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Preface

HOW TO USE THIS BOOK
This book is intended for teachers who want additional ideas for differentiating
instruction in the elementary maths class. It is not intended as a text, but rather
as a practical applications book.
I understand that teachers are very busy, and I wanted to develop a helpful
book, filled with practical suggestions that can be immediately useful. Many
of the simple tactics and instructional ideas here are forthright and may be
immediately applied in almost any classroom. The
instructional sections labeled “Teaching Tactics” and The good news is that you
“Ideas From Teachers” represent immediately applicable don’t need to read the
ideas that should assist mathsteachers in grades from book cover to cover!
kindergarten through Grade 7 or 8. In particular, the
“Ideas From Teachers” sections offer real-world differentiated instructional applications that teachers have suggested over recent years. If your time is limited,
feel free to skip through the book in no particular order, looking at the sections
that offer these helpful, easy to implement, practical tactics. Once you apply
them, you’ll find that your students’ understanding and enjoyment of maths
skyrocket!
The “Teaching Tactics” describe instructional ideas in maths that involve
more complex instructional procedures than merely a new way to use music or
movement to teach a simple maths concept. These strategies represent the most
effective way to differentiate within the maths class and thereby meet the needs
of all the students. These strategies are theory based, and enough information
is provided for you to implement these strategies in your own class.
I have also provided “Web Site Reviews” in most chapters. Of course, these
are not thorough critiques of these Web sites, nor does this brief list by any
means exhaust the Web sites available to assist in mathematics instruction. Still,
the use of these Web sites can greatly enhance your instructional efforts in
maths. Also, the links provided here will help you in your move toward a more
differentiated maths class.
Chapters 1 and 2 present the basics of differentiated instruction as applied
in the maths classes. Here you can learn what a differentiated maths class looks
like and how to establish a differentiated maths lesson plan. The remaining
chapters present instructional practices for a wide variety of specific areas in
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mathematics. Each of the chapters features the specific sections noted above,
and each should provide you with some novel teaching ideas for differentiation in your classroom.
I sincerely hope this book assists you in your efforts to move toward differentiation in maths, and I would be more than pleased to hear your
thoughts on this book and/or your suggestions for additional instructional
tactics that would help other teachers differentiate lessons in their maths
classes. Please feel free to e-mail me directly at wnbender@coe.uga.edu with
your thoughts or teaching suggestions. While the volume of e-mails I
receive often precludes an individual response, I do appreciate your
thoughts, suggestions, and teaching tactics. I look forward to hearing from
you!
Corwin Press gratefully acknowledges the contributions of the following
people:
Daphne Alt
NBCT, Maths Teacher
Andrews Middle School
Andrews, NC
John Woodward
Professor
University of Puget Sound
Tacoma, WA
Robert Cannon
NBCT, Maths Teacher
La Paz Middle School
Salinas, CA
Pamela Goodner
NBCT, Maths Teacher
Episcopal High School
Baton Rouge, LA
Mary Greaver
Maths Teacher
Hillview Middle School
Palmdale, CA
Carlene Kirkpatrick
Maths Teacher
North Oldham Middle School
Goshen, KY
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The Mathematical
Brain

Differentiated Instruction
and Mathematical Thinking
Strategies in this chapter include the following:
•
•
•
•
•

Ten Brain-Compatible Teaching Guidelines for Maths Instruction
Ten Informal Tactics To Develop Number Sense
Games and Activities for Developing Number Sense
Ten Teaching Tactics for Providing Instruction in Maths
A Self-Evaluation Grid for Differentiated Instruction Lesson Planning

TEACHING MATHEMATICS THROUGH
DIFFERENTIATING INSTRUCTION
Over the past two decades our nation has witnessed an emerging emphasis on
mathematics instruction, and as a result achievement in maths among students
in the United States has been increasing (Harniss, Carnine, Silbert, & Dixon,
2002). In fact, within the past several years, maths scores on several national
indicators have increased (Strauss, 2003). However, there is still a considerable
deficit between maths scores of students in the United States and students in
other modern nations of the world, and this deficit in
maths causes great concern among educators. The publication of the revised mathematical instructional stan- Teaching tactics: Ten
dards by the Amercian National Council of Teachers of brain-compatible teaching
Mathematics (NCTM; 2000), the increased emphasis on guidelines for maths instruction
national maths standards in every state, and a seemingly
endless series of reports that indicate many students do
not achieve up to their potential in maths, has placed mathematics instruction on
the national agenda, second only to the emphasis on reading. Further, the
emphasis on national maths standards has received much research and media

1

2

DIFFERENTIATING MATHS INSTRUCTION

attention (Jitendra & Xin, 2002; Johnson, 2000). Research has shown that the vast
majority of general education teachers—some 95%—are familiar with the
NCTM standards and frequently address these standards in their teaching
(Maccini & Gagnon, 2002).
The emphasis of instruction has changed somewhat, however, as a result
of the revised NCTM standards. Students are expected to master a curriculum
that has shifted away from computation, rote learning, and routine problempractice activities toward an increased emphasis on reasoning, conceptual
understanding, real-world problems, and connections between mathematical
concepts (Johnson, 2000). Thus, much has changed in mathematics instruction,
and teachers today must employ the most effective and efficient instructional
methods possible for increasing cognitive involvement of all students with the
maths curriculum. Teachers are searching for instructional ideas that will assist
in this regard.
The concept of differentiated instruction can be of great benefit to teachers
in developing and designing their mathematics instruction for students with
varying ability levels in the elementary education classroom. Moreover, the
emphasis on brain-compatible instruction, one founding principle of differentiated instruction, can now inform teachers concerning what specific instructional tactics may be more useful (Bender, 2002; Tomlinson, 1999). While studies
of how the human brain functions in reading tasks or maths tasks have been
undertaken for the past two decades, only recently has this emerging biomedical
research—often referred to as brain-compatible research—progressed enough to
inform teachers concerning effective instructional strategies for the maths curriculum (Fuson & Wearne, 1997; Geller & Smith, 2002; Gersten, Chard, Baker, &
Lee, 2002; Sousa, 2001). In particular, one aspect of the emerging research—
multiple intelligences—seems to have struck a chord in the hearts and minds
of educators within the past decade (Gardner, 1983, 1993). This perspective has
provided one basis by which many maths teachers have reformulated their
instructional strategies. In fact, in several mathematics textbooks a multiple
intelligences perspective is incorporated into the curriculum as well as in the
teachers’ instructor’s manual!
This chapter will look at these two bases of differentiated instruction—
multiple intelligences and brain-compatible instruction—with an emphasis in
maths instruction for students from kindergarten through Grade 8. First, the
emerging research on brain-compatible instruction in maths will be presented
with a focus on practical classroom implications. Next, multiple intelligences
will be presented as a viable basis for differentiating instruction in mathematics
in order to accommodate the needs of all learners in the class. Finally, emphasis
will be placed on the concrete, representational, abstract instructional construct
common to maths curricula today. This construct, though dated, can cross-fertilize the instructional suggestions from the more recent research areas, such as
multiple intelligences, and provide the teacher with a new and interesting way
to view all instruction in mathematics. In turn, this new sense of what mathematics instruction is will impact how teachers plan the instructional activities
within the maths curriculum.
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THE MATHEMATICAL BRAIN

Figure 1.1

The Brain

THE MATHEMATICAL BRAIN
Regions of the Mathematical Brain
Studies have demonstrated that, like most complex thought processes, there
are a number of brain areas or different brain regions involved in mathematical
processing (Sousa, 2001). The frontal lobe and parietal lobe of the cerebrum (i.e.,
the areas of the brain that are responsible for higher order thinking skills) are
highly involved in mathematical understanding. The visual cortex is also
involved, since students need to see most maths problems, and the involvement
of the visual cortex may be more complex than merely seeing the problem. Sousa
(2001) suggested that the involvement of the visual cortex in almost all mathematical thinking indicates that maths requires one to visualize maths problems.
Further, this would seem to be supported by studies over the years that have
reported correlations between a child’s mathematical ability and visualization
capabilities (Grobecker & De Lisi, 2000; Jordan, Levine, & Huttenlocher, 1995).
Maths is a highly complex skill that rests on many other brain functions as
well. While reading is a complex skill that can be mastered relatively independently of other skills, maths is not. Whereas a child does not need to learn maths
(or any other subject) in order to learn reading, the child does need to learn reading in order to master maths, since so much of maths involves reading either
maths problems or word problems. Even having students do a set of vertical or
horizontal maths facts problems requires the students to read the numerals within
the problems (Barton, Heidema, & Jordan, 2002). Thus, reading is highly involved
in most mathematical work in the public school classroom, and understanding the
complex reading process may help show how complex maths can be. Sousa (2001)
presented a model of the “reading brain” that may be helpful here (see Figure 1.1).
As shown in Figure 1.1, four areas within the brain are primarily responsible for reading. First, the visual cortex takes in the stimulus of several squiggly
lines on a page; for example:
6 + 3 = _____
Next, this stimulus is sent simultaneously to both the angular gyrus,
which is the area of the brain that decodes sounds and processes written
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language, and to Wernicke’s area—the area of the brain that is involved in
comprehension of language. Next, Broca’s area becomes involved; this brain
area searches for meaning in the context of the numeral and its relation to other
numerals presented in the problem. At this point, the frontal lobe and parietal
lobe of the cerebrum become involved in “thinking through” the problem.
These areas “imagine” the number problem and may
even plan a strategy for solving it such as . . . “Hold up six
It takes some degree of
fingers,
and count them, then hold up three more fingers and
“intentionality” on the part
‘count on,’ beginning with seven. Then say the answer.”
of the student to think through
As this model demonstrates, mathematical thinking
a maths problem. Thus, another
factor—motivation to learn—
is a highly complex process that involves a number of
becomes critical. Students must
areas within the human brain, including at a minimum
be highly motivated to learn
the frontal lobe, the parietal lobe, the visual cortex, the
maths because the learning
angular gyrus, Wernicke’s area, and Broca’s area. Other
process is so complex.
areas beyond these may also be involved in the mechanics of thinking through maths problems.
Thus, teachers must take the time to show the importance of mathematics
in student’s daily lives, in order for early learning to be successful. Motivation
to learn maths is discussed in more detail later, under “Priorities of the
Emotional Brain.”
Gender Maturation Within the Brain
May Explain Early Achievement Differences
Research has recently examined how young boys and young girls experience
maths. Teachers have often noted that young girls mature a bit earlier than boys,
particularly in areas such as linguistic skill and fine motor control. Of course, these
are exactly the skills that early schooling depends upon for reading and writing,
and when girls excelled in schools it was often assumed that girls simply matured
faster overall. That concept is now being challenged. Brain research has documented that while young girls’ brains do mature faster in these several areas,
young boys seem to mature faster in certain other areas, including spatial and
visual abilities. This may explain why young boys seem to do better in maths than
young girls (Strauss, 2003). At a minimum, it is not correct to assume that girls
mature faster in all areas or in some overall way compared to young boys. Rather,
the specific abilities associated with gender must be more carefully studied.
Hardwired Numbers in the Brain: One, Two, Three, Many . . .
A number of researchers have studied the normal maturation process of the
developing brain in infancy and early childhood and have inquired about basic
maths skill. This research seems to suggest that only minimal maths skills are
hardwired into the brain during the normal maturation process (Geller &
Smith, 2002; Sousa, 2001). These simple number recognition skills, like the
development of language skills, would seem to be associated with normal
maturation of the brain and central nervous system rather than schooling or
preschool learning experiences.
In survival terms, this is quite understandable. Our ancestors’ brains
learned early in our evolutionary history to distinguish rapidly between one
© 2006 Hawker Brownlow Education CO7416
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tiger that might be attacking and two tigers attacking in a coordinated attack
plan, because the numbers and location of the tigers would suggest the best
escape route or the best direction to run. Because movement was associated
with survival, it also became somewhat hardwired in our brains—a point to
which we will return later. Counting past the lowest numbers (i.e., numeration
higher than 2 or 3), however, was not a selective survival
skill, since that many tigers presumably left no viable Essentially, the brain is hardwired
escape route. Thus, the brain seems to be able to reflex- for only minimal recognition of
ively interpret the lowest numbers (i.e., 1, 2, and perhaps low numbers of objects, since
3) and even to understand the numeration sequence of certain minimal number- or
these numbers, but it cannot distinguish higher numbers set-recognition skills were
without some instruction. Therefore, one way to under- associated with early survival
stand the brain’s response to observed objects in a set can skills. Thus, the lowest level of
be summed up in the phrase, “One, two, three, many . . .” basic numeration seems to occur
From the perspective of the maths teacher, this means naturally.
that instruction in maths will be built almost entirely on
prerequisite learned skills rather than on maturational-based knowledge. Thus,
the importance of mastery of prerequisite skills prior to moving on to higher
level skills cannot be overstated in the maths curriculum from even the earliest
levels on maths instruction.
The Priorities of the Emotional Brain
Because of the research completed within the past 15 years, educators have
realized that emotion and emotional intent play a much larger role in learning
than previously thought (Bender, 2002; Sousa, 2001). For example, much of the
information taken into the brain by the senses is first processed in the midbrain
or the “emotional brain.” Further, this emotional brain often serves as a filter
through which stimuli must pass prior to being “considered” by the cerebrum
(i.e., the forebrain and parietal lobe—or the “thinking” areas of the brain). Thus,
a negative emotional response to a stimuli or particular type of task—such as
a maths problem—can in and of itself set up a lack of higher brain function
involvement with the problem.
Of course, research has frequently shown that many students perceive
maths quite negatively or even fear maths (Montague, 1997). In fact, such fears
often provide a significant emotional barrier to mathematics achievement. For
this reason, attending to a student’s attitudes toward maths and a student’s
motivation in learning maths are critical. Teachers should both find ways to use
“math-play” activities to make maths less threatening, as well as scaffold
students’ work to assist students in their mathematics learning. Scaffolded
instruction can offer support in mathematics that can, over time, offset the negative feelings many students have toward maths.

IDEAS FROM TEACHERS
The “Right Answer, Different Question” Tactic
Every maths teacher has had the experience of asking questions of students, calling on
someone, and having the student give a wrong answer. This is often embarrassing for the
© 2006 Hawker Brownlow Education CO7416
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Planning for
Differentiated
Maths Instruction
Strategies in this chapter include the following:
• Direct Instruction Lesson Planning
• Guess, Assess, and Tear Out
• Results of Guess, Assess, and Tear Out

FROM DIRECT INSTRUCTION
TO DIFFERENTIATED INSTRUCTION
As discussed in Chapter 1, differentiated instruction involves more than mere
application of effective teaching ideas that address a wider variety of multiple
intelligences. In fact, differentiated instruction represents a drastic paradigm
shift that fundamentally changes the way teachers teach mathematics (as well
as other subjects) across the elementary school curriculum.
Teachers who wish to develop a differentiated classroom for maths instruction must begin in the lesson-planning phase. For the past 30 years, lesson planning has been based on a body of research that was known as the “effective
schools” research of the 1970s (Bender, 1996). Other names for this research
movement include “direct instruction,” “mastery learning,” and “effective
teacher behaviors.” All of these involve highly
developed lesson plans designed to maximize Such highly structured direct instruction
instruction time or “engaged” time in which the lessons were possible in classes that
student was cognitively engaged with the content involved only a small number of children
(see Bender, 1996, for a discussion of effective and a small range of academic diversity.
teaching behaviors and direct instruction). In
some examples of direct instruction, scripted
lessons were used in which teachers literally read a prepared script while teaching (Bender, 1996).
For our purposes, we’ll use the term direct instruction to represent this type
of instructional approach. Today, our lesson planning and even our way of
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thinking about maths instruction stems from this body of research, and most
teacher’s manuals in most maths curricula are written in terms of this direct
instructional approach.
Of course, to understand direct instruction we must consider the setting of
the research on direct instruction. Specifically, researchers of the 1960s and
1970s based their work on the types of classrooms and the types of students
who were then prevalent in the public schools. For example, if a teacher taught
in Grade 5 in the early 1970s, he or she could realistically assume that most
of the students in that class were working on reading and maths somewhere
between grade level 3 and grade level 7. In other words, while there were some
differences in the children’s maths or reading skills, there was a fairly narrow
level of academic diversity within the class. Much of the effective schools
research took place in classrooms prior to the full implementation of Public Law
94-142; thus many students with special needs were excluded from much of this
research.
In contrast, in today’s fifth-grade class it is quite likely that students’
achievement levels in reading and maths range from grade level 1 up through
grade level 10 or 11. Our nation has made a commitment to educate all
students, and today’s teachers face that fact daily. Thus, while there was
limited academic diversity in the classes of the 1970s, the levels of academic
diversity noted in the typical classroom today in the 21st century were
unheard of in the 1970s. In spite of this increase in the range of academic skills
present in the typical classroom, educators have not effectively reconceptualized how teachers should conduct maths lessons to meet the demands of this
level of diversity.
Today, modern mathematics curricula have highly developed lesson plans
that employ the direct instruction teaching phases. These are almost always
presented in the teacher’s manual in some form. Yet, if the range of the
students’ mathematics skills in today’s classrooms
has changed, it may be time to adjust our thinking
Because maths curricula today present
about how to structure our lessons and lesson-planlesson plans in the direct instruction
format, our task here will be to modify
ning activities. Again, Tomlinson’s (1999) work on
that lesson format into a set of
the differentiated classroom represents a fairly
differentiated instructional activities.
drastic paradigm change in how teachers should
lead their mathematics instruction. This chapter
will explore this paradigm change in order to assist teachers in formulating a
truly differentiated lesson plan.
Thus, the lesson-planning job in mathematics becomes an exercise in planning the activities for various groups of students in the class who do not need
to follow the traditional direct instruction lesson or who need an alternative
lesson format.

TEACHING PHASES IN THE DIRECT INSTRUCTION LESSON
The traditional direct instruction lesson plan would typically present a series of
instructional phases that were originally referred to as the “direct instruction”
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steps. These phases of learning, as enumerated in the effective schools research of the
1970s, have become the steps in the typical lesson plan in schools today (Bender, 1996).
Presented below are the usual steps in direct instruction, and the types of instructional
activities involved in each phase of instruction. While the terms may change from one
maths curriculum to another (some maths curricula use “activate their understanding”
rather than “orientation to the lesson,” for example), teachers have planned their instruction for the past 30 years around these phases of the instructional lesson.

Steps in a Direct Instruction Lesson
Orientation to the Lesson
• Gain students’ attention
• Relate today’s lesson to a previously related lesson
• Use essential questions to activate student’s thinking

Initial Instruction
• Teacher leads completion of several sample problems
• Teacher models and has students’ model problem completion
• Teacher points out difficult aspects of problem

Teacher-Guided Practice
•
•
•
•

Students complete problems under teacher supervision
Teacher monitors each student’s success in problem completion
Teacher assists students independently
Students may discuss problems with each other

Independent Practice
• Students complete sample problems independently
• Students may complete homework as independent practice

Check
• Teacher checks student performance on independent work

Reteach
• Teacher identifies students with continuing difficulty and retouches the skills
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