Building brains for the future:
The neuroscience school leaders need no

Barbara Oakley, PhD, PE, FAAAS, FIEEE, FAIMBE
. CHe § @auduBabinnovation Instructor
Winner of McGraw Prize in Education (2023)
Distinguished Professor of Engineering
Oakland University, Rochester, Michigan
Oakley@oakland.edu




) | ! \
120 110 100 70
I.'r Edmonton ," ? ,; \ =
‘ / / \ Sl
',,-:-.___\__H_ |l|l II ? >
y - — |II' f
vancouv;e‘r-—-_ = I'I
____""-——-_____i____ « Regina | \
m | — _’_ S
Washin
. . Montana North Dakota
i g ismarck
Minnesota
Orggon Idaho
= Boise South Dakota St. Pau‘la
Pierre®
Wyo
"\ : lowa
9 Cheyenne ebraska <
ra Carson Ci It Lake C 5 Des Moine
S iy \ou\lna s
Fr: ah )
Nevada REer Topohy
Colorado @
Cali%®rnia
s Vega Kansas
Angeles Arizona o&anta fe Oklahoma
]
. Oklahome
Phoen New Mexico
exicali
.Dallas
— I Texas
* National capital m—e Austin
mosillo Ze @
U.S. State
@® State capital * Chihuahua
Scale 1:13,500,000
Albers Equal-Area Projection MEXICO
0 500 Kilometers J
1 L L L L L
" ¥ ! I ! ! Monterre
0 500 Miles .

100




e

Ty

Fris

Mg

A

\,
Philip Oakley




The transformer

Attention Is All You Need
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Encoder Decoder

Abstract

The dominant sequence transduction models are based on complex recurrent or
convolutional neural networks that include an encoder and a decoder. The best
performing models also connect the encoder and decoder through an attention
mechanism. We propose a new simple network architecture, the Transformer,
based solely on attention mechanisms, dispensing with recurrence and convolutions
entirely. Experiments on two machine translation tasks show these models to
be superior in quality while being more parallelizable and requiring significantly
less time to train. Our model achieves 28.4 BLEU on the WMT 2014 English-
to-German translation task, improving over the existing best results, including Encoding
ensembles, by over 2 BLEU. On the WMT 2014 English-to-French translation task,

our model establishes a new single-model state-of-the-art BLEU score of 41.0 after

training for 3.5 days on eight GPUs, a small fraction of the training costs of the

best models from the literature.

31st Conference on Neural Information Processing Systems (NIPS 2017), Long Beach, CA, USA.




Flow of information Flow of information in the brain
through transformers in Al
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Neurons
send
signals




Neurons create
sets of links
when you learn
something.




Connections
strengthen
with practice
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RAY M. DOLBY, 1957 - AGE 24

3 June 1957

The Seientist and His Scientific Method

The scientist, through years of mental development, evolves
within himself an operational technique whiech is designed to
eliminate errors of irrational thinking., Such a method, a real
necessity in the complexity of today's techmology, hes long been
recognized as the easiest, surest, snd fastest route to the solu-
tion of a seientific problem.

Franeis Bacon's awareness of the need for better teehnigues
in thinking is demonstrated in the "Novum Orgzanum." Similarly,

Newton recognized the essential features of logie in his "Rules

of Reasoning in Philosophy," and, along with others, isolated the I Y - '/7 r
mechanics of seientific thinking, ccncluaing¥G:Uus1: an t rea '{ you OW’ ’
A. be logieal and objeative "

e what YOU doft'vét knbwwel 0 U canot

D. be conservetive; never be abtsolutely sure about anything c,'/ lca//J/ about' genA/ ./

E. be willing to diseard old ideas if they are no longer useful
The need for & method which assures elear thinking in all
endeavors is truly as obvious today as it has ever been. And yet,

what does the seiertist do with this talent, developed only by Stanford‘unlverSIty Libraries

ecnsiderable study and self-diseipline, as soon as he leaves the

laboratory? It is forgotten--left behind with his smoek and his ‘ﬁ C 4
% Archival Collections at Stanford

slide rule.

@ Ray Dolby papers, [c. 1940s - 2000s]




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

MReread
AHighlight or underline
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ﬁCreate a Concept map

Concept







Retrieval Practice




Retrieval Practice

Initial learning




Mapping

Blunt

actvities that encourage elaborative study
jractice retrieving and reconstructing knowle
Icing retrleval produces greater gams n
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Large Language Model
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Non-conscious

Basal ganglia

Magic!

Hippocampus

conscious
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input layer

Non-conscious

hidden layer 1 hidden layer 2 hidden layer 3

Hippocampus
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Basal ganglia
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