York Mills C. 1., Toronto
WWW. meyercreatlons com/physics



BN -
You just?nished your

ph%‘ tr‘ai'ﬂling



N

—_—
______._——"""__..—-—-r—"'_"'_—-—-__ \

CastingzEoItuUnNES

e A
/¢ e
Iiilllillﬂ'u!tllllﬁ%l‘%

B .
e

)
/

'

s
o
it

‘ 4""‘];: 3 iz

The Astrologer, Albrecht Durer, 1498

Hans*Holbein, 1524
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“The Noble Profession”: Teaching




Great Teachers







Feynman atiealtecn







‘... When |
look at the
examinations,

| think that
the systemisa K
failure.” 2




“...there were
one or two dozen
students who—
very surprisingly—
understood almost
everything ... and
they are, after all,
the ones | was
trying to get at.”




Success Criteria

How well is the How well are
material presented? students learning?
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Internal logic = Aristotelian Empirical results = Galilean
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Question Timel

A ball on a string
IS swung In a
horizontal circle.
At point P, the
string breaks.

Which path would
the ball most
closely follow,
observed from

above?

Hestenes, D., Wells, M., & Swackhamer, G. (1992). Force
concept inventory. The physics teacher, 30(3), 141-158.



Way too
-4 easy!
7 Harrumph!




Force Concept Inventory Scores

100% _ :
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SA Room for 16.2% — 2500
improvement; BRSRESEL

20 I 64.6% e—
40% Improvement: 16.2%

0% I Test Score ITest Score I
354% [ 516% |

Milner-Bolotin, Marina, et al. "Attitudes about science and conceptual physics learning in university
introductory physics courses." Physical Review Special Topics-Physics Education Research 7.2
(2011): 020107.
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DIS’[IIIed Physics

77% Scattered

Hake, Richard R. "Interactive-
engagement versus traditional
methods: A six-thousand-student
survey of mechanics test data for
introductory physics
courses." American journal of

Ty p I C a.l St U d e n t Physics 66.1 (1998): 64-74.



Best Lesson Ever







What’s
Going on
Upstairs?
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A PhiIqupher giving a Lecture on the Orrery in which alamp is putin place of the Sun,
2\ Joseph Wright of Derby, 1766



What
happens
IN
students




Physical

Workings

In SCientifiC
4l [:13)€ Model of
N Learning

when they / f”’b;\\

learn?

. \\ .






Grey Matter Grows with Learning
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training week training week training week follow-up2  follow-up 4
1 2 4 months months

Zatorre, R. J., Fields, R. D., & Johansen-Berg, H. (2012). Plasticity in gray and white:
neuroimaging changes in brain structure during learning. Nature neuroscience, 15(4), 528-
536.



Learning =
Physical Process
Learning = Physics!



Brain Workload

Novice Intermediate Skilled

Learning something new is
energy intensive =tiring

Ericsson, K. Anders, et al., eds. The Cambridge handbook of expertise and expert
performance. Cambridge University Press, 2006.
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Emotions and the Brain

CXECULIVE

Functions,

, POoSt
‘ Sensory '







Activation of mcc LINSp | RINSp
brain regions :
assoclated with
physical pain
perception Is
strongest when
anticipating a
math task.
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z=7 | Activity Type: [ilmath-cue = math-task

Lyons, I. M., & Beilock, S. L. (2012). When math hurts: math anxiety predicts
pain network activation in anticipation of doing math. PloS one, 7(10), e48076












Learning Check-Up

How was your learning today?

A: I’m confident about what | learned. |
can explain it well to my neighbours.

B: I’m pretty good with what | learned. I’'m
OK at explaining Iit.

C: I’m not too sure about what | learned.
It would be tough to explain it!

D: | think | had difficulties with some of
what | learned. | am not yet able to
explain it.



Measuring Understanding?

Find the current
through the 2 ohm
resistor and the
potential

difference
between point a
and D.

Average = 75%




Measuring Understanding!

When the switch is
closed,
what happens to:
(a) the current through

the battery
(b) the brightness of
the bulbs

Average =



Cognitive Resource Model

&
DiSessa, A. A. (1993) Toward a p'o

physics. Cognition and instruction, 10(2-3), 105-225.



Knowledge is built from primitive pieces

Stronger
Influence wins

DiSessa, A. A. (1993). Toward an epistemology of - &
physics. Cognition and instruction, 10(2-3), 105-225.



As we learn, connections grow
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Networks of knowledge resources form
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Prior Knowledge

We make sense of new ideas by
making connections to our
prior knowledge

[E

*'II
If prior knowledge E"" .
IS not ready, students *
cannot make use

I
of expert knowledge. E""
1N




p\" The Expert

m Rich webs of
connections

= Highly
contextual

= See “big
picture”

m Fluent /
Invisible
skills
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The Novice

m Scientific
knowledge
fragmented

m Little context

m Fewer useful
“hooks’” to
attach new

Heavy things
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Brain . .
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Scientific
Model of
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Prior
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Teaching is a Wiring Problem
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How to make connections?

e

‘ Force \
spins ,
Force - k\\\
deflects ,

r K

RT Motion
{ motion 4 / dies away
- >

)
\
(G0l
; takes time —
< '_" More effort =
‘J

= force
more Y/
\,_lesistance =

Heavy things
resist '

N
-

é Opposites
cancel




Cognitive Learning Cycle

Zull, J. The Art of Changing the Bre



Which parts of the cycle does
traditional In jon focus on?

Active
lesting

Reflection
to Assign

Meanino
Zull, 3. The Art of Changing the Brt HJ‘““[”“:‘J



Brain |
Workings Emotion

Scientific
Model of
Learning

= 0

Prior Cognitive
Knowledge Learning Cycle



In which part of this cycle can
teachers parficipate?

Zull, J. The Art of Changing the Brain. 2002



How to rewire
a studentbrain?

Create a learning environment
that leads students through
all four steps of the cognitive
learning cycle.



How to rewire
a studentbrain?

Students need structure to
successfully create
connections themselves.



What Environment
Doesn’t Do This?
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York I\/I|IIs Students




What Doees? Active [tearning




Active LLearning

Emphasizes
discussion
higher-erder tninking
and often invelves
groupiwaerk.

Freeman, Scott, et al. "Active learning increases student performance in
science, engineering, and mathematics." Proceedings of the National
Academy of Sciences (2014): 201319030.



Active Learning Reduces Failures

Freeman,
Scott, et al.
"Active
learning
Increases
student
performance in
science,
engineering,
and
mathematics."
Proceedings of

n the National
| Academy of
I I . Sciences (2014
20 -10 O 10 20 30 40 30 ): 201319030.

Percent Change in Failure Rate
with Active Learning

Increased | Decreased
FailurelFailuré

Number of Studies




Improves Course Performance
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Force Concept Inventory Scores

100% _ :
I Normalized Gain:

SA Room for 16.2% — 2500
improvement; BRSRESEL

20 I 64.6% e—
40% Improvement: 16.2%

0% I Test Score ITest Score I
354% [ 516% |

Milner-Bolotin, Marina, et al. "Attitudes about science and conceptual physics learning in university
introductory physics courses." Physical Review Special Topics-Physics Education Research 7.2
(2011): 020107.
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Active Learning Works!

York Mills
Galn =

% <Gain>

20 40 60 80 100
% <Pretest>
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Active Learning Works!

Force Concept Inventory Post Scores 2011-16 (n=518)

| Toronto High School = 73% Average PreMed
| Ottawa High School = 79% student starting

York Mills Mean =81.5% + 0.7%

Harvard

= 70%

Average student

with gr. 12 physics

starting U of T
=57%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
FCIl Score



Change Is
necessary and
possible



A 100% Satire-Free Modest Proposal

PCS 450/550
Directed Projects

Promote
education as a
research topic




Win-Win Deal

You need help
and time

Senior students
need
apprenticeship
In teaching and
learning




Win-Win Deal

. Use PCS 450/550 to:
= Summarize
relevant literature
m Observe classes /
| Interview students
m Study problem set
[ exam results
m Design lesson
Ideas to try




e - Ktall Party

physics, eh?
Physics was | Oh. I liked
my worst = physics in

subject. /& o¥ =@ /| school. But

' | : | didn’t do
very well.




Physics
S Hard
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Percentage of U.S. Ph.D.’s who are female
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Gender and “Brilliance”

MolecBio
® EvoBio

Neurogm ® Biochem
®

Statistics
. Earth Sci o
®

_ Astronomy Math

o °

Engineering

® .

- Comp Scig Rlysics
3.2 3.7 4.2 4.7

Field-specific ability beliefs
(higher numbers indicate greater emphasis on brilliance)

Leslie, Sarah-Jane, et al. "Expectations of brilliance underlie gender distributions

across academic disciplines." Science 347.6219 (2015): 262-265.



The Social
Contract of
Teaching

Teach Our
Kids Well

, “IIegory of the Revolution (1794),
m!___Lm»olas Henri Jeaurat de Bertry




. Do Your Crazy Science Stuff
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Break the Spell of Experts

—ricsson, K., Roring, R. W., & Nandagopal, K. (2007). Giftedn
evidence for reproducibly superior performance: An account based on the expert
performance framework. High Ability Studies, 18(1), 3-56.



My Prediction
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Physics education will improve to the point

that any adult of average intelligence can be

trained to become a well-regarded,
expert physicist.

Arabic Astronomers, 1513




A New Paradigm

What matters most In
education

IS’ what goes.on in a
student’s head.
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