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In briefIn brief

� Concepts from Mind, Brain, and Education science 
(neuroeducation), commonly referred in the popular 
press as “brain-based learning,” have been applied 
indiscreetly and inconsistently to classroom teaching indiscreetly and inconsistently to classroom teaching 
practices for many years. 

� While standards exist in neuroscience, psychology 
and pedagogy, until recently there were no agreed 
upon standards in their intersection, Mind, Brain, and 
Education science (Neuroeducation). Some of these 
standards will be discussed today.



Today'sToday's FocusFocus

1.1. Background information Background information ((premises))

2.2. New ModelNew Model
a.a. Educational conceptsEducational conceptsEducational conceptsEducational concepts

i.i. “Well“Well--established”established”
ii.ii. “Probably so”“Probably so”
iii.iii. “Intelligent speculation”“Intelligent speculation”
iv.iv. “Neuromyths”“Neuromyths”

3.3. QuestionsQuestions

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.



Three PremisesThree Premises

1.1. The new academic discipline in discussion is the The new academic discipline in discussion is the 
intersection of neuroscience, education and intersection of neuroscience, education and 
psychology.psychology.
The focus is equally balanced between knowledge The focus is equally balanced between knowledge 2.2. The focus is equally balanced between knowledge The focus is equally balanced between knowledge 
of how humans of how humans learnlearnand how best to and how best to teachteach..

3.3. The structure of today’s talk will be a mix of new The structure of today’s talk will be a mix of new 
theory, established findings, and examples from theory, established findings, and examples from 
classroom settings.classroom settings.



Independent Academic Discipline?Independent Academic Discipline?

Round 3 What Should the Field be Called?
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Pros and Cons of Establishing a Pros and Cons of Establishing a 
New FieldNew Field

NOT  a new academic NOT  a new academic 
field:field:

�� “Easier” (relationships “Easier” (relationships 
are, at most, bilateral, are, at most, bilateral, 

NEW Academic Field:NEW Academic Field:
�� Requires effort in Requires effort in 

terms of outreach to terms of outreach to 
other fields to cross other fields to cross are, at most, bilateral, are, at most, bilateral, 

not multidisciplinary);not multidisciplinary);
�� Adhere to existing Adhere to existing 

standards;standards;
�� Scope: Keep studying Scope: Keep studying 

“learning.”“learning.”

other fields to cross other fields to cross 
disciplines (research disciplines (research 
and practice);and practice);

�� Scope: Start studying Scope: Start studying 
the relationship the relationship 
between “learning” between “learning” 
and “teaching”and “teaching”



One preOne pre--judgementjudgement

� This presentation is made by an educator 
who is striving to be a Mind, Brain, and 
Education Scientists. Education Scientists. 

� "We know a little of what goes on in the 
brain when we learn, but hardly anything 
about what goes on in the brain when we 
teach," (Blakemore & Frith, 2008, p.118).



Good teaching methodologies 
and activities can come from:

�� A single disciplineA single discipline

�� Bilateral cooperation between Bilateral cooperation between 
disciplinesdisciplinesdisciplinesdisciplines

�� Multiple disciplinesMultiple disciplines

� The more academic fields that 
offer support for a teaching 
methodology or activity, the 
more credible it is.



Background of the StudyBackground of the Study

DissertationDissertation
1.1. Grounded Theory development based on a metaGrounded Theory development based on a meta--

analysis of the literature (1977analysis of the literature (1977--2007), over 4,500 2007), over 4,500 
documents reviewed (2,266).documents reviewed (2,266).documents reviewed (2,266).documents reviewed (2,266).

2.2. New Model developed.New Model developed.
3.3. Delphi expert panel (20 experts from six Delphi expert panel (20 experts from six 

countries) discussed 11 topics (25; 7) in three countries) discussed 11 topics (25; 7) in three 
rounds.rounds.

4.4. New Model modified. New Model modified. 
5.5. Comparison with existing literature.Comparison with existing literature.



Participants in the DelphiParticipants in the Delphi

� Daniel Ansari
� Michael Atherton
� Jane Bernstein
� Sarah Jayne Blakemore

� Usha Goswami
� Christina Hinton
� Mary Helen 

Immordino-Yang
Eric Jensen

� Virginia Berninger
� John T. Bruer

� Howard Gardner
� Renate Nummela-

Caine
� Donna Coch
� David Daniel
� Stanislas Dehaene
� Marian Diamond 
� Kurt Fischer
� John Geake

� Eric Jensen
� Jelle Jolles

� Michael Posner

� Marc Schwartz

� Rita Smilkstein

� David Sousa

� Judy Willis

� Howard Gardner

� Paul Howard-Jones

� Hideaki Koizumi



Topics Researched in Mind, Topics Researched in Mind, 
Brain, and Science Education Brain, and Science Education 

1. Neuroimaging
2. Neurotransmitters and Chemicals
3. Neurogenesis and Plasticity
4. Theories of Consciousness4. Theories of Consciousness
5. Beliefs about Intelligence
6. New Learning Theories
7. Neuroethics
8. Learning Differences
9. Mind-Body Connection

a. Sleep
b. Physical Exercise
c. Nutrition



Major Brain Functions in the Major Brain Functions in the 
ResearchResearch

1.1. ArtArt
2.2. CreativityCreativity
3.3. LanguageLanguage

1.1. Affect and EmpathyAffect and Empathy
2.2. EmotionsEmotions
3.3. MotivationMotivation

School Subjects Life Skills

3.3. LanguageLanguage
4.4. ReadingReading
5.5. MathMath
6.6. MusicMusic
7.7. ScienceScience

4.4. AttentionAttention
5.5. Executive Functions and/or Executive Functions and/or 

DecisionDecision--MakingMaking
6.6. Facial Recognition and Facial Recognition and 

InterpretationInterpretation
7.7. MemoryMemory
8.8. Social CognitionSocial Cognition
9.9. Spatial ManagementSpatial Management
10.10. Time ManagementTime Management



Eleven Areas Discussed by the Eleven Areas Discussed by the 
ExpertsExperts

1. Name of the emerging field;
2. Academic roots;
3. Definition of terms;
4. The overarching research, practice and policy goals of the emerging field;
5. History;5. History;
6. Thought leaders;
7. Steps to judging quality information;
8. Organizations and societies qualified to judge the information;
9.9. BELIEFS AND NEUROMYTHS BELIEFS AND NEUROMYTHS (today’s focus);(today’s focus);
10. Enhanced communication between professionals in the parent disciplines;
11. Design of a new Master’s program to meet the needs of new professionals in 

the emerging field.

For complete dissertation, email tracey.tokuhama@gmail.com



The The 
New ModelNew Model
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� The categorization of neuromyths and the beliefs agreed upon 
by the Delphi expert panel pointed to the main tenets and 
principles of Mind, Brain, and Education science. 

� The tenets are relative to each individual learner while the 
principles are important in the same way for all learners. 

� The tenets and principles define the instructional guidelines of 
the field.



StandardsStandards

The standards used to develop and judge existing The standards used to develop and judge existing 
information in the field are in accordance with the information in the field are in accordance with the 
Delphi panel findings. That is, standards are Delphi panel findings. That is, standards are 

“an appropriate synergy of standards in neuroscience, “an appropriate synergy of standards in neuroscience, “an appropriate synergy of standards in neuroscience, “an appropriate synergy of standards in neuroscience, 
psychology, and pedagogy, as rigorous as those from psychology, and pedagogy, as rigorous as those from 
neurology, psychology, and pedagogy and in addition neurology, psychology, and pedagogy and in addition 
should include a set of ethical guidelines for evaluating not should include a set of ethical guidelines for evaluating not 
only the soundness of information but its usefulness, only the soundness of information but its usefulness, 
appropriateness and applicability to learning environments” appropriateness and applicability to learning environments” 

(Tokuhama(Tokuhama--EspinoEspinosa, 2008, p.82).sa, 2008, p.82).



Research GoalsResearch Goals
The RESEARCH goals of the emerging field of The RESEARCH goals of the emerging field of Mind, Brain, and Mind, Brain, and 

EducationEducationscience are to:science are to:

�� Establish a working understanding of the dynamic relationships Establish a working understanding of the dynamic relationships 
between how we learn, how we educate, how the brain constructs new between how we learn, how we educate, how the brain constructs new between how we learn, how we educate, how the brain constructs new between how we learn, how we educate, how the brain constructs new 
learning, and how the brain organizes and processes information learning, and how the brain organizes and processes information 

�� Study how brain mechanisms contribute to education and learning;Study how brain mechanisms contribute to education and learning;
�� Study relationships between development and the biology of the brain;Study relationships between development and the biology of the brain;
�� Develop insights into the neuroscientific and cognitive scientific Develop insights into the neuroscientific and cognitive scientific 

determinants of normal, successful and borderline/pathological determinants of normal, successful and borderline/pathological 
learning and apply these into the field of education according to learning and apply these into the field of education according to 
evidenceevidence--based principles;based principles;

�� Study the role of the nervous system in education;Study the role of the nervous system in education;



Research Goals (con’t)Research Goals (con’t)
The RESEARCH goals of the emerging field of The RESEARCH goals of the emerging field of Mind, Brain, and EducationMind, Brain, and Education

science are to:science are to:

�� Study context and psychosocial factors (such as social economic factors, Study context and psychosocial factors (such as social economic factors, 
levels of parental education, intellectually stimulating environments, and levels of parental education, intellectually stimulating environments, and 
culture) as they interact with biological influences on learning;culture) as they interact with biological influences on learning;

�� Study how biopsychological factors (such as sleep, nutrition, stress) can Study how biopsychological factors (such as sleep, nutrition, stress) can 
modulate learning and the efficiency of teaching;modulate learning and the efficiency of teaching;

�� Study lifelong learning in the context of ‘the developing teacher,’ including Study lifelong learning in the context of ‘the developing teacher,’ including 
how teacher selfhow teacher self--efficacy impacts student learning, teacher experience efficacy impacts student learning, teacher experience 
contributes to classroom experiences, and information processing in a contributes to classroom experiences, and information processing in a 
teachers at different ages;teachers at different ages;

�� Study how student selfStudy how student self--regulation, metacognition, and higher order thinking regulation, metacognition, and higher order thinking 
skills can be best developed; andskills can be best developed; and

�� Determine how and why certain pedagogical practices are successful. Determine how and why certain pedagogical practices are successful. 

(Source: Tokuhama(Source: Tokuhama--EspEspinosa, 2008, p.38inosa, 2008, p.38--39)39)



Practice GoalsPractice Goals
The PRACTICE goals of the emerging field are to: The PRACTICE goals of the emerging field are to: 

�� Align learning and teaching with how human beings are biologically Align learning and teaching with how human beings are biologically 
organized for learning;organized for learning;

�� Reciprocally connect research with practice on processes of learning and Reciprocally connect research with practice on processes of learning and 
teaching;teaching;

�� Apply neurobiological principles to the theory and practice of education;Apply neurobiological principles to the theory and practice of education;�� Apply neurobiological principles to the theory and practice of education;Apply neurobiological principles to the theory and practice of education;

�� Study and evaluate how findings from research in neurosciences can be Study and evaluate how findings from research in neurosciences can be 
applied to educational practice;applied to educational practice;

�� Apply research findings in cognitive neuroscience to educational practice Apply research findings in cognitive neuroscience to educational practice 
and theory;and theory;

�� Use successful classroom experiences as points of departure for continued Use successful classroom experiences as points of departure for continued 
research in the neurosciences; andresearch in the neurosciences; and

�� Apply our understanding of the brain to education.Apply our understanding of the brain to education.

(Tokuh(Tokuhamaama--Espinosa, 2008, p.41)Espinosa, 2008, p.41)



Policy GoalsPolicy Goals

The POLICY goals of the emerging field are to:The POLICY goals of the emerging field are to:

�� Inform educational policy and practice with research on the science of Inform educational policy and practice with research on the science of 
learning;learning;

�� Improve the efficiency of education policies, both for normal and for Improve the efficiency of education policies, both for normal and for �� Improve the efficiency of education policies, both for normal and for Improve the efficiency of education policies, both for normal and for 
atat--risk children, by relying on scientific principles of how the child's risk children, by relying on scientific principles of how the child's 
brain/mind operates, both for the design and for the evaluation of brain/mind operates, both for the design and for the evaluation of 
education strategies;education strategies;

�� Continually encourage the pursuit of neuroscientifically substantiated Continually encourage the pursuit of neuroscientifically substantiated 
beliefs founded in educationallybeliefs founded in educationally--inspired research questions, the results inspired research questions, the results 
of which have potential application to educational practice; andof which have potential application to educational practice; and

�� Inform neuroscientific research directions through experiences in Inform neuroscientific research directions through experiences in 
education. education. 

(To(Tokuhamakuhama--Espinosa, 2008, p.44)Espinosa, 2008, p.44)



Criteria used to categorize conceptsCriteria used to categorize concepts

In Understanding the brain: The birth of a learning sciencethe Organisation 
for Economic Cooperation and Development (OECD, 2002) proposed a 
continuum of four categories of concepts (beliefs to neuromyths):

A.A. What is well established (i.e. What is well established (i.e. plasticityplasticity, which now has hundreds of , which now has hundreds of 
credible human studies behind it);credible human studies behind it);credible human studies behind it);credible human studies behind it);

B.B. What is probably so (i.e., What is probably so (i.e., sensitive periodssensitive periods, which has hundreds of studies , which has hundreds of studies 
behind it, though not all conducted on humans); behind it, though not all conducted on humans); 

C.C. What is intelligent speculation (i.e., What is intelligent speculation (i.e., gender differencesgender differences, which has , which has 
thousands of studies behind it, albeit of mixed quality and sometimes with thousands of studies behind it, albeit of mixed quality and sometimes with 
contradictory findings); and contradictory findings); and 

D. What is popular misconception or a neuromyth (i.e., "right brain" and 
"left brain" discussion, which has been the target of thousands of books 
and articles, some of which promote the term, but most of which criticize 
the lack of factual accuracy of the claim).



WHAT IS WELL-ESTABLISHED
Four Categories of Information 

in the Emerging Field of 
Educational Neuroscience / 
Mind, Brain, and Education 

Science 

Best Evidence Encyclopedia What Works 
Clearinghouse 

WHAT IS WELL-
ESTABLISHED 
 
A1. � Human brains are as unique 
as faces; while the basic 

STRONG EVIDENCE OF 
EFFECTIVENESS 
 
At least one large randomized or randomized 
quasi-experimental study, or multiple smaller 

POSITIVE EFFECTS 
 
Strong evidence of a 
positive effect with no 
overriding contrary 

Well-established                 Probably so              Intelligent speculation               Neuromyth

as faces; while the basic 
structure is the same, there are 
no two which are identical. 
While there are general patterns 
of organization in how different 
people learn and which brain 
areas are involved, each brain is 
unique and uniquely organized.Ó  
(A1) 
 

quasi-experimental study, or multiple smaller 
studies, with a median effect size of at least 
+0.20. A large study is defined as one in 
which at least 10 classes or schools, or 250 
students, were assigned to treatments. Smaller 
studies are counted as equivalent to a large 
study if their collective sample sizes are at 
least 250 students. If randomized studies have 
a median effect of at least +0.20, the total set 
of studies need not have a median effect size.  

overriding contrary 
evidence. 
 
To or more studies 
showing statistically 
significant positive 
effects, at least one of 
which met WWC 
evidence standards for a 
strong design. 
 
No studies showing 
statistically significant 
or substantively 
important negative 
effects. 

 



WHAT IS PROBABLY SO
Four Categories of Information 

in the Emerging Field of 
Educational Neuroscience / 
Mind, Brain, and Education 

Science 

Best Evidence Encyclopedia What Works Clearinghouse 

WHAT IS PROBABLY SO  
 
B1. � Human brains seek and 

MODERATE EVIDENCE OF 
EFFECTIVENESS  
 

POTENTIALLY POSITIVE EFFECTS 
 
Evidence of a positive effect with no 

Well-established                 Probably so              Intelligent speculation               Neuromyth

B1. � Human brains seek and 
often quickly detect novelty, 
(which is individually 
defined).Ó (B1) 
 

 
One large matched study or 
multiple smaller studies with a 
collective sample size of 250 
students, with a median effect 
size of at least +.0.20 
 

Evidence of a positive effect with no 
overriding contrary evidence. 
 
At least one study showing a statistically 
significant or substantively important 
positive effect. 
 
No studies showing statistically 
significant or substantively important 
negative effects and few or the same 
number if studies showing indeterminate 
effects than showing statistically 
significant or substantively important 
positive effects. 

 



WHAT IS INTELLIGENT SPECULATION

Four Categories of Information 
in the Emerging Field of 

Educational Neuroscience / 
Mind, Brain, and Education 

Science 

Best Evidence Encyclopedia What Works Clearinghouse 

WHAT IS INTELLIGENT 
SPECULATION  
 

LIMITED EVIDENCE OF 
EFFECTIVENESS 
 

MIXED EFFECTS 
 
Evidence of inconsistent effects as 

Well-established                 Probably so              Intelligent speculation               Neuromyth

 
C8. � Self-esteem impacts 
learning and academic 
achievement.Ó (C8) 
 

 
At least one qualifying study 
with a significant positive 
effect and/or median effect size 
of +0.10 or more. 

Evidence of inconsistent effects as 
demonstrated through either of the 
following: at least one study showing a 
statistically or substantively important 
positive effect and at least one study 
showing a statistically significant or 
substantively important negative 
effect, but no more such studies than 
the number showing a statistically 
significant or substantively important 
positive effect, or at least one study 
showing a statistically significant or 
substantively important effect than 
showing a statistically significant or 
substantively important effect.  

 



WHAT IS POPULAR MISCONCEPTION 
OR A NEUROMYTH

Four Categories of Information in 
the Emerging Field of Educational 
Neuroscience / Mind, Brain, and 

Education Science 

Best Evidence 
Encyclopedia 

What Works Clearinghouse 

WHAT IS POPULAR INSUFFICIENT NO DISCERNIBLE EFFECTS 

Well-established                 Probably so              Intelligent speculation               Neuromyth

WHAT IS POPULAR 
MISCONCEPTION OR A 
NEUROMYTH 
 
D1. � On average, most people use 
about 10% of their brains.Ó (D1) 
 

INSUFFICIENT 
EVIDENCE 
 
Studies show no 
significant differences. 
 
NO QUALIFYING 
STUDIES. 

NO DISCERNIBLE EFFECTS 
 
No affirmative evidence of effects. None of 
the studies show a statistically significant or 
substantively important effect, either positive 
or negative. 
 
Or 
NO QUALIFYING STUDIES. 
 
Or 
POTENTIALLY NEGATIVE EFFECTS 
 
Or 
NEGATIVE EFFECTS 

 



Beliefs and NeuromythsBeliefs and Neuromyths

Well-established       Probably so       Intelligent speculation     Neuromyth

5                           19                          24                              28 

concepts                concepts               concepts                    concepts

Well-established       Probably so       Intelligent speculation     Neuromyth



WELLWELL--ESTABLISHED A1: ESTABLISHED A1: 
““Human brains are as unique as 

faces (fingerprints).”

� A1: “Human brains are as 
unique as faces; while the 
basic structure is the same, basic structure is the same, 
there are no two which are 
identical. 

� While there are general 
patterns of organization in how 
different people learn and 
which brain areas are involved, 
each brain is unique and 
uniquely organized.”



WHAT IS WELLWHAT IS WELL--ESTABLISHED A2: ESTABLISHED A2: 
““All brains are not equal in their ability All brains are not equal in their ability 

to solve all problems.”to solve all problems.”

�� A2. “All brains are not equal in their ability A2. “All brains are not equal in their ability 
to solve all problems. Context as well as to solve all problems. Context as well as 
ability influence learning. Context includes ability influence learning. Context includes ability influence learning. Context includes ability influence learning. Context includes 
the learning environment, motivation for the the learning environment, motivation for the 
topic of new learning, and prior topic of new learning, and prior 
knowledge.” knowledge.” 

� Different people are born with different 
abilities, which they can improve upon or 
lose depending on the stimuli. The stimulus 
one receives is impacted by what the learner 
brings to the context, including past 
experience and prior knowledge.



WHAT IS WELLWHAT IS WELL--ESTABLISHED A3: ESTABLISHED A3: 
“The brain changes with experience.”“The brain changes with experience.”

�� A3. “The brain is a complex, dynamic, and integrated system that is A3. “The brain is a complex, dynamic, and integrated system that is 
constantly changed by experience, though most of this change is only constantly changed by experience, though most of this change is only 
evident at a microscopic level.”evident at a microscopic level.”

� You will go to bed tonight with a different brain with which you awoke. 
Each smell, sight, taste and touch you experience and each feeling you 
have can alter the physical form of your brain. The complexity and 
dynamic nature of the brain remind teachers that even when they feel they 
are not reaching students, they may very well be changing them, bit by bit.



WHAT IS WELLWHAT IS WELL--ESTABLISHED ESTABLISHED 
A4: PlasticityA4: Plasticity

�� A4. “Human brains have high A4. “Human brains have high 
degree of plasticity and develop degree of plasticity and develop 
throughout the lifespan, though throughout the lifespan, though 
there are major limits on this there are major limits on this there are major limits on this there are major limits on this 
plasticity, and these limits plasticity, and these limits 
increase with age.”increase with age.”

� This discovery challenges the 
earlier belief of localizationism, 
Localizationism implies that if, for 
some reason, X is damaged then Y 
is lost forever. We now know this 
is not necessarily true.



WHAT IS WELLWHAT IS WELL--ESTABLISHED ESTABLISHED 
A5: Influence of past knowledgeA5: Influence of past knowledge

�� A5. “Connecting new A5. “Connecting new 
information to prior information to prior 
knowledge facilitates knowledge facilitates knowledge facilitates knowledge facilitates 
learning.”learning.”

�� We learn better and faster We learn better and faster 
when we relate new when we relate new 
information to things that information to things that 
we already know.we already know.



WHAT IS PROBABLY SO B1: 
Novelty

� B1: “Human brains seek and 
often quickly detect novelty, 
(which is individually defined).”

� We are quick to notice things that 
are out of place or different, and 
we actually unconsciously look 
for things that don’t belong.

(e.g., “2+3=5” and “5-3=2”) 
Not yet well-established because the 

individual nature of “novelty” 
makes it hard to study.



WHAT IS PROBABLY SO B2: 
Patterning

� B2. “Human brains seek patterns upon which 
they predict outcomes, and neural systems form 
responses to repeated patterns of activation 
(patterns being individually defined).”
We categorize our world in ways that help us � We categorize our world in ways that help us 
understand information. Part of how we do this 
relates to designing patterns for the things we 
find. These patterns are like a road map that 
tells us where to go next. This road map is the 
neural system for that group of like 
experiences.

(e.g., math, writing genres, social interactions, etc.)
While proven in neuroscience and psychology, not 

yet well-established because of the limited 
number of classroom studies.



WHAT IS PROBABLY SO B3: 
Developmental processes

� B3. “Human learning is achieved through 
developmental processes which follow a universal 
pattern for most skills, including academic skills shared 
across literate cultures, such as reading, writing, math.”across literate cultures, such as reading, writing, math.”

� Despite the unique nature of each of our brains, humans 
have general patterns for learning specific skills, which 
occur in typical developmental stages. That is, everyone 
tends to learn like skills in a similar order.

(e.g., physical [Ramon y Cajal , U.S. National Institute of 
Child Health and Human Development], social-
emotional, [Bandera, Erikson], cognitive [Bloom, Fink], 
etc.)

Not yet well-established because the definitions of 
developmental patterns for some academic skills is 
disputed.



WHAT IS PROBABLY SO B4: 
Rehearsal

� B4. “The rehearsal of retrieval cues aids in 
declarative memory processes.” 

� While memory can be created by 
emotionally shocking experiences, 
declarative memory (associated with declarative memory (associated with 
school learning) is improved through 
rehearsal. This is why the use of 
mnemonic cues (including repetition and 
rehearsal) improves the ability to retrieve 
information.

(e.g., “good” homework; explicitly teaching 
mnemonic devices, etc.)

Not yet well-established because of lack of 
consensus on what type of rehearsal aids 
memory best.



WHAT IS PROBABLY SO B5: 
Elaboration

� B5. “The elaboration (overt 
teaching) of key concepts 
facilitates new learning.”

� Teachers achieve better results 
if they give explicit explanations if they give explicit explanations 
of the core concepts. 

(e.g., priming, use of concepts, 
assessment of concept 
knowledge, and re-teaching of 
concepts)

While proven in psychology, not yet 
well-established because not 
enough studies available in 
classroom contexts.



WHAT IS PROBABLY SO B6: 
Attention+Memory=Learning

� B6. “Declarative knowledge acquisition 
depends on both memory and attention.”

� There are many impediments to memory and 
attention in classroom settings.attention in classroom settings.

� It is impossible for students not to pay 
attention when they are the protagonists of 
the learning activity. However, it is very 
easy for students not to pay attention when it 
is focused on others. 

Not yet well-established because while there are 
a large number of studies on attention, and a 
large number on memory, there are fewer on 
memory+attention, and even less in school 
contexts.



WHAT IS PROBABLY SO B7: 
Nutrition

� B7. “Nutrition impacts learning 
(good eating habits contribute to 
learning and poor eating habits 
detract from the brain’s ability to detract from the brain’s ability to 
maximize its learning potential).”

� The body influences the ability of the 
mind to learn. This includes physical 
impairments to the brain as well as 
the opposite, improved concentration 
based on diet.

Not yet well-established because 
comparative school-context studies are 
missing.



WHAT IS PROBABLY SO B8: 
Sleep

� B8. “Sleep is important for declarative 
memory consolidation, (though other types of 
memories, such as emotional memories, can 
be achieved without sleep). Sleep deprivation 
also has a negative impact on memory.”also has a negative impact on memory.”

� Lack of sleep compromises one’s abilities to 
be attentive and to organize mental activity 
efficiently and effectively. 

� Memory consolidation is dependent on REM 
(rapid eye movement) sleep.

� Without a good night’s sleep, memory is 
compromised. 

Not yet well-established because there are only a 
few studies available on school-age populations.



WHAT IS PROBABLY SO B9: 
Stress

� B9. “Stress impacts learning: ‘good’ stress (eustress) 
heightens attention and helps learning, while ‘bad’ 
stress detracts from learning potential.”

� When students feel negative stress, parts of their brain 
actually block the uptake of new information and new 
learning. However, a certain level of stress is needed to learning. However, a certain level of stress is needed to 
help focus and pay attention. 

� This is equivalent to the sprinter at the starting line who 
needs a certain level of stress (adrenaline) to start on 
time; too much stress, however, and he will either jump 
the gun or waste his energy.

� Eustressinvolves keeping students “on their toes” 
without creating panic. 

While proven in education, neuroscience and psychology, 
not yet well-established because documentation in 
school contexts is missing.



WHAT IS PROBABLY SO B10: 
Faces and Voices

� B10. “The human brain judges others’ faces and tones of voices 
for threat levels in a rapid and often unconscious way, 
influencing the way information from these sources is perceived 
(i.e., valid, invalid, trustworthy, untrustworthy, etc.)” 

� Students determine the level of teacher self-efficacy (and their � Students determine the level of teacher self-efficacy (and their 
confidence in their abilities) in part through their facial 
expressions and their voices. 

� According to researchers, when a student feels that her teacher 
doesn’t believe in her abilities to learn—because the teacher 
“looked at her funny” or his voice seemed condescending—then 
the student’s actual performance is impaired. 

� Even if the student misinterprets facial expressions, what students 
think their teacher thinks about her influences her performance. 

While proven in psychology, not yet well-established because 
documentation in school contexts is sparse.



WHAT IS PROBABLY SO B11: 
Feedback
� B11. “Feedback and meaningful assessment is 

important to human learning, though the 
importance and role of feedback vary greatly 
across domains and processes.”

� Information about how well or poorly one does � Information about how well or poorly one does 
on a task is useful if given in a formative 
manner and with enough detail that the learner 
can use this information to improve upon his 
work. 

� It should be remembered that different people 
react to feedback in different ways, and that this 
can vary across topics.

(e.g., Product, Process, and/or Progress)
While proven in education and psychology, not yet 

well-established because documentation in 
neuroscience is sparse.



WHAT IS PROBABLY SO B12: 
Self-regulation

� B12. “Self-regulation (monitoring oneself via 
executive functions) is an integral part of higher 
order thinking skills” (an individual’s ability to 
monitor his own actions, including cautious steps 
that analyze, infer, interpret, understand, apply, that analyze, infer, interpret, understand, apply, 
decipher, decode, and explore information).

� Self-regulation is partially related to 
developmental stages—the older the person, the 
greater the level of self-regulation.

� Students who have “intellectual persistence” have 
a high level of self-regulation; they do not stop 
until this critical thinking process is complete. 

Not yet well-established because documentation in 
school contexts using neuroscientific criteria is 
missing.



WHAT IS PROBABLY SO B13: 
Sensitive periods

� B13. “There are ‘sensitive periods’ (not critical 
periods) in human brain development in which certain 
skills are learned with greater ease than at other times.”

� However, these sensitive periods do not imply that 
such skills must be learned at that time or never learned such skills must be learned at that time or never learned 
at all; humans can and do learn throughout the lifespan.

� The only critical period “proven” in humans to date 
relates to first language acquisition, and cannot be 
generalized to critical periods for learning math, how 
to read, write, paint or other academic skills. 

(limited studies: deaf populations, child stroke victims, 
feral children, Romanian orphans)

Not yet well-established because definition of terms and of 
scope (academic fields vs. senses only) are unclear.



WHAT IS PROBABLY SO B14: 
Emotions

� B14. “Emotions are critical to decision 
making.”

� There is no decision, no matter how minor, 
that is undertaken without some level of that is undertaken without some level of 
emotion, though recognition of these 
feelings may not be apparent to the learner.

� Some educators have proposed that 
negative emotions can block new learning: 
“when a concept fights with an emotion, the 
emotion will almost always win.”

Not yet well-established because 
documentation in classroom contexts using 
neuroscientific criteria is sparse.



WHAT IS PROBABLY SO B15: 
Support

� “Support (academic, moral, or otherwise) from 
others (often teachers, peers or parents) is 
critical for optimal academic performance, 
which includes [long-term] learning [not just 
high test scores].”high test scores].”

� Similar, but distinct from feedback, support for 
a learner by teachers, peers or parents aids 
learning. The increased self-esteem and 
enhanced self-efficacy that come from support 
by authority figures not only serves to release 
endorphins in the learner’s brain, but they also 
suppress stress hormones that can impede 
learning.

While proven in education and psychology, not yet 
well-established because documentation in 
neuroscience is sparse.



WHAT IS PROBABLY SO B16: 
Constructivism

� B16. “When knowledge is actively constructed by a learner, 
the learner will be motivated and engaged in learning.” 

� Active, student-centered learning experiences motivate 
students and involve them in constructing their own ideas, 
opinions, and views about new concepts, which devise opinions, and views about new concepts, which devise 
(new) mental schemas about their world. This results in 
enhanced and more significant learning experiences.

� “I hear and I forget. I listen and I understand. I do and I 
remember” (Confucius, 500BC). 

� To be active, students must have the opportunity to 
participate. 

(e.g., democratic participation; classroom activity design)
While proven in education and psychology, not yet well-

established because documentation in classroom situations 
based on neuroscience is sparse.



WHAT IS PROBABLY SO B17: 
Strategies

� B17. “Educators should use strategies such 
as lower stress, improved social contacts, 
enrichment and exercise to increase 
neurogenesis [survival].” 

� The basic concept is that, like � The basic concept is that, like 
synaptogenesis (or increased links between 
brain cells), neurogenesis (or the production 
of new brain cells) is good for learning: 
“more is better.” 

Not yet well-established because 
documentation in classroom contexts using 
neuroscientific criteria is sparse. There are 
only a limited number of studies that offer 
evidence that exercise and “enriched 
environments” promote their survival and 
successful integration of new cells.



WHAT IS PROBABLY SO B18: 
Water

� B18. “Water is ‘brain food’.”
� Based on the fact that the 75% 

of the body and 77-78% of the 
brain is comprised of water. brain is comprised of water. 

� Some suggest that by allowing 
students to drink water in 
class helps restore the body to 
its natural state.

While proven physiologically, not 
yet well-established because 
documentation in classroom 
contexts using neuroscientific 
criteria is missing.



WHAT IS PROBABLY SO B19: 
Innate

� B19. “The search for meaning is innate in 
human nature.” 

� The human species seeks out patters and 
anomalies in order to create meaning, and anomalies in order to create meaning, and 
does so based on survival instincts that have 
now been transferred to the classroom.

� What happens to this natural curiosity? Do 
children grow out of it? Or do they abandon 
this curiosity because they have not been 
encouraged enough? 

(e.g., teach using “essential questions”)
While proven in psychology and neuroscience, 

not yet well-established because 
documentation in education is sparse.



INTELLIGENT SPECULATION 
C1: Memory 

� C1. “Different memory systems (i.e., short term-, long 
term-, working-, spatial-, motor-, modality-specific-, 
rote-, etc.) receive and process information in different 
ways and are retrieved through distinct, though 
sometimes overlapping, neural pathways.”

� Human memory is a complex system and it is vital for 
learning. Information is stored and retrieved in various 
forms, implying that teachers should vary their 
methods of instruction in order to create a variety of 
pathways through which it can be retrieved, thus 
facilitating the recall process.

(e.g., Multiple Intelligences Theory instructional practices)
Not yet well-established because documentation in 

classroom contexts using neuroscientific criteria is 
sparse.



INTELLIGENT SPECULATION 
C2: Synapses

� C2. “In terms of synaptic growth, the most 
active synapses are strengthened, while 
relatively less active synapses are 
weakened. Over time, this shapes brain weakened. Over time, this shapes brain 
organization. This has been referred to as 
the ‘use it or lose it model,’ whereby 
synapses that are most active are 
strengthened, while relatively less active 
synapses are weakened (and sometimes 
eliminated).” 

� The brain is an efficient organ and 
allocates its resources well.

Not yet well-established because 
documentation in education is sparse.



INTELLIGENT SPECULATION 
C3: Differentiation

� C3. “Differentiation (allowing 
students to learn at different paces and 
levels) in classroom practice can be 
justified by the fact that students have justified by the fact that students have 
different intelligences and cognitive 
preferences.” 

� Teaching students at their own paces 
maximizes learning potential. 

� This is a clear and well-established 
psycho-pedagogical practice. 

Not yet well-established because different 
intelligences are not neurologically 
verifiable. 



INTELLIGENT SPECULATION 
C4: Challenge, threat

� C4. “Learning is enhanced by challenge 
and is typically inhibited by threat (in 
which threat is individually defined).” 

� People do not learn when things are too � People do not learn when things are too 
easy, nor do they learn when they are 
under too much pressure or feel 
threatened.

Not yet well-established because of the 
individualized nature of “challenge” 
and “threat.” What one person finds 
challenging may be a threat to another.



INTELLIGENT SPECULATION 
C5: Existing knowledge

� C5. “Human learning is a constructive 
process in that humans construct meaning 
from existing knowledge structures. Such 
existing knowledge structures are existing knowledge structures are 
individually defined.” 

� People take past experiences and make 
conceptual building blocks from them, 
upon which new knowledge is developed. 
The building metaphor is the basis for the 
constructivist philosophy of education.

While proven in education and psychology, 
not yet well-established because 
documentation in neuroscience is sparse. 



INTELLIGENT SPECULATION 
C6: Personal relevance

� C6. “The development of 
personal relevance to new 
knowledge makes learning 
easier.” easier.” 

� Things are easier to learn when 
they are important to the 
learner.

While proven in education, not yet 
well-established because 
documentation in classroom 
contexts using neuroscientific 
criteria is sparse.



INTELLIGENT SPECULATION 
C7: Self-esteem

� C7. “Self-esteem impacts 
learning and academic 
achievement.” 

� Students who feel good about � Students who feel good about 
themselves are more likely to 
do better in school.

While proven in education and 
psychology, not yet well-
established because 
documentation in classroom 
contexts using neuroscientific 
criteria is sparse.



INTELLIGENT SPECULATION 
C8: Survival needs

� C8. “The brain learns best when content 
information responds to survival needs 
(social, emotional, economic and physical).” 

� This concept comes from evolutionary 
biology and the belief that the main, if not biology and the belief that the main, if not 
sole, purpose of the brain is to preserve the 
body for further reproductive purposes. 

� To do this, the brain protects itself by 
acquiring knowledge.

(e.g., Maslow’s Hierarchy of Needs)
While proven in education and psychology, not 

yet well-established because documentation 
in classroom contexts using neuroscientific 
criteria is sparse.



INTELLIGENT SPECULATION 
C9: Learning experiences

� C9. “The brain is not designed for typical passive 
classroom instruction, rather it enjoys 
multimodal, experiential and diverse learning 
experiences.”

� Brains hone in on differences and are brought to � Brains hone in on differences and are brought to 
awareness by changes (in format, activity, 
mode—spoken, written, acted, etc.). This 
sensitivity means that diverse learning 
experiences offer the variety that the brain needs 
to stay alert and attentive to new information.

(e.g., “traditional” vs. “modern” classroom 
experiences)

While proven in education and psychology, not yet 
well-established because documentation in 
classroom contexts using neuroscientific criteria 
is missing.



INTELLIGENT SPECULATION 
C10: Time

� C10. “There is a positive correlation 
between instructional time (including 
homework) and student achievement.” 

� Student review, rehearsal and practice of � Student review, rehearsal and practice of 
new information take time, but the 
investment is well worth the increased 
learning that is achieved.

(“time-on-task” vs. “busywork”)
While proven in education and psychology, 

not  yet well-established because 
documentation in classroom contexts using 
neuroscientific criteria is sparse.



INTELLIGENT SPECULATION 
C11: Natural contexts

� C11. “The human brain learns best when facts and 
skills are embedded in natural contexts (or 
concrete examples), in which the learner 
understands the problems he/she faces, and 
recognizes how the facts and/or skills might play 
roles in solving that problem. This is due to the roles in solving that problem. This is due to the 
fact that motivation tends to be higher when facts 
and skills are embedded in natural context.” 

� When the context is close to the learner’s reality, 
then learning is facilitated; when it is remote from 
the learner’s experiences, then learning is more 
difficult.

(e.g., “When will I ever use that in real life?!”)
While proven in education not yet well-established 

because documentation in classroom contexts 
using neuroscientific criteria is sparse.



INTELLIGENT SPECULATION 
C12: Sensory channels

� C12. “The brain does not learn in a linear, 
structured and predictable fashion. This implies the 
need to use various sensory channels at the same 
time, including audiovisuals, readings, group work, 
reflection and novel activities.” 

� Sometimes epiphanies of learning (“aha” moments) 
do not occur in an orderly fashion, but in 
unpredictable moments when conceptual links are 
made in the brain. These links are triggered in 
different ways for different people, therefore the use 
of different sensory channels should be used to 
connect to different learners.

Not yet well-established because documentation in 
classroom contexts using neuroscientific criteria is 
sparse and the individual nature of sensory 
preferences is hard to study.



INTELLIGENT SPECULATION 
C13: Stimuli

� C13. “The brain learns complex concepts 
best when they are taught and experienced 
through various sensory stimuli.”

� People can and do learn through single 
sensory channels, but the probability of sensory channels, but the probability of 
significant learning and subsequent recall is 
enhanced when new information is 
presented in a variety of formats. 

� This effectively means that by inputting the 
same information through various sensory 
channels we are storing it through various 
neural pathways. 

While proven in education and psychology, 
not yet well-established because 
documentation in classrooms using 
neuroscientific criteria is sparse.



INTELLIGENT SPECULATION 
C14: Best practice activities

� C14. “’Best practice’ activities in education are 
activities that are student-centered, experiential, 
holistic, authentic, expressive, reflective, social, 
collaborative, democratic, cognitive, 
developmental, constructivist, and / or developmental, constructivist, and / or 
challenging. Students learn better and faster 
using best practice activities.” 

� While learning can take place without these 
best practice guidelines, it is more effective to 
do so applying at least one, if nor more, of 
them.

(e.g., debate)
While proven in education, not yet well-established 

because documentation in neuroscience is 
sparse.



INTELLIGENT SPECULATION 
C15: Learning environments

� C15. “Good learning environments--defined as 
being those which are safe, offer intellectual 
freedom, paced challenges, ample feedback, a 
level of autonomy, respect, and include active 
learning activities--are better than learning learning activities--are better than learning 
environments that do not have these 
characteristics.” 

� Classrooms in which teachers manage good 
learning environments create optimal 
psychological well-being for learners. These 
environments reduce negative stress levels and 
optimize social learning contexts for the 
benefit of significant learning experiences.

While proven in education, not yet well-
established because documentation in 
neuroscience is missing.



INTELLIGENT SPECULATION 
C16: Action

� C16. “Humans build knowledge and skills through actions.” 
� While some learning can and does take place solely in our minds, most 

learning is based upon an action (reading, discussion, teaching others, 
writing, etc.). It can be argued that “thinking” itself is an action.

Not yet well-established because it is not clear whether humans require 
actions in order to build knowledge, or just to build skills. 



INTELLIGENT SPECULATION 
C17: Unconscious learning

� C17. “Humans can learn new 
information while sleeping.” 

� Sleep experts note that some individuals 
are capable of problem solving while are capable of problem solving while 
they sleep. This is not to say that novel 
(never before experienced) information 
can be learned in unconscious states, but 
rather that old problems can be reviewed 
and resolved during sleep or hypnosis.

Not yet well-established because 
documentation is sparse in neuroscience 
and psychology and is missing in school 
contexts entirely.



INTELLIGENT SPECULATION 
C18: Processing strategies

� C18. “All people use kinesthetic, visual and auditory pathways 
to take in new information, and there is strong evidence that 
different people use different processing strategies at different 
times depending on the context of the learning.”times depending on the context of the learning.”

� All humans learn through sensory input that can be through 
feeling or action, visual pathways, auditory pathways, or 
smell. 

(e.g., so-called “visual learners” at a musical concert)
While proven in education and psychology, not yet well-

established because documentation in classroom contexts 
using neuroscientific criteria is sparse.



INTELLIGENT SPECULATION 
C19: Music

� C19. “Music can influence learning (though 
it is as of yet unclear how and why this 
occurs and varies by individuals).” 

� Music changes the neural pathways of the 
brain and influences the way other brain and influences the way other 
information is perceived when presented 
simultaneously. This may be due in part to 
the emotional reactions or the tempo-spacio 
variations people experience with different 
types of music.

(e.g., Mozart effect rejected; personal reaction 
to music)

Not yet well-established because documentation 
in classroom contexts using neuroscientific 
criteria is sparse and controversial.



INTELLIGENT SPECULATION 
C20: Movement

� C20. “Movement can enhance learning 
of academic subjects (though it is 
unclear as to exactly what the mind-
body mechanism is that influences body mechanism is that influences 
this).”

� Movement (as in changing seats, 
physical actuation of information, 
teaching others) can impact learning by 
increasing oxygen to the brain, and/or 
refocusing attention (‘brain breaks’).

While proven in physiology and education, not 
yet well-established because 
documentation in neuroscience and 
psychology is sparse.



INTELLIGENT SPECULATION 
C21: Humor

� C21. “Humor can enhance learning 
(though it is unclear as to exactly what 
the mind-body mechanism is that 
influences this).” influences this).” 

� Laughter is a sign of enjoyment, and 
pleasure of this kind is accompanied by 
the release of endorphins. Endorphins 
can facilitate synapses, consolidating 
information in the brain.

Not yet well-established because 
documentation in classroom contexts 
using neuroscientific criteria is sparse, 
and because humor is not universally 
defined.



INTELLIGENT SPECULATION 
C22: Effortless learning

� C22. “Children learn certain skills (such 
as language) effortlessly.”

� While humans  appear to be “hardwired” 
to learn certain skills, such as how to to learn certain skills, such as how to 
talk, these skills cannot devote in 
isolation. If a human does not receive the 
right stimuli, he may not learn the most 
basic of skills, such as language.

(e.g., brain-derived neurotrophic factor 
[BDNF]; feral children)

Not yet well-established because quantity 
and quality of studies is sparse and 
because “effortlessly” is a relative term.



INTELLIGENT SPECULATION 
C23: Gender

C23. “Male and female brains learn in different ways.” � C23. “Male and female brains learn in different ways.” 
� Neuroscientists have noted that a small area of both the prefrontal cortex, a part 

of the limbic system (the hypothalamus), and the corpus callosum are larger in 
women. On the other hand, a small area of the amygdala related to arousal and 
threat response is larger in men. There is also a difference is overall weight and 
size, with men’s brains being slightly larger than women’s.

� Boys and girls do appear to take in information in different ways, though it is not 
clear how and why this occurs. School achievement scores show a difference in 
how boys and girls score on tests, but do not explain how the brain is wired.

Not yet well-established because the correlation between physiology, learning and 
academic achievement by gender is sparse.



INTELLIGENT SPECULATION 
C24: Enriched environments

� C24. “Enriched environments make 
children smarter.” 

� Stimulation is necessary for learning, 
though enrichment, per se, is not. 
Enriched environments (defined as relative � Enriched environments (defined as relative 
to one less stimulating), are logically 
presumed to lead to better learning 
experiences (however, not necessarily to 
smarter children).

(e.g., enriched environment research on rats)
Not yet well-established because 

documentation in classroom contexts using 
neuroscientific criteria is sparse and based 
primarily on non-human studies.



NEUROMYTH NEUROMYTH D1: “On average, 
most people use about 10% of 

their brains.”

� No exact percentage can be assigned to 
brain usage; the more we learn about the 
brain, the less it appears we are using! brain, the less it appears we are using! 

� However, it is now known that not all 
areas of the brain are meant to be linked 
to one another in the first place; so 
suggesting that lack of use is a reflection 
of potential is unreasonable. This 
percentage is based on the estimated 
number of synapses in the brain.



NEUROMYTH D2: “Brain Gym™ (‘a series of simple 
body movements to integrate all areas of the brain to 

enhance learning,’) is an effective way to enhance 
young children’s learning potential

�� This is a neuromyth because Brain Gym™ replicates, in an albeit This is a neuromyth because Brain Gym™ replicates, in an albeit 
innovative way, normal human movements (also found some innovative way, normal human movements (also found some innovative way, normal human movements (also found some innovative way, normal human movements (also found some 
meditation and relaxation techniques). meditation and relaxation techniques). 

�� Its market appeal is in it call to parents to spend more time Its market appeal is in it call to parents to spend more time 
considering basic stimulating for their children.considering basic stimulating for their children.

�� Having said this, whole body activities that stimulate both Having said this, whole body activities that stimulate both 
hemispheres may, indeed, increase synaptogenesis (but not hemispheres may, indeed, increase synaptogenesis (but not 
learning potential).learning potential).

Goswami, U. (2006). Neuroscience and education: From research to practice. Nature Reviews Neuroscience Goswami, U. (2006). Neuroscience and education: From research to practice. Nature Reviews Neuroscience 
7(5), 4067(5), 406--413, (page 2 of online publication).413, (page 2 of online publication).



NEUROMYTH D3: “There are NEUROMYTH D3: “There are 
brain differences by race.”brain differences by race.”

� This is a neuromyth because there are no 
such studies to be found documenting 
differences in brains based on race. 
In a controversial twist, however, there � In a controversial twist, however, there 
are studies documenting differences in 
intelligence (as reflected on standardized 
tests) by race. 

� These differences have been debated 
widely and have been attributed to 
culture, socioeconomic factors, test 
design, test preparation and previous 
schooling. 



NEUROMYTH D4: “Brain parts act 
in isolation from one another.” 

� This is a neuromyth 
because brain areas do because brain areas do 
not work 
independently, in 
reality, brain areas 
work as systems.

(e.g., Localizationism)



NEUROMYTH D5: “You can't 
change the brain.”

� This is a neuromyth because not only can you 
change the brain, it is impossible not to do so. change the brain, it is impossible not to do so. 
This neuromyth is disproved by A3: “The 
brain is a complex, dynamic, and integrated 
system that is constantly changed by 
experience…”



NEUROMYTH D6: “Learning more 
than one language at a time will 
permanently disrupt learning of a 

native language.”

�� This neuromyth was purported by This neuromyth was purported by �� This neuromyth was purported by This neuromyth was purported by 
beliefs in the 1960s that there was beliefs in the 1960s that there was 
one area for language and the one area for language and the 
brain, and if it were to be divided, brain, and if it were to be divided, 
then confusion would arise, and then confusion would arise, and 
overall language potential would overall language potential would 
be “divided” between the be “divided” between the 
languages. This has been refuted languages. This has been refuted 
by numerous studies in linguistics by numerous studies in linguistics 
and education.and education.



NEUROMYTH D7: “Everything 
important about the brain is 

determined by the age of three.”

� This is a neuromyth because 
“[t]here are ‘sensitive periods’ “[t]here are ‘sensitive periods’ 
(not critical periods) in human 
brain development in which 
certain skills are learned with 
greater ease than at other 
times” (B13).

� Additionally, information 
related to neuroplasticity 
defies this statement.



NEUROMYTH D8: “Memory is like an 
objective recording of a situation, and 
reality exists in an abstract form for 

all to perceive.”

� This is a neuromyth because � This is a neuromyth because 
individual human memories are 
not recorded as if stored on a hard 
drive, but are rather influenced by 
the experiences of the learner. 

� The filters through which events 
are recalled are subject to false 
recollection and/or 
misinterpretation.



NEUROMYTH D9: “Unstructured 
discovery learning is preferable to 

structured, teacher-centered instruction 
because of neurological functioning.”

� The definition of ‘unstructured discovery 
learning’ makes this statement hard to learning’ makes this statement hard to 
judge. However, modern pedagogy 
acknowledges that student-centered 
learning activities are preferred over 
teacher-centered activities. 

� This statement is a neuromyth because 
discovery learning is preferable to 
teacher-centered instruction due to 
student self-efficacy and active learning 
principles, not due to neurological 
functioning.



NEUROMTYH D10: “The theory of 
multiple intelligences is validated 

by neuroscience research.”

� Howard Gardner, the author 
of the theory of multiple of the theory of multiple 
intelligences, acknowledges 
that the theory of multiple 
intelligences is not supported 
by neuroscience research, but 
rather by psychological and 
pedagogical research.



NEUROMYTH D11: “The brain 
has an unlimited capacity.”

� While the brain is 
perhaps the most perhaps the most 
amazing machine in 
the world, it has a 
finite capacity.



NEUROMYTH D12: “Memorization 
is unnecessary for complex mental 

processing.”

� This is a neuromyth 
because “[d]eclarative because “[d]eclarative 
knowledge acquisition 
depends on both memory 
and attention,” (B6), 
which means that complex 
mental processing is 
impossible without 
memorization.



NEUROMYTH D13: “There are 
optimal learning periods associated 

with neurogenesis.”

� This is a neuromyth because learning 
can occur outside of periods of 
neurogenesis, (which are neurogenesis, (which are 
imperceptible without elaborate 
imaging machines). 

� Additionally, “[t]here are ‘sensitive 
periods’ (not critical periods) in 
human brain development in which 
certain skills are learned with greater 
ease than at other times” (B3) but 
these are not related to neurogenesis.

Not enough human studies available at 
this time.



NEUROMYTH D14: “The brain 
remembers everything it has ever 

experienced; forgetting is simply an 
absence of recall ability.”

� While forgetting is an absence � While forgetting is an absence 
of recall, the brain does not 
necessarily remember 
everything that it has ever 
experienced. Only information 
that has moved from working 
to long-term memory (in its 
many forms) is retrievable is 
remembered.



NEUROMYTH D15: “Neurons are 
never replaced (you can't grow new 

brain cells).”

� This neuromyth is � This neuromyth is 
defied by the 
existence of 
neurogenesis.



NEUROMYTH D16: “The brain 
is different from the mind.”

�� The brain is a physical The brain is a physical 
organ, while the mind is organ, while the mind is 
an intangible an intangible an intangible an intangible 
representation of self, representation of self, 
the brain generates the the brain generates the 
concept of the mind, concept of the mind, 
without which neither without which neither 
would exist.would exist.



NEUROMYTH D17: “Human infants 
are born with a ‘blank slate’ and 

knowledge just needs to be provided 
for them to learn.”

� The belief that a child is born with a 
blank slate upon which parents and blank slate upon which parents and 
educators write the experiences of 
his life was popularized by John 
Locke in the 17th century, but has 
since been refuted. 

� Genes and experiences are the 
“modern blank slate” though which 
humans gain knowledge.



NEUROMYTH D18: “Gender 
differences outweigh individual 

differences when it comes to learning 
abilities.”

� This is a neuromyth because � This is a neuromyth because 
while there are documented 
differences in the brain 
based on gender, there is far 
greater variation in the 
human repertoire of skills 
across learning disabilities 
than gender.



NEUROMYTH D19: “Neural 
plasticity is due to good pedagogy.”

� This is a neuromyth 
because neural plasticity 
is based on the natural is based on the natural 
neuroanatomical 
structure of the brain and 
occurs with or without 
good pedagogy, (though 
it is likely enhanced by 
stimulation).



NEUROMYTH D20: “Learning only 
occurs in the classroom.”

� This is a neuromyth � This is a neuromyth 
because learning occurs 
inside the classroom and 
out.



NEUROMYTH D21: “Learning is 
independent of a learner’s history.”

� This is a 
neuromyth neuromyth 
because the 
learner’s past 
experiences 
influence 
learning.



NEUROMYTH D22: “Learning can 
be isolated from the 

social/emotional content.”

� This is a neuromyth This is a neuromyth 
because learning is 
always influenced by 
the social and emotional 
context in which it 
occurs.



NEUROMYTH D23: “Teens ‘act out’ 
and are irresponsible because the 

prefrontal cortex doesn't develop until 
the mid-20s.”

� Teenagers act out for a 
great number of reasons, great number of reasons, 
some related to parenting, 
others to hormones, and 
others are speculated to 
relate to the late 
development of the 
prefrontal cortex (partially 
responsible for executive 
functions).



NEUROMYTH D24: “Some people 
are more ‘right-brained’ than others, 

and other are more ‘left-brained’”

� Humans have � Humans have 
only one brain, 
comprised of a 
right and left 
hemisphere. 



NEUROMYTH D25: “Left and right 
hemispheres as separable systems 

for learning.”

� There are many learning There are many learning 
systems in the brain, most 
based on human skills. 

� Most of these systems are 
not divisible into right and 
left hemispheres, but rather 
use parts of both 
hemispheres.  



NEUROMYTH D26: “Language is 
located in the ‘left brain’ and spatial 

abilities are in the ‘right brain.’”

� Broca’s and Wernicke’s areas tend to be located 
in the left hemisphere of the brain. 

� However, five percent of right-handed people and 
thirty percent of left-handed people either have thirty percent of left-handed people either have 
these two language systems in the right 
hemisphere, or language is divided amongst the 
hemispheres. 

� To complicate matters, some aspects of language, 
such as comprehension of metaphors, analogies, 
some aspects of humor and some aspects of 
intonation are typically found in the right 
hemisphere.

� The “language system” in the brain is in both 
hemispheres.



NEUROMYTH D27: “More will be 
learned if teaching is timed with 

periods of synaptogenesis.”

� This statement is a myth for two 
reasons. reasons. 

� First, learning causes synaptogenesis, 
it is not dependent on periods of 
synaptogenesis to occur. 

� Second, this statement presumes that 
(1) we can anticipate moments of 
synaptogenesis, and (2) better 
learning occurs with “new” brain 
cells than with other cells in the 
brain. Neither of these statements has 
been proven beyond dispute to date.



NEUROMYTH D28: “Reasoning and 
decision-making can be divorced from 

emotion and feeling, and doing so 
improves the quality of thought one 

engages in.”

� This neuromyth is in contrast 
with the belief that “[e]motions 
are critical to decision making” 
(B14). 

� While reasoning and emotions 
appear to be on different ends of 
the rationality spectrum, they are 
actually complementary 
processes.



The Future?The Future?The Future?The Future?



Professional FormationProfessional Formation

�� Professionals in the Professionals in the 
field should be field should be 
familiar with the familiar with the familiar with the familiar with the 
major principles, major principles, 
tenets and tenets and 
instructional instructional 
guidelines of the guidelines of the 
field.field.



Principles  Principles  
1.1. Principle 1: Each brain is unique and uniquely organized.Principle 1: Each brain is unique and uniquely organized.
2.2. Principle 2: All brains are not equally good at everything.Principle 2: All brains are not equally good at everything.
3.3. Principle 3: The brain is a complex, dynamic system and is Principle 3: The brain is a complex, dynamic system and is 

changed daily by experiences.changed daily by experiences.
4.4. Principle 4: The search for meaning is innate in human Principle 4: The search for meaning is innate in human 4.4. Principle 4: The search for meaning is innate in human Principle 4: The search for meaning is innate in human 

nature.nature.
5.5. Principle 5: Brains have a high degree of plasticity and Principle 5: Brains have a high degree of plasticity and 

develop throughout the lifespan. develop throughout the lifespan. 
6.6. Principle 6: Learning is based in part on the brain’s ability to Principle 6: Learning is based in part on the brain’s ability to 

selfself--correct (learn from experience through analysis of data correct (learn from experience through analysis of data 
and selfand self--reflection). reflection). 

7.7. Principle 7: The search for meaning occurs through pattern Principle 7: The search for meaning occurs through pattern 
recognition (i.e., the brain’s continual comparison between recognition (i.e., the brain’s continual comparison between 
what it senses and what it already knows).what it senses and what it already knows).



Principles (con’t)Principles (con’t)
8.8. Principle 8: Emotions are critical to detecting patterns, to Principle 8: Emotions are critical to detecting patterns, to 

decisiondecision--making and to learning. making and to learning. 
9.9. Principle 9: Learning is enhanced by challenge and inhibited by Principle 9: Learning is enhanced by challenge and inhibited by 

threat.threat.
10.10. Principle 10: Brains seek novelty.Principle 10: Brains seek novelty.
11.11. Principle 11: Human learning involves both focused attention Principle 11: Human learning involves both focused attention 11.11. Principle 11: Human learning involves both focused attention Principle 11: Human learning involves both focused attention 

and peripheral perception.and peripheral perception.
12.12. Principle 12: The brain conceptually processes parts and wholes Principle 12: The brain conceptually processes parts and wholes 

simultaneously.simultaneously.
13.13. Principle 13: The brain depends on interactions from other Principle 13: The brain depends on interactions from other 

people to make sense of social situations.people to make sense of social situations.
14.14. Principle 14: Feedback is important to learning.Principle 14: Feedback is important to learning.
15.15. Principle 15: Learning is a constructivist process, and the ability Principle 15: Learning is a constructivist process, and the ability 

to learn goes through developmental stages as an individual to learn goes through developmental stages as an individual 
matures.matures.



Principles (con’t)Principles (con’t)
16.16. Principle 16: Learning involves conscious and unconscious Principle 16: Learning involves conscious and unconscious 

processes.processes.
17.17. Principle 17: Learning engages the entire physiology (the body Principle 17: Learning engages the entire physiology (the body 

influences the brain and the brain controls the body).influences the brain and the brain controls the body).
18.18. Principle 18: Different memory systems (short term, working, Principle 18: Different memory systems (short term, working, 18.18. Principle 18: Different memory systems (short term, working, Principle 18: Different memory systems (short term, working, 

long term, emotional, spatial, rote) receive and process long term, emotional, spatial, rote) receive and process 
information in different ways, and can be retrieved through information in different ways, and can be retrieved through 
different neural pathways.different neural pathways.

19.19. Principle 19: The brain remembers best when facts and skills are Principle 19: The brain remembers best when facts and skills are 
embedded in natural contexts.embedded in natural contexts.

20.20. Principle 20: Learning relies on memory and attention.Principle 20: Learning relies on memory and attention.
21.21. Principle 21: Neuroeducation principles apply to all ages. Principle 21: Neuroeducation principles apply to all ages. 
22.22. Principle 22: Use it or lose it. Principle 22: Use it or lose it. 



TenetsTenets
Individual influences on how teachers teach, and Individual influences on how teachers teach, and 

how students learn: how students learn: 
1. Tenet 1: Motivation 
2. Tenet 2: Stress
3. Tenet 3: Anxiety 
4. Tenet 4: Depression
5. Tenet 5: Voices
6. Tenet 6: Faces
7. Tenet 7: Movement
8. Tenet 8: Humor
9. Tenet 9: Nutrition
10. Tenet 10: Sleep
11. Tenet 11: Learning Styles
12. Tenet 12: Differentiation



Instructional GuidelinesInstructional Guidelines

1.1. Instructional Guideline 1: Good learning environments are Instructional Guideline 1: Good learning environments are 
made, not found.made, not found.

2.2. Instructional Guideline 2: Good lessons take into account Instructional Guideline 2: Good lessons take into account 
both sense (logical order) and meaning (personal relevance).both sense (logical order) and meaning (personal relevance).both sense (logical order) and meaning (personal relevance).both sense (logical order) and meaning (personal relevance).

3.3. Instructional Guideline 3: Teaching to different memory Instructional Guideline 3: Teaching to different memory 
systems enhances recall.systems enhances recall.

4.4. Instructional Guideline 4: WellInstructional Guideline 4: Well--managed classes take managed classes take 
advantage of natural human attention spans.advantage of natural human attention spans.

5.5. Instructional Guideline 5: Good classroom activities take Instructional Guideline 5: Good classroom activities take 
advantage of the social nature of learning. advantage of the social nature of learning. 



Instructional Guidelines (con’t)Instructional Guidelines (con’t)

6.6. Instructional Guideline 6: Good teachers understand the Instructional Guideline 6: Good teachers understand the 
mindmind--body connection (sleep, nutrition, exercise). body connection (sleep, nutrition, exercise). 

7.7. Instructional Guideline 7: Good teachers understand how to Instructional Guideline 7: Good teachers understand how to 
manage different students (orchestrated immersion)manage different students (orchestrated immersion)manage different students (orchestrated immersion)manage different students (orchestrated immersion)

8.8. Instructional Guideline 8: Skills are retained better when Instructional Guideline 8: Skills are retained better when 
learned through active processes. learned through active processes. 

9.9. Instructional Guideline 9: Explicit teaching of metacognitive Instructional Guideline 9: Explicit teaching of metacognitive 
skills aids higher order thinking across subjects. skills aids higher order thinking across subjects. 
Instructional Guideline 10: Learning can and does take place Instructional Guideline 10: Learning can and does take place 
throughout the lifespan. throughout the lifespan. 



Future Areas of ResearchFuture Areas of Research

�� More shared research projectsMore shared research projects
�� Development of Mind Brain, and Education Development of Mind Brain, and Education 

Science PractitionerScience PractitionerScience PractitionerScience Practitioner
�� Curriculum developmentCurriculum development
�� Neuroethics developmentNeuroethics development
�� Consultancy and Training developmentConsultancy and Training development
�� Technology influences on studying learning Technology influences on studying learning 

and implementing teaching programs.and implementing teaching programs.



Current and Proposed Model of Current and Proposed Model of 
ResearchResearch

Current Model of Research: 
 

Lab Experiment                                  Application in Classroom 
  

Proposed Model of Research: 
 

Educational queries                    Educational neuroscientific scrutiny                  Affirmation in the Classroom 
 

 



Who Should Lead?Who Should Lead?

�� ANIA?ANIA?
�� International Mind, Brain, and Education Society (IMBES)?International Mind, Brain, and Education Society (IMBES)?
�� Neurosciences Australia Ltd (NSA)?Neurosciences Australia Ltd (NSA)?
�� INSERM (French National Institute of Health and Medical Research)?INSERM (French National Institute of Health and Medical Research)?

The British Oxford Cognitive Neuroscience Education Forum?The British Oxford Cognitive Neuroscience Education Forum?�� The British Oxford Cognitive Neuroscience Education Forum?The British Oxford Cognitive Neuroscience Education Forum?
�� The Organisation for Economic CoThe Organisation for Economic Co--operation and Development (OECD)?operation and Development (OECD)?
�� The Pontifical Academy of Sciences?The Pontifical Academy of Sciences?
�� The Japan Research Institute of Science and Technology?The Japan Research Institute of Science and Technology?
�� The RIKEN Institute in Japan?The RIKEN Institute in Japan?
�� The Dutch Science Council (NWO)?The Dutch Science Council (NWO)?
�� The Mexican Society for the Neurosciences?The Mexican Society for the Neurosciences?
�� The Oxford University Institute for the Future of the Mind?The Oxford University Institute for the Future of the Mind?



Final ThoughtsFinal Thoughts

�� Finally, the greatest predictor of success lies in the motivator for Finally, the greatest predictor of success lies in the motivator for 
the field’s conception in the first place: the student. the field’s conception in the first place: the student. 

�� A day does not pass in which we are not reminded of the role of A day does not pass in which we are not reminded of the role of 
education in human economic, social and intellectual education in human economic, social and intellectual education in human economic, social and intellectual education in human economic, social and intellectual 
development. There is no greater impetus for best practice development. There is no greater impetus for best practice 
research, practice or policy than the students in our classrooms. research, practice or policy than the students in our classrooms. 

�� How can we teach to maximize each learner’s potential? Better How can we teach to maximize each learner’s potential? Better 
teaching is the single greatest reason for the current momentum teaching is the single greatest reason for the current momentum 
in in Mind, Brain, and EducationMind, Brain, and Educationscience, and it alone may be science, and it alone may be 
enough to provide the energy and optimism needed to advance enough to provide the energy and optimism needed to advance 
the field.the field.



Development ModelDevelopment Model
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Remember…Remember…

1.1. Acknowledge neuromyths.Acknowledge neuromyths.
2.2. “Everything that can be counted does not “Everything that can be counted does not 

necessarily count; everything that counts necessarily count; everything that counts 
cannot necessarily be counted”  (Einstein).cannot necessarily be counted”  (Einstein).
necessarily count; everything that counts necessarily count; everything that counts 
cannot necessarily be counted”  (Einstein).cannot necessarily be counted”  (Einstein).

3.3. “The biologizing of cognition, development, “The biologizing of cognition, development, 
and education” (Brown & Bjorklund, 1998) and education” (Brown & Bjorklund, 1998) 
should be balanced by an appreciation of the should be balanced by an appreciation of the 
“art” of teaching.“art” of teaching.

4.4. Share findings.Share findings.



Tracey TokuhamaTracey Tokuhama--EspinosaEspinosa
�� Tracey is the Director of the Institute for Brain, Mind, and Educational Tracey is the Director of the Institute for Brain, Mind, and Educational 

Development at the Development at the Universidad San Francisco de QuitoUniversidad San Francisco de Quitoin Ecuador and a in Ecuador and a 
Professor of Education at the undergraduate and Master’s levels. Professor of Education at the undergraduate and Master’s levels. 

�� Tracey has a PhD in Education with dissertation focus on NeuroTracey has a PhD in Education with dissertation focus on Neuro--Education / Education / 
Mind, Brain, and Education / Educational Neuroscience (Capella University) Mind, Brain, and Education / Educational Neuroscience (Capella University) 
in August 2008. Tracey’s specialization relates to the links between in August 2008. Tracey’s specialization relates to the links between 
neuroscience and education through the documentation of the neuroanatomy neuroscience and education through the documentation of the neuroanatomy neuroscience and education through the documentation of the neuroanatomy neuroscience and education through the documentation of the neuroanatomy 
of thinking skills. of thinking skills. 

�� Ed.M (Master’s of Education) from Harvard University in International Ed.M (Master’s of Education) from Harvard University in International 
Development where also did postgraduate studies in neurology and cultural Development where also did postgraduate studies in neurology and cultural 
anthropology. anthropology. 

�� BA (Bachelor’s of Arts) in International Relations andBA (Bachelor’s of Arts) in International Relations and
�� BS (Bachelor’s of Science) in Mass Communication from Boston University, BS (Bachelor’s of Science) in Mass Communication from Boston University, 

both both Magna Cum LaudeMagna Cum Laudeand with distinction.and with distinction.
�� Native of Berkeley, California. Currently resides in Quito, Ecuador.Native of Berkeley, California. Currently resides in Quito, Ecuador.
�� Contact: tracey.tokuhama@gmail.comContact: tracey.tokuhama@gmail.com


