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The Brain and
Mathematics

“We live in a time of extraordinary accelerating change. New knowledge,
tools, and ways of doing and communicating mathematics continue to
emerge and evolve. Calculators, too expensive for common use in the
early eighties, now are not only common place and inexpensive but vastly
more powerful. Quantitative information available to limited numbers of
people a few years ago is now widely disseminated through popular
media outlets.

The need to understand and be able to use mathematics in everyday
life and in the workplace has never been greater and will continue to
increase."

—Principles and Standards for School Mathematics
(NCTM, 2000, p. 4)

A high school math teacher in a prominent eastern school district said
that he is amazed by the attitude of society toward math. The par-

ents of his students often confess that they are not at all good at mathe-
matics. “Can you imagine,” he asked, “Any parent coming in and saying,
‘I am just a terrible reader’?” No, that isn’t socially acceptable. Why,
then, is it all right—even cool in some circles—to admit to an ignorance
of math? Why is it necessary?

Most adults in mainstream society can perform basic addition and sub-
traction calculations, most have learned the multiplication tables and
know when to multiply or divide. But how many can apply algebra or
geometry to solve everyday problems? How many really understand the
concepts underlying the use of numbers? How many avoid numbers at all
cost? Why?

Scientists have discovered that we are all born with a number sense—the
ability to distinguish the quantity of objects in a set; they believe that this
sense of numbers is as easily perceived as color, shape, or position. The
degree to which we develop this natural ability to understand what num-
bers mean depends on the nature of the mathematics instruction we
receive.

Preschool and primary grade teachers see children’s intuition about num-
bers and build on this prior knowledge to teach the formal operations of
arithmetic. Teachers of older students often lament that by the time stu-
dents are in 4th or 5th grade, their number sense has been numbed. They
no longer seem to be intuitively in touch with the number operations they
are expected to learn. Many students begin to do math “by the numbers,”
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without any real connection to or understanding about what they are
doing and why.

Both the nature of mathematics (what is mathematics, the knowledge
itself) and the pedagogical practices that facilitate the transmission and
construction of this knowledge have become issues in the classroom, in
research communities, and in the public market place. Society demands
some mathematical competence in almost every sphere of life today.

The history of numeracy illustrates how significant calculating has been
to cultures. Throughout the ages, cultural necessities and technological
advances have stimulated mathematical development. Increasingly
sophisticated tools—from pebbles and sticks to tallies and number sys-
tems—have made calculating easier (Butterworth, 1999). Memory aids
such as these were necessary because the brain can hold only so much
information in working memory before it begins to forget. Today, paper
and pencil are still our most prevalent aids, but they are giving way to the
computer and the calculator. These tools make crunching the numbers
faster, which allows the brain to focus its energy on problem solving.
Both the ability to calculate efficiently and perform complex mathemati-
cal reasoning are necessary for mathematical mastery.

Neuroscientist Eric Kandel was part of a group that was awarded the
Nobel Prize in physiology or medicine in 2000 for work on determining
the mechanisms of memory. In the 1999 book Memory: From Mind to
Molecules, he and coauthor Larry Squire explain that scientists have
confirmed that there are at least two memory systems in the brain: the
explicit (declarative) system and the implicit (procedural) system. The
declarative system holds our memories of facts and events. We must call
items stored in the declarative system into consciousness to use them.
The procedural system holds memories of how to do certain skills. Skills
stored in this system do not require conscious awareness to be performed
efficiently after much practice (e.g., riding a bicycle, typing, recalling
multiplication tables). Both systems serve our mathematical ability in
complementary ways.

All this is to say that any approach to teaching mathematics must be bal-
anced between teaching computation and conceptualization. The “math
wars” have accelerated as parents want their children to be proficient in
the basic skills. At the same time, given the startling results of the Third
International Mathematics and Science Study (TIMSS), teachers are
being asked to emphasize problem solving and to evaluate how they
teach.
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The TIMSS data show that U.S. 4th graders were above the average, but
only about 9 percent were in the top 10 percent of the 4th grade TIMSS
participants. U.S. 8th graders were below the international average, and
U.S. 12th graders were significantly below the international average
(U.S. Department of Education, 1997). With the pressing need for
numeracy competence and the troubling results seen in the test data,
changes in mathematics education appear necessary. How can we
improve mathematical thinking for all students? Is there information
that could give some new insight into the teaching and learning of
mathematics?

New brain research methods—such as functional Magnetic Resonance
Imaging (fMRI)—and increased interest in how the brain learns—as
noted by both popular magazines and educational journals such as
Newsweek, Time, and Educational Leadership—could be the impetus for
producing insights that will improve math instruction and learning. Even
though much progress has been made in understanding brain processing,
there is still much to learn. It is always with caution that research is con-
nected to practice, whether it is in medicine or education. However, new
research on how the brain acquires and operates with mathematical infor-
mation is giving educators new ways of thinking about mathematics
learning and the types of classroom practices that can best support how
the brain naturally learns. The constant tug of war between concept and
procedure in the math curriculum may be minimized as brain research
produces better understanding about memory systems and mathematical
thinking (Jensen, 1998). This video program will address these issues
and help further the exchange of information on brain-compatible mathe-
matics instruction.

Functioning effectively in our highly technological society requires good
number sense. The value placed on successful mathematical functioning
is seen in its role in school achievement, admission to college, entry into
a meaningful and self-supporting career, and even in retirement—where
good understanding of available funds makes a difference in the quality
of life.

How the brain functions in the learning process and why this knowledge
is important for all educators has been illustrated in previous video pro-
grams from ASCD—The Brain and Learning, The Brain and Reading,
and The Brain and Early Childhood. This program, The Brain and
Mathematics, continues to use the knowledge of how the brain functions
to suggest a framework for planning brain-compatible instruction that
encourages active, meaningful learning and stimulating, varied input
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coupled with accurate, timely feedback in a safe, nonthreatening environ-
ment. Thus, the major purpose of this program is to inform and to
encourage educators to apply brain-compatible instruction in the mathe-
matics classroom so that effective mathematical thinking may take place
and be available to all.

The purpose of this videotape series is to help schools, districts, and in-
dividual teachers consider how understanding brain function can lead

to improved teaching and learning of mathematics for all children. The
program can be used to introduce principals, supervisors, district curricu-
lum developers, parents, student teachers, and others to the purpose and
concepts of brain-compatible instruction. It is appropriate for those just
beginning the professional development process, as well as those who
have worked with brain-based strategies and are refining and revising
their work.

This video-based staff development program consists of two videotapes
and a facilitator’s guide. The first videotape, Making Number Sense,

looks at brain anatomy and function and their relationship to the acquisition
of math concepts and skills. It illustrates the findings from neuroscien-
tists and brain researchers concerning brain anatomy on the development
of analytic skills, spatial skills, and the implicit and explicit memory sys-
tems—all found to be key to mathematical thinking. The videotape also
explores the special effects of language on mathematical learning. In
addition, the tape explores the emotional factors involved in learning—
specifically as related to engagement and interest in a mathematical
activity. The first videotape begins to discuss the application of the
principles to mathematics classrooms.

The second videotape, Classroom Applications, offers more insight on
brain research and classroom applications of brain-compatible instruction
at all grade levels. It continues to examine the interactive role of our
memory systems—explicit/declarative and implicit/procedural—in the
learning of mathematics at all levels. Procedural versus conceptual proc-
essing have long been pitted against each other in mathematics curricula.
Brain research gives us a new way of looking at this debate and how
brain-compatible teaching can facilitate their unique contribution and
interaction for learning. As in the other videos in The Brain Series, this
program and its workshops will continue to develop the four point frame-
work of Jennings and Caulfield (1997) in relation to brain-compatible
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instruction. Throughout the videotape, mathematical discourse in the
classroom will be seen as a powerful way to foster mathematical thinking
and learning. Research indicates that we store numbers in our memory as
words. In the workshops that accompany this videotape, the participants
will explore and develop possible strategies and principles for the math
classroom that are brain compatible, especially the role of discourse.

The facilitator's guide includes detailed agendas and activities for five
workshops—two workshops for Tape 1 and three workshops for Tape
2—as well as handouts, overheads, and additional Readings and
Resources for each. The first workshop for each tape is shorter and gives
participants an opportunity to view the video in its entirety and to reflect
on and share broad reactions and perspectives about the issues addressed.
The other workshops for each videotape are longer and more in-depth.
During the longer workshop, participants may want to review video seg-
ments and form smaller discussion groups. Activities, supplemental read-
ings, and opportunities for discussion could deepen participants’ under-
standing of specific issues and help them to apply these issues to their
own situations. The longer workshops are designed to help participants
gain a better understanding of the process and use of brain-compatible
math instruction, as well as the common challenges faced by schools
and districts as they begin working with brain-based strategies for
mathematics instruction.

After viewing and discussing the contents of the videos, the partici-
pants will be able to

� Understand how the brain works with numbers.

� Recognize implications of brain research for teaching and learning
mathematics.

� Apply information on brain research to identify and develop strate-
gies for brain-compatible mathematics instruction.

As the facilitator of this workshop series, you may find it helpful to
keep in mind that when different people view a videotape, each

may see, hear, and learn something different. Consequently, if partici-
pants discuss their different insights, they will often learn more than if
they just viewed the tape without follow-up activities. Moreover, viewing
videotapes can often be a passive activity, much like watching television,
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unless careful preparation has been made to turn viewing into an intellec-
tually active experience by providing the viewer with appropriate pre-
viewing discussion activities and follow-up activities. The follow-up
activities can promote further reflection and can support the participants'
efforts to plan for the effective application of the ideas presented in the
program.

This guide is designed to help you get the best possible outcomes from
the video program on The Brain and Mathematics. The workshop activi-
ties and discussion questions are included as starting points. The facilita-
tor’s choices of activities and questions should certainly not be limited to
those contained in this guide. Indeed, a facilitator should encourage par-
ticipants to raise their own questions based on the particular needs or
concerns of their school, district, or community.

This guide contains four sections:

Introduction. This presents an overview of the philosophy, principles,
and research pertaining to the brain and numeracy, as well as a descrip-
tion of the video.

Workshops. These provide agendas, materials, and information needed
for the workshop leader to plan and conduct various workshops for the
video program.

Handouts and Overheads: These are the materials to be duplicated and
distributed to participants in each workshop. They include camera-ready
masters for overhead transparencies that are incorporated within the
various workshop formats.

Readings and Resources. This section includes a selection of articles
pertinent to the study and consideration of brain-compatible math
instruction. These articles may be duplicated and distributed to workshop
participants, and several of the readings are incorporated within the
workshop formats. A reference list and related resources are also
provided.

As facilitator of this viewing process, you could be a staff developer,
principal, central office administrator, teacher, parent, or commu-

nity member. As the leader, your preparation for the workshop and dis-
cussion will help your group to benefit from this program. Remember,
you may be showing this video to a group of individuals who have
varying levels of knowledge and experience with brain-compatible
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mathematics instruction and your background knowledge and outside
reading will be beneficial. As a leader, you have several major
responsibilities.

Read and View the Materials.

Your initial preparation should include viewing the videotape you are
going to use in your workshop, reading the Introduction section of this
guide, and studying the workshop format you plan to use. You will want
to read the related reference materials in the Readings and Resources
section, and you may also want to check the reference list for additional
background information. As you view the videotape, you may find it
helpful to note the VCR counter numbers at the beginning of each sec-
tion and examples that you would like to reference during the workshops.

Prepare the Program Workshop Activities.

Choose the activities you will use in the workshop. Make adaptations
based on the time available and the needs of the workshop participants.
Plan the agenda for the workshop, with times for breaks for the longer
workshop. An example for each workshop is given in this guide. Post
objectives for the session and the specific times for the activities planned.
Arrange for refreshments if possible.

Check the Room and the Seating Arrangements.

Reserve a room that is large enough, has a good viewing arrangement,
and has ample comfortable seating for the number of participants you
expect to attend. Especially for the longer workshop, ensure that the
arrangement is conducive to small-group discussions.

Arrange for the Necessary Video and Audiovisual Equipment.

Arrange for a working VCR and monitor, ensure proper electrical fitting,
and make sure you have sufficient power cords with adapters for the
VCR. (One 23- to 25-inch monitor will suffice for up to 25 participants.)
Plug in both machines to ensure their working condition—and make sure
that the electrical outlets in the reserved room are in working order. If the
room is large, you may need a microphone and speakers. If you plan to
use overheads, make sure you have a working overhead projector, extra
overhead bulb, screen, and extra transparencies and markers, in the event
you would need them. Provide a flip chart and markers or a chalkboard,
chalk, and eraser.
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Prepare Materials.

Duplicate enough handouts as suggested for the particular workshop for
all participants, as well as supplementary readings you would like to
distribute. Prepare overhead transparencies from the Handouts and
Overheads section of this guide and any other suggested resources.
Duplicate any overheads you wish to use as handouts.

Announce the Program.

In your announcements or invitations, give sufficient notice and clearly
specify the day, date, time, and location for the program. Remind partici-
pants to bring pencils and notepads. If parents, business leaders, or com-
munity members are invited, they may need more advance notice than
school or district staff members.
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Workshop 1A is geared for a general audience, K–12. Tape 1, Making
Number Sense, introduces participants to how the brain works with

numbers. It illustrates findings concerning brain anatomy, explores how
instruction and technology can affect numeracy development and compe-
tence, and discusses the two memory systems—implicit and explicit.
This workshop also involves participants in discovering the possibilities
of brain-compatible math instruction strategies. We suggest the following
agenda, objectives, and materials for this session.

Welcome and Introductions 5–10

Video Viewing

Tape 1, Making Number Sense 40

Reflection 20

Conclusion 5

Approximate Workshop Time 1 hour and 15 minutes

After viewing and discussing the contents of the video, the participants
will be able to

� Understand how the brain works with numbers.

� Recognize implications of brain research for teaching and learning
mathematics.

� Apply information on brain research to identify and develop strate-
gies for brain-compatible mathematics instruction.
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For this workshop, you will need
copies of the handouts and
readings in the materials list for
each participant as well as
transparencies of the overheads
listed. These items can be found
in the Handouts and Overheads
and Readings and Resources
section of this guide. You may
also wish to provide copies of
the overheads as well as some of
the readings suggested in the
Readings and Resources section
for the participants.



� Handout 1, Focus Questions for Workshop 1

� Handout 2, Viewing Guide for Tape 1

� Handout 3, Principles of Brain-Compatible Learning

� Overhead 1, Workshop 1 Objectives

� Overhead 2, Focus Questions for Workshop 1

� Overhead 3, Principles of Brain-Compatible Learning

� Reading 1, “Maximizing Learning”

� Reading 2, “Number Sense: Rethinking Arithmetic Instruction for
Students with Mathematical Disabilities”

� Easel, flip chart paper, markers, overhead projector, and overhead
pens

� Agenda written on a flip chart

� Tape 1 (Making Number Sense), monitor, and VCR

� Folders for participants (optional)

1. Welcome all participants. Introduce yourself and explain your role as
workshop facilitator. As the facilitator, you guide participants
through the workshop to help them meet the workshop objectives.
Your interest and level of motivation is critical to the success of the
workshop.

2. Depending on the size of the group and whether the participants of
the workshop know one another, you may want to set aside time for
participants to introduce themselves individually. To help engage
participants in the topic of the video, consider asking them to state
one fact they know about brain research. This should take no more
than 10 minutes.

1. Call participants’ attention to the Workshop 1 Objectives displayed
on Overhead 1, which you should have placed on the projector prior
to the workshop.
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Providing folders with all
materials inside is an efficient
way to distribute handouts and
other resources. Folders
typically ease the recall for
participants of material
presented in the workshop. If the
district requires a record of
attendance, be sure to have a
sheet available for signatures
and identification. You may also
wish to provide name tags if
participants do not know one
another. Before participants
arrive, display Overhead 1,
Workshop 1 Objectives, and
write the agenda on a flip chart.

If time will not allow individual
introductions to whole group,
have participants introduce
themselves to a person next to
them and state one fact they
know about brain research.



2. Next, display Overhead 2, Focus Questions for Workshop 1, and
distribute the similarly titled Handout 1. Explain to participants that
by the end of this workshop, they will be able to answer the
following questions:

1. How does the brain work with numbers?

2. What are some implications of brain research for teaching and
learning mathematics?

3. What are some specific brain-compatible strategies that teachers
could use in teaching mathematics?

Discuss the objectives and these questions briefly as a group.

3. Distribute Handout 2, Viewing Guide for Tape 1. Instruct the
participants to use the handout to take notes as they watch the video,
using whichever side of the handout they prefer. Briefly introduce
Tape 1, Making Number Sense.

4. View the videotape.

1. After viewing the video, allow participants 5 minutes to complete
Handout 2, summarizing and recording their thoughts about what
they observed.

2. Distribute Handout 3, Principles of Brain-Compatible Learning and
display the similarly titled Overhead 3. Then, choose one of the
following methods to facilitate discussion among participants about
their insights and reactions to the video, using Handout 2 as a
discussion outline.

A. For the next 15 minutes, invite individual participants to share
their reactions to the video for the whole group to hear. Ask
participants to relate the Handout 3 to the ideas in the video.
Record their comments on a chalkboard, flip chart, or overhead.

OR

B. Have participants think-pair-share with a partner for 5–7 minutes
concerning their insights and reactions to the video. They should
also relate Handout 3 to the video. Then for the next 10 minutes
have one member of each pair share their insights and reactions
to the video with the whole group. Record comments on a flip
chart or overhead.
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Recording participant’s
comments on a flip chart or
overhead transparency allows
them to process information. You
may wish to create a concept
map of their comments and
reaction to the video. Encourage
participants to comment and
react to statements as you write
them down.



3. After the discussion, distribute copies of Reading 1, “Maximizing
Learning,” and Reading 2, “Number Sense: Rethinking Arithmetic
Instruction for Students with Mathematical Disabilities,” for
participants to read on their own. Tell participants that these articles
will provide additional background about the types of experiences
that are likely to promote learning.

Close the workshop by redisplaying Overhead 1, Workshop 1 Objectives,
and reviewing these objectives. Address any questions the participants
may have about the video and any other workshop options. Thank the
participants for attending the workshop.
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copies of the Further Reading
and References lists contained in
the Readings and Resources
section of this guide to provide
participants with additional
sources of information on the
topics covered in the video and
workshop.



This workshop details the activities for a 3-hour, 30-minute profes-
sional development session for a general K–12 audience of 10–100

participants, including school improvement teams, faculty or staffs, task
forces, parent-teacher groups, leadership teams, central office administra-
tors, and school board members. The workshop, which is recommended
for those who wish to become more deeply involved in examining the
issues of brain-compatible math instruction, introduces participants to how
the brain works with numbers. It illustrates findings concerning brain anat-
omy and explores how instruction can affect numeracy development and
competence. This workshop also involves participants in discovering the
possibilities of brain-compatible math instruction strategies. We suggest
the following agenda, objectives, and materials for this 3-hour, 30-minute
session.

Welcome and Introductions 10

How Much Do I Know? 15

Reading Discussion 30

Video Viewing

Tape 1, Making Number Sense 45

Break 20

20 Questions 35

Four Principles 45

Conclusion 10

Approximate Workshop Time 3 hours and 30 minutes

After viewing and discussing the contents of the video, the participants
will be able to

� Understand how the brain works with numbers.

� Recognize implications of brain research for teaching and learning
mathematics.

� Apply information on brain research to identify and develop strate-
gies for brain-compatible mathematics instruction.
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If the workshop needs to be
shortened, you may eliminate
portions of the activities as
appropriate. For this workshop,
you will need copies of the
handouts and readings listed in
the materials list for each
participant. You will find these in
the Handouts and Overheads
section of this guide. You may
also wish to provide copies of
some of the overheads as well as
other readings suggested in the
Readings and Resources section.



� Handout 1, Focus Questions for Workshop 1

� Handout 2, Viewing Guide for Tape 1

� Handout 3, Principles of Brain-Compatible Learning

� Handout 4, Reading 3 Analysis

� Overhead 1, Workshop 1 Objectives

� Overhead 2, Focus Questions for Workshop 1

� Overhead 3, Principles of Brain-Compatible Learning

� Overhead 4, How Much Do I Know About Brain-Compatible
Instruction?

� Reading 2, “Number Sense: Rethinking Arithmetic Instruction for
Students with Mathematical Disabilities”

� Reading 3, “What Do We Know from Brain Research?"

� Reading 4, “What Can You Do?”

� How Much Do I Know? poster, one for every 25 participants. See
Overhead 4 for a sample.

� Sticky notes (one for every participant)

� Large chart paper (enough for groups of 45 participants), pens, and
tape

� Easel, flip chart paper, markers, overhead projector, and overhead
pens

� Agenda written on a flip chart

� Tape 1 (Making Number Sense), monitor, and VCR

� Folders for participants (optional)

1. Place a sign-in sheet at the door for participants to write their names,
addresses, and phone numbers for identification as needed by
organization or district. Ask each participant to take a sticky note,
which they will use in the first activity.
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Providing folders with all
materials inside is an efficient
way to distribute handouts and
other resources. Folders
typically ease the recall for
participants of material
presented in the workshop. If the
district requires a record of
attendance, be sure to have a
sheet available for signatures
and identification. You may also
wish to provide name tags if
participants do not know one
another. Before participants
arrive, display Overhead 1,
Workshop 1 Objectives, and
write the agenda on a flip chart.



2. Welcome all participants. Introduce yourself and explain your role
as workshop facilitator. As the facilitator, you guide participants
through the workshop to help them meet the workshop objectives.
Your level of interest and motivation is critical to the success of the
workshop.

3. Depending on the size of the group and whether the participants of
the workshop know one another, you may want to set aside time for
participants to introduce themselves individually and state why they
are at the workshop. If the group is large, have participants introduce
themselves to the person next to them and state why they are
attending the workshop.

1. Display Overhead 4, How Much Do I Know About
Brain-Compatible Instruction? Tell participants that they will
evaluate their prior experience with and current level of knowledge
about brain-compatible instruction. This will get everyone thinking
about the topic, give you as the facilitator an idea of the level of
experience you will be dealing with, and serve as a warm-up to the
day’s activities.

2. Ask participants to indicate their familiarity with brain-compatible
math instruction by contributing to a graph that indicates their entry
knowledge (see the sample on Overhead 4).

3. Place a poster of the How Much Do I Know? graph on the wall. You
will need one poster for about every 25 people, so if there are 50
participants, you will need to display two posters.

4. Have participants walk to the poster and place their sticky note in the
box that best represents their level of knowledge—know lots, know
some, know very little, or never heard of it before today. Organize
traffic by first having participants on the right side of room and then
those on the left place their notes—or have people whose last names
begin with A to M go first, followed by those with N to Z names.

5. When participants have finished placing their sticky notes, briefly
talk about the results and reiterate that the goal of the workshop is for
participants to become more knowledgeable about brain-compatible
instruction.

6. Display Overhead 1, Workshop 1 Objectives, and review the
objectives with participants.
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The notes will form a bar graph
or histogram that provides data
that can then be compared or
collapsed. This is a quick way to
assess the knowledge base of
participants and for participants
to acknowledge their level of
entry into the video concepts.



1. Distribute Reading 3, “What Do We Know from Brain Research?”
and Handout 4, Reading 3 Analysis.

2. Allow 10 minutes for each person to read the article, then give them
5 minutes to write down their first reactions to the article on the first
portion of Handout 4.

3. Divide the large group into small groups of four to five participants.
Ask each group to identify a facilitator and recorder for this task.
Explain that the facilitator’s role is to ensure a chance of equitable
participation for all members of the small group. Ask the group to
discuss the More Reflections portion of Handout 4; recorders will
write down ideas from their groups but should also have an
opportunity to share their ideas. After 5–10 minutes, ask someone
from each group to share responses to the final two questions on the
handout with the whole group. Then, have participants reevaluate
their first reactions.

1. Distribute Handout 1 and Overhead 2, Focus Questions for
Workshop 1, and highlight the questions listed. Explain to
participants that by the end of this workshop, they will be able to
better answer the following questions:

1. How does the brain work with numbers?

2. What are some implications of brain research for teaching and
learning mathematics?

3. What are some specific brain-compatible strategies to use in
teaching mathematics?

2. Distribute Handout 2, Viewing Guide for Tape 1, and ask participants
to use the handout to take notes and jot down questions as they view
the video, using whichever side of the handout they prefer. Briefly
introduce Tape 1, Making Number Sense.

3. View the videotape.

4. After viewing the videotape, which runs for approximately 40
minutes, allow participants 5 minutes to individually complete
Handout 2. Encourage them to briefly summarize and record their
insights and reactions to the video.
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Because you are asking
participants to reflect on their
own practices, you may
recommend that people who
work in the same school or
grade level form groups together.
As members of the groups share
their thoughts, you should
capture the major ideas on chart
paper or an overhead
transparency for possible later



1. Tell participants

� The purpose of this activity is to encourage you to gain more
understanding of what you’ve seen in the video as well as to
use common language for terms and concepts given in the
video and literature related to brain-compatible instruction.

2. Ask participants to return to their small groups from the Reading
Discussion. Distribute two pieces of chart paper and pens to each
group. Tell participants to assign each person in their group a number
from 1 to 4 or 5, depending on the size of group. Then suggest that
all participants assigned the number 1 serve as facilitator and
recorder of questions that the group formulates. The recorder may
also contribute questions.

3. Tell participants to formulate 20 Questions with yes-or-no answers
for their fellow participants based on the information given in the
video. Once they have 20 questions, the group members should read
and edit them and then suggest and record answers to each question
on the second piece of chart paper. All persons assigned the number
2 should monitor and document the time the group took to compose
the questions on their flip chart paper.

4. After about 20 minutes, call time and have each group exchange its
questions (the chart paper without the answers) with a group near
them. All participants assigned the number 3 should serve as the
facilitators while their group answers the new set of questions.

5. Next, have persons 1 or 2 from each group post the questions their
group is presently working with on a nearby wall. Then, have
persons 4 or 5 read the questions their small group created and elicit
answers from all the participants. Groups should confirm answers to
their questions.

6. Highlight some of the comments and questions given for later
discussion and summarize this activity by using salient points made
in the video. At the end of the activity, the group that completed a
good set of 20 Questions in the least amount of time can be declared
the fastest question generators.
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As the workshop facilitator, you
will need to encourage the
discussion and keep it focused.
Depending on how many groups
there are, not every group will
have time to read all groups’ 20
Questions. Have each group
choose several questions to
share, if that happens.



Four Principles (45 minutes)
1. Distribute Handout 3, Principles of Brain-Compatible Learning, and

display the similarly titled Overhead 3. Tell participants

� In the past, educational programs have taken their focus on
behavior from the field of psychology, but recent brain
research has helped educators to understand some of the
variables that produce these behaviors. Some of the medical
science research helps educators think about how instruction
should be framed and how this can affect behaviors. Thus,
even though the field of brain research is still very new, fol-
lowing some guidelines appears to produce positive results in
the classroom. The work of Jennings and Caulfield, as pre-
sented in Overhead 3 and in more detail on Handout 3, pres-
ents a succinct yet effective way of applying brain research to
the classroom.

2. Using Overhead 3, tell participants

� Brain-compatible instruction provides

— active, meaningful learning

— stimulating, varied input

— accurate, timely feedback

— a safe, nonthreatening environment

3. Discuss these principles using the concept of a metaphor to increase
understanding. Begin by developing the concept of metaphor in a
general way before applying it to the next activity. For example,
metaphorical expressions in our everyday language help us to gain
insight into our everyday activities. Someone who talks about
“replaying their memories” or having a “photographic memory” is
using certain contexts to make meaning out of the situation—in this
case, the video or camera. Ask the participants to give you common
metaphors—such as “her points were right on target,” meaning her
ideas were winners or relevant. After a few general contributions
from the group, ask participants for specific metaphors that relate to
each of the four principles, how each of the principles could
contribute to brain-compatible learning, and what this could mean for
mathematics instruction and classrooms. An example might be
“varied, stimulating input = change the CD,” which could mean that
students need new and relevant assignments and worksheets. Print
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participants’ metaphorical suggestions next to the appropriate
principle on Overhead 3. Allow about up to 10 minutes for this
discussion.

4. Have participants form pairs and use Handout 3 to discuss which of
the four principles is the most important in the math classroom and
why. After about 5 minutes, have participants combine their pairs to
form groups of four and ask them to compare and justify their first
choices. After about 5 more minutes, form groups of 8-10 and ask
participants again to compare and justify their choices. Allow up to
10 minutes for this discussion.

5. Next call the whole group’s attention back to Overhead 3 and ask
again which of the four principles is most important in the math
classroom and why. Have a spokesman from two or three of the
larger groups give responses and reasons. Allow about 5–10 minutes
for this discussion.

6. In closing, have participants pair again, this time with different
partners and discuss the following:

� The most important concept for my classroom that I gained
from the workshop today is . . . .

Allow about 5 minutes for this discussion.

After the discussion, distribute Reading 2, “Number Sense: Rethinking
Arithmetic Instruction for Students with Mathematical Disabilities,” and
Reading 4, “What Can You Do?” for participants to read on their own.
Encourage participants to continue the conversation about mathematics
teaching and learning with their colleagues toward the goal of enhancing
learning for all. For closure, review Overhead 1, Workshop 1 Objectives,
and answer any questions participants may have concerning today’s ses-
sion. Announce any information concerning additional workshops, if
available. Thank the participants for attending and for their good partici-
pation. If attendance information is required, inform participants you will
submit the necessary data.
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Answers will vary, but discussion
will contribute to participants
re-evaluating their math
instruction as compared to
brain-compatible learning.

It might be helpful to distribute
copies of the Further Reading
and References lists contained in
the Readings and Resources
section of this guide to provide
participants with additional
sources of information on the
topics covered in the video and
workshop.









Workshop 2A is geared for a general audience, K–12. It focuses on
brain research as related to learning mathematics. It includes all

grade levels and encourages participants’ evaluation and development of
strategies for brain-compatible mathematics instruction and learning,
especially in the use of mathematical discourse. We suggest the follow-
ing agenda, objectives, and materials for this workshop.

Welcome and Introductions 10

Video Viewing

Tape 2, Classroom Applications 30

Reflections 35

Conclusion 5

Approximate Workshop Time 1 hour and 20 minutes

After viewing and discussing the contents of the video, the participants
will be able to

� Understand how the brain works with mathematical ideas.

� Recognize implications of brain research for teaching and learning
mathematics.

� Identify and develop brain-compatible strategies to use in teaching
mathematics.

� Brainstorm ways to use discourse in the mathematics classroom as a
brain-compatible strategy.
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For this workshop, you will need
copies of the handouts and
readings in the materials list for
each participant as well as
transparencies of the overheads
listed. These items can be found
in the Handouts and Overheads
and Readings and Resources
section of this guide. You may
also wish to provide copies of
the overheads as well as some of
the readings suggested in the
Readings and Resources section
for the participants.



� Handout 3, Principles of Brain-Compatible Learning

� Handout 5, Focus Questions for Workshop 2

� Handout 6, Viewing Guide for Tape 2

� Overhead 3, Principles of Brain-Compatible Learning

� Overhead 5, Workshop 2 Objectives

� Overhead 6, Focus Questions for Workshop 2

� Reading 3, “What Do We Know from Brain Research?”

� Reading 5, “A Head for Numbers”

� Easel, flip chart paper, markers, tape, overhead projector, and over-
head pens

� Introduction to the facilitator’s guide (for facilitator)

� Agenda written on a flip chart

� Tape 2 (Classroom Applications), monitor, and VCR

� Small squares of colored paper in four different colors (there should
be enough squares of each color for one-fourth of the total number of
participants)

Welcome and Introductions (10 minutes)
1. As participants arrive, have them take a folder and one of the small

square pieces of colored paper. If an attendance record is needed,
place a sign-in sheet by the door.

2. Welcome all participants. Introduce yourself and explain your role
as workshop facilitator. As the facilitator, you guide participants
through the workshop to help them meet the workshop objectives.
Your interest and level of motivation is critical to the success of the
workshop.

3. Depending on the size of the group and whether the participants of
the workshop know one another, you may want to set aside time for
participants to introduce themselves individually. To help engage
participants in the language of mathematics, you can ask them to
state their favorite mathematics term and why they chose it. This
should take no more than 10 minutes.
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Providing folders with all
materials inside is an efficient
way to distribute handouts and
other resources. Folders
typically ease the recall for
participants of material
presented in the workshop. If the
district requires a record of
attendance, be sure to have a
sheet available for signatures
and identification. You may also
wish to provide name tags if
participants do not know one
another. Before participants
arrive, display Overhead 5,
Workshop 2 Objectives, and
write the agenda on a flip chart.

If the group is large and time
will not allow individual
introductions to whole group,
have participants introduce
themselves to a person next to
them and state their favorite
mathematics term and why they
chose it.



1. Call participants’ attention to the Workshop 2 Objectives displayed
on Overhead 5, which you should have placed on the projector prior
to the workshop.

2. Display Overhead 6, Focus Questions for Workshop 2, and distribute
the similarly titled Handout 5. Explain to participants that by the end
of the videotape, they will be able to answer to the following
questions:

1. How does the brain work with mathematical ideas?

2. What are some implications of brain research for teaching and
learning mathematics?

3. What are some specific brain-compatible strategies to use in
teaching mathematics?

4. How is discourse in the mathematics classroom a brain-
compatible strategy?

Discuss the objectives and these questions briefly as a group.

3. Distribute Handout 6, Viewing Guide for Tape 2. Instruct the
participants to use the handout to take notes and jot down questions
as they watch the video. Briefly introduce Tape 2, Classroom
Applications.

4. View the videotape.

1. After viewing the videotape, allow participants 5 minutes to
summarize and record their thoughts and reactions to the videotape
on Handout 6.

2. Display Overhead 3, Principles of Brain-Compatible Learning, and
distribute the similarly titled Handout 3. Have participants form
pairs. Ask one partner to share an example from the video of
brain-compatible learning in the classroom and what principles were
demonstrated. The other partner should then summarize what the
first person said or ask questions about any unclear points. Then
ask the second partner in each pair to suggest a possible
brain-compatible strategy or scenario not shown on the videotape.
Have the pairs discuss the suggested strategy in light of the
principles. Allow about 10 minutes for these discussions.
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3. Next, use the four corners strategy to divide the large group into four
small groups. Tell participants to move to a corner of the room
according to the color of the piece of paper they took when they
signed in for the workshop. They will need to take Handout 5, Focus
Questions for Workshop 2, with them as they join other participants
with similarly colored pieces of paper (e.g., all participants with blue
pieces of paper will group in the corner at the front of the room to the
left). Then assign each group a separate question on Handout 5 (e.g.,
the blue group would take question one). Give participants about 10
minutes to discuss and record their group answers on chart paper.

4. Invite one person from each of the four groups to bring the group’s
chart paper to the front of room and report the group’s answers to its
assigned question. Be sure to give the whole group time to add or
respond to each question as well. All four questions should be
addressed, but if time is limited, focus on questions three and four.
Suggest that participants record new insights and remaining question
responses on Handout 5, Focus Questions for Workshop 2.
Summarize completed workshop activities to illustrate the
importance of the principles. Allow about 10 minutes for this
discussion.

5. After the discussion, distribute copies of Reading 3, “What Do We
Know from Brain Research,” and Reading 5, “A Head for Numbers,”
for participants to read on their own. Tell participants that these
articles will help increase their understanding of the complex issues
involved in applying information from brain research to classroom
practice.

Close the workshop by redisplaying Overhead 5, Workshop 2 Objectives,
and reviewing these objectives. Address any questions the participants
may have about the video and additional workshop options. Thank par-
ticipants for attending the workshop.
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It might be helpful to distribute
copies of the Further Reading
and References lists contained in
the Readings and Resources
section of this guide to provide
participants with additional
sources of information on the
topics covered in the video and
workshop.



This workshop details the activities for a 3-hour professional develop-
ment session that focuses on strategies for the elementary mathemat-

ics classroom. This half-day workshop is suggested for those who wish
to become more deeply involved in examining the issues of brain-
compatible math instruction. Possible audiences for this format might
include school improvement teams, faculty or staffs, task forces, parent-
teacher groups, leadership teams, central office administrators, and
school board members. We suggest the following agenda, objectives, and
materials for this 3-hour workshop.

Welcome and Introductions 10

A Head for Numbers 35

Video Viewing

Tape 2, Classroom Applications 45

Break 20

Car Parking Problem 35

Discussion Activity 25

Conclusion 10

Approximate Workshop Time 3 hours

After viewing and discussing the contents of the videos, the participants
will be able to

� Understand how the brain works with mathematical ideas.

� Recognize implications of brain research for teaching and learning
mathematics.

� Identify and develop brain-compatible strategies to use in teaching
mathematics.

� Brainstorm ways to use discourse in the mathematics classroom as a
brain-compatible strategy.
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If the workshop needs to be
shortened, you may eliminate
portions of the activities as
appropriate. For this workshop,
you will need copies of the
handouts and readings listed in
the materials list for each
participant. You will find these in
the Handouts and Overheads
section of this guide. You may
also wish to provide copies of
some of the overheads as well as
other readings suggested in the
Readings and Resources section.



� Handout 3, Principles of Brain-Compatible Learning

� Handout 6, Viewing Guide for Tape 2

� Handout 7, Reading 5 Analysis

� Overhead 3, Principles of Brain-Compatible Learning

� Overhead 5, Workshop 2 Objectives

� Overhead 7, Car Parking Problem

� Reading 5, “A Head for Numbers”

� Reading 6, “Brain Basics: Cognitive Psychology and Its Implications
for Education”

� Easel, flip chart paper, markers, overhead projector, overhead pens,
and colored pens or crayons

� Agenda written on a flip chart

� Tape 2 (Classroom Applications), monitor, and VCR

� Folders for participants (optional)

1. Place a sign-in sheet at the door to record attendance if required by
the district or organization.

2. Welcome all participants. Introduce yourself and explain your role as
workshop facilitator. As the facilitator, you guide participants
through the workshop to help them meet the workshop objectives.
Your interest and level of motivation is critical to the success of the
workshop.

3. Depending on the size of the group and whether the participants of
the workshop know one another, you may want to set aside time for
participants to introduce themselves individually. To help engage
participants in the language of mathematics, you can also ask them to
state their favorite mathematics term and why they chose it. This
should take no more than 10 minutes.

4. Display Overhead 5, Workshop 2 Objectives, and review these
objectives as they relate to the workshop agenda.
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Providing folders with all
materials inside is an efficient
way to distribute handouts and
other resources. Folders
typically ease the recall for
participants of material
presented in the workshop. If the
district requires a record of
attendance, be sure to have a
sheet available for signatures
and identification. You may also
wish to provide name tags if
participants do not know one
another. Before participants
arrive, display Overhead 5,
Workshop 2 Objectives, and
write the agenda on a flip chart.

If group is large and time
will not allow individual
introductions to the whole
group, have participants
introduce themselves to a
person next to them and state
their favorite mathematics
term and why they chose it.



A Head for Numbers (35 minutes)
1. Distribute Reading 5, “A Head for Numbers,” and tell participants

� In Reading 5, there is a short report given from an 1880 issue
of the journal Nature that describes British anthropologist
Francis Galton’s attempt at studying mental imagery. Galton
did not use a random sample, but instead asked a number of
his friends and acquaintances to complete a questionnaire.
The following activity is a simulation of that study that is
designed to help us learn more about how we “visualize”
quantities.

2. Ask participants to circulate throughout the room and survey five
other participants with the question, “If I say the numbers 5, 50, and
5000, what do you see and in what way?” Suggest they make notes
of their interview findings for each of the five individuals they talk
with. After about 10 minutes, ask participants to return to their seats
and request volunteers to share their findings with the whole group.
Allow about 5 minutes for discussion.

3. Tell participants

� Reading 5 will continue to explore mental imagery with num-
bers. Because mathematics has traditionally been classified as
an analytic activity rather than a graphic or visual activity,
there has been little attention given to how students visualize
quantity. Piaget discussed the idea of discriminating between
two numeric quantities in the context of conservation of
number. Using objects children could see, he emphasized the
role of perception of material objects. The activity we just
completed asked you to “imagine,” “visualize,” or “construct”
in your mind the quantity with no referent available, requiring
you to describe your own referent. In Galton’s original survey,
many of his participants reported seeing a number line in
answer to the question (although, many other referents were
cited, just as they were today). Beyond Galton’s work, the
number line has been studied further by psychologists and
specifically by Stanislas Dehaene in his book The Number
Sense (1997). Dehaene expands on the basic idea of how the
number line relates to number sense. It is an important con-
struct for number sense and could give teachers a compelling
reason to help students extend and develop it.
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4. Next, distribute Handout 7, Reading 5 Analysis. Divide participants
into groups of four or five and give them about 10 minutes to
complete Reading 5. Once they’ve finished, participants should work
in their groups to complete Handout 7.

5. After about 10 minutes, call the whole group back and ask
participants to share ways that the ideas in the article could help
them in the classroom. As a reminder of the discussion, have
participants draw a number line on the back of Handout 7. Drawing
this referent (the number line) should increase participants’
awareness of how important it is to develop and encourage students’
number sense.

1. Ask participants about their understanding of the role of language in
mathematics learning. Use the flip chart or a blank overhead to
record comments. Write and underline the statement “Numbers are
stored as words” and ask participants the following questions:

� How can mathematical conversations help learners?

� Why is mathematical discourse important?

� How can you foster this discourse?

Record comments on the flip chart or overhead. Allow no more than
10 minutes for this discussion.

2. Distribute Handout 6, Viewing Guide for Tape 2, and tell participants
to use it to take notes and jot down questions as they view the
videotape. Briefly introduce Tape 2, Classroom Applications.

3. View the video.

4. After viewing the video, which runs approximately 30 minutes,
allow participants 5 minutes to finish completing Handout 2. Ask
participants to revisit the questions they discussed prior to viewing
the video and to suggest any additional findings in light of what
they saw.
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1. Tell participants to return to their small groups of four or five.
Distribute chart paper and pencils or crayons (three different colored
crayons per group). Display Overhead 7, Car Parking Problem, and
read it aloud. Be sure participants understand the problem. Have
group members discuss the problem in the group and then draw their
solutions on the chart paper. You might need to circulate among the
groups and help participants begin the process of finding and
drawing all possibilities. Be sure to encourage them to draw each
situation. They should thoroughly explain their solutions to the entire
small group so all the group members understand and can explain at
least one solution for three or more cars.

2. After about 15 minutes, call the whole group together and ask one
small group to explain its solution by displaying its chart paper or
using the overhead. Ask participants if there are other ways to solve
the parking problem and have one more small group share its
solution process with the whole group. It is likely that solutions will
vary as will the subsequent discourse. See the box on p. 38 for
possible solutions. Be sure to facilitate positive, focused discussion.
Allow 15 minutes for this discussion.

3. To remind participants of the value of discussion in clarifying and
finding solutions and in the enjoyment of solving problems, relate
this activity to classroom learning and to the next workshop activity
by telling participants

� Using discussion to find solutions, both in the small groups
and in the whole group, resulted in more options for finding
the solution and clarified the reasons for the solution. Most
students try only to come up with a numeric answer but do
not solidify the understandings of the solution unless they are
asked to verbalize or explain their understandings. Discus-
sion facilitates solution achievement, understanding, and
positive attitudes. Many students terminate their attention
and efforts at problem solving rather quickly if they are
asked to solve a difficult problem on their own. Talking with
others and articulating their ideas can help students remain
on task, gain more insight from others, and clarify their own
thinking. Even in the task of learning multiplication tables,
Dehaene talks about “verbal memory to the rescue.” He
argues that language is a key factor that has helped human
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beings go beyond the animal kingdom in counting, calculat-
ing, and mathematical performance. The next activity will
relate the discussion factor of the car parking problem-
solving process we just used to a brain-compatible math
classroom.
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Possible Solutions for the Car Parking Problem
Solutions should illustrate some of the following concepts:

Solutions for three cars: 3! (3 factorial, that is, 3 × 2 × 1 = 6)

red red blue blue green green

blue green green red red blue

green blue red green blue red

Constructs with solutions for three cars:

Car 1 (arriving first) has three possible places from which to
choose: the first, second, or third position in line (see the underlined
reds above). Once car 1 is in place, there are only two possibilities
for the remaining two cars. If red is first, then blue can be second or
third. There are no other choices. Once car 2 (blue) is in place, there
is only one position left for car 3 (green). Therefore, the first car to
arrive has three choices (3); the second car to arrive has two choices
(2); and the last car has only one (1) position in which to park.
The formula for three cars would therefore be 3 × 2 × 1 = 6, or 3!
(factorial).

Extending this to four cars would mean car 1 has four choices, car
2 has three choices, car 3 has two choices, and car 4 has only one
remaining choice in which to park. This equates to 4! or 4 × 3 × 2 ×
1 = 24.

Extend this idea to a classroom with 10 children in a line at the door
where the teacher wants as many different lineups as possible. This
would equate to 10 children in all the different positions, or 10!
(10 × 9 × 8 × 7 × 6 × 5 × 4 × 3 × 2 × 1). That is 3,628,800 different
lineups.



1. Display Overhead 3, Principles of Brain-Compatible Learning, and
distribute the similarly titled Handout 3. Ask participants as a group
to relate the principles to mathematical learning. Have them cite
examples from the car parking problem and the video of
brain-compatible instruction. Some examples might be the
importance of a safe, nonthreatening environment for students to talk
together about a math problem-solving activity and the role of
accurate and timely feedback students receive from their peers as
they work on task with a mathematical problem.

2. Next, have participants list brain-compatible ways to make
mathematical discourse in the classroom common and effective. Be
sure to highlight all four of the principles individually. Take about 10
minutes for each principle. Give further examples such as “positive
teacher response to student answers fosters a safe and nonthreatening
environment” or “relevant and engaging problems can provide
stimulating and varied input in the math classroom.” Ask for more
examples of both teacher and pupil behaviors that illustrate the four
principles. Record participants’ comments for each of the four
principles on a flip chart or overhead and summarize the ideas for the
whole group.

After the discussion, you may want to distribute Reading 6, “Brain
Basics: Cognitive Psychology and Its Implications for Education” for
participants to read on their own. Tell participants that this article will
help increase their understanding of the complex issues involved in
applying information from brain research to classroom practice. Close
the workshop by redisplaying Overhead 5, Workshop 2 Objectives, and
reviewing these objectives. Answer any questions participants may have
concerning today’s session and any additional workshops. Thank the
participants for coming and for their good participation. If attendance
information is required, inform participants you will submit the neces-
sary data.
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and References lists contained in
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sources of information on the
topics covered in the video and
workshop.



This workshop details activities for a 3-hour, 20-minute professional
development session that focuses on strategies for middle and secon-

dary math classrooms. This half-day workshop is suggested for those
who wish to become more deeply involved in examining the issues of
brain-compatible math instruction and discussing brain functions and the
learning. Possible audiences for this format might include school
improvement teams, faculty or staffs, task forces, parent-teacher groups,
leadership teams, central office administrators, and school board mem-
bers. We suggest the following agenda, objectives, and materials for this
3-hour, 30 minute session.

Welcome and Introductions 10

Three-by-Three Activity 35

Video Viewing

Tape 2, Classroom Applications 35

Break 20

Jeopardy Activity 50

Video Review (optional) 10

Peanut Activity 30

Conclusion 10

Approximate Workshop Time 3 hours and 20 minutes

After viewing and discussing the contents of the videos, the participants
will be able to

� Understand how the brain works with mathematical ideas.

� Recognize implications of brain research for teaching and learning
mathematics.

� Identify and develop brain-compatible strategies to use in teaching
mathematics.

� Brainstorm ways to use discourse in the mathematics classroom as a
brain-compatible strategy.
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If the workshop needs to be
shortened, you may eliminate
portions of the activities as
appropriate. For this workshop,
you will need copies of the
handouts and readings listed
in the materials list for each
participant. You will find these
in the Handouts and Overheads
section of this guide. You may
also wish to provide copies of
some of the overheads as well as
other readings suggested in the
Readings and Resources section.



� Handout 3, Principles of Brain-Compatible Learning

� Handout 5, Focus Questions for Workshop 2

� Handout 6, Viewing Guide for Tape 2

� Handout 8, Reading 6 Analysis

� Handout 9, Reading 7 Analysis

� Overhead 3, Principles of Brain-Compatible Learning

� Overhead 5, Workshop 2 Objectives

� Overhead 6, Focus Questions for Workshop 2

� Overhead 8, Framework Categories

� Reading 6, “Brain Basics: Cognitive Psychology and Its Implications
for Education”

� Reading 7, “Improving Data Analysis Through Discourse”

� Easel, flip chart paper, markers, overhead projector, and overhead
pens

� Agenda written on a flip chart

� Tape 2 (Classroom Applications), monitor, and VCR

� Folders for participants (optional)

� Peanuts (in their shells) and bowls (enough for each small group of
six participants to have around 40 peanuts)

� Index cards (20 per small group of eight people), pens, and tape

1. Place a sign-up sheet next to the door for participants to record
attendance as required by the district or organization.

2. Welcome all participants. Introduce yourself and explain your role as
workshop facilitator. As the facilitator, you guide participants
through the workshop to help them meet the workshop objectives.
Your interest and level of motivation is critical to the success of the
workshop.
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Providing folders with all
materials inside is an efficient
way to distribute handouts and
other resources. Folders
typically ease the recall for
participants of material
presented in the workshop. If the
district requires a record of
attendance, be sure to have a
sheet available for signatures
and identification. You may also
wish to provide name tags if
participants may not know one
another. Before participants
arrive, display Overhead 5,
Workshop 2 Objectives, and
write the agenda on a flip chart.



3. Depending on the size of the group and whether the participants of
the workshop know one another, you may want to set aside time for
participants to introduce themselves individually. To help engage
participants in the language of mathematics, you can ask them to
state their favorite mathematics term and why they chose it. This
should take no more than 10 minutes.

4. Call participants’ attention to Overhead 5, Workshop 2 Objectives,
and briefly review these objectives with participants.

1. Distribute Reading 6, “Brain Basics: Cognitive Psychology and Its
Implications for Education,” and Handout 8, Reading 6 Analysis.
Divide participants into groups of three and tell them to read the
article and complete the analysis as a group. Allow about 10 minutes
to read the article and 15 minutes for small group discussion.

2. After discussion is finished, give each group 3 minutes to share with
the whole group a salient point or question discussed in the small
group. Follow up with comments affirming the salient points
presented.

1. Display Overhead 6, Focus Questions for Workshop 2, and distribute
the similarly titled Handout 5. Explain to participants that by the end
of this workshop, they will be able to answer the following
questions:

1. How does the brain work with mathematical ideas?

2. What are some implications of brain research for teaching and
learning mathematics?

3. What are some specific brain-compatible strategies to use in
teaching mathematics?

4. How is discourse in the mathematics classroom a brain-
compatible strategy?

2. Distribute Handout 6, Viewing Guide for Tape 2, and tell participants
to complete the handout while viewing the video. Briefly introduce
Tape 2, Classroom Applications.

3. View the video.
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If the group is large and time
will not allow individual
introductions to the whole group,
have participants introduce
themselves to a person next to
them and state their favorite
mathematics term and why they
chose it.



4. After viewing the video, which runs approximately 30 minutes,
give participants 5 minutes to complete Handout 6. Choose a few
participants at random to share ideas or questions sparked by the
video.

1. Distribute Handout 3, Principles of Brain-Compatible Learning, and
display the similarly titled Overhead 3. Tell participants this activity
will help remind them of the four principles that were introduced in
Tape 1 and briefly discuss them as you read them from the Overhead.

2. Ask participants to suggest or recall ideas and activities from the
video that illustrated the principles and how they facilitated learning.
For example, how does the idea of engaged students relate to the
principle of stimulating, varied input? Continue to work through the
principles, recording participants’ input on the flip chart or a blank
overhead. Allow up to 10 minutes for this discussion.

3. Tell participants that they will create a Jeopardy-style game to help
their fellow participants remember the principles more easily.
Display Overhead 8, Framework Categories. Divide participants into
groups of eight and distribute chart paper, pens, tape, and 20 index
cards for each group.

4. Tell participants in each group to create a game board using
Overhead 8 as a guide. They should list the four principles on the top
of a piece of chart paper and write the questions and answers on the
index cards. Have participants in each small group form four pairs.
Each pair should then design three questions for one of the
principles—each pair taking a different principle—and record the
questions on the front of the index cards and the answers on the back.
For example, a question could be “Students draw lines of symmetry
with dynamic software.” The answer would be, “What is stimulating,
varied input?” This will produce 12 questions per group. When
participants have finished creating the game, have them tape the
cards in a column on the chart paper under the appropriate principle,
assigning each question in a column a greater point value (e.g., 10,
20, 30; given the time constraints, however, the questions need not be
of increasing difficulty). The answers on the back of the cards will
allow the players to check their answers while playing the game for
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competition. Allow participants about 25 minutes to develop the
game and test it by playing the game within their groups.

5. When time is up, ask the groups to exchange game boards, now with
index cards attached, with another group and play another round.
Suggest that each group appoint a host and scorekeeper and that the
other six members serve as contestants to play the game. Allow
about 15 minutes to play the game.

6. Call the whole group together to summarize the applications of the
principles to mathematics learning and teaching. You might want to
highlight the ease or challenge of accommodating classrooms to
brain-compatible teaching by asking participants the following
questions:

� Which principle might be the most challenging to carry out for
math instruction?

� Which is the most readily implemented?

� What implications do these principles have to the curriculum?

� What implications do the principles have for assessment?

If you feel it’s needed, tell participants they may review parts of the
video to check on some of these questions.

To clarify any questions or illustrate ideas about the principles brought
up during the previous activities, consider replaying short segments of
video and discussing them, noting any new ideas or understandings on
the flip chart or overhead.

1. Distribute Reading 7, “Improving Data Analysis Through
Discourse,” and Handout 9, Reading 7 Analysis.

2. Divide participants into small groups of six and give them about 15
minutes to read Reading 7 and then complete Handout 9. Then, have
participants briefly discuss the reading within their small groups and
exchange their findings from the analysis. Allow about 5 minutes for
discussion.

3. After they have finished discussing the reading, tell participants they
will be doing an activity that will require data analysis that includes
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In preparation for this activity,
jot down segments and counter
times during your initial video
viewing that you think might be
worth reviewing.



an effective role for peer discussion. This will be done in small
groups and will also highlight several of the four principles of
brain-compatible learning.

4. Give one bowl filled with about 40 peanuts to each of the small
groups of six participants. Also, distribute chart paper and pens and
ask each group to choose a recorder who will be creating a graph.

5. Tell participants to estimate the average number of peanuts they think
will be in a handful and to record this number on the bottom of the
chart paper. Then, instruct participants to reach into the bowl, one at
a time, and fill one hand with as many peanuts as possible. Have
recorders each create a graph of their choice (e.g., scatter plots or bar
graphs) to represent the results as each member takes a turn,
including the recorder. Ask participants to discuss in their groups
how close their original estimate was to the actual data.

6. Ask someone from each group to display the group’s graph to the
whole group and discuss the predictions and results. Relate this
activity to Overhead 3, Principles of Brain-Compatible Learning, and
to Reading 7, “Improving Data Analysis Through Discourse” by
telling participants

� The activities teachers select for students need to have mean-
ingful interactions and discourse. For example, comparing a
handful of peanuts across a number of people requires dis-
cussion about the concept of different sized hands (what are
the factors for size of hands?), different sized peanuts (did all
groups get same size peanuts?), and how to represent the
data. All of these activities relate to the four principles of
brain-compatible learning.

For closure, redisplay Overhead 5, Workshop 2 Objectives, and answer
questions participants may have concerning today’s session and any addi-
tional workshops. Thank the participants for attending and for their good
participation. If attendance information is required, inform participants
that you will submit the necessary data.

45

It might be helpful to distribute
copies of the Further Reading
and References lists contained in
the Readings and Resources
section of this guide to provide
participants with additional
sources of information on the
topics covered in the video and
workshop.









Focus
Questions for
Workshop 1

1. How does the brain work with numbers?

2. What are some implications of brain research for teaching and learning
mathematics?

3. What are some specific brain-compatible strategies that teachers could
use in teaching mathematics?
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1. How do you recognize mathematical thinking?

2. List several ideas shown on the video of how the brain works.

3. What role do the memory systems have in mathematical thinking?

4. List one brain-compatible teaching and learning strategy highlighted in
the video.
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Optional Viewing Guide
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Ideas to hold onto: Surprises:

Concerns: Questions:

Handout 2—Continued
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Source: From “Moving Your School to Brain Compatibility,” by W. Jennings and J. Caul-
field, Spring 1997, The Networker [Newsletter of ASCD’s Brain-Based Education/Learn-
ing Styles Network]. Adapted with permission.

Four Principles of Brain-Compatible Learning Help in Teacher Education and Inservice Training
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Active,
meaningful

learning

Rich,
stimulating

environment:
input

Safe,
nonthreatening
environment

Accurate,
timely, helpful

feedback

Empower
learners with
technology

Involve
parents in

assessment

Make criteria
for assessment

explicit

Use
project-based

learning

Have
students tutor
and mentor

Use talents,
interests of
students

Vary
instructional
strategies

Provide
excitement

and challenge

Use the
world as the
classroom

Provide
atmosphere
of courtesy

Empower
learners with
technology

Provide a
positive
climate

Use unique
student
talents

Use the
Web

for input

Capitalize
on student
diversity

Recognize
many types of
achievement

Recognize
many types of
achievement

Use personal
learning
plans

Look for
progress and

maturity

Study the
world in all

its complexity

Study reality
in all its

complexity

Use
multi-age
groups

Care deeply
about all
students

Promote
reality for

assessments

Attend to
student
styles,

intelligences

Be alert to
student
styles,

intelligences

Be alert to
student
styles,

intelligences

Pay
attention to

surroundings:
plants, color

Pay
attention to

surroundings:
plants, color

Provide
manipulatives
and materials
for students

Attend to
variations in

styles,
intelligences

Have
students
create

displays

Involve
students in

school
governance

Display
student

talents and
interests

Evaluate in
context of
learning
situation

Maintain
portfolios and

work
samples

Use
technology
for instant
feedback

Teach
students to
self-assess
their work

Provide clubs,
activities,

exploratory
programs

Use
newspapers

and
periodicals

Accept every
student as
special and

precious

Hold regular
conferences

with each
student

Catalog
and use

community
resources

Provide an
advocate or
advisor for

every student

Involve
students in
planning

content and
methods

Have
students

compare their
goals with

performance

Have
students
create

products and
services

Hold goal
setting

sessions and
review goals
periodically

Use real
audiences to

judge
performance
on products
and services

Have
students work

on teams,
task forces,
committees

Take time to
reflect on
what went
well, could

be improved

Be
exceptionally

clear on
learning

outcomes

Have
students
report

progress to
parents

Use community
for learning

Arrange for
“sparks”

Use posters,
ads, photos

Provide many
field trips

Be respectful
of all cultures

Spark natural
curiosity

Display
student work

Build
trust

Display
student work

Use reality for
assessments

Give students
responsibilities

Maintain high
expectations

Handout 3—Continued



Read the article “What Do We Know from Brain Research?” by Pat
Wolfe and Ron Brandt (Reading 3).

My First Reaction:
(choose one and describe why)

1. This article is helpful to me because . . .

2. This article is not helpful to me because . . .

More Reflections:
1.What areas of research give us information on brain functions?

2.What new “gems” of knowledge did you find in this article about how
the brain works?

3. What are some applications for math instruction that you gleaned from
this article?
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Focus
Questions for
Workshop 2

1. How does the brain work with mathematical ideas?

2. What are some implications of brain research for teaching and learning
mathematics?

3. What are some specific brain-compatible strategies to use in teaching
mathematics?

4. How is discourse in the mathematics classroom a brain-compatible
strategy?
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1. Scan Reading 5, “A Head for Numbers” by Robert Kunzig for about
one minute. List facts, title, proposed ideas, and specific examples that
jump out at you.

2. Categorize these facts into main ideas.

3. Read the article to find validating and supporting statements for the
main ideas.

4. Write a summary statement about the article’s main idea.

5. How does the article support or relate to brain-compatible learning?

6. In what ways could you include some of the ideas given in the article
in your classroom?
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Reading 6
Analysis

Read the article “Brain Basics: Cognitive Psychology and Its Implica-
tions for Education” by Richard L. Bucko (Reading 6).

My First Reaction:
(choose one and describe why)

1. This article is helpful to me because . . .

2. This article is not helpful to me because . . .

More Reflections:
1.What areas of research give us information on brain functions?

2.What new “gems” of knowledge did you find in this article about how
the brain works?

3. What are some applications for math instruction that you gleaned from
this article?
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Read the article “Improving Data Analysis Through Discourse” by Kay
McClain, Maggie McGatha, and Lynn L. Hodge (Reading 7).

� How can a teacher encourage student talk but keep a mathematical
focus?

� What are some suggested strategies that keep the student discussion
focused on math but also moving along? (e.g., compare, evaluate,
focus)

� How can a teacher foster appropriate student-to-student response?

� What is the role of the teacher in the classroom where math dis-
course is effective?

� How is mathematical discourse a brain-compatible strategy?
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Workshop 1 Objectives

After viewing and discussing the contents of the video, the
participants will be able to

� Understand how the brain works with numbers.

� Recognize implications of brain research for teaching
and learning mathematics.

� Apply information on brain research to identify and
develop strategies for brain-compatible mathematics
instruction.
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Focus Questions for Workshop 1

1. How does the brain work with numbers?

2. What are some implications of brain research for
teaching and learning mathematics?

3. What are some specific brain-compatible strategies that
teachers could use in teaching mathematics?
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Principles of Brain-Compatible Learning
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stimulating,
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safe,
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environment

Based on a model by Wayne Jennings and Joan Caulfield, 1997





How Much Do I Know About
Brain-Compatible Instruction?

(Sample poster showing graph with 8 sticky notes)
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Know lots
about
brain-compatibl
e instruction.

Know some
about
brain-compatibl
e instruction.

Know very little
about
brain-compatibl
e instruction.

Never heard of it
before today.





Workshop 2 Objectives

After viewing and discussing the contents of the video, the
participants will be able to

� Understand how the brain works with mathematical
ideas.

� Recognize implications of brain research for teaching
and learning mathematics.

� Identify and develop brain-compatible strategies to
use in teaching mathematics.

� Brainstorm ways to use discourse in the
mathematics classroom as a brain-compatible
strategy.

75

Association for Supervision
and Curriculum Development

®

OVERHEAD 5





Focus Questions for Workshop 2

1. How does the brain work with mathematical ideas?

2. What are some implications of brain research for
teaching and learning mathematics?

3. What are some specific brain-compatible strategies to
use in teaching mathematics?

4. How is discourse in the mathematics classroom a brain-
compatible strategy?
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Car Parking Problem

Our family has three cars: a red Festiva, a blue Jeep, and a
green Volvo. The garage is full of stuff, so we all need to
park in the driveway—and I mean in the driveway, not on the
lawn. How many different ways can we park our cars
tandem fashion (end to end) in the driveway? Write and
draw all the possible different ways the cars can be parked.

� What is the generalization for any number of cars?

� Is there a general formula you could find for any
number of cars?
(Hint: Try with 4 cars.)

Discuss with your group the process of solving the problem,
making sure every member of the group has a good
understanding of the solution and process. Draw and write
your solutions on the chart paper. Use colors or codes for
the various cars. Explain why you are sure you have all the
different arrangements.
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Reading 1

Source: “Maximizing Learning: A Conversation with Renate Nummela Caine,” by C. Pool, March 1997, Educational Leadership,
54(6), pp. 11–15.

A Conversation with Renate Nummela Caine
In Making Connections
and in Education on the
Edge of Possibility, you
and Geoffrey Caine dis-
cuss principles of brain-
based learning. Some
people might say, “Well,
of course, we learn with
our brains— so what else
is new?” But you and
Geoffrey have connected
the latest cognitive and
neurological research to
education. What is new? What is the most signifi-
cant finding that relates to what we do in schools?

We debated about using the term brain-based
learning because, of course, all learning is brain
based. But if we just said “learning,” then people
might not understand what we were talking about,
either. Humans have a marvelous brain, whose pos-
sibilities appear endless. So when we refer to
brain-based learning, we are concerned about maxi-
mizing learning—understanding how the brain
works best—and we have encapsulated our findings
in 12 learning principles that emphasize the connec-
tions and patterns our brains make (see fig. 1). Our
current studies are taking us into the great impact
that early childhood development has on the way
children learn. These findings have enormous im-
plications for schools—even preschools—because
so many neurological pathways critical for later life
are laid down from age zero to age 3. These path-
ways affect the way children interact with formative
experiences during later developmental stages.
These patterns also include children’s beliefs about
themselves and their world, which continue into
adulthood.

In your work, you discuss
threats that inhibit learn-
ing. What are these
threats? What happens to
learning when we feel
threatened?

Many children’s lives are
filled with threats to learn-
ing—child abuse, poverty,
malnourishment, family and
community violence. These
are devastating experiences

for the child—and for the human brain. These expe-
riences can program the child to effectively live in
anticipation of such experiences. Children who
have lived with extreme threat develop perceptual
loops; they look for certain signals in the environ-
ment that to some extent replicate their own experi-
ences. Their brains are not programmed to help
them cope in a healthy way. When we feel threat-
ened, we downshift our thinking. Downshifted peo-
ple feel helpless; they don’t look at possibilities;
they don’t feel safe to take risks or challenge old
ideas. They have limited choices for behavior.

What does downshifting mean for teachers?

We define downshifting as the psychophysiological
response to threat, accompanied by a sense of help-
lessness or fatigue. The downshifted person experi-
ences a sense of fear or anxiety, not the excitement
of a challenge. Downshifting is accompanied by a
feeling that you cannot access your own ability to
deal with the situation. Downshifting can result
from very drastic conditions in early childhood, as I
mentioned; but what we’re seeing is that, to a lesser
degree, downshifting is everywhere in the schools.

Carolyn R. Pool
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Do children face threats in school?

Yes, but here we’re not talking about traumatic
threats like guns in school. We are concerned about
emotional threats to higher-order thinking and
learning. The system of traditional education can be
a threat that inhibits higher levels of learning. If as a
teacher I am in charge of the curriculum, you as the
student are supposed to learn what I say you must
learn. I know the answers that you have to get. I’m
also going to tell you how long it will take you to
learn this and when it’s due. And not only that—I
evaluate you and your work. In this approach,
where is your input? Where is your self-efficacy?
And what are you learning but compliance? So stu-
dents are doing what teachers want them to do. And
downshifted people can do some things well, like
memorizing, because the brain perseverates under
threat and likes to do things over and over
again—repetition provides a sense of safety when
you feel helpless. Memorization is compatible with
traditional teaching. But real learning—making
connections, higher-order thinking, and creativ-
ity—is incompatible with that kind of environment.

What are some examples of strategies that are
compatible with brain-based teaching and
learning?

Let me give you an example that shows how teach-
ers faced a challenge that they first perceived as a
threat. Geoffrey and I were working with teachers
beginning to use a rich, brain-based approach to
learning to read and write. The district suddenly
mandated its own literacy program. All the teachers
dropped the brain-based approach; they abandoned
their new understanding of learning—they just im-
plemented the district’s mandates. They were fright-
ened; they did not have the self-efficacy they
needed. In the mandated program, the students were
scheduled to do unrelated tasks and drills every day.
Soon, kids began to ask, “Why are we doing this?
This isn’t any fun and we’re not learning anything!”
Geoffrey and I also asked, “Why are you doing
this?” Basically, the reason was fear; the teachers
felt helpless in dealing with the district—they
downshifted.

We encouraged the teachers to examine the liter-
acy program and start incorporating it into what
they knew about the human brain. The teachers then
said, “Okay, what do we know about learning? We
understand that children need to be in a community.
They need to follow their own interests, and we
need to constantly question and challenge them.”
The teachers began to see that brain-based learning
moves away from what you do on Monday morning
to how children learn. They began to see that
brain-based learning is not limited to one approach
or strategy.

In the process, the teachers took the best from
the district’s program—but they also took the best
out of Reading Recovery, whole language, and
phonics. They began seeing kids in kindergarten
and 1st grade doing critical thinking and analysis.
As a result, this school has gone from the second
from the bottom in reading in their district to the
second from the top.

What are some ways that a brain-based approach
to, say, language arts, might differ from a tradi-
tional approach? I remember being intrigued by
your discussion in Making Connections of relaxed
alertness, orchestrated immersion, and active
processing as conditions for learning.

Well, you cannot really separate these conditions.
Relaxed alertness means “low threat, high chal-
lenge.” If children are to think critically, they must
feel safe to take risks. And if the teacher insists on
one correct answer and is going to evaluate them,
children are not foolish. They will give the answer
the teacher wants. But for making connections and
actually changing their thinking on the basis of ac-
crued knowledge, they need relaxed alertness—that
is, safety and challenging learning experiences.

As for orchestrated immersion, children learn
best if they are immersed in complex experiences
and are given the opportunity to actively process
what they have learned. The best learning happens
when necessary facts and skills are embedded in ex-
periences that relate to real life, when there’s a big
picture somehow.
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Can you give an example?

Even though many teachers creatively use haiku
and other forms of poetry that appeal to students,
most teachers approach poetry as a subject to cover.
Many children don’t understand or feel poetry. One
teacher using a brain-based approach to language
arts decided to turn her whole classroom into a cof-
feehouse. The kids helped set it up—low lights,
candles on the tables, tablecloths, music playing
softly. The teacher asked adults from the school and
community to come in and read their favorite poetry
and talk about it. Through this complex experience,
the teacher gave her students a sense, or felt mean-
ing, for what poetry is and that it is valued by adults
in the real world. Teachers can do the same thing in
science and math.

What would be an example of brain-based science
or math?

In science and math, teachers and students might
ask natural questions like “What happened?” “How
did you do this?” “What happened when we added
this element?” and “How else might this have
worked out?” They ask critical questions that are
not necessarily in the book or worksheet. Take the
“owl pellet” lesson, for example.

Owl pellets are material that owls regurgitate af-
ter they eat. The pellets include the bones and fur of
rodents and birds the owls consume. In a science
lesson that I was observing, students pulled some
owl pellets apart and then answered worksheet
questions about what owls eat. I walked around this
classroom and asked another question: “You know,
I’m wondering—how does an owl’s stomach know
how to separate the meat from the bones?” This was
a genuine question. And the students looked at me
as though I were crazy because that question was
not on the worksheet.

A teacher asking real, live questions provides
rich possibilities for students. But for these possi-
bilities to become reality, teachers need to shift their
thinking about teaching and learning. They also
need extensive resources, including technological
support. Brain-based learning is wonderfully com-
patible with technology.

Your examples remind me of some good teachers
I’ve had. My 9th grade chorus teacher took our
class to many concerts, shows, and competitions.
Her bubbling enthusiasm for all sorts of music,
from gospel to folk to classical, stays with me to
this day. What suggestions do you have for teach-
ers to improve their own practice?

In our recent work, we found three distinct styles of
teaching. In the first instructional approach, the
teacher is in charge, using traditional strategies like
lecturing, memorization, testing—the old factory
model. When you speak of relaxed alertness or or-
derliness to teachers who are dedicated to this ap-
proach, they tend to think in terms of good
discipline, of going along with the teacher’s plan.
Orchestrated immersion might consist of a teacher’s
bringing in some World War II artifacts to introduce
a lecture, or allowing students to ask questions of a
guest speaker.

In the second approach, the teacher is comfort-
able with many innovative learning strategies and
sees new possibilities for defining discipline, but
still largely directs student learning. We have found
that more and more teachers are moving to the sec-
ond approach, though most teachers still operate
from the mental model of the traditional approach
to education, because that was the way they were
taught.

In the third (and rarest) instructional approach,
which is actually brain-based teaching, learning be-
comes collaborative—teachers and students have
much more mutual responsibility. Here, students
know what they want to do, time parameters are
flexible, and orderliness and coherence prevail.
Teachers have an extensive repertoire of strategies.
These classrooms are characterized by ongoing
questioning and analysis. Students and teachers ask
experts, they get on the Internet, they learn together.

That reminds me: I heard of a new program called
STTC—it stands for Students Teaching Teachers
about Computers.

I like that. Students are often much more comfort-
able with the third instructional approach. On the
other hand, some students are so used to the tradi-
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tional factory model that they are initially confused
when they encounter brain-based teaching. And it is
difficult for some parents to understand that the tra-
ditional approach to teaching is no longer going to
prepare their children for the future. But five years
from now, if I were a parent and I still saw my chil-
dren sitting in a classroom with desks in a row and
a teacher up front, I would panic because that will
absolutely be inappropriate.

What if parents disagree with what you’re doing
and insist on a certain type of curriculum?

Parents need to be brought into the educational
community wherever possible. Orderliness depends
on constant communication among teachers, stu-
dents, and parents. But for parents who fundamen-
tally disagree with the rest of the community,

charter schools are a real possibility. Parents can
create their own school, organized around their own
purposes and meanings. Private and religious
schools can also meet some of these needs, though I
am not in favor of vouchers. Acknowledging and
celebrating diversity—in a democratic commu-
nity—is an important outcome of principle 12,
“Every brain is uniquely organized.”

Speaking of diversity, what is your view of multi-
ple intelligences?

We all have different talents, skills, perspectives,
and intelligences. We need to encourage children’s
gifts in two ways. First, we need to acknowledge di-
versity; second, we need to focus on our common-
alities, what makes us human and what ties us to the
rest of nature.

So Geoffrey and I agree with the basic premise
of multiple intelligences. But how is it used in the
classroom? Do teachers simply incorporate varia-
tion into traditional presentations? Or do they ad-
dress multiple intelligences by providing complex
experiences within which students can use their in-
dividual intelligences (expanding into other types of
skills and modes and benefiting from other people’s
intelligences)? Interaction and complexity are key.

In a recent article, Bob Sylwester1 discusses neu-
rological research concerning the effects of sero-
tonin on self-esteem—not only through drugs like
Prozac, but by positive social feedback students get
from portfolios, cooperative group learning, and
nurturing from caring adults (see also this issue,
p. 16). Where does brain-based learning fit in this
picture?

On the whole, I would tend to agree with Bob about
the importance of positive social feedback and the
benefit of the strategies he mentions. But here,
again, we must consider developmental learning
and the effects of downshifting on children’s ability
to become self-motivated, to believe in their own
capacities and abilities. We have suggested that the
opposite of downshifting is self-efficacy.

I think we need to be very careful that we do not
depend on Prozac and other psychotropic drugs for

Brain/Mind Learning Principles

1. The brain is a complex, dynamic system.
2. The brain is a social brain.
3. The search for meaning is innate.
4. The search for meaning occurs through

“patterning.”
5. Emotions are critical to patterning.
6. Every brain simultaneously perceives and

creates parts and wholes.
7. Learning involves both focused attention

and peripheral perception.
8. Learning always involves conscious and

unconscious processes.
9. We have at least two ways of organizing

memory.
10. Learning is developmental.
11. Complex learning is enhanced by

challenge and inhibited by threat.
12. Every brain is uniquely organized.

Source: Education on the Edge of Possibility, by R.N.
Caine and G. Caine (Alexandria, Va.: ASCD, 1997).
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other than temporary as-
sists, particularly for
downshifted people who
have difficulty in ascrib-
ing any success to their
own efforts and who are
easily influenced by oth-
ers. There seems to be a
real danger here. How can I believe in my own
strengths and initiative when I know that a drug has
changed my behavior? I know that Bob is not advo-
cating the use of Prozac with children—I am plead-
ing for the exploration of other ways to enhance
children’s self-esteem and self-efficacy, such as by
removing threats from our classrooms and making
them safe, challenging places for children to learn.
This should be the focus of education.

In Education on the Edge of Possibility, you and
Geoffrey describe your work with two elementary
schools in implementing brain-based teaching.
What was this process like?

Shifting out of an exclusively traditional instruc-
tional approach is difficult. Our book relates the
challenges and setbacks the schools faced. First, I
want to recognize all the teachers who use tradi-
tional approaches really well. It’s not that their
work is wrong; the times are changing on us. Our
knowledge base is changing, with new information
from the neurosciences and biology and technology.
We’re living in a different world. There’s so much
for us to understand, and we can’t do it by getting
what I call “surface knowledge”—what somebody
else tells us is important to learn.

Second, to change our mental models, we have to
address how our own brains learn—and immerse
ourselves in interactive, real-life, complex experi-
ences out of which we can process new ideas. To
help teachers change their mental models, we found
that using “process groups” was critical.

What is a process group?

We encouraged teachers to
get together in small groups
and look at new information
from the sciences, examine
educational research, and
study the brain/mind princi-

ples—as people, not just as teachers. They asked
questions like “What does it mean that the brain is a
complex, dynamic system?” Then they began to re-
flect on how their own practices did (or did not)
maximize learning. The groups included not only
teachers but also custodians, librarians, and other
nonteaching staff, in an attempt to arrive at common
beliefs, purposes, and values—the foundation for
orderliness. They all shared ideas on how to create a
school and environment based on how children
learn. The groups came up with their own solutions
to the “time and energy” problems that plague many
other reforms: How can we allow time for complex
experiences when we have to cover the curriculum?
Do children really learn best in 50-minute incre-
ments? Where do we get planning time? A suppor-
tive administration and funding arrangements gave
the groups time to constantly rethink and enrich
what they were doing in school—and this work is
ongoing. We see no other way to produce effective
change in schools— there’s no top-down way to
teach a new mental model. It has to come from the
educators themselves.

1R. Sylwester, (February 1997), “The Neurobiology of
Self-Esteem and Aggression,” Educational Leadership 54,
5: 75–79.

Renate Nummela Caine is Professor of Education at California
State University, 5500 University Pkwy., San Bernardino, CA
92407-2397 (e-mail: RNCaine@wiley.csusb.edu). The Caines’
forthcoming book is Unleashing the Power of Perceptual
Change: The Potential of Brain-Based Teaching. Carolyn R.
Pool is Senior Editor of Educational Leadership.
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Reading 2

Source: “Number Sense: Rethinking Arithmetic Instruction for Students with Mathematical Disabilities,” by R. Gersten and D.
Chard, 1999, The Journal of Special Education, 33(1), pp. 18–28. Copyright 1999 by PRO-ED, Inc. Reprinted with permission.
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Reading 3

What Do We Know from Brain Research?

In July 1989, following a congressional reso-
lution, President Bush officially proclaimed
the 1990s the “Decade of the Brain.” And in-
deed in the past nine years, we have seen an

unprecedented explosion of information on how
the human brain works. Thousands of research
projects, books, magazine cover stories, and televi-
sion specials regale us with new facts and figures,
colorful PET scans, and at times, suspiciously sim-
ple ways to improve our memories, prevent Alz-
heimer’s, and make our babies geniuses.

Our knowledge of brain functioning has been
revolutionized. And many of the new findings have
changed medical practice. We have a much better
understanding of mental illnesses and the drugs
that ameliorate them. Treatment for tumors, sei-
zures, and other brain diseases and disorders has
become much more successful.

But what about the educational applications of
these new findings? Have we learned enough to in-
corporate neuroscientific findings into our schools?
Is it possible that the Decade of the Brain will
usher in the Decade of Education?

Interpreting Brain Research
for Classroom Practice
Brain science is a burgeoning new field, and we
have learned more about the brain in the past 5
years than in the past 100 years. Nearly 90 percent
of all the neuroscientists who have ever lived are
alive today. Nearly every major university now has
interdisciplinary brain research teams.

But almost all scientists are wary of offering
prescriptions for using their research in schools.
Joseph LeDoux from New York University and
author of The Emotional Brain (1996) says, “There
are no quick fixes. These ideas are very easy to sell
to the public, but it’s too easy to take them beyond
their actual basis in science.” Susan Fitzpatrick, a
neuroscientist at the McDonnell Foundation, says
scientists don’t have a lot to tell educators at this
point. She warns,

Anything that people would say right now
has a good chance of not being true two
years from now because the understanding
is so rudimentary and people are looking at
things at such a simplistic level. (1995,
p. 24)

Researchers especially caution educators to re-
sist the temptation to adopt policies on the basis of
a single study or to use neuroscience as a promo-
tional tool for a pet program. Much work needs to
be done before the results of scientific studies can
be taken into the classroom. The reluctance of sci-
entists to sanction a quick marriage between neu-
roscience and education makes sense. Brain
research does not—and may never—tell us specifi-
cally what we should do in a classroom. At this
point it does not “prove” that a particular strategy
will increase student understanding. That is not
currently the purpose of neuroscience research. Its
purpose is to learn how the brain functions. Neuro-
science is a field of study separate from the field of
education, and it is unrealistic to expect brain re-
search to lead directly to pedagogy. So how do we
use the current findings?

We need to critically read and analyze the re-
search in order to separate the wheat from the
chaff. If educators do not develop a functional un-
derstanding of the brain and its processes, we will
be vulnerable to pseudoscientific fads, inappropri-
ate generalizations, and dubious programs.

Source: “What Do We Know from Brain Research?” by P. Wolfe & R. Brandt, November 1998, Educational Leadership, 56(3),
pp. 13–18.

A child’s brain at birth has all the
brain cells, or neurons, that it will
ever have.
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Then, with our knowledge of educational prac-
tice, we must determine if and how brain research
informs that practice. Educators have a vast back-
ground of knowledge about teaching and learning.
This knowledge has been gained from educational
research, cognitive science, and long experience.
Given this knowledge base, educators are in the
best position to know how the research does—or
does not—supplement, explain, or validate current
practices.

Although we must be cautious about many neu-
roscientific findings, a few are quite well estab-
lished. Some validate what good educators have
always done. Others are causing us to take a closer
look at educational practice.

Finding One
The brain changes physiologically as a result of
experience. The environment in which a brain op-
erates determines to a large degree the functioning
ability of that brain.

Researchers agree that at birth, humans do not
yet possess a fully operational brain. The brain that
eventually takes shape is the result of interaction
between the individual’s genetic inheritance and
everything he or she experiences. Ronald Kotulak,
in his book Inside the Brain (1996), uses the meta-
phor of a banquet to explain the relationship be-
tween genes and the environment.

The brain gobbles up the external environ-
ment through its sensory system and then
reassembles the digested world in the form
of trillions of connections which are con-
stantly growing or dying, becoming
stronger or weaker depending on the rich-
ness of the banquet. (p. 4)

The environment affects how genes work, and
genes determine how the environment is inter-
preted. This is a relatively new understanding. It
wasn’t too many years ago that scientists thought
the brain was immutable or fixed at birth. Scien-
tists had known for some time that with a few spe-
cialized exceptions, a child’s brain at birth has all
the brain cells, or neurons, that it will ever have.
Unlike tissue in most other organs, neurons do not
regenerate, so researchers assumed that the brain
you had at birth was the brain you were stuck with
for life.

However, Marian Diamond and her colleagues
at the University of California at Berkeley pio-
neered research in the mid-1960s showing that
brain structures are modified by the environment
(Diamond & Hopson, 1998). Her research estab-
lished the concept of neural plasticity—the brain’s
amazing ability to constantly change its structure
and function in response to external experiences. A
further finding that should please us all is that den-
drites, the connections between brain cells, can
grow at any age. Researchers have found this to be
true in humans as well as in animals. Contrary to
folk wisdom, a healthy older person is not neces-
sarily the victim of progressive nerve cell loss and
diminishing memory and cognitive abilities.

The recent explosion of neuroscien-
tific research has the exciting poten-
tial to increase our understanding of
teaching and learning. But it’s up to
educators to carefully interpret what
brain science means for classroom
practice.

—Pat Wolfe and Ron Brandt

Babies don’t talk one week, tie their
shoes the next, and then work on
their emotional development.
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So our environment, including the classroom en-
vironment, is not a neutral place. We educators are
either growing dendrites or letting them wither and
die. The trick is to determine what constitutes an
enriched environment. A few facts about the
brain’s natural proclivities will assist us in making
these determinations.

1. The brain has not evolved to its present con-
dition by taking in meaningless data; an enriched
environment gives students the opportunity to
make sense out of what they are learning, what
some call the opportunity to “make meaning.”

2. The brain develops in an integrated fashion
over time. Babies don’t talk one week, tie their
shoes the next, and then work on their emotional
development. An enriched environment addresses
multiple aspects of development simultaneously.

3. The brain is essentially curious, and it must
be to survive. It constantly seeks connections be-
tween the new and the known. Learning is a pro-
cess of active construction by the learner, and an
enriched environment gives students the opportu-
nity to relate what they are learning to what they
already know. As noted educator Phil Schlechty
says, “Students must do the work of learning.”

4. The brain is innately social and collaborative.
Although the processing takes place in our stu-
dents’ individual brains, their learning is enhanced
when the environment provides them with the op-
portunity to discuss their thinking out loud, to
bounce their ideas off their peers, and to produce
collaborative work.

Enriching the Environment
Marian Diamond and her team of researchers at the University of California at Berkeley have been
studying the impact of enriched and impoverished environments on the brains of rats. Diamond be-
lieves that enriched environments unmistakably influence the brain’s growth and learning. An enriched
environment for children, Diamond says,

Includes a steady source of positive emotional support;
Provides a nutritious diet with enough protein, vitamins, minerals, and calories;
Stimulates all the senses (but not necessarily all at once!);
Has an atmosphere free of undue pressure and stress but suffused with a degree of pleasurable

intensity;
Presents a series of novel challenges that are neither too easy nor too difficult for the child at his

or her stage of development;
Allows social interaction for a significant percentage of activities;
Promotes the development of a broad range of skills and interests that are mental, physical,

aesthetic, social, and emotional;
Gives the child an opportunity to choose many of his or her efforts and to modify them;
Provides an enjoyable atmosphere that promotes exploration and the fun of learning;
Allows the child to be an active participant rather than a passive observer.

Diamond, M., & Hopson, J. (1998). Magic trees of the mind: How to nurture your child’s intelligence, creativity, and
healthy emotions from birth through adolescence (pp. 107–108). New York: Dutton.
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Finding Two
IQ is not fixed at birth.

This second finding is closely linked to the first.
Craig Ramey, a University of Alabama psycholo-
gist, took on the daunting task of showing that
what Diamond did with rats, he could do with chil-
dren. His striking research (Ramey & Ramey,
1996) proved that an intervention program for im-
poverished children could prevent children from
having low IQs and mental retardation.

Ramey has directed studies of early educational
intervention involving thousands of children at
dozens of research centers. The best programs,
which started with children as young as six weeks
and mostly younger than four months, showed that
they could raise the infants’ scores on intelligence
tests by 15 to 30 percent. It is important to note
that although IQ tests may be useful artifacts, intel-
ligence is probably much more multifaceted. Every
brain differs, and the subtle range of organiza-
tional, physiological, and chemical variations en-
sures a remarkably wide spectrum of cognitive,
behavioral, and emotional capabilities.

Finding Three
Some abilities are acquired more easily during
certain sensitive periods, or “windows of opportu-
nity.”
At birth, a child’s cerebral cortex has all the neu-
rons that it will ever have. In fact, in utero, the
brain produces an overabundance of neurons,
nearly twice as many as it will need. Beginning at
about 28 weeks of prenatal development, a massive
pruning of neurons begins, resulting in the loss of
one-third to one-half of these elements. (So we
lose up to half our brain cells before we’re born.)
While the brain is pruning away excess neurons, a
tremendous increase in dendrites adds substantially
to the surface area available for synapses, the func-
tional connections among cells. At the fastest rate,
connections are built at the incredible speed of 3
billion a second. During the period from birth to
age 10, the number of synaptic connections contin-
ues to rise rapidly, then begins to drop and contin-
ues to decline slowly into adult life.

Much credit for these insights into the develop-
ing brain must be given to Harry Chugani and Mi-

chael Phelps at the UCLA School of Medicine.
Phelps co-invented the imaging technique called
Positron Emission Tomography (PET), which visu-
ally depicts the brain’s energy use. Using PET
scans, Chugani has averaged the energy use of
brains at various ages. His findings suggest that a
child’s peak learning years occur just as all those
synapses are forming (1996). Chugani states that
not only does the child’s brain overdevelop during
the early years, but that during these years, it also
has a remarkable ability to adapt and reorganize. It
appears to develop some capacities with more ease
at this time than in the years after puberty. These
stages once called “critical periods” are more accu-
rately described as “sensitive periods” or “win-
dows of opportunity.”

Probably the prime example of a window is vi-
sion. Lack of visual stimulation at birth, such as
that which occurs with blindness or cataracts,
causes the brain cells designed to interpret vision
to atrophy or be diverted to other tasks. If sight is
not restored by age 3, the child will be forever
blind. (Editor’s note: See also “Brain Science,
Brain Fiction,” by John T. Bruer, in this issue.)
Similarly, the critical period for learning spoken
language is totally lost by about age 10. If a child
is born deaf, the 50,000 neural pathways that
would normally activate the auditory cells remain
silent, and the sound of the human voice, essential
for learning language, can’t get through. Finally, as
the child grows older, the cells atrophy and the
ability to learn spoken language is lost.

Not all windows close as tightly as those for vi-
sion and language development. Although learning
a second language also depends on the stimulation
of the neurons for the sounds of that language, an
adult certainly can learn a second language and
learn to speak it quite well. However, it is much
more difficult to learn a foreign language after age
10 or so, and the language will probably be spoken
with an accent. We might say that learning a sec-
ond language is not a window that slams shut—it
just becomes harder to open.

The implications of the findings regarding early
visual, auditory, motor, cognitive, and emotional
development are enormous. Indeed, in many places
work has already begun to enrich prenatal and
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early childhood environments. One example is the
application of the research with premature infants.
Premature babies who are regularly touched in
their incubators gain weight at twice the rate of
those who are not touched. Preemies whose par-
ents visit them regularly vocalize twice as much in
the third week as babies who are visited infre-
quently or not at all.

The research findings on early development
are in stark contrast with the current situation in
society.

■ An estimated 12 percent of infants born in
this country suffer significant reduction of their
cognitive ability as a result of preterm birth; mater-
nal smoking, alcohol use, or drug use in preg-
nancy; maternal and infant malnutrition; and
postbirth lead poisoning or child abuse (Newman
& Buka, 1997). Many of these factors could be
eliminated with education programs for parents (or
future parents). Twenty-five percent of all pregnant
women receive no prenatal care.

■ The early years, which are most crucial for
learning, receive the least emphasis in federal,
state, and local programs. We spend at least seven
times more on the elderly than we do on children
from birth to age 5.

■ About half of all children in the United States
are in full-time day care within the first year. Yet
many day care centers not only are underfunded,
but they are also staffed by untrained, low-paid
workers and have too high an adult/child ratio.
(Thirty-eight states do not require family child care
providers to have any training prior to serving
children.)

■ Our present system generally waits until chil-
dren fall behind in school, then places them in spe-
cial education programs. With intense early
intervention, we could reverse or prevent some ad-
verse effects. It is possible that the billions of dol-

lars spent on special education services might be
better spent on early intervention.

Finding Four
Learning is strongly influenced by emotion.

The role of emotion in learning has received a
good deal of press in the past few years. Daniel
Goleman’s Emotional Intelligence (1995) and Jo-
seph LeDoux’s The Emotional Brain (1996) have
been instrumental in increasing our understanding
of emotion.

Emotion plays a dual role in human learning.
First, it plays a positive role in that the stronger the
emotion connected with an experience, the
stronger the memory of that experience. Chemicals
in the brain send a message to the rest of the brain:
“This information is important. Remember it.”
Thus, when we are able to add emotional input
into learning experiences to make them more
meaningful and exciting, the brain deems the infor-
mation more important and retention is increased.

In contrast, LeDoux has pointed out that if the
emotion is too strong (for example, the situation is
perceived by the learner to be threatening), then
learning is decreased. Whether you call this
“downshifting” or decreasing the efficiency of the
rational thinking cortex of the brain, it is a concept
with many implications for teaching and learning.

Expect More Findings
On the horizon are many more studies that may
have implications for the education of the human
brain from birth through old age. Current research
areas include these:

■ The role of nutrition in brain functioning
■ How brain chemicals affect mood, personal-

ity, and behavior
■ The connection between the mind/brain and

the body
Rather than passively wait for research findings

that might be useful, educators should help direct
the search to better understand how the brain
learns. James McGaugh of the University of Cali-
fornia at Irvine has suggested that we educators
need to be more proactive and tell the scientists,
“Here’s what we need to know. How can you
help us?”

The brain is essentially curious, and
it must be to survive.
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Should the Decade of the Brain lead to an en-
lightened Decade of Education? Eventually, yes.
Along with cognitive research and the knowledge
base we already have, findings from the neurosci-
ences can provide us with important insights into
how children learn. They can direct us as we seek
to enrich the school experience for all chil-
dren—the gifted, the creative, the learning dis-
abled, the dyslexic, the average students, and all
the children whose capabilities are not captured by
IQ or other conventional measures. We can help
parents and other caregivers understand the effects
of maternal nutrition and prenatal drug and alcohol
use and the role of early interaction and enriched
environments. Brain research can also offer valu-
able guidance to policymakers and school adminis-
trators as they strive to focus their priorities.

Does what we are learning about the brain mat-
ter? It must, because our children matter. ■
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Reading 4

Source: “What Can You Do?” by The National Commission on Mathematics and Science Teaching for the 21st Century, in Bef-
ore It’s Too Late: A Report to the Nation from the National Commission on Mathematics and Science Teaching for the 21st Cen-
tury (pp. 38–41), 2001, Washington, DC: U.S. Department of Education.
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Reading 5

Source: “A Head for Numbers,” by R. Kunzig, July 1997, Discover, 18(7), pp.
108–115. © 1997 Robert Kunzig. Reprinted with permission of Discover magazine.
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The first question

he asked N. was

“What’s 2 plus 2?”

When N. answered

“3,” Dehaene

knew he had a

spectacular case.
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Maybe the number line
is not just a metaphor

for the brain’s ability to
represent numbers as

analog quantities;
maybe there is a

literal number line
hard-wired into

our brains.
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Numbers have to be

represented in the brain

not only as digits but as

words—because it is as

words that the elementary

facts of arithmetic are

stored in memory.
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Rigorous calculations
do not come easily
to Homo sapiens.
While our culture

invented logic and
arithmetic, our brains
remained unchanged

and restive even to the
simplest algorithms.
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Reading 6

Source: “Brain Basics: Cognitive Psychology and Its Implications for Education,” by. R. L. Bucko, Summer 1997, ERS Spectrum:
Journal of School Research and Information, 15(3), pp.20–25. Published by Educational Research Service. Reprinted with per-
mission.
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Reading 7

Source: “Improving Data Analysis Through Discourse,” by K. McClain, M. McGatha, and L. L. Hodge, April 2000, Mathematics
Teaching in the Middle School, 5(6), pp. 548–553. Reprinted with permission from Mathematics Teaching in the Middle School,
copyright 2000 by the National Council of Teachers of Mathematics.
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Other Video Programs Available from ASCD
Action Research: Inquiry, Reflection, and Decision Making

(4-tape series)
Adult Conflict Resolution
Alternative Scheduling (3-tape series)
Another Set of Eyes (5-tape series)

Techniques for Classroom Observation
Conferencing Skills

Assessment in Elementary Science (3-tape series)
Books in Action

Becoming a Multiple Intelligences School
Guiding School Improvement with Action Research

The Brain and Learning (4-tape series)
The Brain and Reading (3-tape series)
The Brain and Early Childhood (2-tape series)
Building Support for Public Schools (2-tape series)
Catch Them Being Good: Reinforcement in the Classroom

(3-tape series)
Challenging the Gifted in the Regular Classroom
Classroom Management: A Proactive Approach to Creating an Effective

Learning Environment
Constructivism (2-tape series)
Cooperative Learning (5-tape series)
Curriculum Mapping: Charting the Course for Content (2-tape series)
Developing Performance Assessments
Differentiating Instruction (2-tape series)
Dimensions of Learning Training Program and Video Package
Early Childhood Education: Classroom Management—

Curriculum Organization
Effective Schools for Children at Risk
Helping Students Acquire and Integrate Knowledge (5-tape series)
How to (multitape series)
Implementing Performance-Based Education
Inclusion (3-tape series)
Instructional Decisions for Long-Term Learning (4-tape series)
Integrating the Curriculum (2-tape series)
Involving Parents in Education
Learning About Learning
The Lesson Collection (multitape series)
Making Meaning: Integrated Language Arts Series (5-tape series)
Managing Today’s Classroom (3-tape series)



Mentoring the New Teacher (9-tape series)
Mentoring to Improve Schools (2-tape series)
Motivation to Learn (2-tape series)
Multicultural Education
Multiple Intelligences (3-tape series)
Opening Doors: An Introduction to Peer Coaching (2-tape series)
Planning Integrated Units: A Concept-Based Approach
Principal Series (7-tape series)
Problem-Based Learning (2-tape series)
Raising Achievement Through Standards (3-tape series)
Redesigning Assessment (3-tape series)
Reporting Student Progress
Restructuring America’s Schools
Restructuring the High School: A Case Study
A Safe Place to Learn: Crisis Response & School Safety Planning
Schools as Communities (2-tape series)
Schools of Quality
Science Standards: Making Them Work for You (3-tape series)
Shared Decision Making (2-tape series)
Teacher Portfolios (2-tape series)
Teaching and Learning with Technology
Teaching and Learning with the Internet (2-tape series)
Teaching Strategies Library (9-tape series)
Teaching to Learning Styles
Technology Planning (2-tape series)
Understanding by Design (3-tape series)
Using Standards to Improve Teaching and Learning (3-tape series)
Video Library of Teaching Episodes (30 tapes)
What's New in School — Parts I and II (7 tapes)

For information on these programs, call ASCD’s Service Center at
800-933-2723, or 703-578-9600.

2000–01 ASCD Executive Council Members
LeRoy Hay (President), Kay A. Musgrove (President-Elect), Joanna Choi
Kalbus (Immediate Past President), Martha Bruckner, David Chen,
Richard Hanzelka, Douglas Harris, Mildred Huey, Sharon Lease, Leon
Levesque, Francine Mayfield, Andrew Tolbert, Sandra K. Wegner,
Peyton Williams Jr., Jill Dorler Wilson, Donald B. Young.

ASCD’s Executive Director is Gene R. Carter.
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