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Effective Teaching & Learning:
Dramatic New Insights from Neuroscience

A growing body of research insight from neuroscience has revealed many surprises
gKSY AU 0O2YSa U2 uSt OKA)/EICD C2NJ SEI Y LI
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iInvaluable in making math or language easier to Iearn, particularly at more
advanced levelsAnd there are further surprisesfor example, just because

students know how to solve a problem in math or have learned a skill in sports
doesnot necessarily mean that they caror should be able to explain it. In fact,
forcing someneurallydiverse students to explain their reasoning when they can
already demonstrate their understanding can actually kill their motivation for

deeper learning.

Inthis talk, we will explore these and other counterintuitive insights from research
thatcanallowyouto 1S Ay GSttAISY(d dzasS 2F aidzR¢
approaches to learning. We will also explore the intimate connection between
retrieval practice in math and the metaphors used in art, music, and poetry.
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Supplemental schooling our two daughters in
math from ages 3 to 15.
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HOW TO EXCEL AT
MATH AND SCIENCE
(EVCY\ I'F ‘}/ou F"!unkcd A!Scbra)

BARBARA OAKLEY, Ph.D.

1 million+ copie
worldwide

C @& coursera.org/learn/learning-how-to-learn

Browse > Personal Development > Personal Development

Learning How to Learn:
Powerful mental tools to help
you master tough subjects

*hkkhkk 4.8 83416ratings | ¢ 98%

2 Barbara Oakley +1 more instructor [ TOP INSTRUCTOR

Go To Course Already enrolled

3,337,993 already enrolled ] save




€he New Hork Eimes

OPINION

Make Your Daughter Practice Math.
She Il Thank You Later.

The way we teach math in America hurts all students, but it may
be hurting girls the most.



THE STRUCTURE OF SCIENTIFIC

REVOLUTIONS

THOMAS S. KUHN

WITH AN INTRODUCTORY ESSAY BY IAN HACKING™
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https://features.apmreports.org/sold-a-story/

Sold
a Story

How Teaching Kids to Read Went So Wrong
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Easy stuff(Biologically primary knowledge)

ARecognize faces
AListen to and speak a first language =

AAcquired easily without explicit instructic é . y
= o

Intraparietal
cortex: numbers

Hard stuff(Biologically secondary knowledg —
\>A<

AReading and writing
AMathematics
ANot evolved to acquire
need to repurpose other neural circuits

Occipito-temporal
cortex: letters
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Memorization

Understanding




Memorization

Understanding




Lecture

Active Learning




Lecture

Active Learning




Active
Learning
L ACt'V.e L} Active Learning L@ Active Learning L ACUV.e L
Learning Learning
Lecture ACJ”Ye Lecture AChYe e ACJ”\./e Lecture A L
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Direct instruction




Project Follow Through, 1967 - 1977

Nine models of teaching K-3 compared in history'’s largest educational experiment

Student Results
40
Basic academic
30 skills
20 Problem-solving
skills

Students performance 19

in traditional schools . Self-esteem
ﬁ O
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The 10 skills you need to thrive in the

Fourth Industrial Revolution

in 2020

Top 10 skills
of 2025

Analytical thinking and innovation

Active learning and learning strategies

Complex problem-solving

SourceFuture of jobs reporig world economic forum
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Critical thinking and analysis

Complex"roblem Solving

bad . o Creativity, originality and initiati
Cr'tlcal Th|nk|ng reativity, originality and initiative
CreatiVity ] Leadership and social influence

&
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People Management
Coordinating with Others
Emotional Intelligence Technology design and programming
Judgment and Decision Making
Service Orientation

Negotiation

Cognitive Flexibility S it i oo 2129 o e o,

Em]Ey Technology use, monitoring and control

Resilience, stress tolerance and flexibility

@<

Reasoning, problem-solving and ideation

20
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Dendrites







Neurons
send
signals
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Neurons create
sets of links
when you learn
something.




Connections
strengthen
with practice
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sets of links
INn a chain.
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The value of metaphor

28



How to come up with metaphors

ASteal them

AAsk yourself what a concept is like
(the wackier, the better)

AL ook online

AAsk your students to develop
metaphors



What Is the most powerful technique to
help people learn most efficiently?

MReread

AHighlight or underline
AVSUNR SOl LINI OUAOS
ACreate a concept mag

_concept > — i
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Retrieval Practice



Retrieval Practice

Initial learning



Mapping

actities that encourage elaborative studymn
yractice retrieving and reconstructing knowle

cticing retrieval produces greater gains in m
rore mannina The advantane af retrnieval nre:



Retrieval Practice Helps
Solidify Both Simple and

Complex Events in Schemas




Humor Does
NOT Mean

Being a Comedian




< C @ coursera.org/learn/teaching-online

coursera - JErUA Q
www.coursera.org/ '

learn/teachingonline

Browse > Social Sciences > Education

This course is part of the Uncommon Sense Teaching Specialization

Uncommon Sense Teaching:
Teaching Online
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Before learning and before sleep

-
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Before learning and before sleep .

After learning and after sleep
A
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It takes time




Focused mode

Diffuse mode
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Thought

FOCUSED MODE
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FOCUSED MODE

DIFFUSE MODE
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ADHD and
dopamine
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Break Out Groups

Antroduce yourselves

fescribe the difference between focused
and diffuse mode.



Working memory Longterm memory




Working memory Longterm memory



