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1,200,000 students drop out every year

$1.2T Unearned potential lost every year

Welfare spending

Billions

Defense spending

Unearned Potential Federal Spending

Source: U.S. Government Publishing Office (FY'| /: https://www.gpo.gov/fdsys/browse/collection.action?!collectionCode=BUDGET)



https://www.gpo.gov/fdsys/browse/collection.action?collectionCode=BUDGET

What about kids who stay in school?

On average, below most developed nations

20th in reading

23rd in science
31st in math

i

Average standardized math scores
(PISA)
o
3

&y‘b@f& Average Math Scores of 15 year old students by country & 0&0

Source: National Center for Education Statistics, Table 602.60 (2012)



Solving the problem with learning science?

Analogy w1th medicine

=

OMedicine used to operate independently from science

-~

eRapidly improved after synching with science

Education is an applied science: future of education will benefit from
being grounded in a scientific understanding of how the brain learns




W What could this look like?

Co-creative process:

Educators
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Instructional designers

Cognitive scientists

An understanding of HOW learning works gives us guiding
principles around which to innovate




What is a Learning Engineer?

Takes the research and turns it into
something you can use

Helps researchers ask better questions




What does a Learning Engineer do?

1. Builds Research-Practice Partnerships (RPPs)

Researchers Practitioners

-

-Processes
-Platforms

g




What does a Learning Engineer do?

1. Builds Research-Practice Partnerships (RPPs)
&. Builds Education Innovation Clusters (EICs)

Researchers Practitioners
‘« )
v ®
[ ! )‘..

-Processes
-Platforms



ronged approach:

C With Educators C With Students

Program 1 S— Program 2

Arm teachers with the science of learning:
WILL SKILL the lab into the wild

DA E

INSTITUTE FOR
APPLIED NEURDSCIENCE

BRAIN SCIENCE FOR GOOD

Take science out of:

A & ’r\

University of California
San Francisco

scienceforgood.org neuroscape.ucst.edu



http://scienceforgood.org
http://neuroscape.ucsf.edu

8

ineerin

\-To
=
=
\-To
=
o=
=
=l
S
D
=

-

-

=

bedl

B

5 4

A

‘a b [ )

.f,w.w. ' &

7 s
F o]
i)
(a b
© punad
SRR
.
R

I~y

&2

. |

—

=~

]

p—-d

d

P=—=A

[~

e

il
)
[
Qe

-
o

—
=
(qe]
S —
Qo
o
S—
o




Mindmap: your mental model

of how students learn

@

Learning is a shared responsibility between the student, teacher, and context. Map out the factors you think each player
contributes to learning, to reveal your mental model of how students learn.




Debunking common myths W

Debunk

Many myths of learning and brain commonly believed
e Harmftul it replace effective teaching practices

e Can misappropriate resources to ineffective programs

<:. o St LA ARt Iae F

§ .- \ : @ Are You Right or Left Brained? n"am'; - ] . . Ten Bra'n.‘Based
€ Brain-Ba: S M TIdentifying Learning
C o o iy -L o
Qc:: ?C"' \G._'?; . \ : .mm S ? Strateg'eS!
E o= = Parners Your Childs
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a4 - Learning Style
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It's Yours .

Freel

Which are the leeches and which are the penicillin?




What'’s the harm?

Threat of class-action lawsuit in 2009

TV exposure in 1-8 yr olds associated
with attention problems

Exposure to Baby Einstein correlated
with reduced language abilities

Zimmerman, Christakis, Meltzoff (2007) | Pediatrics

Empirical testing is crucial (like in clinical trials)




Neuromyths and learning myths

Myth of left-brain vs. right-brain learners

PROCESS INFO PROCESS INFO
IN A LINEAR MANNER HOLISTICALLY

IDENTIFY IMPORTANT SEE END RESULT
PETAILS WITHCLARITY

i CREATIVE

~80% teachers around
world believe this myth

&
ANALYTICH, Howard-Jones (2014) Nature Neuroscience
& LEFTBRAIN RIGHTBRAIN §
@ INFO PROCESSING
. § PROTECT ENGAGEMENT =
MOVE IN A Py PERCEPTION , & MOVE RANDOMLY

SEQUENTIAL ORDER f | WORKFLOW o FROM TASK TO TASK
@ PROBLEM SOLVING 2

No such thing as ‘left-brained’ or ‘right-brained’ learner
(we use all of our brain!)




Neuromyths and learning myths

Myth of learning styles

2 ~96% teachers around
world believe this myth

Howard-Jones (2014) Nature Neuroscience

Visual Learner:
Learns best by seeing

- ~ =
S Auditory Learner: R . :
Q\( Ld weblmiscind Describes how kids may prefer
earns best by hearing
o i / to perceive, not learn
i \

nuWinsineYc Leamer Need to translate perceiving into
Learns best by feeling or experiencing

e understanding

Understanding how students make MEANING may be a better way to

think about individual differences




- Myth of the half-baked teen brain

f Degree of Maturation
| \ : J . . ‘ Limbic region |
~ Limbic regi ¥ '
- gion p Prefrontal region brakes >
- HOT y Age: 0 : 10 15 20 25 30
cognition WSS
& ik e [eens can make decisions like adults
COLD UNDER CERTAIN CONDITIONS!
cognition % Abstract reasoning, memory, planning mature by
~[5-16yo
X Judgments during emotional arousal, social or
time pressure not mature until mid-20s
Mo

Our expectations should be developmentally informed
We may be able to shorten the mismatch with self-regulation training




Neuromyths and learning myths

Myth that we cannot do anything about trauma

Death

ACEs

Early
Death

Disease,
Disability, and
Social Problems

Adoption of
Health-risk Behaviors

Single common factor for children who
develop resilience is at least one
Cognitive Impairment Stable & COmmitted relatiOnShip With

a supportive adult
Disrupted Neurodevelopment

Adverse Childhood Experiences

At least one stable, supportive adult can change the course of trauma

Social, Emotional, and

' iEEE5§:77WWW.CEC.gov?wolenceprevenElon7acesfuay7a50uE.l it



Neuromyths and learning myths

Myth that action video game play is bad for the brain

Non-gamers Gamers

Bavelier et al. (2012) Vision Research

Action gamers have:
e more efficient executive control systems
e better pattern recognition (‘learning-to-learn’)

Encourage students to look for and understand patterns




Learning Engineering

Program 1

Reframe

M. Apply



Learning in the brain

VWhat does learning look like in the brain?
e [ hree stages:

Encoding Storage Retrieval
|  BAE - \ @ Word [N Edit View Insert Format

‘ ®) Save 1

SaveAs:'-My Files e i HERAE -« [ = 380 .

Where: | Documents - ’

Cancel | | Save | |




Learning in the brain

VWhat does learning look like in the brain?
e [ hree stages:

Encoding Kinesthetics

Sounds




Learning in the brain

VWhat does learning look like in the brain?
e [ hree stages:

Hippocampus
Storage Kinesthetics

Meaning

Sounds

C I . Save

Sights

. Export to File... |

Learning is the ‘residue of experience’ and

hippocampus stores that activity
e ——————




Learning in the brain

VWhat does learning look like in the brain?
e [ hree stages:

Hippocampus

Retrieval Kinesthetics
@& Word m Edit View Insert Formﬂ Meaning

Sounds
‘fL"’ ma Open... 20 §

Sights

Learning is accessed when hippocampus re-activates the experience




Learning in the brain

1his means we can leverage practices at each stage

Encoding Storage Retrieval

{ & Word m Edit View Insert Format

Practices to lay down Practices to store those Practices to access those
strong memories memories deeply memories easily, and

when useful



Program 1

Learning Engineering

Reftrame




Learning in the brain

Kinesthetics

Meaning oo
ounds

Things that makes these
signals stronger will be
encoded better

ATTENTION,
MEANING,
SOCIAL RELEVANCE

Practices to lay down

strong memories




Learning in the brain

Keep in mind...
*When learning is easy, it is often soon forgotten

When learning is
easy, engages the
brain less

v

Weak memories

Hippocampus
doesn’t have much signal to record




Learning in the brain

Keep in mind...

When learning is harder, it creates more durable memories

When learning is
harder, engages the
brain more

v

Stronger memories

Hippocampus
has lots signal to record

Stronger learning comes from making learning a bit challenging
(‘desirable difficulties’)




Another learning myth...

Myth of fluency
e Many things make students feel like they know information better than they do
Re-reading Highhghting Cramming

— — .

| A — :
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s —

------
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Creates short-lived, weak memories




Build stronger memories

Self-quizzing
« Creating self-quiz material encourages deeper learning
» Elaborate on material
« Make relevant to self, to prior knowledge, to everyday experiences via
analogy and metaphor
* Interleave different material
* Highlights relationships and differences between concepts
* Increase internal motivation to learn
« Dopamine boosts learning!
* Playful, social activities; make clear why material is relevant to them;
make connections to topics that interest them

strong memories » Reduce barriers to motivation

 Mindset (students & instructors), belonging, affirmation interventions
* Minimize non-learning digital devices in class

 Handwriting benefits, social distraction, multitasking

» Access to natural light
» Tells hypothalamus to wake up, increasing alertness during learning

Practices to lay down




Learning in the brain

Hippocampus

Kinesthetics

Storage

Meaning oo
ounds

Sights

Things that support
hippocampal function can

lead to better learnin
SLEEP, EXERCISE,

TIME

Practices to store those

memories deeply

Hippocampus saves your work in the background

(during sleep, with exercise, over time)
e —————————




Some strategies that may enhance storage

: | My Files

Where: ﬁﬂ Documents

Practices to store those

memories deeply

STORE stronger memories

Prioritize sleep
» Strengthens learning from the day
» Allows students to be more awake and alert during
learning
Later school start times for adolescents!?
» Allows students to be more awake and alert during
learning
Reduce blue light before bed
» Blue light interrupts circadian rhythms and interferes with
sleep architecture
Prioritize exercise
» Stimulates new cells in hibbocampus, new connections

Space topics out in course material

* Re-loading after some forgetting leads to stronger
memories




Learning in the brain

Retrieval Kinesthetics

& Word m Edit View Insert Format

Meaning oo
ounds

Slins Open... a0 |

Sights

Practices to access those |
The more you practice

retrieving, the better you
oet at retrieving!

memories easily, and
when usetul



Learning in the brain

Retrieval practice

. : ing and consolidate learning
' lewed
:"‘\\

90% —

Retention

Days

Frequen orgetting

Frequent retrieval also changes the nature of the learning

-
N
W
D
w
o

/ Learned Information

/
/



trieval

& Word B0 Edit View Insert Format

en...

Practices to access those
memories easlily, and
when useful

Better access to memories

Frequent, low-stakes quizzing
* Re-loading consolidates learning, interrupts forgetting
« No feedback necessary for benefits; must count toward grade
Practice tests that students can do on own
» Cadlibrate their judgments of what they know and do not

Ask students questions in class, without notes
* Increased attention, more re-loading
 Can make it social by asking them to vote on 3 possible answers,
then discuss with someone who voted differently

Writing exercises that encourage generation

 Take 5-10 min at end of class to recall material
Ask students to puzzle through question prior to giving
answer

» Generativity encourages deeper learning

Design quizzes/exercises to reach back to prior concepts
» Allows for deeper conceptual knowledge (mental models)




Poster of Strategies for teachers and students

~—— J —— ~

Retrieval
Reframe strengthens
Failure. learning.
Spacing out learning
strengthens learning.
Be transparent about why
difficulties are necessary.
Don’t make
learning as easy.
Teach with the
end in mind.
Keep them at the edge
of their mastery.
Don’t forget
about exercise, Don’t suppress the
sleep & music! social brain--use it! y/

Ineffective learning
techniques: Highlighting
& Re-reading.




With Educators

Arm teachers with the science of learning:
WILL SKILL

Program 1

N ——

C With Students

b Take science out of:

Program 2

the lab into the wild

4

University of California
San Francisco

neuroscape.ucst.edu



http://neuroscape.ucsf.edu
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) Executive Function and Learning

i e U B .

Executive functioning: core capacities that allow us to pursue our
goals




Executive Function and Learning

Executive functioning may be the key to academic success

EFs predict academic outcomes

e School readiness (e.s. McClelland et al., 2007)

e Successful transition to K e.g Blair & Razza 2007)

*School performance and social competence in
adolescence (e Mischel et al., 1989)

...life outcomes in adulthood

* Better physical health
* Higher socio-economic status
* Fewer drug-related problems

 Fewer criminal convictions
(e.g. Moffitt et al., 201 1)




Executive Function & Academic Achievement

Executive functioning study in |,258 students in Bay Area

Measure Train

— —————————— R — ——

Personalized Assessment Personalized Training

L 2

Taylor’s Cognitive Profile
| Attention
. Working Memory

EFs may be key to understanding how students learn,
and what to do to optimize learning




I Learning Engineering ' i |

ing EDUCATION with EVIDENCE for transformative te

g J \\/" :

C With Students

Take science out of:

C With Educators

Program 1 ——

Arm teachers with the science of learning:
WILL SKILL the lab into the wild

| ___ @__ o W )

Program 2

A & s




Take-Home Messages

Treating education as an applied science may result in rapid improvements, as with medicine

®The future of innovation in education depends on solving hard problems—with science?
*\When teaching is grounded in the science of learning, can use Sol principles as
axes of innovation

*This may require a new job description: a Learning Engineer

Educators

Learning
Engineer







JTrauma and the pbrain

: “New Mexico School for the Arts L

Professional-Development retreat
1 June 2017




The Trauma Pyramio

Death

Early
Death

Disease,
Disability, and
Social Problems

Adoption of
Health-risk Behaviors

Social, Emotional, and
Cognitive Impairment

Disrupted Neurodevelopment

Adverse Childhood Experiences

Conception
Mechanism by Which Adverse Childhood Experiences
Influence Health and Well-being Throughout the Lifespan

https://www.cdc.gov/violenceprevention/acestudy/about.html



Adverse Childhooo Experienc:es
 ABUSE | | NEGLECT | | HOUSEHOLD DYSFUNCTION
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Adverse Childhood Experiences

All ACE questions refer to the respondent’s first 18 years of life.

1. Abuse

« Emotional abuse: A parent, stepparent, or adult living in your home swore at you, insulted you, put you down, or
acted in a way that made you afraid that you might be physically hurt.

» Physical abuse: A parent, stepparent, or adult living in your home pushed, grabbed, slapped, threw something at you,
or hit you so hard that you had marks or were injured.

« Sexual abuse: An adult, relative, family friend, or stranger who was at least 5 years older than you ever touched or
fondled your body in a sexual way, made you touch his/her body in a sexual way, attempted to have any type of sexual
intercourse with you.

2. Household Challenges

« Mother treated violently: Your mother or stepmother was pushed, grabbed, slapped, had something thrown at her,
kicked, bitten, hit with a fist, hit with something hard, repeatedly hit for over at least a few minutes, or ever threatened
or hurt by a knife or gun by your father (or stepfather) or mother’s boyfriend.

« Household substance abuse: A household member was a problem drinker or alcoholic or a household member used
street drugs.

« Mental illness in household: A household member was depressed or mentally ill or a household member attempted
suicide.

 Parental separation or divorce: Your parents were ever separated or divorced.

« Criminal household member: A household member went to prison.

3. Neglect

« Emotional neglect: Someone in your family helped you feel important or special, you felt loved, people in your family
looked out for each other and felt close to each other, and your family was a source of strength and support.

« Physical neglect: There was someone to take care of you, protect you, and take you to the doctor it you needed it,
you didn't have enough to eat, your parents were too drunk or too high to take care of you, and you had to wear dirty
clothes.

“Relationship of Childhood Abuse and Household Dysfunction to Many of the Leading Causes of Death in Adults,” (1998) Am J Preventive Medicine



IIPES g ACES oo sssccemsssnmensisssssts ccumssosenermssnn s

The ACE study looked at three categories of adverse experience: childhood abuse, which included emotional,
physical, and sexual abuse; neglect, including both physical and emotional neglect; and household challenges,
which included growing up in a household were there was substance abuse, mental iliness, violent treatment of a
mother or stepmother, parental separation/divorce or had a member of the household go to prison. Respondents
were given an ACE score between 0 and 10 based on how many of these 10 types of adverse experience to which

they reported being exposed.
ABUSE HOUSEHOLD CHALLENGES NEGLECT
139% MOTHER
EMOTIONAL TREATED VIOLENTLY
15% EMOTIONAL
27% SUBSTANCE ABUSE
28% PHYSICAL 19% MENTAL ILLNESS
23% SEPARATION/DIVORCE |
10% PHYSICAL
<h SEANAL INCARCERATED
HOUSEHOLD MEMBER

http://vetoviolence.cdc.gov/apps/phl/resource_center_infographic.html



HOW COMMON ARE ACES?

ZERO
36%
ONE
26%
TWO
16%
THREE
9.5%

FOUR OR MORE

12.5%

# of ACES

Almost two-thirds of adults surveyed reported at least one Adverse Childhood

Experience - and the majority of respondents who reported at least one ACE
reported more than one.

http://vetoviolence.cdc.gov/apps/phl/resource_center_infographic.html



HOW DO ACES AFFECT OUR LIVES?

ACES CAN HAVE LASTING EFFECTS ‘o%) BEHAVIOR & HEALTH...

Simply put, our childhood experiences have a tremendous, lifelong impact on our health and the quality of our lives. The
ACE Study showed dramatic links between adverse childhood experiences and risky behavior, psychological issues,
serious iliness and the leading causes of death.



LIFE EXPECTANCY

People with six or more ACEs died nearly 20 years earlier on average than those without ACEs.

YEARS

< <~

e_center_infographic.html

.cdc.gov/apps/phl/resourc

http://vetoviolence



Lack of physical activity Smoking Alcoholism []rug use Missed work

Severe obesity Diabetes Depression Suicide attempts

Heart disease Cancer Stroke

Infographic credit: Robert Wood Johnson Foundation



ECONOMIC TOLL

The Centers for Disease Control and Prevention (CDC) estimates the lifetime costs associated
with child maltreatment at $124 billion.

$83.5 BILLION $25 BILLION $4.6 BILLION I $S4.4 BILLION $3.9BILLION

PRODUCTIVITY LOSS HEALTH CARE | SPECIAL EDUCATION g CHILD WELFARE j CRIMINAL JUSTICE

http://vetoviolence.cdc.gov/apps/phl/resource_center_infographic.html



What about the brain?

Exposure to early ACEs can lead to structural and functional changes in the brain

Can affect neural circuits for:

* Language

* Executive Function

* Learning and memory

* Social-emotional processing

Reviewed in Merz & Noble (2017) Neural Development in Context: Differences in Structure and Function Associated with ACEs



Remember the hippocampus?

The hippocampus is critical for new learning

Smaller hippocampus found in kids with:

_ower family income
_ower parental education

_ower SES

But all is not lost! Remember that the hippocampus is one of the
only brain regions that grows new neurons throughout life!

Reviewed in Merz & Noble (2017) Neural Development in Context: Differences in Structure and Function Associated with ACEs



What 27 Be Done About ACES?

Single most common factor for children who develop resilience is at least one
stable & committed relationship with a supportive adult

Trusted adult can provide:

* personalized responsiveness
* scaffolding

* protection

...that buffer children from
developmental disruption

Build key capacities:

* ability to plan

* monitor

* regulate behavior

...that enable children to respond
adaptively to adversity and thrive

http://developingchild.harvard.edu/science/key-concepts/resilience/



Are there protective factors?

Yes! Children who do well in the face of serious hardship typically have a biological resistance to adversity
and strong relationships with the important adults in their lite

Social Environment

Resilience is the result of a combination of protective factors

http://developingchild.harvard.edu/science/key-concepts/resilience/



How to optimize resilience

Research has identitied a common set of factors that predispose children to positive outcomes
in the face of significant adversity:

Supportive adult-child relationships Build sense of self-efficacy

& perceived control

Mobilize sources of faith, hope,
cultural tradition

http://developingchild.harvard.edu/science/key-concepts/resilience/



Reframing stress

Not all stress is harmful!

Optimal
zone

Performance

low Stress high




It's never too late

Resilience can be developed at any age

M 7 K I2X 612X

Modeling healthy behavior can improve students’ capacities



