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Introduction

"Education is not the filling of a pail, but a lighting of a fire."

-William Butler Yeats

Teachers are always searching for new ways to hold students' attention and light that fire in their minds. In an
age where students are subject to ever-increasing stimuli and teachers are constrained by rigid programs and
curriculum frameworks, it is difficult to ignite a spark. I think one of the most important strategies we should
integrate is to teach students to improve their metacognition, or ability to think about their own thinking, so
that they, not we, are in charge of the actual learning process and maintaining the longevity of the content
knowledge.

I have long been intrigued by the work of Howard Gardner and other education researchers who study the
great variety of "intelligences" and talents that different people possess. Years ago I had the opportunity to
attend a workshop with Eric Jensen, researcher and author of Teaching with the Brain in Mind and was
fascinated by some of the questions he probes in his research: "Biologically, can you truly expect to get and
hold students' attention for long periods of time? Do students actually "forget" what we teach them, or do we
ask them to recall information in the wrong way?" 1

Jensen defines "brain-based" education as "…the engagement of strategies based on principles derived from
an understanding of the brain." 2 From the perspective that education should be considered from a biological
viewpoint, Hideaki Koizumi posits that "…education deals with the external provision of concepts while
learning deals with internal generation of concepts in response to external stimuli…a learner is a subject
developing independently, but can also be an object of guidance by education." 3 One could then surmise that
the role of a teacher is to provide a brain-based education by creating an environment and opportunities that
will stimulate the learner in developing a unique information processing system and interpretation of content.

Unfortunately, the requirements and provisions of No Child Left Behind and other educational legislation are
standing in the way of many educators who are attempting to implement this model of education. The high-
stakes assessment model "…encourages educators to set aside best practices in favor of "teaching to the
test" and contradicts much of what we know from the research." 4 Rushton and Rushton even suggest that the
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inevitable stress (the bad kind) that accompanies standardized testing in fact decreases brain function for
both students and teachers. The amygdalae in the midbrain sort incoming impulses for perceived threats
(such as excessive stress), and when a threat is found, the brain's ability to interpret, recall, and understand
information is impaired. Perhaps the reauthorization should include support for practices that alleviate this
unnecessary stress along with a new title: "No Amygdalae Left Behind."

Background

Until that happens, responsible teachers are charged with the task of creating the education best conducive to
learning while also adhering to rigidly imposed "curriculum guidelines," "program guidelines," and "pacing
guides." Some "guidelines" are so heavily "suggested" that almost all teacher autonomy is lost. My own brain
doesn't care for this conflict. Having been through a master's degree program in Education of At-Risk Youth
and subsequently teaching in a multiage classroom for six years, much of my pedagogy is influenced by
constructivist theories. Constructivism has been described as simply "the study of learning." 5 Yeats' quote
may be perceived as a metaphor for constructivism; that is, that knowledge is constructed by the learner
through the process of experience (starting a fire) which is different than the learner being a passive
receptacle for the product of knowledge (filling a pail).

Constructivism really began with Socrates' method of asking directed questions that required his students to
recognize flaws in their own thinking. The theory was formalized by Jean Piaget, who proposed that learning
occurs through a combination of accommodation and assimilation. Assimilation internalizes what is perceived
in the outside world, and accommodation requires the internal world to change, or adapt, based on the
information it receives. 6 These two ideas are embedded in adaptation, "…through which awareness of the
outside world is internalized." 7 These two processes work together much as the two hemispheres of the brain;
one process may dominate but they are complementary. Other development theorists, such as John Dewey
and Lev Vygotsky added their own opinions; Dewey advanced the importance of genuine experiences in the
learning process, and Vygotsky advocated for social interaction as an essential component of the learning
process. 8 In contrast, behaviorists such as BF Skinner believed that learning was an "input-output" process 9
with an emphasis on the product, not the process of arriving there. Whereas this stimulus/response model is
linear, constructivism is holistic and global.

If learning is a fire, then constructivism is a brain. Although the brain is split into two hemispheres further
divided into many different regions, it does not function simply as a series of connections as was previously
thought. In the course of doing the research for this unit, I encountered more than one scientist who believed
that even discussing the brain in these fragmented ways does a disservice to its very nature. However, there
is evidence that while the right and left hemispheres of the brain function in concert, each side has a specialty
and takes significantly different approaches to guiding our behavior. According to Ulrich Kraft in Scientific
American, "…the left hemisphere of the brain is responsible for convergent thinking and the right hemisphere
for divergent thinking." 10 He believes that there is a "skewed" emphasis on convergent thinking in schools
which inappropriately dominates youth and represses creativity. 11

Daniel H. Pink developed an entire premise around the same argument in his book, A Whole New Mind: Why
Right Brainers Will Rule the Future. For the purpose of this paper, his self-described "oversimplified"
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description will suffice: "…the left hemisphere handles what is said; the right hemisphere focuses on how it's
said - the nonverbal, often emotional cues." 12 Historically, the value systems that were prized through the
Industrial Revolution and Information Age were what Pink describes as "Left-Directed"; sequential and literal,
the "input-output" model. The assembly line model of production is an example of this model; early
automobile manufacturers prized their plants' efficiency and the quality of the product. In contrast, "Right-
Directed" thinking is simultaneous, intuitive and contextual, and has been devalued in businesses and schools.
However, Pink speculates that the dominance of the left-directed system has had an ironic effect; all of those
cars and other products produced by L-Directed thinking have become commonplace, and people now
demand products that also are aesthetically pleasing and experiences that are emotionally charged. Car
commercials no longer tout the car's mechanical capabilities, but their ability to strengthen family
relationships through wonderful vacations to perfect locales. The overabundance of prosperity has also led
people to question larger ideas, as they no longer need to struggle to survive. He warns that while we should
not polarize our thinking processes, changes in the global marketplace require we start valuing and
developing those right-directed behaviors - immediately.

Do we see a pattern here?

Equation A: Genuine experience + social interaction + divergent thinking = developed brain

Equation B: Linear input/output model + stress + convergent thinking = limited brain

Which kind of brain do we want for our kids? For ourselves?

Objectives

"If you wanted to create an educational environment that was directly opposedto what the brain
is good at doing, you would probably design something like a modern classroom." - John Medina

In his book and related website, Brain Rules author and molecular biologist John Medina has artfully
demonstrated what many educators have known for a long time; that Equation A is the path that can make all
the difference. We simply call it "best practices". Unfortunately, it is often the road not taken. However, new
technologies are for the first time providing us with hard, scientific data to support what have in the past been
only theories.

Instinctually, I agree with Pink and Kraft; my natural inclination is to teach with the intent of emphasizing
connections and integrating creativity. Professionally, I am often conflicted and frustrated that even as the
research increasingly validates these instincts, school districts do not. Topics are isolated from one another
and the day in the elementary classroom is split into topical chunks; "MATH" "SCIENCE" "LUNCH", etc. with
explicit timelines and designated tests. Consequently, I have decided to develop this unit in a way that will
attempt to manage this contradiction. The three major goals of the unit are:

Improve students' understanding of the structure and function of the brain;1.
Use this understanding to develop students' metacognition and awareness of their own learning2.
processes, thereby maximizing their learning potential;
Improve my knowledge and implementation of brain developing techniques in order to provide the best3.
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education for student learning.

The core content of this unit will be the structure and function of the brain as an extension of the fourth grade
"Healthy Science" unit, which covers the major body systems, including the nervous system. This content is
included in New Mexico Life Science standards as well as Science and Society standards (See Appendix A). I
plan to teach the unit at the beginning of the school year to get the students started immediately considering
their own metacognition and mental function so that they will begin to develop ownership of the learning
process. I predict that this will maintain the longevity of the content knowledge.

This unit was created using the 4MAT system developed by Bernice McCarthy at About Learning, Inc. 4MAT is
a framework for developing units that move students through a cycle of four main quadrants: Experiencing,
Conceptualizing, Reflection, and Action. Interestingly, this model almost directly follows the recommendation
of R.K. Greenleaf, who states that physiologically, the brain searches for Meaning, Pattern,
Interconnectedness, Relevance, and Useful Application. 13 Likewise, John Medina's Brain Rules recommend
structuring presentations around meaning and the big picture, supporting key ideas with details. These
concepts are integral to the design of this system. The physical structure of the framework is a circle, and in
advanced use can become a spiral, leading the students to start a new cycle of investigation based on their
previous learning (See Appendix B).

Each 4MAT quadrant is split into two sections, one which engages with right-brain compatible strategies, and
the other utilizing left-brain modes of teaching and learning. Some teaching strategies appropriate for
stimulating each hemisphere are included in Appendix C. To extend this framework beyond left/right brain
compatible techniques, I plan to include activities that engage different intelligences, as per Gardner. Learning
preferences and strategies for Multiple Intelligences are outlined in Appendix D. To develop conscious habits
in myself and my students, we will try new techniques that may fall outside of our comfort zones, as
encouraged by Jensen and others in order to stimulate development of new neural connections. One of
Medina's rules (which earned him a "Teacher of the Year" award) recommends that presentations be broken
into ten-minute segments after which there is a shift in activity to alert the brain to an impending new topic.
Therefore, each segment is composed of a variety of short activities that describe in more detail the
overarching concept. Key vocabulary is designated by italics.

I hope to accomplish my goals through a series of lessons in which the content will be taught using
instructional techniques that are most appropriate for each particular component of the brain's structure.
Because this unit is written for a fourth grade population, and the workings of the brain can be incredibly
complex, I have elected to include only the basic concepts and biological brain structures in order to make the
content accessible for ten year old children.

Strategies

Experiencing

The goal of the first quadrant of the 4MAT cycle, Experiencing, is to connect the learners with the content
through experience; this is the "making meaning" part of the wheel. What is "meaning" anyway? Jensen
characterizes meaning as the integration of relevance, emotions, context, and patterns. 14 Constructivist
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theory would add that this integration should develop through social interaction. Although the limbic system is
known as the emotional seat of the brain, biologists agree that making meaning is a complex process
requiring the use of many parts of the brain. It is important to note that the development of patterns in the
brain that create meaning do not appear instantly, but are developed over time as relevant material is
introduced, strengthening existing neural pathways and creating new ones. Consequently, this section of the
unit cannot be developed with the intention of creating meaning for the students, but creating the larger
picture from which personal relevance and meaning can be derived.

The system through which the brain makes sense out of the world is the neurons, or specialized brain cells.
Therefore, the idea of "connections" is central to the lesson. The objective for this section is to have students
understand the basics of how neurons work and begin to consider the magnitude of the complexity of this
system. These activities use visual models to demonstrate these concepts in a simplified manner. The first
activity is a right-mode activity in which the primary goal is to connect students with the concept through
experience. Medina's Brain Rule # 10 says "Vision trumps all other senses," meaning we "learn and remember
best through pictures." 15 The Connect the Dots activity has students create visual representation of the vast
quantity of neural connections so that they simply understand that there are A LOT.

Next, we will engage in a stimulus/response activity in which students participate in an exercise, list all of the
body functions necessary to respond to the stimulus, and then analyze the experience through guided
questioning and discussion. The goal of the Ruler Drop activity and subsequent discussion is for students to
understand that all of the actions necessary to perform the exercise happen through a series of interactions
between neurons. Sensory neurons carry stimulus messages to the brain; in this case, the eyes see the ruler
drop and send an impulse along the optic nerve. This information gets the neurons in the brain excited. When
they get so excited they can't contain their energy anymore, they create an action potential and connect with
a motor neuron, which in this case send a message to the hand to move. Students may be interested in
discussing all of the variables inherent here; not only does the hand have to "close", but it must do so in a
coordinated manner, with the correct amount of pressure, at the appropriate time and place in space. This
activity also helps demonstrate the speed at which this sequence occurs; the entire sequence takes place in
less than a quarter of a second. 16

Students will then use a variety of age-appropriate texts to explore the physical structure of a neuron to
include: the cell body, the control center of the cell; dendrites, which bring information to the cell body; and
axons, which take information away from the cell body. The connections between neurons are made in tiny
gaps called synapses. The impulses that travel along the axons and dendrites are electrical, which cause a
chemical reaction to occur at the synapse which allows the signal to "jump" from one neuron to another and
continue moving along the pathway. I think a demonstration of a domino series could be an effective method
of demonstrating the process for this grade level (see Activities).

The Left Mode goal of the Experience quadrant is to attend; this is where students begin to make meaning of
the previous experiences through analysis, sharing perceptions, and discussing similarities and differences. An
important goal of this section is for students to recognize and appreciate that although everyone is engaged in
the same experience, our perceptions of that experience can be very different. Students will discuss these
differences in small groups and then share with the whole class. The challenge of trying to catch a falling ruler
in front of the whole class may have been exciting for some students, but mildly intimidating or embarrassing
for others. (I note that it is up to the teacher to determine the appropriateness of this activity and the comfort
level of the students; it is not my intent to create a great deal of stress for students. That would not be brain
friendly!) This is where the emotional component of meaning-making fits in; relevance is dependent upon our



Curriculum Unit 09.06.06 6 of 22

personal experiences. Therefore, the biology of brain function stipulates that everyone has a brain, everyone
has neurons creating electrical and chemical reactions inside their head, and these reactions cause actions.
However, since everyone brings their own background and emotions with them wherever they go, we all
experience events differently.

For children, these differences can prove challenging. Experiences can create both positive and negative
associations, creating different chemistry in the brain. While smaller amounts of stress can stimulate the
autonomic nervous system, increasing blood flow and oxygen to body systems (which is good), inordinate
amounts of stress can be perceived as threatening (which is bad). If the thalamus (which sorts stimuli from the
outside world) sends the information to the amygdale (which identify threats) and a threat is perceived, the
amygdale may release cortisol into the system instinctively before the prefrontal cortex has an opportunity to
analyze the situation rationally. High levels of cortisol, a stress hormone, are linked to loss of brain cells in the
hippocampus, the area of the brain important in memory. 17 I certainly do not want my students to experience
negative emotions or memory loss due to classroom stress, so the goal of this section is to increase student
awareness of and tolerance for differences as well as appreciation for the uniqueness of their own brains.

Although Howard Gardner's Multiple Intelligences theory has been criticized by some in the neurology field for
minimizing the scope of the brain's capabilities to a mere nine "intelligences", it has brought widespread
attention to the idea that intelligence is multi-dimensional and should not be reduced to one numeric value
such as IQ. It is also a useful tool to use with young students to improve their awareness of differences
(Appendix D). Gardner has recently identified "Existential Intelligence" as a ninth area, but I will not address
this with fourth graders. There are many surveys available for students to use to assess their intelligences.
Most people are strong in a few areas, somewhat developed in a few, and underdeveloped in a few. Students
can graph the result of their surveys and compare results with other students. In the past I have had students
create "business cards" advertising their talents, which are posted and traded in the classroom, so that
students can seek out student "experts" to assist them when faced with challenges. A wonderful book for
children on MI is Thomas Armstrong's You're Smarter Than You Think.

Gardner and Armstrong believe that intelligences can be developed and strengthened throughout a lifetime.
From a biological perspective, this concept is called plasticity. When an "intelligence" is strengthened by
learning new skills, the brain grows new dendrites on existing neurons, creates new connections between
neurons, and sometimes reorganizes entire neuron pathways. 18 Humans are born with all of the neurons they
will need for a lifetime, but as each person grows, certain connections are lost while others are developed
depending on the experiences of that individual.

Positron emission tomography (PET) scans now allow scientists to create visual images showing where a brain
is most active when performing a task. This has helped them 'map" the brain and determine which regions of
the brain are responsible for particular skills. Through PET and other techniques, researchers have concluded
that the right and left hemispheres, or halves, of the brain process information in different ways. The left
hemisphere organizes in a literal, sequential manner, responding to facts and words whereas the right
organizes spatially, responding to pictures, graphs and symbols. The left processes awareness of time and the
right makes intuitive leaps. 19 Medina uses an analogy of a spotlight to describe the differences in the
hemisphere's processing of visual attention, which I'd like to modify for my students; the left hemisphere is
like a laser pointer, finding and directly pointing out specific details. The right hemisphere is like a floodlight,
showing us the big picture. Just as people tend to have dominating intelligences, most people's brains have a
dominating hemisphere. If we revisit Daniel Pink's hypothesis, schools have traditionally favored the tasks that
require the detail-oriented processing skills of the left hemisphere. To inspire balanced brain development,
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education needs to integrate activities that activate both hemispheres and do not place higher value on either
process.

Appendix C outlines teaching strategies that are compatible with Left-Directed and Right-Directed processing
styles. Again, there are many surveys available for students and teachers to assess their own learning
preferences; Brain-Based Strategies to Reach Every Learner by J. Diane Connell is an excellent resource. Just
like students, most teachers have a preferred processing style and are naturally inclined to teach to those
processes. Teachers who are aware of their own style preferences can make a point of expanding their
repertoire to include teaching strategies that will engage students who process in different ways.

As a review, the purpose of Quadrant One is to engage the students, laying the foundation from which they
will develop meaning. This is accomplished through immersion in experiences. The big idea is that the brain
contains billions of connections and every single brain is different. The right-directed activities connect the
students to the content. The Connect the Dots activity activates Spatial and Mathematical intelligences, and
both the Ruler Drop and Domino activities activate Spatial and Bodily-Kinesthetic intelligences. The left-
directed activities help students attend to the content. Discussing the Ruler Drop activity activates Inter- and
Intrapersonal intelligences, and the process of attending to the emotions felt during that event improves the
likelihood that students will remember it. Completing surveys to assess their own learning preferences and
strengths activates Intrapersonal intelligence. Graphing results and creating business cards require Math-
Logic, Spatial, and Verbal-Linguistic intelligences. These exercises will also provide me important information
about my students, which will allow me to adjust my interactions with them, helping to develop stronger
relationships and a safe emotional environment.

Conceptualizing

The second quadrant of the 4MAT cycle drives the instruction to help learners conceptualize the big idea,
creating a personal representation by reflecting upon past experiences and introducing new ideas. This
process, in turn, begins the development of memory pathways in the brain. Each new memory does not
necessarily create new neurons, but existing neurons may change their connections and ability to
communicate with one another during the formation of a memory. 20 Memory is categorized into different
types, and the brain uses a variety of combinations of memory functions to remember and learn. Declarative
memory helps us remember details about the world and our experiences; nondeclarative memory allows us to
remember how to perform tasks, react instinctually, and respond to familiar stimuli. 21

The first exercise in quadrant two is called "Imagine". It should be a right-directed activity, providing a
"metaview" of the concept 22 through a non-text based medium. It is commonly reported at professional
development meetings that in the present educational system, content is delivered in a text-based fashion
90% of the time. This immediately puts students with reading and writing difficulties at a great disadvantage,
increasing stress and starting that cortisol loop that inhibits brain function. This section affords the teacher a
wonderful opportunity to engage those students through the use of images and music, developing positive
emotional connections to the content and stimulating development of episodic memory pathways. The
Abstract Orchestra activity is a visual representation of an analogy; the different parts of the brain are akin to
individual instruments in an orchestra, but the careful structuring and combination of their respective tunes
creates the ultimate impression.

Students also begin to accumulate a body of content knowledge in the next section of the cycle. Learning
facts, names, and dates is dependent upon declarative memory. Remembering processes, or "how" to do
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something, involves procedural nondeclarative memory. Like it or not, school requires students to perform an
extraordinary amount of recall of both facts and processes in a wide variety of contexts. How can teachers
help their students strengthen their memory?

Repetition has been designated as a powerful tool for developing a strong recall system. Hermann Ebbinghaus
discovered that many memories disappear within an hour or two, but one can increase the longevity of a
memory by repeating the information in timed intervals. 23 Talking about an event immediately after it occurs
increases the memory of that event, and replication of the conditions under which the memory formed also
seems to help with retrieval. Multisensory presentations also stimulate formation of memories. Studies show
that only 10% of content is retrieved when delivered orally, 35% when delivered visually, but 65 % is retrieved
when presented with a combination of audio and visual methods. 24 The teacher's responsibility is to provide
multiple resources and delivery methods, engaging as many of the senses as possible.

The second part of the Conceptualizing section encourages the left hemisphere to engage its laser-like
scrutiny, searching for and focusing on details. Presenting the information in a sequential manner will also
benefit the learner, as the brain will seek out related past experiences to assist in developing new neural
pathways. For that reason, I have selected the Triune Brain theory, an evolutionary theory, as the organizing
system for teaching the content. Neurologist Paul MacLean proposed the Triune Brain Theory in 1969. 25 Like
Howard Gardner, MacLean has been criticized for over-simplifying the complexities of the brain. However, the
theory helps organize the brain's complex system into a simpler structure that will appeal to my ten-year-old
students. Teachers with older students may choose to delve further into the functions of the specific parts of
each region.

According to this theory, the first region of the brain to develop was the "Reptilian Brain", approximately 500
million years ago. This is the part of the brain responsible for survival, regulating the autonomic nervous
system functions such as heart rate and breathing, which in turn contribute to alertness and awareness of our
environment. This primitive part of the brain also controls coordination and balance, the motor systems that
instinctually react depending upon the environmental information received. These unconscious acts are
responsible for survival; primitive humans had to continually assess their environments and react immediately
or they would be someone else's lunch. Humans did not have the physical attributes of their competitors, such
as claws and fur to protect them. Instead of adapting physically, humans developed their brain. Creating a
Venn diagram comparing lizards and humans could effectively demonstrate these differences (see Activities).

Other activities emphasizing the role of this region include measuring breathing and heart rates, and pupil
dilation in response to light. These are the body functions that never stop; in conjunction, the Reptilian Brain
never sleeps. Exercises to develop better coordination, balance, and reflexes would also be appropriate
activities to emphasize the responsibilities of this region. Brain Gym is an educational kinesiology program
developed by Paul and Gail Dennison that incorporates many of these skills. The benefits of exercise on
cognitive function have also been extensively studied but are more appropriately taught later when discussing
the cerebral cortex and thinking.

The second part of the brain to develop was the limbic system, about 250 million years later. This region is
often called the mammalian brain, because we share many of the traits related to this region with other
mammals. It is sometimes referred to as the "heart of the brain", 26 buried deep inside the brain, much as the
heart is protected in the chest. This region is primarily responsible for emotions and instincts, helping to
determine valence, what allows you to determine if you feel positive or negative towards something, and
salience, the things that get your attention. 27
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Activities appropriate for exploring the mammalian brain would be studies of the immediate responses to
stimuli that contain emotional content. Advertising campaigns are excellent examples of the thinking part of
the brain studying its own limbic system, and creating particular stimuli to obtain a particular response.
Studying the images and discussing personal reactions to the language of print advertising as well as the
music and patterning of commercials would help students understand the abstract function of the limbic
system. This is also an opportunity to integrate the sense of smell into the learning process, a strategy that
can be particularly dynamic but is often left out of the equation. In fact, the sense of smell is connected to the
limbic system in a way that activates memories in a powerful way and connects them to the new experience.
That's why the scent of a particular soap may not remind one of the product name but of their grandmother's
house. Students could do blind tests of smells and identify their associated emotions rather than the
substance.

Some paradigms of thinking prize "mind over matter," diminishing the role of emotions in the thought process.
However, biological research is beginning to show that emotions are inextricably entwined with thought and
have a much greater impact on rational thinking than previously thought. 28 Daniel Goleman has done
extensive studies on the importance of what he calls "Emotional Intelligence", which corresponds to Gardner's
Interpersonal and Intrapersonal intelligences. He maintains that the American school system has not attended
to the emotional needs of our students, creating negative emotions such as anger and helplessness. Helping
students to recognize emotional cues by reading body language and facial expressions are important
components of many programs intended to reduce stress and improve communication skills in young people.
Discussing the effects of anger can help make the transition from teaching about the limbic system to the
cerebral cortex, the center of cognitive functions and the last region to develop according to the Triune Brain
Theory.

When an event is salient, your brain shifts its attention to the stimuli. If the event is emotionally charged,
valence will determine if you perceive it as negative or positive. The limbic system releases dopamine, a
chemical that alerts the memory and information processing systems to pay attention by sending blood and
oxygen to that region. If anger is perceived, there are two ways it can be processed. If we think about the
situation, processing occurs in the cerebral cortex and we make a rational decision about how to respond.
However, anger can also trigger an instinctual response originating in the limbic system, shifting oxygen
downward through the brain system into the primitive brain and activating our fight or flight response. The
"What Happens Next?" activity will help students recognize the differences between reflexive or instinctual
reactions, and cognitive reactions.

Comparing the different actions in the two columns in the chart activity illustrates the differences in
functioning between the cerebral cortex and the other more primitive systems, initiating the study of the
region that sets humans apart from every other life form on Earth. The differences in capabilities between
species are related to the physical appearance of the cerebral cortex. In humans, the cerebral cortex has
many wrinkles, scientifically named "gyri" (bumps or bulges), and "sulci" (grooves). 29 Lower mammals, such
as mice, have few gyri and sulci, and their cortex is smoother. This can be demonstrated in a concrete way by
using the simple tools of a classroom, a pencil, a piece of paper, a marker cap, and a bowl. (See Activities)

How did humans develop such a special brain? Many scientists have studied this question. Anthropologists
estimate that early humans were roaming up to twelve miles a day in search of basic needs, such as food,
water, and shelter. When one considers the cognitive functions necessary for large groups of people to
navigate the world without the aid of maps, tools, or vehicles, while under constant threat from Mother
Nature, it makes sense that movement and thinking became directly associated. These functions became
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hardwired into the early brain, and have remained for millions of years. 30 Biologists discovered that besides
bringing oxygen and glucose to the brain, exercise can stimulate Brain Derived Neurotrophic Factor (BDNF), a
protein that stimulates growth of neurons, keeps existing neurons from degenerating, and stimulates
neurogenesis, the physical development of new brain cells. 31 Studies performed by educational researchers
show that students who engage in physical activity during the school day improve test scores. Most children
probably know that exercise is important for a healthy body, but I suspect they have not equally considered
how important it is for a healthy brain; it literally makes your brain grow, just like your muscles.

Paul and Gail Dennison have developed a curriculum called "Brain Gym" based on Paul's studies of the
"interdependence of physical development, language acquisition and academic achievement". 32 Brain Gym
exercises activate a variety of brain regions, targeting such behaviors as concentration, coordination and
memory. Teaching Brain Gym to children can help them self-assess their emotional state and then apply the
appropriate exercise to either calm or stimulate their cognitive system.

Self-assessment and self-regulation is the domain of the cerebral cortex; the frontal lobes are where planning,
problem solving, and decision-making take place. The temporal lobes assess and interpret signals through
auditory processing and language; they communicate our perceptions of those signals through speaking. The
occipital lobes are responsible for visual processing. Many entertaining studies can be done in the classroom
that allow children to explore the workings of their cerebral cortex; Jonni Kincher's Psychology for Kids books
are full of experiments that students can run themselves to assess their cognitive skills.

Perhaps one of the most telling experiments demonstrating the role of the cerebral cortex is Walter Mischel's
famous Marshmallow Experiment. Four-year-old children are given a marshmallow and told they can either
ring a bell at which point he will return and allow them to eat the marshmallow, or wait for him to return on his
own to give them an additional marshmallow. Some were successful in waiting, and some were not. The
researchers followed the development of these children through adolescence and found that the children who
were capable of waiting developed personality traits more indicative of success as adults than the children
who gave in to temptation and ate the first marshmallow. 33 The ability to delay gratification through willpower
is a human trait; animals can be trained to resist impulses through behavior modification but not by "simply"
making a decision in a situation that is entirely new to them. It would be interesting to replicate this
experiment in the classroom and see how the students responded. Teachers could then help students who
struggled with waiting by teaching intervention strategies to either calm or stimulate the impulses that caused
them to act.

Quadrant two lessons help students conceptualize the big idea of the unit in a variety of ways. They have
created learning by inspiring connections between previous experiences and new ideas. The Abstract
Orchestra activity invites students to imagine, and orients the right hemisphere by drawing upon students'
Musical, Spatial, Bodily-Kinesthetic and Interpersonal intelligences. This reminds them of the premise that the
brain learns through creating and strengthening a vast network of connections. The end product is an abstract
visual image that is unique, just like their brain. Next, the teacher informs students by delivering new content
through a chronological organization system, Triune Brain Theory. This system helps the brain organize new
learning by focusing the left hemisphere on the details only after the big idea has been introduced. All
teachers have a wealth of strategies in their toolboxes with which they teach content; remember,
multisensory learning pathways are best. Strategies should include text and non-text based media, graphic
organizers, games, technology, video, film, etc. to activate a wide variety of intelligences. Finally,
demonstrations that cause emotional arousal create increased likelihood of memory formation and recall; the
Marshmallow Experiment is an example of such an activity. Talking about these experiences immediately
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afterward helps jump start that process. Reminding students about previous experiences, such as the Ruler
Drop activity helps continue the process of learning.

Reflection

Until now, the 4MAT system has moved the unit back and forth between right-directed and left-directed
learning sequences. Now, as we enter Quadrant three, we will continue to focus on left-directed activity by
practicing the content just learned. Repeated exposure to information creates consolidation, or the movement
of memories from short- term memory into long-term. For this reason, I tend to "bounce" back and forth
between introducing new content to inform students in Quadrant two and practicing with that content in
Quadrant three. The variety of learning centers, assessments, writing assignments, Jeopardy games,
discussion groups and even dreaded multiple choice quizzes in every teachers' repertoire are all methods of
encouraging practice. Testing students is not a bad strategy, as long as it is one of many kinds of assessments
students are asked to perform.

The second part of Quadrant three is where the fun really begins! This portion of the learning cycle invites the
right hemisphere of the brain to fire up its floodlights and look at the big picture created by connections
between all the previous parts of the unit. The desired outcome is for students to explore how the content is
experienced in the "real world." We have already established a firm foundation for this process through the
intention of engaging multiple intelligences and the limbic system, and now provide opportunities for open-
ended exploration of the topic. Here in Quadrant three, students extend the learning process by beginning a
sequence of self-directed study, which is completed in Quadrant four with a performance, or celebration and
sharing, of learning.

In my classroom, this sequence takes the shape of student-directed research projects. I have found the "Tic-
Tac-Toe" method to be helpful in building projects that are focused on the designated content area while
providing for student choice. Imagine if you will a tic-tac-toe board or 3 x 3 array. Each box in the array
contains a different exploration opportunity. For example, in this unit, a box could read "Write a song that tells
the history of brain development according to the evolutionary Triune Brain Theory, complete with music and
lyrics." Another could ask students to create a PowerPoint presentation to teach younger students about the
regions of the brain and their associated responsibilities. Yet another could require a typical "five paragraph
essay", and another a clay model of the brain with labels and identifying features. Students choose a
"winning" path of three boxes either horizontally, vertically, or diagonally. The trick is to structure the
activities inside the grid so that any choice provides for a variety of opportunities that engage different types
of intelligences. Students will naturally gravitate towards activities that are appealing to them, which
generally utilize one of their intelligence strengths. They then have the opportunity to utilize that uniquely
human trait of decision-making by evaluating the other possibilities and making a choice about which line of
action they will choose. More than likely there will be one assignment in their group of three that will require
them to use one of their underdeveloped intelligences - this is great! Providing these challenges takes
advantage of the plasticity of the brain, or ability to build new connections between neurons, to create
learning.

Throughout Quadrant 4, the teacher helps students refine their goals and provides support during the
independent research process. This may include providing materials and resources, giving constructive
feedback, helping with revisions and editing, and communicating with family members about the project. To
bring the unit to a close, students "perform" as they share their products and experiences. Here, they initiate
the learning cycle all over again by introducing each other to new ideas that are connected to the past events
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we all experienced as we travelled through this unit together.

Action

This is the spark. As we guide students through this last quadrant of the unit, Action, we make learning
relevant for students. Students will share their learning, question each other, and develop new conclusions.
This process of preparation, presentation, and reflection requires conscious thought about the solitary self, as
well as the self in relationship with others. Psychologist Abraham Maslow places these "growth" needs at the
top of his hierarchical pyramid; the need to know and understand, aesthetic needs, and self-actualization
needs. 34 These needs are met through activation of the cerebral cortex, the most advanced and uniquely
human part of the brain which allows us to think about our own thinking process. However, if our emotional
needs, lower on the pyramid and processed in the less advanced limbic system, are not met, this activation
will simply not transpire. When all of these needs are met in a challenging, supportive, safe environment, we
create the maximum potential for learning, with a side effect: Students are happy. This is the decision I
choose to make with my unique cerebral cortex; create an education that inspires learning and happiness.
Science shows us that this is possible through the use of best teaching practices that educational theorists
have advocated for centuries. It is time for the policy makers to start making connections between the
experiences in the laboratories and the world and start rewiring the educational system. It is time for them to
learn.

Activities

Connect the Dots

Materials needed: paper, writing utensil

Students will draw a column of ten dots on each side of their paper. These dots represent neurons. Each
"neuron" must make a connection with every one of the neurons on the other side of the paper; these
connections are represented by lines. Therefore, when completed, each dot will have ten lines projecting
outward and connecting with the dots on the other side of the page. The drawing will quickly become visually
striking in its complexity; some children may have difficulty keeping track of how many connections they've
made. It is important to point out that even though this exercise seems complicated, it is a gross
simplification; each real neuron in the brain may actually make thousands of connections, and there are
billions of neurons in the brain! If we just attempted to count all the neurons (never mind the connections) at a
rate of one cell per second, it would take approximately 3,171 years. 35

Ruler Drop

Materials needed: ruler, partner

This activity can be done independently by student pairs, but I have chosen to have students attempt the
activity in front of the class to emphasize the emotional component involved in performing in front of a group.
Each pair of students will stand facing each other while the rest of the class observes. One partner holds a
ruler vertically above the second student's hand and drops the ruler without announcement. The second
student should try to catch the ruler between the thumb and forefinger. We will measure how much of the
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ruler dropped below the fingers before it was caught, and record this data on a chart, proceeding until each
student has tried to catch the ruler. This chart will be kept for later use. After all students have tried the
activity, we will sequence the events that must occur to successfully catch the ruler and attribute these
actions to the responsible components of the nervous system.

Domino Neuron Demonstration

Materials needed: multiple sets of dominoes, marbles, and cardboard

An action could "stimulate" or knock down the first domino, starting a sequence that would replicate the
electrical pulses that travel along the sensory neuron. The singular line of dominoes would then increase in
width, like a triangle, representing the axon, or the part of a neuron that sends information. The last row of
dominoes in the axon would push marbles representing chemical molecules, or neurotransmitters, across a
gap, called a synapse. On the other side of the gap, there would be a cardboard barrier with holes cut into it,
with a column of dominoes behind each hole. These columns represent dendrites, or branches of the motor
neuron that receives information. These would gradually meet and become a column along which the signal
would travel, creating some sort of action at the end. When the marbles travel across the synapse, some
would be received by dendrites of the motor neuron by passing through a hole, whereas other marbles would
not pass through; this demonstrates that some neurotransmitters complete the signal, whereas others can be
reabsorbed by the sending neuron. I would definitely try this ahead of time and videotape the trials, hopefully
obtaining at least one successful sequence to show in the event of a non-successful event in class.

Abstract Orchestra Activity

Materials needed: large paper, crayons or markers, recording of George Gershwin's Rhapsody in Blue (or other
appropriate music)

Each student should have a large piece of paper and a variety of drawing utensils available. Instruct students
to listen carefully to the music that will be played, and use a marker or crayon to draw a "pattern" of what
they hear. When they hear a new instrument, they should switch to a new color. They should not attempt to
draw pictures or objects; the marks should be purely abstract. When complete, each student will have
completed an original piece of artwork based upon their own interpretation of the music heard. This visually
represents the idea that our brains are unique, and although we may have the same experiences, no two
brains make exactly the same connections and therefore we all experience the world differently.

Lizards and Humans Venn diagram

Materials needed: board or chart paper, writing utensils, video segments of lizard catching prey and eating,
human eating.

I will have students develop their own theory by using a Venn diagram to compare videos of a lizard eating
and a human eating. The systems that both animals use are housed in the Reptilian Brain; for example,
obtaining or catching food, moving it into the mouth, swallowing, and unseen functions such as salivation and
digestion. We will also analyze the other senses a lizard uses to ensure its survival; quick reflexes to catch
prey, ability to move out of the way of predators, instinctually seek and recognize water, and so on. The
actions in the "human" circle designate ways humans developed whereas lizards did not, such as cooking
food, using tools for hunting, and choosing particular meals rather than whatever is available; these conscious
choices take place in the cerebral cortex, a part of the brain not well developed in reptiles but exceptionally
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well developed in humans.

What Happens Next?

Materials needed: photographs of children in a variety of challenging situations; Second Step Violence
Prevention program is a good resource; chart paper, markers.

I will show the students a photograph depicting a child in a challenging situation; for example, getting pushed
by another student on the playground, and then pose the question: What happens next? I suspect that student
answers will vary widely; one may say "She pushes the kid back", and another could say "She tells the
teacher." As students respond, we will attempt to list the responses on a chart, categorizing each response as
either "Reacting" or "Thinking", followed by an examination and discussion of the differences between the two
categories.

Mouse Brain/Human Brain Demonstration

Materials needed: old worksheets, small bowl, marker cap, pencil

Ask students to imagine that the bowl is a human skull and the marker cap is a mouse skull. (Using models of
real skulls would make this activity more exciting!) The worksheets represent "information". Have students fill
their "mouse skull" with "information" by tearing off a small piece of worksheet, rolling it into a loose ball, and
fitting it into the marker cap. Next, have them take one piece of information and lay it on top of the bowl, and
ask "Does it fit?" The answer is "no", but they should soon discover that if you crumple the paper, it will fit.
Students should fill their "human brain" with as much "information" as possible by crumpling worksheets and
pushing them into the bowl. Have students empty out both "brains" and examine the contents. Obviously the
human brain, being much larger, was able to store more information, but crumpling the paper allowed it to
hold much more. This is the reason for the gyri and sulci; the surface area of the brain is greatly increased,
and this is where the connections for higher functioning take place.

Appendix A: Implementing District Standards

Due to the wide variety of activities that could be chosen by individual teachers and students to research and demonstrate brain
functioning, many different standards across curricular areas could be addressed. The unit meets New Mexico fourth grade science
standards as follows:

Strand I: Scientific Thinking and Practice

Standard 1: Students will understand the processes of scientific investigations and use inquiry and scientific ways of observing,
experimenting, predicting, and validating to think critically. This standard is directly aligned with the second major goal of the unit,
i.e., for students to think critically about their own learning process. The experiences embedded throughout the unit encourage
student experimentation and opportunities to develop their own opinions based on the results obtained.
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Strand 2: Content of Science

Standard II: Life Science: Students will understand the properties, structures, and processes of living things and the interdependence
of living things and their environments. Through the process of discovering their own strengths and comfort levels within the
classroom environment, students will consider how environment affects functioning. Studying the development of the brain through
the Triune brain system will help students comprehend the evolutionary process as well as developmental differences between
species with similar biological structures, i.e., humans and other mammals.

Strand 3: Science and Society

Standard I: Students will understand how scientific discoveries, inventions, practices, and knowledge influence, and are influenced
by, individuals and societies. Throughout time, scientists have been able to "map" brain function by studying injuries and the effects
of trauma; stories about figures such as Phineas Gage are sure to garner student interest. Now, developments in technology, such as
PET scans, have made examination of the living brain available and accessible to the population at large. Students will look at
various types of brain images and learn how these methods are used by scientists to further their understanding of brain function.

Appendix B: Unit as a 4MAT Cycle

Appendix C: Right-Brain Compatible/Left-Brain Compatible Teaching
Strategies
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Appendix D: Multiple Intelligences Preferences and Strategies
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