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Introduction
ANOTHER SWING OF THE PENDULUM?
“Individualised Instruction”, “Open Classrooms”, “Back-to-Basics”, Whether
you are a novice teacher or a veteran educator, you are no doubt aware of the
“latest things” designed to improve the quality of education for all children.
But, as with all trends, they come . . . and they go.
Ensuring that all students meet high achievement standards is much easier
said than done. The levels of ability in a typical classroom today can best be
viewed through a theoretical “bell curve” lens—a subset of students who are
working at year level, sandwiched on one side by a subset of students who must
work hard to keep up and on the other by a subset of more able students.
And it’s the teacher’s job to make sure that each child meets standards as
represented by assessment—an issue of intense debate, to be sure.

REVERSING THE PLANNING PROCESS
So, does there exist a model for a teacher to create lesson plans that will reach
every student, regardless of a disparity in ability levels?
There are two status quo models that more seasoned teachers might recognise.
One is “aiming for the middle” of the theoretical bell curve, and the other is (borrowing a term from the 1980s) “trickle down”, which aims for the most able
students. But, by definition, neither planning strategy addresses every child’s needs.
The thinking behind this book is to start with the least able students in the
classroom and expand opportunities for all other students and their levels of
ability from there. The needs of every child are fully taken into account.
In fact, the theory of multiple intelligences (Gardner, 1993) suggests that
everyone uses one or more thought processes—visual/spatial, verbal/ linguistic,
and so forth, in addition to logical/mathematical—to internalise information. So,
according to this theory, maths can be taught in different ways so that a wider
representation of students can find their own comfort levels for learning.
My personal experience has been that students enjoy out-of-the-ordinary
learning experiences with maths, because my simply repeating what the textbook said didn’t make my lesson particularly memorable or engaging. I think
I also speak for all of my teaching colleagues near and far when I say that,
whatever materials might be used, the lesson itself should be inexpensive and
allow for quick transitions.
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This book is a supplementary resource with lots of hands-on and visual
learning experiences for all, with plenty of extension possibilities into areas
such as more abstract concepts for the more inquisitive student and graphing
calculator applications for every student. There also will be episodes of physical
movement and of cooperative learning—all designed to squeeze more discovery and more connections between topics than a textbook is equipped to offer.
The name of the game here is more engagement for more students!

MANY GUIDING HANDS
Writing a book for P–8 teachers turned out to be a more daunting task than
I had anticipated. I needed help, and I received it from three excellent sources.
First, I put a call out to fellow winners of the Presidential Awards for
Excellence in Science and Mathematics Teaching in the US, and several from
the prmary and middle schools took time out of their busy schedules to contribute some of their own personal lessons. A thousand heartfelt “thank you’s”
go out (in alphabetical order) to Paul Agranoff, Nancy Ann Belsky, Denise
Edelson, and Kathy Welch-Martin for their patience with me and their outstanding contributions to this book.
Second, when pulling together pieces that I had accumulated over the years
from inservice workshops and conference presentations I had attended and
from notes taken from college seminars and professional development publications, I realised that I needed a framework with which to organise my
thoughts. So, I returned to an old friend, the US National Council of Teachers
of Mathematics’ (NCTM) Principles and Standards for School Mathematics (2000).
The standards defined by NCTM are descriptions of what mathematics
instruction should enable all students to know and to do. NCTM has identified
ten standards—five content standards (describing the “what”) and five process
standards (describing the “how”)—and most US states have adopted these standards into their own curricular documents and year-level assessments.
This book is presented in a five-chapter format to mirror each of NCTM’s
five content standards: Numbers and Operations, Algebra, Geometry,
Measurement, and Data Analysis and Probability. Within each chapter,
student-centered activities are offered that directly align with the various
benchmarks that comprise the corresponding standard. This means that you
can reference a particular standard and read not only a benchmark for student
performance but also a sample idea or interpretation for making that expectation come to life for all of your students.
In Australia, each state or territory has it’s own content and process standards for mathematics at the primary and middle level. 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.
Whatever title the mathematics content standards of your particular state or
territory take, you will find that the learning statements within the standards
documents align directly to the activities in this book.
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. xi .
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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.
For further information on the outcomes and standards in Australian
Education, see p. xii.
Third, I’ve incorporated into these pages some graphing applications/original
programs with the TI-73 Explorer model graphing calculator. If you try it, you
might like it—and “TI” (Texas Instruments) has some wonderful support mechanisms in place. Visit www.education.ti.com/educationportal/sites/ASIAPACIFIC/homePage/index.html for online tutorials and support or professional
development in your state or territory.
If you do decide to use the TI-73 in any data-intensive classroom applications, keep in mind that any graphing calculator must be “prepared” for a new
task. Hence, the highlighted information in the steps below allows you to
“clean” your TI-73 of any old material—graphs and data—so as to optimise
your chances of technological success:

Using the TI-73: Preparing for New Input/Output
1. Press ON
2. 2nd FORMAT (Select AxesOn)
3. 2nd PLOT 4 ENTER (Shuts off old plots)
4. CLEAR (Go to the Y = screen and CLEAR all old lines)
5. 2nd MEM 6 ENTER CLEAR (Clears all old data)

Your students will learn a great deal from you, and you will not only gain
more confidence with the technology every time you use it but also expand your
teaching repertoire to attract the more visual learner. It’s a classic win-win!

THE SUPPORTING CAST
This book is intended as a resource for newer teachers looking for examples of
more inclusive lessons, more experienced teachers wanting to incorporate fresh
ideas, supervisors and coordinators searching for models of content review,
and pre- and inservice instructors combining maths and technology.
Each chapter opens with a two-part introduction—an overview followed by
a short tutorial that can be adjusted by the reader into a new classroom activity, or simply considered as a one-to-one discussion. Much like the “cleaning” of
the TI-73 graphing calculator just mentioned, the intent of this forum is to prepare the reader to think about the mathematics to come—better maths teachers are generally better maths students.
Every effort was made to make the nearly two dozen activities herein
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applicable to a wide range of year levels; for example, 10 activities can be used at prep
and 13 activities at Year 8. They are also fairly inexpensive, quick to implement,
interdisciplinary (wherever possible), and sensitive to a wide range of learners
in a single classroom setting—hence consistent with an increasingly prevalent
differentiated-instruction environment.
To help the reader better determine the appropriateness of each activity, see
the following “Activities-by-Year Level Chart.” The back of the book features
two supplemental sections, resource pages (appendix) and a glossary of terms
used, which are also designed to make actually using these activities in the
classroom as enjoyable a learning experience as possible.

ACTIVITIES-BY-YEAR LEVEL CHART
Year Level
P
Chapter 1:
Numbers and
Operations

1

2

4

5

6

7

8

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

MULTFRAX*
Double Take

X

X

X

GCF and LCM

Chapter 2:
Algebra

3

Make It With an Abacus

X

X

X

X

X

X

Growing Patterns

X

X

X

X

X

X

X

Mathemagic

X

X

X

X

X

X

X

Divide and Conquer

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Raising the Stakes
Chapter 3:
Geometry

Hands-On Shapes

X

X

X

Guess My Pattern

X

X

X

X

X

X

X

X

X

Crazy Quilts
Fold It Right There!
Chapter 4:
Measurement

ACUANGLS*
I Scream . . . You
Scream . . .
How They Stack Up

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

RECTSURA*
Chapter 5:
Data Analysis
and Probability

ODDOREVN*

X

X

X

X

X

Read More About It!

X

X

X

X

X

X

X

Living Graphs

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Fire and Ice
Games of Chance

X

X

X

*Original TI-73 program application
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Numbers and
Operations

1

Also known as ‘Number’ or ‘Number Sense’

A high-quality instructional program in Years P–8 will enable students to:
• Understand numbers, ways of representing numbers, relationships
among numbers, and number systems;
• Understand the meanings of operations and how they relate to one
another; and
• Compute fluently and make reasonable estimates.

OVERVIEW
The introductory discussion piece, “A Case for ‘Why?’” is a manifestation of
yours truly’s shared constructivist philosophy of teaching maths. In plain
English, rather than spend all of my time teaching How To (note I said “all” and
not “some”—every student needs some amount of time developing a fundamental skill set), I “invest” time in teaching Why.
But why invest in Why? I can think of three good reasons:
1. Why gets to the reasoning behind the concept much faster than How To.
2. How To becomes much easier to teach when Why is explained and reinforced—operations start to “make sense.”
3. Students tend to retain the concepts longer, which lessens the amount
of time necessary to reteach, reteach, reteach. . . .
So, the piece begins with an example of multiplying two mixed numbers.
However, the How To is postponed through a series of visual Why steps: What
does a proper fraction mean? What does multiplying two proper fractions look
like? What does reducing a fraction both mean and look like? What does a
“GCF and LCM” is printed with permission from Paul Arganoff, Mathematics
Department Chair, St. Francis Middle School, St. Francis, MN.
“Make It With an Abacus” is printed with permission from Ronald Greaves.
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mixed number look like? What does multiplying two mixed numbers (and the
resulting equivalent improper fraction) look like?
Only then is How To demonstrated, which then should make more sense
than simply performing mindless arithmetic steps without the rationale. An
original TI-73 graphing calculator program application (MULTFRAX) follows
as a means for students to check their written work under adult supervision.
The rest of the chapter contains three activities: “Double Take” uses a
standard deck of cards to strengthen arithmetic skills between students, “GCF
and LCM” takes a fresh look at the similarities and differences between these
two familiar processes, and “Make It With an Abacus” not only helps the
student construct but also use a pony-bead abacus with some truly astounding
insights into both estimation and precise arithmetic.

A CASE FOR “WHY?”
1_21 × 2_31 = ?
Present this problem to students with the knowledge of how to solve it and
access to today’s pervasive technology, and the majority of them would first
ask, “Where’s my calculator?” Then, with TI-73 Explorer graphing calculators
in hand, those students would engage the following keys:
1 UNIT 1 (ArrowSouth) 2 (ArrowEast) × 2 UNIT 1 (ArrowSouth) 3 ENTER
And, should the improper fraction _7 need to be changed into mixed number
2

form, they would press the button A b_c  d_e to reveal 3 1–2.
No doubt the answer is absolutely correct, but what is at stake here? If this
and similar mechanical tasks are all that is required for students to demonstrate
their “proficiency” in meeting some state-level assessment standard, then we
shouldn’t be surprised when our country’s maths students continue to receive
mediocre scores on international comparison tests.
Let me hasten to add that yours truly took full advantage of numerous
opportunities to apply available technology in my own maths classes (to check
answers, for example). In fact, this book itself features several original programs written for the TI-73.
Moreover, the whole point of this chapter is to discuss how to get the right
answer. Agreed! But, if you as the instructor are given time with your students
to actually teach them, then it is in everyone’s best long-term interest that less
time be spent on how and more time be spent on why maths is the way it is.
The reader is encouraged to remember four very basic teaching criteria:
Rule 1. Since learning maths is an active and accumulative process, it is far
more engaging for students to “do” maths than just receive it.
Rule 2. Maths should always make sense. (If it doesn’t, a student’s ensuing
confusion will eventually lead to frustration and a loss of confidence.)
Rule 3. The wider your teaching repertoire, the more students you’ll have a
chance to reach (aka the “bigger net” theory).
Rule 4. Standing in front of a classroom and reading aloud from the textbook
is still reading. Reading is generally not teaching (see Rule 1).
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So, for our purposes here, what is the thought process that fills in all the
“middle stuff ”—that is, why did we get 3 12– as the answer to our original question? Well, there are some who would get out paper and pencil, change the original mixed numbers to improper fractions, and respond this way:
_3 × _7 = 21
_ = 3 _3 = 3_1
2
3
6
6
2
Still others would pursue more of a “short-cut” strategy:
_3 × _7 = _7 = 3_1
2

3

2

2

But the two processes above are strictly algorithmic—as one’s textbook
might explain, perform step A, then step B, and so forth. So up to now, we have
identified how to get to 3 1–2 in three ways, but we have yet to determine why. We
might successfully answer a similar state-level test question, but more than
likely we haven’t the foggiest notion what’s actually going on here.
The explanation that follows takes into account the fact that, contrary to
the discrete nature of the chapters of this book, the five paralleling NCTM standards work in conjunction with each other. The search for Why will require us
to integrate the more abstract process standards (problem solving, reasoning,
communication, connections and representation).
For example, here we shall revisit the meaning of a fraction (communication)
by making some visual models (representation), starting with some easier examples
(a problem-solving strategy). When we introduce operations and begin to compare
our results (connections), we shall be on our way (reasoning) to understanding.
That understanding should help us explain why the steps we took in our
earlier algorithmic processes actually worked—not just how they worked.
1a. What does 3–5 mean?

Always think “Bottoms Up!” Taking a whole unit (here we’re using a rectangle), first cut it into five fifths (the bottom number, or denominator). Then
colour in three of those five regions (the top number, or numerator).
But a lot more maths than that can be squeezed out of this one model. If,
for example, we consider the rectangle to represent $1.00, then each of the five
regions would represent 1–5 of that dollar, or $0.20. And, by extension, since the
word “percent” literally means “out of 100,” each of the 20 cents would be
equivalent to 20% of that one dollar (and 20% × 5 = 100%).
So, the three shaded regions—each of which separately equals $0.20—
would altogether represent 3 × $0.20, or = $0.60. What could we do with 60¢?
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1b. If I had a friend, I might split my $0.60 “right down the middle,” give him
half, and keep half for myself. How much money would I now have (Figure 1.1)?
Think about this! Working with money should present little or no problem—
half of $0.60 is $0.30 (30¢ for me, 30¢ for my friend). However, students tend
to lose their insight when it comes to the same problem—in fraction form!
Basically, the words “half of ” translate mathematically into “ 1–2 times,” or
1
– ×. So, if we rewrite 0.60 as 3
– (of a dollar), then the question becomes:
2
5
1c. What does 1–2 × 3–5 look like? (See Figure 1.2 for a model of this operation.)
Thinking “Bottoms Up!,” the fraction 1–2 means two regions (established by
the horizontal line), of which we’re only interested in one region (the top half
shaded with slanted lines in the opposite direction).

Figure 1.1

Figure 1.2

Although the answer is much more apparent for students who use two colours
(one for 53–, the other for 12– ) the ten regions so displayed contain only three regions
3.
__
that have been coloured twice (or, here, have a double-slanted “mesh” design) =10
Now the algorithmic process that produces the same answer—the product of the two numerators (1 × 3 = 3) and the product of the two denominators
(2 × 5 = 10)—should begin to make more sense:
_ × _3 = _3

1
2

5

10

2a. What is 23_ × 45_ ? (Various models related to this question will appear below.)
Let’s work backwards (another problem-solving strategy), beginning with creating a visual representation of the fraction 45_ .
Incidentally, the reader may now wish to engage the entire class in the
modelling process by passing out to each student 3-by-5 cards, two markers
of different colours, a pen or pencil, and a ruler.
(Remember: “Bottoms Up!”) Have each student draw four vertical lines
one inch apart in order to establish the five regions that make up the denominator “5.” Then, taking one of the markers, colour in four of the regions to
represent the numerator “4” (see Figure 1.3).
Continuing to work and read backwards, next have each student draw two
horizontal lines one inch apart in order to establish the three regions that make
up the denominator “3” of the other fraction in the problem (Figure 1.4).
Then, taking the other marker, colour in one of the horizontal regions to
represent the numerator “1” (Figure 1.5). If the question had read, “What is 13_ ×
4
_ ?” the answer would be the four squares that had been coloured twice (or,
5
_4_ .
here, have a double-slanted “mesh” design) = 15
© 2008 HAWKER BROWNLOW EDUCATION CO5886
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Figure 1.3

Figure 1.4

We are interested here, however, in modelling and evaluating the question,
“What is 23_ × 45_ ?” So, we must colour a second horizontal strip as illustrated
(Figure 1.6), which means that eight of the fifteen squares are double-coloured
8.
__
(or “meshed”) = 15

Figure 1.5

Figure 1.6

The same effect, of course, can be created with the product of the numerators (2 × 4 = 8) and the product of the denominators (3 × 5 = 15). But, let’s keep
an eye on a developing pattern (another problem-solving strategy):
_2 × _4 = 2 × (_1 × _4) = 2 × ( _4 )= _8
3
5
3
5
15
15
2b. It may appear redundant, but what would –33 × 45_ look like?
Continue by erasing the colour from any single-coloured square in Figure 1.7
and removing the two horizontal lines (Figure 1.8). Now, doesn’t this model look
familiar? How would you describe (communicate) what fraction this model represents?

Figure 1.7

Figure 1.8

It would appear that, without bothering to simplify the fraction the more
traditional way (in this case, dividing both the numerator and the denominator
__ 4
_
by 3), 12
15 = 5. Actually, the visual concept of “simplifying” is akin to the removal
of the two horizontal lines in the model!
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