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INTRODUCTION

T his book is about designing learning experiences that combine the best of what
we know about how the brain learns with the best of what we know about
teaching. Our primary goal is to make sense of the wealth of information that

exists and condense it into a format that is both teacher friendly and practical.
There is a growing sense of frustration among teachers regarding the sheer

number of educational innovations that bombard them on a regular basis. We believe
this frustration will be decreased when teachers can make sense of the mass of infor-
mation by focusing on a limited yet powerful set of research-based instructional
strategies.

In the first two chapters, we delve into the research of how the brain learns based
on the works of Robert Sylwester, Gerald Edelman, Daniel Goleman, Marian
Diamond, Renate Nummela Caine, Geoffrey Caine, David Sousa, Marilee Sprenger
and Pat Wolfe and then establish a link between this information and current educa-
tional theories as proposed and described by Howard Gardner, David Perkins,
Jacqueline Brooks, Martin Brooks, Robin Fogarty, Jay McTighe and Art Costa. Using
cognitive research and pedagogical theories, we have developed a set of skills and
strategies that fall under the general rubric of brain-compatible instruction.

In chapter 3, we share a framework for designing units and lessons. This frame-
work offers teachers multiple strategies to “paint” a brain-compatible lesson. The
artist’s palette is used as a metaphor for selecting colours (instructional strategies)
and mixing them in a unique lesson.

In chapter 4, we examine three theories of intelligence: multiple intelligences
(Gardner 1983), emotional intelligence (Goleman 1995) and intelligent behaviour
(Costa 1995). We include suggestions for applying the theories to classroom practice.

In chapters 5 and 6, we discuss cooperative group learning and collaborative
skills, which are presented as master strategies that facilitate the implementation
of all the other teaching suggestions in this book.

Chapters 7 and 8 cover thinking skills and graphic organisers. For the purpose
of clarity, these are presented as separate topics; however, in practice they are
often used in combination with each other.

The final chapter provides suggestions for assessment in the brain-compatible
classroom. It includes tips on using alternate forms of assessment (such as projects,
performances and portfolios), establishing criteria and using assessments to pro-
mote student growth.
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In effect, we have created a tool kit for teachers that contains a comprehensive
set of best teaching practices. Many of these strategies are familiar to teachers—
some may have been forgotten, others may not have been used in a while. This
book calls the strategies back to mind, organises them, provides a rationale for their
use and gives some suggestions for integrating them into the classroom.

The strategies in the tool kit may be transferred to the classroom by using a
framework for designing brain-compatible learning through lesson planning. The
framework is designed so that all the strategies are on display at all times during
the lesson design process. This is to remind us of the range of options available,
therefore increasing the chances that we will use an expanded repertoire of
instructional skills in our day-to-day teaching.

The public in general, and parents in particular, are sometimes sceptical of edu-
cational innovation. Oftentimes, this is because no one has explained the innovations
to them or not enough information has been provided to make clear the purpose of
the innovations. As teachers, we are often so busy implementing new ideas that we
do not have time to achieve a thorough understanding of the research that supports
them. This can lead to situations where we are at a loss to define what we are doing
and why we are doing it. For this reason, we have organised the information in each
chapter under three general headings: What Is It? Why Do We Need It? and How Do
We Do It?

The What Is It? section of each chapter introduces the key concepts related to
the chapter topic, provides a working definition of the skills or strategies and
presents research findings related to these ideas.

The Why Do We Need It? section provides the rationale for the skills or strategies
and states why they are important and how they are connected to the concept of brain
compatibility. The importance of the rationale cannot be overstated, because it is as
important to understand why we are adopting a particular strategy as it is to know how
to do it.

The How Do We Do It? section provides a step-by-step approach to using par-
ticular skills as well as examples of how they may be applied in the classroom.

Reflections are included at the end of many chapters to enhance individual or
group learning.

Worksheets (including Reflections) are provided in several chapters and may be
reproduced for use with your students.

Note the glossary and bibliography for clarification of strategies and brain-
related terms and additional readings.
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CHAPTER 1

COGNITIVE RESEARCH

WHAT IS IT?

Much of what is known about how the brain learns has been discovered in the past
twenty-five years. For the first time, scientists are able to examine the internal
organisation and working of the brain as opposed to merely observing the external
behaviour that results from brain activity. The advent of brain-imaging technology
has provided a window into the skull that allows scientists and researchers to
observe how and where information is manipulated in the process we call learn-
ing. The CT (computed tomography) scan can create a graphical three-dimensional
image of the brain. The PET (positron-emission tomography) scan can monitor the
pattern of blood flow to various parts of the brain and allows observers to see
which parts “light up” as the brain processes information.

Cognitive researchers are just beginning to understand how the brain interacts
with the external environment to acquire information, to manipulate and process it,
to store it as memory and to retrieve it on demand. Educators, neuroscientists, cogni-
tive psychologists and researchers such as Renate Nummela Caine, Geoffrey Caine,
Marian Diamond, Gerald Edelman, Howard Gardner, Jane Healy, Eric Jensen, Robert
Sylwester and Pat Wolfe have provided a variety of theories of how the brain learns.

The Brain Is Like . . .

The organisation and functions of the brain are predicated on a number of very
complex ideas. One way to understand these complex ideas is through the use of
metaphors and analogies. These comparisons afford us a place to begin our under-
standing of the brain, and although they provide somewhat distorted representa-
tions, they give us approximations that simplify complex ideas.

One discovery from research is that the brain makes sense of the world by con-
structing meaning from the information around it (Caine and Caine 1994). One
way it does this is by connecting information about something it already knows to
the new concept that it is trying to understand. For example, we can use the com-
puter (something we know about) as an analogue for the brain (something we are
trying to learn about). We then can take our knowledge about computers and apply
it to the brain in an attempt to understand it.

The computer analogy works well for most people when trying to learn about
the networks of brain cells and the ways in which they are connected, especially if
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Not transferred to next stage and therefore forgotten

Sensory
Memory

Sound
receptors

Smell
receptors

Taste
receptors

Touch
receptors

Sight
receptors

Rehearsal

Initial
processing

Elaboration
and

organisation

Retrieval

Working Memory Long-Term Memory

Declarative Non-
declarative
(Implicit)

SENSORY MEMORY TO
GARNER ATTENTION
Novelty
Relevance/meaningful
Pique curiosity
Emotion

• An interesting story
• A question or problem
• Pictures or video
• A role play or drama
• A unique object
• A guessing game
• A personal anecdote
• A question
• Focus on activities related

to the standard

WORKING MEMORY TO
REHEARSE & ELABORATE
Rote: for procedural memory
• Practice and recitation
Elaborative rehearsal
Declarative memory
Using the new knowledge and
skills in context

• Mnemonics and memory pegs

• Graphics/visual representations

• Cooperative groups & structures

• Simulations and role plays

• Centres and projects

• Using multiple intelligences

• Problem-based inquiry

• Performances & exhibitions

• Raps, rhythm, song

• Synectics

• Integrated studies

LONG-TERM ACCESS TO
STORED MEMORY

• KWL
• People search
• Brainstorming
• Carousel
• Graffiti
• Give one, take one
• Yes, no, maybe
• I have, who has?
• Four corners
• Journalling
• 3-2-1
• Graphic organisers
• Advance organisers
• Think-pair-share

Figure 1.6

SOURCE: Parts of this illustration have been adapted with permission from Building the Reading Brain by
Pat Wolfe and Pamela Nevills. 2004. Melbourne, Vic: Hawker Brownlow Education.

Memory Processing Systems
and Classroom Strategies



CHAPTER 2

PEDAGOGICAL THEORY

WHAT IS IT?

During the past three decades, neuroscientists have begun to unravel the mysteries
of how the brain captures, manipulates, stores and retrieves information in the
process we call learning. In response to this, cognitive psychologists working in
partnership with teachers have begun to critically examine the teaching-learning
process in an attempt to find connections between cognitive research and what
actually goes on in the classroom.

By applying what is known about how the brain learns to classroom practice,
pedagogical researchers and other educational professionals have identified a
number of powerful instructional techniques that enhance learning, can be gener-
alised across all areas of the curriculum and can be applied at all year levels. These
are sometimes referred to as “best practices”, which means that they have a sound
research base and a proven track record in the classroom. Among these best prac-
tices are strategies such as cooperative group learning, concept formation, the
direct teaching of critical and creative thinking, and graphic organisers. Jay
McTighe (1990) has compiled these findings in Better Thinking and Learning.
Following are discussions of the most promising of these strategies.

Classroom Climate to Support Thinking

Finding: Teachers who establish classrooms characterised by an open,
democratic climate promote learning because such a classroom climate
correlates significantly with the development of critical and creative
thinking abilities (as cited in McTighe 1990, p. 6).

Classrooms that promote thinking are perceived to be safe, varied and stimu-
lating places, where a balance is maintained between the rights of all students to
receive an education and the rights of individuals for personal expression. A learn-
ing environment should afford students opportunities to think creatively and criti-
cally, to deal with ambiguity and diverse opinions, and to develop interpersonal
relationships that support and challenge their learning.
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Strategies

• Classifying
• Compare, contrast
• Venn diagrams
• Synectics
• Concept attainment
• Concept formation

• Mind maps
• Word webs
• Jigsaw
• Reciprocal

• Stories of
determination

• Celebrate
successes

• Create challenges
in a variety of ways

• Mind maps
• Graphic organisers
• Models

• Think-Pair-Share
• Jigsaw
• P.I.G.S.F.

• Helpful feedback
• Rubrics
• Criteria
• Expectations

• Problem-based
inquiry

• Portfolios
• Case studies

• Wait time
• Questioning

techniques
• Agenda maps
• Advance organisers
• Diagrams and

charts

How the Brain Works

The brain seeks patterns,
connections and relationships
between and among prior and new
learning.

The brain pays attention to
meaningful information and deletes
that which is not relevant.

The brain responds to challenge
and not threat. Emotions enhance
learning.

If you don’t use it, you lose it. Practice
and rehearsal make learning “stick”.

The brain is a parallel processor.
Visual stimuli are recalled with 90%
accuracy.

The brain is social. Collaboration
facilitates understanding and higher-
order thinking.

The brain responds to high challenge
and continues to strive based on
feedback.

The brain is curious and has an
innate need to make meaning
through patterns.

The brain responds to wholes and
parts. All learners need to open
“mental files” into which new learning
can be “hooked”.

Percentile
Gain

45

34

29

28

27

27

23

23

22

Strategy

Comparing,
contrasting,
classifying,
analogies and
metaphors

Summarising and
note taking

Reinforcing effort
and providing
recognition

Assigning
homework and
practice

Generating
nonlinguistic
representations

Using cooperative
learning

Setting objectives
and providing
feedback

Generating and
testing hypotheses

Providing
questions, cues
and advance
organisers

Figure 2.1

Best Practices, Brain Research
and Classroom Tactics



CHAPTER 3

DESIGNING
BRAIN-COMPATIBLE

UNITS AND LESSONS

WHAT IS IT?

In this chapter, we present two methods for designing brain-compatible learning.
The first deals with planning large units of work, the second deals with planning
individual lessons. Unit plans usually cover a span of teaching time from two or
three days to more extensive pieces that cover a number of weeks. A unit plan can
be within a single subject area or it can integrate concepts and skills from several
subject areas. Lesson plans are usually cover a period measured in hours as opposed
to weeks. This is the point in the planning cycle where instructional strategies and
assessment strategies are built in.

Unit Planning

The plan for a large unit of work provides an overview of the knowledge and
skills we want students to achieve on completion of the unit and also describes the
standard that students are expected to achieve. Unit plans should be based on the
expectations for student achievement as laid out in the curriculum documents pro-
vided by the school or state department of education. Whether or not curriculum
guides and sequences are available, all unit plans should start with standards and
year-level expectations. Many schools use different names to describe the end
point of learning. In some they are called standards and benchmarks, and in others
they are learning expectations. In some they are called expectations and indicators.
In this book we will use the term standards for the large overriding or long-term
goals, and benchmarks or expectations to describe subject area or course require-
ments. The teacher’s task is to subdivide the standards into the “big chunks” of
learning for each discipline (such as maths, English or science) for more manage-
able units of study tailored to the needs, interests, and aptitude of the students.
When the big chunks are developed into units of study, they become the road maps
for planning individual lessons.
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Figure 3.12

Cooperative
Group Learning

Collaborative Skills

Behaving responsibly
Consensus building
Clarifying
Extending ideas
Equal participation
Group maintenance
Summarising
Assertiveness
Accepting differences
Resolving conflict
Paraphrasing
Disagreeing agreeably
Encouraging
I have, who has

Think-pair-share
3-step interview
Numbered heads
4 corners
Jigsaw
Paraphrase passport
Roundtable
Gallery walk
Graffiti
Talking chips

Positive independence
Individual accountability
Group processing
Social skills
Face-to-face interaction

Simple Structures

Theories of
Intelligence

Thinking Skills

Verbal/linguistic
Logical/mathematical
Visual/spatial
Bodily/kinesthetic
Musical/rhythmic
Intrapersonal
Interpersonal
Naturalist
Emotional intelligence
Persistence
Decreasing impulsivity
Flexible thinking
Accuracy and precision
Posing questions and
   problems
Using all the senses

Inductive thinking
Divergent thinking
Analysing
Evaluating
Sequencing
Inferring
Cause & effect thinking
Deductive thinking
Recalling
Synthesising
Prioritising
Generalising
Comparing
Convergent thinking
Comprehending
Applying
Classifying
Defining
Contrasting
Brainstorming
Metacognition

Concept formation
Venn diagrams
Fishbones
Pie charts
Concept attainment
Mind maps
Flowcharts
Word webs
Classification grids
Right angles
Sequence charts
T-charts

Portfolios
Logs/journals
Rubrics
Checklists
Observation guides
Performances
Demonstrations
Products
Exhibitions
Contracts
Interviews
Graphic organisers
Selected response tests
Projects
Constructed response
   tests

Graphic Organisers Assessment

5 Elements
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