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The Neuroscience of Learning

John W. Collins

Abstract: Significant advances have been made in understanding the neurophysiological basis of learn-
ing, including the discovery of mirror neurons and the role of cyclic adenosine monophosphate (cAMP)
responsive element binding (CREB) protein in learning. Mirror neurons help us visually compare an
observed activity with a remembered action in our memory, an ability that helps us imitate and learn
through watching. Long-term potentiation, the Hebb rule, and CREB protein are associated with the for-
mation of long-term memories. Conversely, protein phosphatase 1 and glucocorticoids are neurophysi-
ological phenomena that limit what can be learned and cause forgetfulness. Gardner’s theory of multiple
intelligences contends that different areas of the brain are responsible for different competencies that
we all possess to varying degrees. These multiple intelligences can be used as strategies for improved
learning. Repeating material, using mnemonics, and avoiding overwhelming stress are other strategies for
improving learning. Imaging studies have shown that practice with resultant learning results in signifi-
cantly less use of brain areas, indicating that the brain becomes more efficient. Experts have advantages
over novices, including increased cognitive processing efficiency. Nurses are in a unique position to use
their understanding of neurophysiological principles to implement better educational strategies to provide

quality education to patients and others.

In 1986, Boss wrote about the neuroanatomical and
neurophysiological basis of learning. Since then,
significant advances have been made in our under-
standing of these phenomena. Long-term poten-
tiation (LTP) and cyclic adenosine monophosphate
(cAMP) responsive element binding (CREB) protein
activation are two aspects of long-term memory for-
mation. In addition, mirror neurons have been iden-
tified; they are implicated in learning new tasks.
This article describes these and other advances in
the neuroscience of learning—including Gardner’s
theory of multiple intelligences—that are appli-
cable to patient and nurse education. Nursing
implications are also presented.

Classification of Memory

There are several ways to classify memory (Table 1).
Short-term (working) memory and long-term memo-
ry constitute the most basic classification (Miyashita,
2004). Long-term memory is divided into declarative
and nondeclarative forms. Declarative memory, also
called explicit long-term memory, is subdivided into
semantic memory and episodic memory (Miyashita;
Squire, 2004). Declarative memory is the conscious,
intentional recognition of previous experiences,
including facts (Kolb & Whishaw, 2003). Semantic
memory involves remembering factual knowledge,
including learning text, phone numbers, or trivia.
Episodic memory is memory associated with events,
locations, or circumstances.

Memory processing is categorized into three stag-
es: acquisition, consolidation, and retrieval (Lupien
& McEwen, 1997). Acquisition is the time when the
individual acquires the information to be remem-
bered. Consolidation is the conversion of declarative
memory into long-term memory. Retrieval is the
process of recalling a memory.

Both semantic and episodic memories are con-
solidated in the hippocampus, which is located in
the medial temporal lobe (Miyashita, 2004; Squire,
2004). Semantic memories formed over time do not
require the hippocampus for retrieval because these
memories are retrieved from the cortex (Miyashita).
It is unclear whether the hippocampus is required
for the retrieval of episodic memory.

Nondeclarative memory, also known as implicit
long-term memory, involves procedural memory, per-
ceptual representation (e.g., recalling remembered
sensory phenomena), and simple classical condi-
tioning. Nondeclarative memory is an unconscious,
nonintentional form of memory that is expressed
through performance rather than recollection (Kolb
& Whishaw, 2003; Squire, 2004). Procedural memory
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— Table 1. Classification of Long-Term Memory

Memory Type Item Remembered
Declarative or explicit

Semantic Facts

Episodic Events

Nondeclarative or implicit
Procedural Skills
Perceptual representation Sensory
Simple classical conditioning Emotional or skeletal responses

Note. Information from “Cognitive Memory: Cellular and Network
Machineries and Their Top-Down Control,” by Y. Miyashita, 2004, Science,
306, 435-440 and “Memory Systems of the Brain: A Brief History and
Current Perspective,” by L. R. Squire, 2004, Neurobiology of Learning and
Memory, 82, 171-177.

is the memory of knowing how to do something and
includes the memory of motor events and skills, such
as riding a bike or giving an injection (Squire). The
striatum, a subcortical motor area, is responsible
for procedural memory. The striatum consists of the
caudate, putamen, and ventral striatum (Gazzaniga,
2004). Perceptual representation is the recalling
of sensory memories (e.g., the way a bird looks or
sounds when singing). Perceptual learning occurs in
the neocortex. Simple classical conditioning consists
of an emotional component, which is stored in the
amygdala, and skeletal responses, which are stored
in the cerebellum (Squire). These memory classifica-
tions have different neuroanatomical locations in
the brain yet operate in parallel with each other
(Miyashita, 2004; Squire).

Learning and long-term memory are intricately
related. Kandel and Hawkins (1995) noted that
learning is the process by which one acquires
new knowledge. Memory is the process by which
knowledge is retained. For long-term memory to
occur, changes in the neurons must occur (Kolb &
Whishaw, 2003). Specific changes are addressed
later in this article.

In one of the most publicized neuropsychological
case studies, HM illustrates the difference between
the declarative and nondeclarative memory systems
(Parkin, 1996). Subsequent to head trauma from a
bicycle accident when he was 7 years old, HM devel-
oped petit mal and grand mal epilepsy, which signifi-
cantly interfered with his activities of daily living. In
the 1950s, as a treatment for seizures, he underwent
a medial temporal lobectomy, including removal
of the hippocampus. The hippocampus, which is
part of the medial temporal lobe, is essential
for consolidating long-term memories (Miyashita,
2004). After surgery, the quantity and severity of
the seizures were reduced, but HM was left with
antegrade amnesia. In HM’s case, antegrade amnesia

meant that he had no declarative memory of any
events after the operation. In other words, HM lost
the ability to commit to long-term memory any
facts and events that occurred after the operation.
He retained implicit (nondeclarative) memory, such
as procedural memory, so he had the ability to
learn new and remember previously learned skills
and procedures; however, he could not learn any
new facts. This example illustrates that declara-
tive memory and nondeclarative memory are two
separate memory systems. Though separate, some
activities, such as performing a neurological exam
and recognizing an abnormality by name, engage
both memory systems.

Theory of Multiple Intelligences
Gardner (1983) recognized that different areas of the
brain are responsible for different competencies. He
labeled these competencies as different intelligences
that we all possess to varying degrees. Gardner
(1999) updated and slightly expanded the original
list of multiple intelligences. He derived his theory
from multiple sources, including personal musical
experience, observations of gifted individuals, and
evidence from experimental psychology and neuro-
science. These intelligences are linguistic, logical-
mathematical, spatial, bodily-kinesthetic, musical,
interpersonal, intrapersonal, and naturalist (Table 2).
Gardner noted that traditional IQ tests measure
only a limited amount of our human potential,
primarily logical-mathematical intelligence, with
some testing of spatial and linguistic intelligences.
Musical, bodily-kinesthetic, and intrapersonal intel-
ligences are not measured on traditional 1Q tests.
Gardner’s theory of multiple intelligences has
been criticized because research has not docu-
mented specific evidence of intelligences located
in specific areas of the brain. Klein (1997) felt that
some of Gardner’s intelligences overlap in the cog-
nitive areas of the brain. In contrast, Kornhaber
(2004) noted that the theory of multiple intelli-
gences has been associated with improvement in
both standardized test scores and the behaviors of
elementary students, including students with dis-
abilities. In addition, the theory of multiple intel-
ligences has also been associated with increased
parental participation, suggesting that it is being
used selectively in schools.

Mirror Neurons and Their Role in
Learning

It is natural when learning to do a new task to
mimic and copy this new task. Specific brain neu-
rons, called mirror neurons, help us learn action
tasks (Rizzolatti & Craighero, 2004). These mir-
ror neurons help us visually compare an observed



Intelligence Name
Linguistic
Logical-mathematical
Musical
Bodily-kinesthetic
Spatial

Interpersonal

Intrapersonal

Naturalist

— Table 2. Gardner’s Intelligences
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Description of Intelligence

The ability to learn, speak, and write language
The ability to logically problem solve, perform
math, and research scientifically

The ability to perform, compose, and
appreciate music

The ability to use all or part of the body

The ability to visualize and manipulate objects
in space

The ability to understand and work well with
other people

The ability to understand oneself and to use
the information effectively in one’s own life

The ability to recognize and classify the living

Occupations Favored
Lawyers, speakers, writers, and poets

Mathematicians and scientists

Musicians, musical composers, and musical
directors

Athletes, dancers, surgeons, and crafts-
people

Pilots, air traffic controllers, architects, and
graphic artists

Clergy, salespeople, teachers, and politicians

Naturalists, botanists, hunters, farmers, and

world

marine biologists

Note. Information from Intelligence Reframed: Multiple Intelligences for the 21st Century, by H. Gardner, 1999, New York: Basic Books.

activity with a remembered action in our motor
memory repertoire (procedural memory). The closer
the match, the easier it is to repeat this new activity.

Mirror neurons were discovered in the monkey
premotor cortex in the early 1990s (Rizzolatti &
Craighero, 2004). They were named mirror neurons
because they fire both when an individual performs
an activity and when the individual observes that
same activity being performed by another individu-
al. Mirror neurons have further been implicated in
the understanding of the actual intentions behind
others’ actions (Iacoboni et al., 2005).

Neurophysiology of Learning
Several neurophysiological phenomena relate to
learning. The Hebb rule, LTP, and CREB protein are
associated with the formation of long-term memo-
ries. Neuroscientists believe that for short-term
memories to be converted into long-term memories,
a structural change must occur within the neu-
rons (Miyashita, 2004; Silva, Kogan, Frankland,
& Kida, 1998). Increased protein synthesis leads
to the structural reorganization of the neurons.
CREB protein activation has been implicated in
the formation of long-term memories (Silva et al.).
Without CREB protein activation, short-term mem-
ories are not converted into long-term memories. In
experiments with mice, a mutated form of CREB
protein was used, and long-term memories were not
formed. Deficits in CREB protein activation can be
compensated for through extended, spaced training
sessions; when more CREB protein is activated,
learning occurs with less training.

Hebb (1949) hypothesized that with repeated
firing of a particular neuron’s synapse, the cell’s

efficiency is improved at that synapse (Klein, 1999).
This phenomenon has been named Hebb’s rule, and
it was first shown to occur with LTP.

LTP refers to a group of relatively longer-lasting
enhancements of improved efficiency at the synapse
(Hodgson, Standish, Boyd-Hodgson, Henderson, &
Racine, 2004; Silva et al., 1998). After a burst
of high-frequency stimulation to a monosynaptic
pathway, the postsynaptic response magnitude is
significantly increased. This enhanced response per-
sists indefinitely and is associated with changes in
the density and the length of the dendrite of the
postsynaptic neuron (Kolb & Whishaw, 2003). LTP
is a prime candidate for long-term memory forma-
tion because of its longevity and its associativity
and reversibility properties (Silva et al.). Repeated
stimulation of neurons in the hippocampus will
cause LTP (Frey & Morris, 1997). Though LTP
has been induced purposefully under experimental
conditions, these same long-term changes are also
believed to occur in the neuron with repeated stimu-
lation—structural changes that are fundamental
for long-term memory formation. It is hypothesized
that a cAMP second messenger system with protein
phosphatases determines when LTP can occur at
synapses. Experiments have been performed with
unilateral training in rats, with the untrained side
serving as a control. Hodgson et al. concluded that
the trained hemisphere relies on mechanisms in
common with LTP.

Fields (2005) reviewed some molecular factors
that cause the conversion of short-term to long-
term memories. Genes in the nucleus are activated
and synthesize proteins that strengthen synapses.
The strength of signals, the frequency with which a
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synapse is used, and the passage of time allow this
process to occur. Practice and repetition are major
factors in whether a short-term memory becomes a
long-term memory (Genoux et al., 2002).

Conversely, protein phosphatase 1 (PP1) and gluco-
corticoids are neurophysiological phenomena that
limit what can be learned and cause forgetfulness.
PP1 acts as a constraint on learning and memory
(Genoux et al., 2002). It is believed that PP1 inac-
tivates CREB protein (Silva et al., 1998). PP1 is
activated by modest but enduring changes in intra-
cellular calcium (Gazzaniga, 2004); conversely, PP1
is inhibited, and LTP is induced, by higher, yet brief,
intracellular levels of calcium. Repetition of an activ-
ity to be learned, when interspersed with rest peri-
ods, has been shown to inhibit PP1 and induce LTP
(Genoux et al.). One might ask why there is a protein
that causes forgetfulness. It is not beneficial for
people to remember everything. There is a survival
advantage to remember, recall quickly, and learn
and recognize important or threatening phenomena.
PP1 provides a system of checks and balances.

Low to moderate stress, however,

actually facilitates memory. Thus, some

endogenous corticosteroids are necessary

for optimal mental performance.

Another factor that is detrimental to learning
and memory formation and retrieval occurs with
excessive glucocorticoid release secondary to stress
(de Quervain, Roozendaal, & McGaugh, 1998).
Corticosteroids have a U-shaped effect on memory
(Lupien & McEwen, 1997). Low or high corticosteroid
levels impair memory acquisition, consolidation, and
retrieval. Both Addison disease (low corticosteroid
levels) and Cushing syndrome (high corticosteroid
levels) are known to cause fatigue and irritability
(Kasper et al., 2005). Fatigue and irritability impede
one’s ability to concentrate, and these states are stress-
ful. Prolonged or severe stress with excessive cortico-
steroids disrupts LTP and causes dendritic atrophy
in the hippocampus (Gazzaniga, 2004). In addition,
brain imaging in patients with Cushing syndrome
has shown decreases in hippocampal volume that are
normalized after several months of treatment. Low to
moderate stress, however, actually facilitates memory.
Thus, some endogenous corticosteroids are necessary
for optimal mental performance.

Expert Learning

Studying people who are considered experts is advanta-
geous for two reasons: categorizing what differentiates
experts from novices is fundamentally enlightening,

and the strategies that experts use may be benefi-
cial for effective learning in general. Memory experts,
or mnemonists, are able to remember many details,
such as names, numbers, and items. They are able to
memorize the order of each card in a shuffled deck of
52 standard playing cards in less than 3 minutes and
then accurately recall the exact sequence of all 52 cards
(Butcher, 2000).

Memory experts, in general, use different memory
strategies than most other experts, including experts in
diverse fields such as chess, bridge, music, nursing, med-
icine, computer programming, and teaching. Memory
experts use mnemonics, especially visual mnemonics
(Butcher, 2000; Maguire, Valentine, Wilding, & Kapur,
2003). In a study comparing 10 memory experts with 10
control participants using standard neuropsychological
measures and functional magnetic resonance imaging
(MRI; Maguire et al., 2003), those with superior memo-
ries used a spatial learning strategy to improve encod-
ing and the retention of numbers. The memory experts
were no better than the control participants when
attempting to remember random patterns. This spatial
strategy engages six specific brain regions: the medial
parietal cortex, retrosplenial cortex, right posterior hip-
pocampus, right cingulate cortex, left fusiform cortex,
and left posterior inferior frontal sulcus. These brain
regions are important in mental imagery and spatial
working memory tasks (Gazzaniga, 2004).

Hill and Schneider (2006) discussed many aspects
regarding the brain changes that occur with the
gaining of expertise. There is a myth that we use
only 10% of our brains, with the concomitant infer-
ence that more brain usage is better. The brain is
very domain specific. For example, visual images are
processed mostly in the occipital lobes, while sounds
are processed in the parietal lobes. Furthermore,
imaging studies have shown that practice with resul-
tant learning from the repetitive practice results in
significantly less utilization of brain areas. In other
words, the brain becomes more efficient. Experts
have greater cognitive processing efficiency com-
pared to novices. In addition, experts have enriched
representations of the knowledge of their specific
fields. Experts have the ability to flexibly use dif-
ferent strategies by recruiting various brain regions
to solve a range of problems, which gives them an
advantage over novices. Experts also recognize and
have in their repertoire a large number of patterns,
which they can access automatically to solve prob-
lems (Hill & Schneider).

Nursing Implications for Learning

Thenursingimplications forlearninginclude patient
education and nurse education. The learning strat-
egies presented here are not mutually exclusive to
patients or nursing students. Presenting material
in different sensory modalities is a useful strategy



both in the classroom and in patient education. The
material presented can be used to design teaching
strategies or personal learning strategies.

Patient Education

Because different activities are processed in differ-
ent parts of the brain, if one part of a patient’s brain
is injured or impaired, the nurse can search for other
areas that are not impaired. For example, if Wernicke’s
language area is damaged, receptive aphasia will occur.
This means the patient will have trouble reading and
understanding written materials. Therefore, to attempt
to communicate and gain connection with the patient,
the nurse can explore alternate areas of the brain, such
as musical, interpersonal, and bodily-kinesthetic areas.
Simple gesturing, showing pictures, mirroring but not
mimicking body mannerisms, and even singing can be
used to communicate and connect with the patient.

An important practice for optimal learning is that
rest intervals be interspersed between learning ses-
sions. When patients appear overwhelmed with the
learning, allowing them to rest and then resuming
when they are more alert will increase the amount
learned. Physical and psychological stress is usually a
component of illness. Learning in healthcare settings
is often impaired by the effects of stress and the con-
comitant high compensatory glucocorticoid secretion,
increased production of PP1, and decreased CREB pro-
tein activation and LTP. A patient education program
may include the learning of many new details. If these
details are lumped into a single lesson, some patients
will be overwhelmed. Thus, these patients experience
the activity but do not retain anything. The antidote
is to include patient participation in presentations,
including restating the teaching and demonstrating the
information taught.

Nurse Education
Because practice and repetition are major factors
in committing information to long-term memo-
ry, important material needs to be repeated and
emphasized. Neuroscience teaches us several ways
that material can be emphasized. A powerful tech-
nique is to build on existing learning networks.
This approach incorporates new learning experi-
ences into existing long-term memory. Presenting
material in different sensory modalities is another
technique used by educators. Linking visual pic-
tures of the material with existing knowledge is an
example of using sensory modalities in education.
Gardner’s theory of multiple intelligences suggests
another learning strategy. Using the different intel-
ligences to emphasize an important lesson is not only
useful but also common in nursing. For example, learn-
ing about intravenous fluid and medication adminis-
tration is challenging for most nursing students. It is
common to study the medications and the technique,
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which involves linguistic intelligence. Calculating flow
rates and the quantities of medication is categorized as
logical-mathematical learning. Finally, nursing students
practice the technique in a nursing lab, which involves
both spatial and bodily-kinesthetic intelligences.

Summary

Nurses are in a unique position to understand
neurophysiological principles and implement edu-
cational strategies based on these principles to pro-
vide quality education to patients and others. This
is an exciting time because cognitive neuroscience
is finally able to explain how and why these tech-
niques work from a neurophysiological perspective.
Even more exciting is that there will be many more
breakthroughs and refinements in our understand-
ing of learning during this century.
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