and may, in fact, be hindering
rather than encouraging their learning.
If there are interesting websites or references that can be used to enhance the
lesson, these will be included in this section as well.
5. Selected Answers: When a lesson has a unique answer, it will be found in this
section, rather than at the back of the book as in the first edition.
6. Variation: This section describes supplementary or extension activities for the
lesson. It might extend the activity to a longer project, develop the same concepts
using additional activities, or be something that challenges your “better” maths students. Use your creativity—add variations and design your own activities using the
materials and models.
7. Writing in Maths: The journal questions provide students an opportunity to express their knowledge using language rather than mathematical symbols and rules.
In this edition, it might include a problem similar to the one in the activity and so it
can be used as one assessment component. Or it might ask students to describe the
procedures they used while solving the problem. Expressing their thoughts in this
way gives the teacher a clearer indication of how well they each understood the
mathematics embedded in the activity. In this edition, there will usually be two journal questions. These can be used to differentiate instruction, as one of the questions
is usually more difficult than the other.

viii
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PREFACE
The Maths Investigation: Ready-to-use activities follow the teacher’s planning
pages. The 15 new activities in the second edition include investigations related to
algebra, data collection and measurement. In addition, many of the activities have
been revised and updated. Interesting websites have been added to provide technology options. All the activities have all been designed to give students the opportunity
to become actively involved in learning mathematics by using manipulatives, making connections to real-world applications, or addressing their different learning
styles and multiple intelligences.
At the back of the book, there is a Resource section that lists interactive websites to make maths–technology connections. Following it, the Bibliography consists
of a list of references related to curriculum, assessment and current research. The
websites listed are those that encourage student’s active involvement. Many of these
sites can be used to enrich topics other than those presented in this book. Be sure to
explore them fully and add them to your activity list.

What we learn to do, we learn by doing.
—Aristotle

© 2008 Hawker Brownlow Education CO5665

ix

ACTIVE LEARNING IN THE MATHEMATICS CLASSROOM, MIDDLE YEARS
What better way to develop good number concepts than through interesting and
motivating activities that keep students actively learning mathematics!

$5,000,000 LONG
This activity is an open-ended problem that encourages students to explore strategies, work collaboratively, make mathematical connections to humanities, and
examine alternative solutions when dealing with large numbers. This activity asks
students to use their knowledge of the length of a five-dollar note to extrapolate the
length of one million of them—the perfect opportunity for an authentic discussion
of just how precise is precise?

HOW MANY STRIDES TO WALK AROUND
THE EARTH?
This is another open-ended problem that requires each group to develop its own
unique problem-solving strategies when pacing off a very large number of steps.
The initial problem necessitates figuring out what a group’s normal stride is. In the
process of solving this problem, students work collaboratively, make mathematical
connections to science, and use rounded numbers as they ponder precision and accuracy.

RECTANGLES AND FACTORS
Students use square tiles to discover the relationship between rectangular arrays
and prime and composite numbers. When students use manipulative materials and
reasoning skills to discover an abstract relationship, the learning is more meaningful
and permanent. By associating numbers with their factors in an area model, students acquire a deeper and longer-lasting understanding.

VENN DIAGRAMS: LCM AND GCF
This activity helps students see the mathematical relationship between the greatest
common factor (GCF) and least common multiple (LCM). The visual model supplied
by the Venn diagram helps students associate abstract number theory with its visual
representation and brings it into the “mind’s eye” of the student.

DESSERT FOR A CROWD
This activity uses an actual recipe for a devil’s food cake with marshmallow frosting. The original recipe serves eight people. Students, working together, change the
recipe to bake enough cakes to feed their maths class (or perhaps all of the students
in the school).

4
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HOW LONG
WOULD IT TAKE
TO WALK TO
CHINA—
THROUGH
THE CENTRE
OF THE EARTH?
TEACHER’S PLANNING INFORMATION
Maths Topics
Measurement, data collection and analysis,
computation
Active Learning
Students will
1. Work collaboratively to problemsolve a solution
2. Compute the diameter of the Earth
3. Problem solve the rate at which
they walk
4. Compute how long it would take
them (on average) to walk through
the centre of the Earth
5. Make connections between maths
and science
Material
For each group of four students:
calculators, metre rulers or other
measuring instruments; masking tape;
How Long Would It Take to Walk to
China? Worksheets; one stopwatch

126

Suggestions for Instruction
If you could walk straight through the Earth, do you think
you would end up in China?” Students should realise that there
is a large body of water on the other side. The problem for this
lesson is, “How long would it take to walk through the Earth to
the other side?”
To solve this problem, students need to be familiar with the
D
distance formula as it is used to find rate: R = T ; where R = rate
of speed, D = distance travelled and T = time. Explain that a variation of the distance formula is used to determine how quickly
a person walks. Rate is determined by dividing the distance one
travels by the time it takes to get there. In other words, if you
travel 10 kilometres (distance) in 2 hours (time), your rate is 5
km/h (rate).
Place students into groups of four with students rotating
through the following roles:
(1) Recorder: This student records the data in the student
worksheet data collection table.
(2) Timer: This student records the time it takes for students
to walk a predetermined distance.
(3) Calculator: This student uses the calculator to make necessary computations.
(4) Organiser: This student measures the initial number of
metres walked and marks it out using masking tape.

© 2008 Hawker Brownlow Education CO5665

THE MEASURE OF MATHEMATICS
Before students proceed with the activity, explain that they need to walk
a pre-determined distance while timing the walk. Ask the group, “Do you think that
the accuracy of the timing might be affected by the distance you choose? Why or
why not?” Try to encourage students to choose a long enough distance so that the
stopwatches can be used effectively. It is very difficult to time short amounts of time
accurately because the shorter the distance, the greater the impact a person’s reaction time makes.
Once each student’s time has been established, the group has two of the three
variables defined: distance and time. By applying the revised distance formula, each
student’s rate can be calculated.
A very unusual website, http://www.livephysics.com/ptools/dig-hole-throughearth.php, allows you to click on your city or state and see where you would end up
if you walked through the centre of the Earth. Could there be a more appropriate
site?

Selected Answers
Answers will vary.

Variation
This activity combines two measurements—time and distance. Students can
compute how long it would take them to walk (1) around the Earth—at the equator
it’s approximately 40,000 kilometres—or (2) to the moon—approximately 406,700
kilometres.

Writing in Maths
Journal questions:
1. The distance between London and Paris is approximately 335,000 metres.
If you could walk between these two famous cities, how long would it take
using your group’s average rate of speed?
2. The polar circumference (the distance around the Earth measured from the
North Pole to the South Pole) is approximately 40,000 kilometres or
40,000,000 metres. How long would it take to walk around the Earth if you
started at the North Pole and continued until you returned to the same place
and walked at your group’s average rate of speed?

© 2008 Hawker Brownlow Education CO5665
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How Long Would
It Take to Walk to
China—Through the
Centre of the Earth?
Worksheet
If you could walk straight through the Earth, do you think you would end up in China? Not if you live in Australia, you wouldn’t! You would be somewhere in the Atlantic Ocean—between the United States and Africa!
How long would it take you to walk there? To calculate this, you need a little bit of information:
The Earth is made of layers, the surface of which is a thin crust about 40 kilometres (km) thick. Under this
is a layer of liquid rock called the mantle, which is about 2870 km thick. The mantle surrounds the outer core
of the centre of the Earth. Made of liquid iron and nickel, the outer core is about 2100 km thick. In the centre
of the Earth is the inner core. Scientists believe the inner core is a solid ball of iron and nickel that is about
1370 km to its centre. This gets us to the centre of the Earth!
How far is it from the surface to the centre of the Earth? _____________________________
How far is it from the surface to the centre and back to the surface? ____________________
Now, let’s get to the problem: How long would it take you to walk through the layers of the Earth to the
centre and then back out again to the surface?
Directions: Work with your group to find out how long it would take (as an average) to walk 1 kilometre. This
will help you compute how long it will take you to get from your home to the Atlantic Ocean by walking the
diameter of the Earth, right through the middle. Enter your data in the following table.

Name

Distance
Walked
(in metres)

Time

Rate
D
R= T

Time to Walk
Through the Earth

Show your work on the back of this page.

Copyright © 2008 by Hawker Brownlow Education, www.hbe.com.au. Reproduction authorised only for use in the classroom or by any
school or nonprofit organisation that has purchased the book.
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