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Chapter XlI11

Brain-Based L ear ning

Kathleen Cercone, Housatonic Community College, USA

Abstract

Neuroscience research that explains how the brain learns is a dynamic
field. Since the 1990s, there has been explosive growth in information
about the neurophysiology of learning. A discussion of the neuroanatomy
that is necessary to understand this research is presented first. Following
the discussion of anatomy and physiology, current brain research is
described, with particular focus on its implications for teaching adult
students in an online environment. In addition, two instructional design
theories (Gardner’s multiple intelligence and Kovalik’s integrated thematic
instruction) that have a basis in neuroscience are examined.
Recommendations founded on brain-based research, with a focus on adult
education, follow, including specific activities such as crossed-lateral
movement patterns and detailed online activities that can be incorporated
into an online learning environment or a distance learning class (and face-
to-face classroom) for adults. Comprehensive recommendations and
guidelines for online learning design have been provided as suggestions
for making maximum use of the brain-based principles discussed in this
chapter.
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| ntroduction

Neuroscienceresearchfindingsare now scientifically confirming many learning
theories first introduced during the educational reform efforts of the 1960s
(Lackney, n.d.). Researchers have explored many different aspects of the brain,
including anatomy, circulation, electrical activity, glucose metabolism, and
neuronal growth. Evenwiththegrowth of scientificinformation, thehumanbrain
is, for themost part, still unknown, asthe brainisextremely complex. Thebrain
is the major controller of the body, similar to a computer’s CPU (central
processing unit). It istheinformation processor of the human body. Thebrainis
capable of multitasking, and it “assembles, patterns, composes meaning, and
sorts daily life experiences from an extraordinary number of clues’ (Jensen,
2000, p. 12). Thebrain, in addition to being extremely complex, isadynamic and
adaptive system. The brain contains hundreds of billions of neurons and
interneurons that produce an enormous number of neural nets, or groups of
neuronsworking together, fromwhich our daily experienceiscreated (Lackney,
n.d.).

Thebrain’ sactivity iscontrolled by genetics, development, experience, culture,
environment, and emotions, and it is constantly under stimulation to change
(Gardner, 1999). Since the 1980s, significant scientific findings have emerged
about how learning occurs. By the 1990s, the scientific community had started
toincreasedramatically with new information about the brain. Developmentsin
technology have allowed researchers to seeinside the brain, and visualize how
the structures in the brain communicate. Common imaging techniques used by
researchersinclude computerized axial tomography (CAT, or computerized X-
rays), functional magnetic resonance imaging (fMRI), and positron emission
tomography (PET). Thesetools have allowed scientists to learn more about the
brain, and findings made through them are influencing the worlds of education,
science, and medicine.

With advancesin technology and knowledge about the brain, there has been the
development of brain-compatible or brain-based learning. Brain-based |earning
isanew paradigm that hastremendousimplications for educators and students.
Thischapter will definebrain-basedlearning, andwill providean overview of the
anatomy, brain chemistry, neuronal connections, and current neuroscience
research that areimportant in understanding how learning occurs. Neuroscience
research needs to be translated into brain-based |earning strategies that can be
used by educators, and instructional design theories need to be developed in
response to the new brain-based information being discovered by scientists.
These theories should attempt to translate the neuroscience research, and
provide methodsthat hel p educatorsto devel op instructional strategies. Follow-

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



294 Cercone

ing thisdiscussion, recommendations will be made for the design and devel op-
ment of a distance learning or online course.

The Biology of Learning

Accordingto Jensen (2000), brain-based |earningis*“|earninginaccordancewith
theway the brainis naturally designed to learn” (p. 6). Research about how the
brainlearnsisbeing conducted acrossseveral disciplines, including psychology,
neuroanatomy, genetics, biology, chemistry, sociology, and neurobiol ogy (Jensen,
2000). Brain-based learningisbiologically driven, and the conclusionsdevel oped
to date have not been definitive. Research continues, and our understanding of
brain-based learning will be subject to future changes. The brain-based |earning
approach isnot arecipefor all learning, but it can be used to devel op strategies
that are based on the current available research.

Brain Anatomy, Chemistry, Structure,
and Body Connections

To understand how the brain learns, a basic understanding of the anatomy and
physiology of thebrainisnecessary. Thelargest portion of thebrainiscalledthe
cerebrum. The cerebrum is the most highly evolved part of the brain, and is
sometimes called the neocortex. Higher order thinking and decision making
occurs here. The cerebrum is composed of two hemispheres that are connected
by aneural highway, the corpus callosum. Information travels along the corpus
callosumto each hemisphere so that thewholebrainisinvolvedin most activities.
Each cerebrum is composed of four lobes: frontal, parietal, temporal, and
occipital. Each lobeisresponsiblefor specific activities, and each |obe depends
on communication from the other |obes, aswell asfrom thelower centers of the
brain, to completeitsjobs.

Every task that the brain completes requires communication and coordination
among several of itsparts. For example, use of thethumb requiresinput fromthe
cerebellum, the midbrain, and the motor and sensory areas of the frontal and
parietal lobes. Thetask of learning functionsin asimilar way, as multiple areas
of the brain must communicate and work together for learning to occur.

The brain is composed of over 100 billion neurons that are interconnected by
electrical circuits. Communication between neurons occurs as information is
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passed from one neuron to the next by an electrochemical process. Each neuron
has an extension, the axon, which carries the electrochemical impulse to
neighboring neurons (Figure 1). These axons carry information, on a one-way
circuit, away fromthecell body of theneuron. Axonsconnect with other neurons
at synapses, which are connecting junctions. For example, every muscle is
connected by axons to the brain. The brain initiates an impulse of energy that
travels along the axon, which terminates at a synapse on the muscle and causes
the muscle to perform the activity.

Axons modify and grow in response to any brain activity, such as learning.
L earning puts demands on the brain, and the brain responds by developing new
circuitsto connect new information to current or past knowledge. According to
Fishback (1999), “the creation of neural networks and synapses are what
constitutes learning” (n.p.).

There are billions of neurons, and the number of synapsesis more than 10,000
timesthe number of neurons (Hill, 2001). “ A single neuron can have from afew
thousand up to one hundred thousand synapses, and each synapse can receive
information from thousandsof other neurons. Theresulting 100 trillion synapses
make possiblethe complex cognition of humanlearners’ (p. 74). Communication
between neurons at a synapse is accomplished by the release of chemicals and
electrical signals. At the synapse, an axon sends messages to the next organ or
nerve by releasing hormones or neurotransmitters such as adrenaline and
dopamine. These transmitterstell the organ or nerve what to do. For example,
the axon of the sciatic nerve (thousands of axonsbundled together in connective
tissue) sends information from the brain to the legs. The sciatic nerve sends a

Figure 1. Nerve cell or neuron with synapse
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neurotransmitter chemical across the synapse to the muscle that it innervates,
causing a muscle contraction.

The midbrain areais deep inside the cerebrum and includes the limbic system,
hypothalamus, hippocampus, and amygdal a. Thisareaworkswiththe cerebrum,
but is responsible for emotions, attention, sleep, body regulation, hormones,
sexuality, and smell. This area of the brain is often called the “gatekeeper”
becauseall incoming traffic (fromthebody) hasto passthroughit. Themidbrain
controls to where incoming information goes (Jensen, 2000).

The deepest part of the brain, the brain stem, is often considered the oldest and
most primitive part of the brain. Itissometimescalled thereptilian brain, andis
responsiblefor our instinctual or survival behaviors. Thisareaof thebrainisthe
first to respond to trouble, and is the area of the “flight or fight” response. For
example, the brain can “downshift” to the brain stem when a student feels
threatened during atest. When that happens, the brain reactsto the situation, and
it is no longer able to store or learn any information; thus, learning becomes
impossible (Jensen, 2000). Both themidbrainand the brain stemwill be explored
further in the discussion of emotions and learning.

Neur oflexibility

Scientists once believed that the brain becomes rigid with age. It isnow known
that the brainisdynamic and flexible, even asone ages. In other words, the brain
isplastic. The physical brainisliterally shaped by experience; axonal circuits
change, modify, and redevel op as human’ s age. “We now know that the human
brain actually maintains an amazing plasticity throughout life. We can literally
grow new neural connectionswith stimulation, even aswe age. Thisfact means
nearly any learner can increase their intelligence, without limits, using proper
enrichment” (Jensen, 2000, p. 149).

Inadditionto adding new circuits, asaxonal circuitsage, pruning occurs. Pruning
isthe removal of connectionsthat are no longer needed. The brain modifiesits
structurebased onincominginformation. “ Thebrain changes physiologically as
aresult of experience and it happens much quicker than originally thought. The
environment in which the brain operates determines to a large degree the
functional ability of thebrain” (Roberts, 2002, p. 282).

According to Lackney (n.d.), pruning occurs even in children, and research has
shown that axons continue to grow throughout life. “Y ou can teach old dogs a
few new tricks after all. Thisis ahuge discovery and has implications for life-
longlearning” (n.p.). Lackney provided an exampl e of how thisoccursinan adult
who islearning how to drive a stick shift after having only driven an automatic
automobile. At first, the task is frustrating and awkward for the learner, but
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eventually the skillsbecomeautomatic. “ Thisisaclear exampleof growing new
neural connectionsand the principleof plasticity in connectionwiththe devel op-
ment of body/kinesthetic intelligence” (Lackney, n.d., n.p.).

Learningisalsoduetoinputtothebrain. Sensory information (e.g., aural, visual,
and tactileinformation) entersthe brain along multiple nervereceptors. Sensory
input causes axons to react by budding, branching, and reaching out to other
neurons, thus, leading to the devel opment of new connectionsinthebrain. If the
informationisnovel, the brain needsto devel op these budding new pathways. It
iswhen an axon grows and meets up with another neuron that learning occurs.
Thisexplains why adult students need consideration of their prior experiences.
Adults need to connect new information with old information. Asthey do this,
their neural pathways change to connect new information to the older pathways
already developed inthebrain. Neural circuits continueto grow, even with age.

Neuronal growth, which is initiated by learning, explains scientifically what
happens with assimilation and accommodation. The terms assimilation and
accommodation are associated with cognitive learning theory. In assimilation,
incoming information is changed to fit into existing knowledge structures (i.e.,
neuronal structures that already exist) (Ally, 2004). Accommodation occurs
when an existing cognitive structure (i.e., current neuronal circuits) is changed
to incorporate new information (Ally, 2004). Research on the neuroscience of
learning isproviding scientific evidenceto support thelearning theoriesthat have
been used for years.

Learning and the Brain

Everyone's brain is uniquely shaped by genetics, the environment, social
phenomena, and experience. The interconnections, or the existing neural net-
works, are unique for each person. The connections between neurons are
developed because of the individual’s experiences, and form a “personal
cognitive map” (Jensen, 2000, p. 15).

According to Leamnson (2000), our genes control what cellsdo and how they do
it. However, after birth, chance plays a larger role than genetic code in
determining whether one budding neuron will grow to another. “Genetics
determines only the types of cells that get connected. The actual axonal
connections are said to be “epigenetic,” meaning that they are beyond, or
independent of,, geneticinstructions” (n.p.). Epigenetic devel opment can be seen
in identical twins who have different fingerprints as well as different vein
patterns, yet have identical DNA. Leamnson (2000) reported:
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It happens that the connections that growing axons make upon contact with
a permissive cell are often temporary. There have long been microscopic
evidences of axons degenerating or withering away (just the axons, not the
cells from which they grew). It is also now known that newly formed
synapses are weak, or labile, and if nothing more happens the axon usually
retreats, or degenerates, and the neuron starts over with a new budding
axon. (n.p.)

Useisrequired to strengthen the neuronal connections. The more a connection
isused, thelarger the network grows, and the more securethelinksbecome. The
number of synaptic connections may also increase. Thus, the old adage “use it
or loseit” istrue of the brain (Jensen, 2000). Jensen explained that learning is
defined as changing the structure of the brain. An individual’s neural wiring
changesasheor shelearnsactivities. If an activity isnew, the brain will respond
slowly and start to develop new connections. As the activity is practiced, the
pathways get more efficient, and transmission speed increases. The pathways
may become permanent as the skill becomesintegral to the brain, andisheld in
long-term memory. Neuroscience research confirms that practice improves
performance.

Fishback (1999) reported that all new information isincorporated into existing
neural networks. The human brain is always looking to make associations
betweenincominginformation and experience. Infact, thebrain hel psscreen out
some memory. If people remembered everything they saw, there would be too
much information, and they would experience overload. “Memories are not
stored intact; they are separated and then distributed in different regions of the
brain” (n.p.). Asinformation comesin and enters short-term memory, the brain
must decidewhether it will be consolidated and storedinlong-term memory. This
process of consolidation suggests that different sections of the brain must work
together for learning to occur.

Brain imaging has revealed that the longer certain areas of the brain are
stimulated, the better information is remembered. In addition, personal experi-
ence intensifies activation, focus, and concentration. The more elaborate a
memory is (in terms of sound, touch, vision, etc.), the easier it is to access.
Repetition is also important, as it causes neural connections to reactivate and
increases the chance of retaining the memory (Fishback, 1999).

Neuroscience can now explain why adults need to see the link between what
they arelearning and how itwill apply totheir lives. By doingthis, they strengthen
their neural connectionsand integrateincominginformation and experienceinto
their existingwiring. Adultsal so need opportunitiesto test their learning asthey
go along; they should not receive only background theory and general informa-
tion. They should be able to use their current neuronal circuits in order to
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strengthen the new pathways that are being developed as they learn new
information.

The Cerebellum

Hansen and Monk (2002) researched the cerebellum and itsrelation to learning.
The cerebellum is deep in the brain, under and behind the cerebrum. For years,
it hasbeen known that the cerebellumisresponsiblefor coordination and balance
activities, but it was only recently that the cerebellum’s involvement in the
learning process was discovered.

It appears that the cerebellum stores routines so that the cerebral cortex is
free to deal with novel features rather than the routine....The “ chunking”
of routines so that the short term memory can cope with the empirically
derived, short term memory space of seven bits of information is reported
in all introductory texts on psychology. (Hansen & Monk, 2002, p. 346)

The “chunking” of information long described by cognitive learning theory is
actually based on a physical, measurable phenomenon that researchers are just
starting to understand. Many of the features of brain-based learning explain,
scientifically, what is occurring at the cellular level. When learning theories
evolved and developed, their principles were based on the end product, or
learning. These theories were tested and researched, but they still had no
measurabl e scientific explanation for the phenomenon being studied. It hasonly
been recently that the underlying, physical mechanism responsible for learning
has begun to be understood. As this paper continues to discuss brain-based
learning, therewill bescientific, measurabl e, objective explanationsfor much of
what is known about |earning today. However, there is still much to learn.

Preexposure and Pattern Making

Preexposure, or priming, hasbeen shownto beimportant tolearning. Thegreater
the amount of apriming stimulus, the morethe brain extractsand “ compartmen-
talizes (lateralizes) the information” (Jensen, 2000, p. 81). Mechanisms of
preexposureto theinformation presented in acoursemightincludethefollowing:
acourse description mailed out prior to the start of the course, the opportunity
to talk to past participants, reading books on the subject, transparencies
previewed at the beginning of the course, or a workbook (Jensen, 2000).
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Preexposure to new information allows the brain to detect and create patterns
of meaning. “ The brain’s capacity to elicit patterns of meaning isone of the key
principles of brain-based learning” (Jensen, 2000, p. 82). Pattern making
depends on past information or experience. The brain takesin the new informa-
tion and searchesfor ameaningful patternthat isalready inthe brain with neural
pathways in place. As this new information comes in, new pathways develop
based on the model in the brain. “We never cognitively understand something
until we can create amodel or metaphor that isderived from our unique personal
world” (Jensen, 2000, p. 82).

Jensen (2000) recommended the use of mind-maps, graphic organizers, advance
organizers, models, or paintings of course material. Thekey isto get thelearner
torelatetheinformationto hisor her personal life. “ Unlessconnectionsare made
to students’ prior learning, comprehension and meaning may be dramatically
lessened. Before starting anew topic, ask studentsto discuss what they already
know about the subject; do role playsor skits; make mind-maps; and brainstorm
its potential value” (p. 85).

Preexposure and priming are important for adult students. Adult students need
scaffolding to be provided by the instructor. Scaffolding is aterm used by Lev
Vygotsky in hissocial learning theory. He presented the concept of the zone of
proximal development, which represents the gap between a student’s actual
level of independent problem-solving ability andthe potential level that ’he could
reach with knowledgeable guidance. An instructor guides students in thinking
through problems and making connections. In scaffolding, the instructor first
models, then coaches, then gradually withdraws help, as the learner becomes
more confident and competent. Modeling by theinstructor isvital, and should be
part of preexposure and patterning efforts, asit allows studentsto see a problem
solved, and then to relate new problems to a pattern that they have developed.

Biocognitive Cycles and Environmental Influences

Individuals have their own personal cycle or circadian rhythm. Research has
found that everyonehasan optimumtime of day for learning (Jensen, 2000). The
brain’ sright and | eft hemispheresalternatetheir cyclesof efficiency. Individuals
shift and use either the right or left hemisphere in a cycle during the day. This
cycling activity, or lateralization, may develop aproblem, and the cycle may get
“stuck” in one hemisphere. This often happens in classrooms when students
listen passively to alecture. The brain’s cycle may become nonresponsive, and
thecyclewill bealtered. Jensen (2000) recommended that to“ unstick” astudent,
aninstructor should usecross-lateral activitiesto energizethinking and stimul ate
the brain to work more efficiently. An example of such an activity is using the
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Table 1. Crossed-lateral activities

1. Take the left hand and touch the right shoulder. At the same time, touch the
right hand to the left shoulder. Put both hands back with the right hand flat on
the right thigh and the left hand flat on the | eft thigh. Alternate which hand is
on top as they go to touch their shoulders again. Repesat several times. Other
parts of the body can be used in this activity, rather than the shoulders. Touch
with alternate hands the hips, knees, ankles, ears, and so forth.

2. Adding onto exercise number one, have them touch more than one body
part, and alternate different body parts such as the shoulders and knees, and
so forth.

3. Sit with feet flat on the ground. Look straight forward with handsin lap.
Touch the right foot toes to the left side of the left foot. Move the right foot
back to the original position. Alternate feet by putting the left toes on the right
side of theright foot. Repeat several times.

4. Put hands on opposite shoulders asin exercise 1 and have students rotate to
look to the right and then the left. Make sure that the whole trunk is turning
and not just the neck and head.

right hand to touch the | eft leg. Another activity that could be performed in the
classroominvolvesmarchingin placewhil e patting opposite kneesand touching
opposite eyes, knees, elbows, and heels. Table 1 was developed to provide
several examples of cross-lateral activities that could be used.

According to Jensen (2000), “Learning is best when focused, diffused, then
focused again. Constant focused learning isincreasingly inefficient. Infact, the
wholenotionof ‘timeontask’ isinconflict biologically and educational ly with the
way the brain naturally learns” (p. 48).

If astudentisinvolved actively inalearningtask, itismuch lesslikely that he or
shewill become* stuck,” or will lateralizelearning to only onehemisphere. Thus,
active learning, as part of constructivist learning theory, is supported by the
biology of the brain. Constructivists see learning as active rather than passive.
Studentsconstruct knowledgeand interpret incoming information, whichisthen
processed by thebrainto betranslatedintolearning. Theconcept of |ateralization
also supports adult learning theories that suggest that adults need to be actively
involved in the learning process.

Jensen (2000) explained that the proper environment isimportant for learning to
occur. Color, hydration, visual stimuli, psychol ogical stimuli, seasons, tempera-
tures, plants, music, noise, and aromas can all influence learning. Today’s
classroomsare often not meeting optimal |earning conditions. However, it would
appear that with distance learning, the student is better able to control hisor her
environment. If thestudent isrelaxedinafamiliar environment, |earning may be
enhanced. The instructor should inform students about how to make their
environmentsoptimal for learning whileusing their computersat home or work.
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Learning engages the entire physiology, so physical development, personal
comfort, and emotional statewill affect thebrain. For thisreason, itisimportant
for instructorsto incorporate facets of health, such as stress management, diet,
and exercise, into the learning process.

Survival Mode

The brainis primarily concerned with survival, not instruction. It isthe brain’s
primedirectiveto saveaperson’slife.“ Thebrainwill concentrate oninstruction
thatisonly perceived asmeaningful and only if thebrain’ sprimary survival needs
havebeen satisfied” (Jensen, 2000, p. 14). Our brainsrespond to threat situations
with stereotypical responses. A strong emotion, such as fear, will initiate the
fight-or-flight physiological and mental response, which shuts down the higher
centersof thebrain (i.e., the high-level cognition centers of the cerebrum). The
lower centers (i.e., the limbic system) of the brain take over to protect the
individual from injury. These reflexive responses have been passed down to
contemporary humans through centuries of evolution, through which the brain
became the complex structure it is today. This response is reflexive; it is not
controlled by conscious thought, but is in place to preserve life (Forrester &
Jantzie, n.d.).

Instructorsneedto ensurethat they do not invoketheselower centers, or learning
will not occur. Stimulationisnecessary for learning, but too muchinformation can
lead to overload. If astimulusistoo strong, the brain will shut down and gointo
survival mode. Testing can cause some studentsto go into “survival mode.” In
thissituation, studentswill not be ableto succeed, evenif they have learned the
material covered in the test. Thus, instructors should use multiple methods of
assessment such as papers, presentations, e-portfolios, case studies, and prob-
lem-based |earning tools.

Emotions

According to Jensen (2000), emotions are drivers for learning. “All learning
involves our body, emotions, attitudes, and physical well being. Brain-based
|earning advocatesthat we addressthese multiplevariablesmore often and more
comprehensively” (p. 200). For example, those who were old enough to
remember September 11, 2001, will recall exactly what they were doing on that
day. Thisis an emotionally charged memory that most individuals will never
forget. Emotion also has a strong influence on learning, and instructors should
incorporate emotion into learning to make it more memorable. However,
emotional stimuli must be carefully planned and balanced, in order to prevent
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students from shifting into “survival mode” (Fishback, 1999). If students are
forced into survival mode, learning will not occur.

Theamygdalaisresponsiblefor our emotions, andisconcerned with survival and
emotional interpretation of situations. It is responsible for bringing emotional
contentinto memory, and playsamajor roleinlearning. Asinstructorsuse brain-
based techniques, it isimportant that they integrate emotions into the learning
process. Reflection by the students can help this process. It is important to
recognize and acknowledge the feelings and emotions that students may have.
The instructor should provide personal, meaningful projects, and greater indi-
vidual choice while eliminating threats, high stress, and artificial deadlines.
Instructors should ensure that the resources students might need are available.
Itistheemotion behindthestudents' goal sthat providestheenergy to accomplish
them (Jensen, 2000).

In addition to establishing an emotional connection to course content, it is
important to maintain a positive and supportive climate. The unconscious
responses of an instructor, and the student’s attitude will help determine how
much learning occurs. The instructor needs to model correct behavior, and
develop a nonthreatening, supportive climate. Low to moderate stress and
general relaxation are best. Instructors should avoid threat-based policies and
embarrassment of students (Jensen, 2000). Adult students need aclimatethat is
collaborative, respectful, mutual, and informal inorder tolearn effectively. This
type of environment isnonthreatening, and provides positive emotional support
that helps the learning process.

Forrester and Jantzie (n.d.) reported that the limbic system plays an important
partinthe processof storing information aslong-term memories. Activitiesthat
provide an emotionally supportive environment may have apositive effect upon
the processing of information into long-term storage, and on the subsequent
retrieval of those memories. The instructor should utilize group activities,
cooperative learning, role-playing, and simulations, as these techniquestend to
provide emotional support and an emotional context for learning. Adult students
need dialogueand social interaction, aswell asopportunitiesto collaborate with
other students. Theseactivitieshelp provideapositive, supportiveenvironment.

The body, emotions, brain, and mind are an integrated system (Hill, 2001).
Emotionsareentwinedinneural connections, and emotion and cognition cannot
be separated. Emotioniscrucial tothe storage and retrieval of information. This
section hasinvestigated the biology of learning, and has presented the scientific
basis underlying current learning theory. The brain can only fully understand
informationif theinformationismeaningful. If itismeaningful, theindividual will
respond to events in ways that have been influenced by culture as well as
personal experiences. All of these factors need to be considered in order to
understand how anindividual perceivesandinterpretsincominginformation. The
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next section will examine how learning is represented in higher order thinking
skills, such as memory, metacognition, and meaning making, and will then
describe the stages of brain-based learning.

Brain-Based L ear ning

Memory, Understanding, Thinking, and M etacognition

Memory isdueto complex, multipath neuronal growth. Thebrainisamultimodal
processor that assembles patterns, makes meaning, sorts daily life and experi-
ences, and then processesthisinformation. In order for information to get to the
hippocampus of the midbrain, which iswhere long-term memory is believed to
be stored, the learner needsto usetheinformation actively to strengthen the new
neural circuit. Memories are distributed throughout the cortex and are usually
embedded in context. “ Our brain sorts and stores information based on whether
it is heavily embedded in context or in content” (Jensen, p. 222). Today’'s
educational system often expects students to retrieve content that has been
removed from context. Instructors often tell studentsto study from chapter 5for
a test: this is an inefficient way to teach. Using real-life simulations and
contextualized situati ons hel ps students“ memorize” information.

Therearetwo different typesof memory: explicit memory andimplicit memory.
These are further broken down into categories that are more specific. Semantic
and episodic memories are considered explicit memory, or memory that was
learned by effort. Implicit memory is memory that is automatically learned. It
deals with nonconscious (nonmental) cognitive processing of experiences.
According to Caine and Caine (n.d.), many of the insights and patterns that we
grasp are the result of ongoing nonconscious processing. “Psychol ogists have
also known for along time that understanding islargely a consequence of deep
processing. Thus, complex learning depends on a person’s capacity to take
charge of the processing of experience which is amatter of becoming aware of
what is actually happening” (Caine & Caine, n.d., n.p.).

According to Jenkins (2000), thinking occurs when the brain accesses “prior
representations for understanding” (p. 185), or when the brain tries to create a
new model if one does not exist. Thinking occurs when the mind, body, and
feelingsareall involved. Intuition also hasaroleinthethinking process. I ntuition
istriggered by nonconscious | earning that was perceived during anindividual’s
lifetime. Thisisimplicit memory and has no symbolic language associated with
it. Thebasal ganglia, orbitofrontal cortex, and amygdalaall contributetointuition,
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since the experiences stored in these structures cannot be adequately expressed
through language.

According to Hill (2001), “ Consciousness refers to the ability to be self-aware
and make meaning of our experiences. Consciousness can also be thought of as
asenseof identity, especially thecomplex attitudes, beliefs, and sensitivitiesheld
by anindividual” (p. 77). Sohlberg (n.d.) reported that “Nonconsciousisaterm
that has sometimes been preferred by researchersto signify processeswhich are
not conscious because they are by nature such that they are not available to
awareness” (n.p.). In contrast, the unconscious is a Freudian term, by which
“peopleusually mean mental contentsthat are not easily availableto conscious-
ness’ (n.p.). AccordingtoBollet and Fallon (2002), theunconsciousmindismore
intelligent than the conscious mind for several reasons. One reason is that the
former has a greater capacity for memory. “The unconscious can hold billions
and billionsof bitsof information, whilethe consciousmind canonly hold 5-9 bits”
(p. 41). The unconscious mind is able to perform more tasks because of this
capacity. The conscious mind ismore linear and sequenced (patterns), whereas
the unconscious mind isemotional and nonlinear, and dealswith inferencesand
possibilities.

It is by bringing to conscious awareness our assumptions, beliefs, habits,
and practices that we begin to take charge of them and of our own learning
and performance.... As we grow older we have the capacity to develop
awareness and to engage in metacognitive observation. The more we can
observe in our thinking, the more we can self-regulate and take charge of
our own learning. (Caine, & Caine, n.d., n.p.)

Adult students shoul d be encouraged to usetheir metacognitiveskillstofacilitate
learning (Hill, 2001). Adults have many experiences and memoriesthat act asa
foundation for future learning. Adults have brains that have developed physi-
cally, with neuronal growth, in responseto their experience, culture, ethnicity,
personality, and political philosophy. M etacognition, or theability to think about
one' sownthinking, evolvesasthebrain matures. M etacognitionincludesmodels
of thinking, automation of conscious thought, accessing automatic processes,
practice effects, and self-awareness. It also includes being aware of one’s own
thoughts, feelings, and actions, and their effects on others. Adult learning
theoriessuch asandragogy, transformational learning, experiential learning, and
self-directed | earning have elementsin common, in that they encourage adultsto
devel op metacognition.

To promote higher-level learning, metacognitive skills, or critical thinking, the
online environment needs to create challenging activities that foster students’
metacognitive abilities, and hel p them acquire meaningful knowledge. Students
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need the time to collaborate, interact, and reflect during the learning process
(Ally, 2004). The use of self-check questionsthat provide feedback isastrategy
that allows students to check how they are doing. By doing this self-check,
students can use their own metacognitive skillsto adjust the learning processif
necessary.

Making Meaning or Meaningful Content

Caine and Caine (1994) asserted that the search for meaning isinnate. It cannot
be stopped; however, one can channel or focusit (Deveci, 2004). According to
Jensen (2000), the brain is designed to seek meaning. There is a significant
difference between the meaning that is gained when one memorizes material,
and the meaning one achieves by developing an authentic grasp of asubject. In
addition, what is meaningful to one person might be of no interest to another.
According to Jensen (2000), three factors generate meaning: (a) relevance or
connection with existing neural sites, (b) emotions that trigger the brain’s
chemistry, and (c) the context that triggers pattern making. If information is
personal, emotional, and makessense, itismeaningful. L earning and memory are
context driven.

Meaning involves one’s values and purpose, and it is generated when one asks
guestions such as“Who am 1?” and “Why am | here?’ The search for meaning
is“survival oriented and basi c to the human brain/mind. Whilethewaysinwhich
we make sense of our experiences change over time, the central drive to do so
islifelong” (Caine & Caine, n.d., n.p.). Learning should be meaningful for the
student. According to Deveci (2004), “In contextual learning, students learn
better when they think about what they are doing, and why they are doing it”
(n.p.). The brain seeks meaningful patterns, and interprets new experiences
throughwhat isfamiliar. L earning shoul d be made meaningful for students (Hill,
2001) so that they can apply and personalize new information.

Adult students need to feel that earning focuses onissuesthat directly concern
them. They want to know what they are going to learn, how the learning will be
conducted, and why it is important. Instructors should design activities for
students that are interactive. The new information will assist the student in
constructing new knowledge. Motivationfor thisprocess can comefrom asense
of personal need (Deveci, 2004). When a learner receives opportunities to
develop motivation through problem-based learning or case-based learning
activities, personal ownershipresults. Activelearning isfundamental to achiev-
ing a sense of ownership. Having students draw on their previous knowledge,
with the instructor acting as afacilitator in acontextual |earning setting, allows
the student to connect content with context, thusbringing meaningtothelearning
process. When connections are made with old memories and new connections
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aredeveloped, new learningisfostered. “ Itisthisinitial processthat constructivism
hashungitshat on. Infact so much sothat it would seem asthough constructivism
did not come about until the research was printed. On the contrary, thisresearch
simply provides avalidated backdrop for which teachers can use to guide their
use of this teaching approach” (Brunner, 2000, n.p.).

The Aw Brain

Neuroscience has proven that learning is possible at any age, and that cognitive
growth can continueinto the nineties. Normal aging and good physical healthare
important inthe maintenance of cognitiveabilities. Tests performed onindividu-
als over 65 years of age have demonstrated that the more the brain is used and
thehealthier theindividual, thelesssignificantly cognitiveabilitiesdecrease over
time (Anderson & Grabowski, 2003, n.p.). In order to maintain cognitive status
and promote continued growth, the brain needsto beused. Highlevel sof activity,
both physical and mental, have been shown toimprove cognitive changesdueto
age. The brain can be compared to muscle tissue that strengthens with
weightlifting or activity; the brain’ s neuronal structureswill continue to sprout
and routeaxonsaslong asthebrainisstimulated. Sincewe now know that adults
can continuetolearnintoold age, itisimportant for instructional designersto be
aware of the principles of brain-based learning when designing instruction for
adults.

The following section of this paper describes two instructional design theories
that have been devel oped based on neuroscience research. These theories were
developed to provide instructors with methods of incorporating neuroscientific
findings. Interpretation of neuroscience is necessary, and is often difficult for
many who do not havetraininginthefield. Thesetheorieshavetakenthefindings
of neuroscience research and have developed methods to assist instructors as
they design learning environments.

Neuroscience and |nstructional Design Theories

Instructional designtheoriesserveasguidesto professional practice, and provide
different methodsof facilitating learning. I nstructional designtheoriesare often
built based on different learning theories. Cognitivist learning theory, although
closely aligned with brain-based learning, is concerned with internal, physical
changes in the learner, whereas constructivist-learning theory considers how
knowledgeistransferredintotruelearning. Thisauthor believesthat thelearning
theory most compatiblewith brain-based|earningisconstructivism. Constructivists

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



308 Cercone

feel that students need to make meaning from active participationinthelearning
process while building personal interpretations of the world based on experi-
ences and interactions. Constructivism also promotes the idea that learning is
embedded in the context in which it is used, and that authentic tasks should be
performed in meaningful, realistic settings.

Constructivist learning theory is based on the assumption that learners
construct knowledge as they attempt to make sense of their experiences.
What we know depends on the kinds of experiences that we have had and
how we organize these into existing knowledge structures. (Boulton, 2002,

p. 3)

Existing knowledge structures can be compared to the existing neural network
in the brain. Learning occurs as neural connections are developed. As these
neural connectionsdevel op withintheexisting knowledgestructuresinthebrain,
the student constructsindividual meaning frominformation and activities. Thus,
brain-based learning follows the tenets of constructivist learning theory.

There are two instructional design theories that are based on the information
provided by current neuroscience research on learning. Onetheory isGardner’s
theory of multiple approachesto learning. According to Gardner, thistheory is
based on human biology. The other theory is Kovalik’s integrated thematic
instruction (ITI) theory.

Gardner’s Theory of
Multiple Intelligences

According to Gardner (1999), traditional psychologists believethat thereisone
intelligence that is fixed, and that it may be assessed by a simple intelligence
guotient (1Q) test. Gardner countered that belief by proposing that individuals
have more than one intelligence. He based this assertion on neuroscience
research, and developed the theory of multiple intelligences. Sherow (2000)
reported:

Gardner defines intelligence as the capacity to solve problems or to fashion
products that are valued in one or more cultural settings. He believes that
every individual has different abilities in each area and that incorporating
all intelligences in the learning process maximizes learning potential. It is
important to recognize and utilize aptitudes and interests because they
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motivate learning; adults learn faster and better when what is to be learned
is relevant and meaningful and can be applied directly to their lives and
interests. (Sherow, 2000, p. 7)

Everyone possesses each of the intelligences, but to different degrees (Osciak
& Milheim, 2001). For example, one person might have stronger kinesthetic
learning ability than another might. Instructors need to use avariety of instruc-
tional methods and media to meet the differing needs and learning styles of
students. The element of choice in learning is also important (Caine & Caine,
1990); students should have some choicein their learning activities. By having
a choice, the learner can use his or her stronger intelligence to learn the
necessary content. Learning styles need to be considered for all students of all
ages. Inany group of adults, thereisawiderangeof individual abilities; thus, the
individualization of |earning experiencesisimportant in many situations.

Gardner’s Multiple Approaches to Under standing

Gardner also devel oped an instructional design theory, the multiple approaches
to understanding, in which he looked at “ways to foster understanding in ways
that capitalize on differencesinlearners’ intelligences” (Gardner, 1999, p. 70).
Every student is bombarded by information, and each incoming stimulus gets
sorted and sent to different regions of thebrainin order to beinterpreted in short-
term memory. Onceinformation is sent to short-term memory, “itsnext goal is
to be employed into fitting into the category of understanding. It is through
exposure and understanding that something getscommitted to memory. If it does
not connect through association to a previous memory or have some personal
relevanceto latch on to, all islost” (Brunner, 2000, n.p.).

Gardner (1999) proposed that “ Educationin our timeshould providethebasisfor
enhanced understanding of our several worlds: the physical world, thebiol ogical
world, theworld of human beings, theworld of human artifacts, theworld of self”
(p. 72). He saw that students need to demonstrate their understanding of
important topics. Memarization, or the ability to paraphrase learning, does not
constituteunderstanding. “ Students exhibit understanding to the extent that they
can invoke these sets of ideas flexibly and appropriately to carry out specific
analyses, interpretations, comparisons, critiques’ (Gardner, 1999, p. 81). This
theory has afocus on understanding as an important type of learning outcome.

Theprimary goal of applying Gardner’ stheory of multipleintelligencesshould be
to take advantage of the differencesin students’ intelligences and consider their
individuality. Earle(n.d.) reported on the val ues upon which thetheory isbased,
includingthefollowing:
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(a) thecriticality of 'what toteach’ and the variability of "how toteachit’; (b)
being able to deploy understanding (performances of understanding); (c)
preparing students for valued adult roles; (d) hel ping students to enhance
their variousintelligences; (e) tailoringinstructiontoindividual differences
in students’ intelligences; and (f) an approach to instruction that is not
formulaic. (Earle, n.d., n.p.)

Perkinsand Unger (1999) devel oped asimilar theory about understanding. Their
theory defines understanding as knowledge in thoughtful action. Their theory,
like Gardner’s, expands the concrete meaning of understanding. These theories
place emphasis on students’ appreciation of the information they are learning.
“Theword ‘appreciate’ connotes that affect is an element of deep understand-
ing. Anintersection of cognition and affect isamajor thrust of the new paradigm
of instructional designtheories’ (Gardner, 1999, p. 90). Inalater article, Gardner
(2003) admitted that when heformulated the multipleintelligencestheory, it had
an “individual-centered” bias. Gardner (2003) stated:

Most students of intelligence, however, are now coming to the realization
that intelligence cannot be conceptualized, or measured with accuracy,
independent of the particular contexts in which an individual happens to
live, work, and play, and of the opportunities and values provided by that
milieu (Gardner, 2003, n.p.)

Gardner (2003) further stated that intelligence is the result of an interaction
between biology and “ opportunitiesfor learning in aparticular cultural context”
(n.p.). He considered the total person not only in terms of intelligence, but also
as an integrated individual with motivation, personality, emotions, and will.
Instructors need to respect theindividual differences of every student. Accord-
ing to the neuroscience research discussed earlier in this chapter, everyone’'s
brain is unique, and individuals learn in their own unique ways. Multiple
intelligencetheory suggeststhat thereare observabl e, innatehumanintelligences
that are based on biology. These natural intelligences areimportant for survival
and the continuation of the species; however, the context of the individual must
also be considered when discussing these intelligences.

Brain-based learning, a comprehensive approach to education, supports the
notion that individual differences need to be considered in any educational
setting. Although Jensen (2000) did not introduce the term multiple intelli-
gences, hediscussed how each person’ sbrainisuniqueandindividual . Everyone's
intelligence is deeply entrenched in his or her context. Jensen stated that “our
brain sorts and stores information based on whether it is heavily embedded in
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context or in content” (p. 222). Jensen described two ways that our brain deals
with new information. “Information embedded in contextis‘ episodic’ memory,
whichmeansitisstoredinrelationshipto aparticular location, circumstance, or
episode; and information embedded in content is ‘semantic’ memory (facts),
whichisusually derived from reading and studying” (p. 222). Learningin context
provides“more spatial and locational ‘hooks' and allowslearners moretimeto
make personal connections” (p. 224). It isimportant for instructors to engage
multiple memory pathways, and to have afocuson multipleintelligences. Ways
tofoster multipleintelligencesincludethe use of real-life simulations, thematic
instruction, interactive contextual | earning, and afocuson multipleintelligences.
When such methods are used, students activate multiple memory systems that
help with learning retention.

Integrated Thematic
| nstructional Design Theory

The second instructional design theory that has a basis in neuroscience is the
integrated thematic instruction, or ITI model, developed by Susan Kovalik.
According to Dorner (n.d.), the “ITI model (Integrated Thematic Instruction)
developed by Susan Kovalik carefully develops a brain-compatible learning
environment, then structures curriculum to take advantage of the way the brain
learns best” (n.p.).

AccordingtoKovalik (n.d.), integrated thematicinstructionisa“ comprehensive
model that translatesthe biology of learning into practical classroom and school
strategies” (p. 375). Kovalik and McGeehan (1999) based their model on the
“bodybrain partnership,” which, asthey explained, is“a coined word to reflect
the collaborative activity of both brain and body for learning” (p. 376). Based on
thebiology of learning, they devel oped six learning principles: (a) intelligenceis
a function of experience; (b) emotions are the gatekeepers to learning and
performance; (c) all culturesuse multipleintelligencesto solve problemsand to
produce products; (d) the brain’s search for meaning isasearch for patterns; ()
learning isthe acquisition of useful mental programs; and (f) one’s personality
hasanimpact onlearning. Thesesix principlesleadto ninebody-brain compatible
elements for instruction that serve as guides for applying the research when
developing curriculaandinstructional strategies. Each of these principlesapplies
to adult students as well.

The first principle involves the absence of threat, and the need to create a
trustworthy environment. Instructors need to make students feel free from
anxieties, and need to hel p studentsdevel op positive emotional associationswith
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learning (Kovalik, n.d.). The absence of threat is necessary for the student to do
reflectivethinking. Thisprinciple correlateswith the brain-based concept of the
brain’s survival response (fight or flight) to any threat situation. It isimportant
toprevent thisreflexivereaction; if itisinvoked, studentswill “ downshift” tothe
lower centers of the brain, and learning will not occur. Students need:

to explore the new and different and to be open to new ideas requiring
confidence that one is in a safe environment, one in which mistakes and
difficulty in understanding/doing something are considered just part of
learning, not an opportunity for sarcasm and put-downs. (Kovalik, n.d., n.p.)

The second principle is meaningful content. Curriculum must have relevance.
L earning shouldinclude examplesthat relateto students’ lives, assuch examples
will assist them in understanding the information. Assignments should allow
students to choose meaningful activities to help them apply and individualize
information (Ally, 2004). This principle relates to the process in which axons
reach out to other neurons and start to form new pathways. Prior knowledgeis
very important and helps to cement new information. Information that has
entered the short-term memory isparked therewhilethestudent isactively using
itinactivitiesthat depend ontherehearsal process(Brunner, 2000). Devel oping
real-life context and importance to the learner is also vital. The brain looks to
make associations between incoming information and experience, while also
seeking patterns of meaning that depend on experiences. Two ways to develop
context and importance are to consider students' prior experiences, and to
encourage studentsto feel that they are part of acommunity. When aninstructor
usesthese strategies, students’ brainsperceivethe new information as meaning-
ful. Students then develop a sense of well being.

Thethird principleisproviding choices. “ Provide optionsasto how learning will
occur, considering multipleintelligencesand personality preferences” (Kovalik,
n.d., n.p.). Choices allow students to have control over the learning process. It
is important to allow choice, as everyone's brain is unique and the correct
selectionsareimportant to activate the right pathways of learning. Choices may
alsoallow theinstructor to challenge studentsin asupportiveenvironment, which
will decrease stress and then enhance learning.

Thefourth principleisestablishing aschedul ethat offersampleand flexibletime
for thorough exploration. Students need enough timeto explore, understand, and
useinformationandskills(Kovalik, n.d.). Timeisneeded by thebrainto seek and
build patterns that can be saved in long-term memory. Students need time to
master askill or concept. Timeisalso needed by the adult student to reflect upon
andinternalizeinformation.
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The fifth principle is an enriched environment that provides a learning atmo-
sphere that reflects what is being taught. An enriched environment is a setting
that provides multisensory input. The more senses that are involved in the
learning experience, thelonger thelearnedinformationwill stay inmemory. The
brain is a multiprocessor of incoming sensory information that performs many
operations simultaneously. A rich sensory environment enhanceslearning with
avariety of stimuli. Examples of activities that might occur in arich sensory
environment includethefollowing: using hands-onitems, visiting sites, reading
books, watching videos, and employing a variety of good references. The
instructor should ensurethat theroomishbody-compatibleby avoiding clutter and
distraction. Instructors should change displays and bulletin boards often, invite
guest speakers, and generally increase overall sensory input. The use of
multimediaintheonlinelearning systemwill be discussed in greater depth later
in this chapter.

Thesixthprincipleiscollaboration. Studentsneed to work together toinvestigate
and solve problems. “Collaboration increases understanding and improves
quality of output. Inthe classroom, collaboration dramatically increases oppor-
tunities for the bodybrain partnership to play an active rather than passive role
inlearning, thusspurring physiological changeinthebrain” (Kovalik, n.d., n.p.).
For collaborationto occur, interaction must occur. Interactionisvital to creating
asense of community, both in the classroom and online. Interaction develops a
sense of community, and can promote deeper and richer learning in the adult
learner. A sense of community personalizesthe material for the learner and may
help to contextualize information. According to Jonassen (2000), learning tasks
that aremeaningful, real-lifetasksor activitiesare considered contextualized. It
isthistypeof learning environment that puts studentsinto learning communities.

Theseventh principleisimmediatefeedback. Itisnecessary to provide coaching
to promote effective teaching or learning. Immediate feedback is necessary for
pattern seeking and program building. Feedback also motivates students and
allowsstudentsto apply what they havelearnedtoreal-lifesituations(Hill, 2001).

The eighth principle is mastery/application, in which students internalize what
they have learned and apply it to real-world situations. It is necessary to ensure
acurriculumthat allowsstudentsto acquiremental programsin order to usewhat
they have learned in real-life situations (Kovalik, n.d.). It isimportant to avoid
imposing perspectives on students, and to permit them to construct their own
knowledge. Instructors should not make assumptions about what their students
need, and should engagein communicationwith them. I nstructorsshould answer
guestionssuch as“What do the students need to know and why?” and “ How will
this information be used?’ (Imel, 2000). Online strategies should foster this
transfer toreal-lifesituations. It ispossibleto conduct simulations, case studies,
and problem-based learning online; these approaches help students develop
personal meaning, as well as contextualize the information.
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The ninth and final principle is the use of movement to enhance learning.
“Movement is crucial to every brain function, including memory, emotion,
language, and learning” (Kovalik, n.d., n.p.). Themovement principlerelatesto
the process of lateralization, in which students’ thinking can become* stuck” on
oneside of thebrain. Cross-lateral, changing activitiesareimportant to keep the
brain active on both sides, and to allow use of the entire brain.

Comparison of Gardner’s and
Kovalik’s Theories

Gardner and Kovalik’ stheoriesserveasmodel sforinstructors. Kovalik’ stheory
isin closer alliance with brain-based strategies than Gardner’s is, since the
former isbased on empirical neurophysiological research. Gardner’ stheory also
considersindividual differences, diversity, and biology; however, histheory does
not appear to be as heavily based on neuroscience research as Kovalik’s does.
Gardner based his theory on cognitive psychology and considered the brain’s
functions. Both of these educator-researchers have chosen to interpret the
research on human learning; however, the author maintains that Gardner’'s
multiple intelligence theory is a piece of the puzzle of Kovalik’s more compre-
hensive theory.

Theauthor wouldincorporateinformationfrom both of thesetheorists, especially
since the author views Gardner’'s theory as a part of Kovalik’s broader
interpretation of neuroscience research. Gardner’s theory has been recognized
by moretheoristsintheliterature, and providesagood foundation for understand-
ing the individuality of students. However, it only addresses individual differ-
ences, and does not address methods of working with all the components of the
“whole person” — including health, environment, context, absence of threat,
respect, and pattern matching — that have been identified by Kovalik and other
neuroscienceresearchers. It isinteresting to notethat both Kovalik and Gardner
developed their theoriesin the early 1990s, when neuroscience research wasin
the early stages of development, and the sameinformation was availableto both
authors.

It isimportant not only to consider individual learning differences, but also to
remember that each person comes with his or her own “set of directions” and
history. The positive effect of incorporating these strategies into the learning
process has been proven by neuroscienceresearch, and should be considered by
instructors devel oping teaching strategies.

Thefollowing section of thispaper will integrateideasabout specific brain-based
strategies with distance learning. There are references to distance learning and
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online learning in the next section; the author considers the two terms to be
synonymous, unless specified otherwise. These strategies are grounded in the
brain-based research and instructional design theories discussed in this paper.
The section will integrate and summarize the principles presented by neuro-
science research, and demonstrate how they can be implemented in an adult
distance-learning or onlinelearning environment.

Brain-Based L ear ning and
Distance L earning

Significant features to consider regarding the online learning environment for
distance learning, the use of multimedia, and adult learning needs, will be
presented. |deas for developing distance-learning courses are presented that
summarize and synthesize key concepts related to brain-based learning and its
implicationsfor theonlineenvironment.

Distance Learning

Distance |learning and the online classroom are becoming more common today .
A trend of increasing dependence ontechnology to assist inlearning isbecoming
more widespread as well (Montgomery & Whiting, 2000). Understanding
neurosci ence research about |earning and cognition can help instructors asthey
develop onlinelearning environmentsfor adults.

The brain-based |earning research substantiates that learning is best facilitated
when students are actively engaged in the creation of knowledge. Interaction
among students (and between students and the instructor) is vital for true
learning. However, technology must be used actively, and not just for transmit-
ting information to studentsin a passive mode (Montgomery & Whiting, 2000).
Students should not be passive recipients of information. Additionally,
constructivists argue that students cannot directly learn from either teachers or
technology. Studentslearn from thinking, and they must be actively involvedin
thelearning process. Technol ogiescan support learning only “if they are used as
intellectual partnersandtool sthat hel plearnersthink” (Montgomery & Whiting,
2000, p. 796).
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Implications for Multimedia

Multimediagivestheinstructor the ability to bring the real world to the learner
with amultisensory approach, using multipletypesof mediasimultaneously and
in an integrated manner. Media might include sound, graphics, video, text,
animation, or any other form of information representation. Multimediacan help
motivate studentsand givethem additional connectionsto their personal knowl-
edgestructures. M ultimediaal so hel pspresent | earning in amultimodal manner,
thusall owing studentsto build their connections, or neural networks, inresponse
to the material being presented. Internet and distance leaning programs can
capitalize on multimedia. Thereisawealth and variety of information available
on the Internet, and instructors should consider this as they design their online
classrooms.

Contemporary multimedia platforms allow a greater degree of learner
control and more freedom for the learner to undertake self-directed
exploration of the material. Such self-directed learning is likely to be more
meaningful and more connected to existing knowledge structures within the
learner’s brain. Therefore, educators should perceive the advantages of
learning programs that include multimedia presentations. (Forrester &
Jantzie, n.d., n.p.)

Opportunitiesto self-paceandto get immediatefeedback should also bebuiltinto
the program or course management system. This allows students to form the
correct “connections prior to reinforcing connections between new and old
information incorporated within existing knowledge structures” (Forrester &
Jantzie, n.d., n.p.).

Distancelearning and multimediapresent new challengesto today’ sinstructors.
Instructorswholearnedintraditional, passive classroomsneedtolearn new skills
and wayss of teaching. Today’ sinstructors must also cope with devel oping new
neural networks as they relate new methods of instruction to the old.

Implications for Preparing the Learner

Preexposure and scaffolding are important methods of preparing students for
learning. Thefollowing arerecommendationsfor instructorsto consider asthey
design onlinelearning environments: (a) use mind maps; (b) present an overview
of class material before the session starts; (c) discover students’ interests and
backgrounds through a discussion board or students’ Web pages; (d) have
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students set their own goalsand integrate them with class goal sfor each unit; (e)
develop a course map with hyperlinks and a site map; provide hyperlinks to
related information; and (f) be a positive role model.

The instructor also needsto consider the multiple intelligences of students and
provideamultimodal environment that allowslearner choice. Recommendations
for implementing this environment include the following: (a) use a variety of
teaching tools and strategies, such as Web quests, real-life projects, role-play
and design complex, and multi-sensory immersion environments; and (b) provide
online studentswith control of navigation.

Implications for the Online Environment

Implications for the online environment include ensuring that there is positive
emotional commitment by the student, with an absence of threat. Frequent
feedback, mutual respect, and strong peer support are vital to maintaining a
positive emotional environment. Specific recommendations for the creation of
such an environment are asfollows: (a) recognizethat itisdifficultto“unlearn”
old beliefs, and allow studentstime to work through conflicts; (b) be aware that
the learning environment may trigger past negative learning experiences for
some adults; (c) use a variety of input methods, including online lectures,
readings, films, videos, audio, journals, models, and pictures; (d) incorporate
health education on topics such asstress management, fluidintakerequirements,
and movement; (e) build“ attention getters” intothe educational plan, and engage
students in group discussions; (f) use humor and acknowledge emotions; (g)
provide interactive feedback using collaborative activities and a discussion
board; (h) increaserapport by devel oping partner |earning, discussions, dialogue,
and collaborative activities; (i) set up a method that allows students to express
concernsin an anonymous, honthreatening forum, such as a separate discussion
board; (j) provide social opportunitiesfor groupsto interact informally; and (k)
set ground rules that emphasi ze respect for fellow students.

It is also important to provide an authentic learning environment in which the
learner can contextualize the patterns found, building on his or her previous
experience. Some specific methodsto achievethisincludethefollowing: (a) Get
thestudents' attention and personalizetheenvironment by using technol ogy that
recognizes the student’s name. (b) Provide meaningful challenges by solving
real-world problems. (¢) Use experiments, and have students investigate using
an active learning approach. (d) Present information through context, which
allows the learner to identify patterns and connect them with previous experi-
ences. (e) Use problem-based learning, collaborative/cooperative learning,
project-based | earning, and servicelearning. (f) Chunk the material; thiswill help
students classify incoming information, and devel op a pattern that they can use
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to build new neural networks. (g) Use students' prior knowledge. (h) Provide a
model of agood performance, and then let students analyze their errors, aswell
as identify general patterns that underlie the concepts being studied.

Implications for the Individual

Everyone’ sbrainisunique. It isimportant to promote active processing, aswell
as encourage reflection by the students. There should be a balance between
novelty and predictability inthe content. M ethods of fostering active processing
and reflection include the following: (a) Use a note-taking function for the
students to write thoughts as they review the online material. (b) Use computer
conferencessuch aslistservs, electronic mail, bulletin boards, and MUDs (multi-
user dimensions) to foster reflection. (¢) Provide waysfor studentsto engagein
metacognitive reflection by using think logs, reflective journals, and group
discussionswithin acooperativelearning setting. (d) Ensurethat the student can
examine the material’ s relevanceto hisor her life. (€) Provide some challenge.
The brain is always looking for novelty and is responding to stimuli; thus, the
environment should be stable and yet novel. (f) Use multifaceted teaching
strategiesin order to capitalize onthestudent’ spreferred method of learning. (g)
Put collected datainto apersonal “scrapbook,” or have each student develop an
e-portfolio.

Impact of Research on Education

The principal implication of brain-based research for education is that online
educators should be responsive to the latest findings on the neuroscience of
learning. Scientific, objective research is proving that learning is an active and
individual process. For the author, the primary question that arises from this
information is this: Why aren’t more educators implementing this type of
training? Why are professors still “performing” in massive lecture halls? The
implications of research in brain-based learning, for teaching and learning are
remarkable. Educators need to be introduced to this research in a manner that
allows them to understand and interpret the findings. Educators should be
prudent when applying thefindingsof brain-based research, but at the sametime,
they should move forward with what is already known.
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Conclusion

The underlying theme of this chapter — which has encompassed Gardner’s
multipleapproachesto understanding, Kovalik’ sintegrated thematicinstruction,
and brain-based |earning — isone of diversity and individuality, which seemto
bein conflict with each other. How can we teach for diversity and yet consider
theindividuality of each student? Thisisthe challengefor educators, asthe new
brain-based research has shown theimportance of diversity and individuality as
characteristics of students.

Knowledge of how the brain learns provides a basis for achieving a better
understanding of how adultslearn. Neuroscientific research hasfound evidence
of the brain’s plasticity and ability to respond throughout life, and it has shown
that adults continue to learn throughout the lifespan. Emotion and sensory
experiences are integral to learning. Meaning making, morals, consciousness,
and associations with others are critical to adult learning.

Two instructional design theories have been discussed that are based on the
biology of learning. Kovalik’sITI theory isthe most comprehensive theory, in
that it incorporates much of the current research on brain-based learning.
Researchers continue to discover more about how the brain learns. As new
informationisdiscovered, new learning theorieswill bedevel oped. Itisimportant
to understand that research on the brainisdynamic and israpidly providing new
information. Instructional designers, aswell asinstructors, need to understand
that the information available today may change in the near future. Instructors
and instructional designers should continueto question what the theories say as
new information emerges.

In the last 30 years, researchers have developed new technological tools to
discover a completely unknown territory, the brain. Brain-based learning is
closely aligned with the constructivist theory of learning, aswell aswith current
information availableon adult|earning. Brain-based research hasprovided facts
and obj ectiveinformationto support how instructorsteach. Theway inwhichthe
learning processisemployed will havethelargest impact on students’ |earning.
A paradigm shift to constructivism that supports new instructional design and
learning theoriesis substantiated by the research that has been presented in this
paper. Learning is the beginning of discovery. Educators should consider
integrating brain research into teaching strategies as | earning theories continue
to be devel oped, refined, and implemented.

Brain-based research is validating the assertion that learning isindividual and
unique. Thisimplies that current practices such as standardized materials and
instructionmay, infact, diminish or inhibit |earning. However, instruction should
not be based solely on neuroscience. Brain-based learning provides new
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directionsfor educators who want to achieve more focused, informed teaching.
With additional researchin brain-based approaches, there may better optionsfor
those struggling with learning. Since no two people have had the same experi-
encesthat modify neural networks, thepotential for cognitivedifferencesamong
individualsis huge. Brain-based research needsto be interpreted for educators
sothat they can utilizethisinformationintheclassroom. Itisvital for theeducator
of tomorrow’ s studentsto understand the importance and implications of brain-
based research.
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