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A

PHYSICIST
(and a high school teacher!)



U of T Physics 





The Cocktail PartyWow, 

physics, eh?

Hated it. 

Terrible 

Teacher.

Physics 

seemed 

interesting,

but it was my 

worst subject.



The Cocktail Party
Physics 

was 

great!





Dr. Mary Wells,

Dean of 

Engineering, 

University of 

Guelph



“Surprisingly, it is 

not the advanced 

math courses that 

cause this divide 

but rather 

Grade 11 and 12 

physics!”



“out of all the 

natural science 

courses 

offered in high 

school, 

physics is the 

least popular”



“Considering physics 

12 is a requirement to 

apply to engineering 

programs in Canada, 

this has serious 

implications for the 

Canadian engineering 

talent pipeline.”



How Serious?



Skibba, Ramin. "Women 

in physics face big 

hurdles—still." Nature 

News (2016).



Attrition

Awesome!



Awesome!

Gender Imbalance
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Force Concept Inventory

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 

easy!

Harrumph!



Force Concept Inventory Scores

Test Score 

45%
Test Score 

57.7%

Room for 

improvement:

55%

12.7%

Gain:

12.7% = 
55%

23%



Stereotypical Student

Distilled Physics 

Wisdom
23%

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 Physics 66.1 (1998): 

64-74.



Hake, Richard R. "Interactive-engagement versus traditional methods: A six-thousand-

student survey of mechanics test data for introductory physics courses." American journal 

of Physics 66.1 (1998): 64-74.

Traditional 

Instruction



Hake, Richard R. "Interactive-engagement versus traditional methods: A six-thousand-

student survey of mechanics test data for introductory physics courses." American journal 

of Physics 66.1 (1998): 64-74.

Traditional 

Instruction The Future

of Physics 

Education



A Scientific 

Revolution 

for Learning

A Philosopher giving a Lecture on the Orrery in which a lamp is put in place of the Sun, 

Joseph Wright of Derby, 1766



What 

happens 

in 

students’ 

brains 

when they 

learn?



Neuroscience

+

Cognitive 

Psychology

+

Physics 

Education 

Research

+

Classroom 

Practice



Research

Curriculum 

Development

Instruction

Education 

Design 

Cycle

Applied Science of Learning



The Goal of STEM Education

“to maximize the extent 

to which the learners 

develop expertise in the 

relevant subject, where 

expertise is defined by 

what scientists and 

engineers do.”

Carl Wieman, 

Physics Nobel laureate

Wieman, Carl. "Applying New Research to Improve Science 

Education." Issues in Science and Technology 29, no. 1 (Fall 2012)



STEM Education Goal



Observe the Novices



STEM 

Education 

Goal:
Experts talk to one 

another



Work and Learn in Groups



Social Learning

“For most individuals, learning is 

most effectively carried out via 

social interactions.”
Redish, Edward F. "Millikan lecture 1998: Building a science of teaching 

physics." American Journal of Physics 67.7 (1999): 562-573.



3. Reason. Isaac says, “I think gravity and the 

normal force make up a third-law pair in this 

situation. Just look at the size and direction of 

the forces.” Do you agree or disagree with 

Isaac? Explain.



STEM 

Education 

Goal:
Experts prize 

sense-making



Exam Question #1

Find the current

through the 2 ohm 

resistor and the 

potential 

difference 

between point a 

and b.

Average = 75%



Exam Question #2

When the switch is 

closed, 

what happens to:

(a) the current through 

the battery

(b) the brightness of 

the bulbs

Average = 40%
Yikes!



Cognitive Learning Cycle

Frontal 

Integrative 

Cortex

Premotor 

and 

Motor

Sensory and 

Postsensory

Temporal 

Integrative 

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

Plan

Do,

Test

Input

Assign 

Meaning



Plan

Do,

Test

Input

Assign 

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

Traditional Instruction



Plan

Do,

Test

Input

Assign 

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

Traditional Instruction

Lots of 

Input!

Little 

Reflection 

to Assign 

Meaning

Move 

info 

around,

math

Little 

Active 

Testing



Lesson on “Oomph”



Lesson on “Oomph”



Sense-Making Tools



Sense-Making Before Math



Understanding 

First
Math Second

(math makes understanding more precise)



Hake, Richard R. "Interactive-engagement versus traditional methods: A six-thousand-

student survey of mechanics test data for introductory physics courses." American journal 

of Physics 66.1 (1998): 64-74.

The average student 

was not making sense 

of the physics



Understanding First

Teachers can’t 

give students 

understanding.

Students must 

explore and

construct their 

own 

understanding.



Bonus: Doing Science!

Science is a process for the construction 

and testing of knowledge.

Scientific habits and thinking processes 

are woven into every lesson.



STEM 

Education 

Goal:
Experts test and refine 

own knowledge



Test!



Test!

Why do these tests 

produce this reaction? 



Research

Curriculum 

Development

Instruction

Education 

Design 

Cycle

Does All This Work?



Attitudes About Physics
Colorado Learning Attitudes Survey for Science



Physics at York Mills 2018

51%

46%





Force Concept Inventory Scores

Test Score 

58%

Test Score 

82%

Room for 

improvement:

42%
24%

York Mills 

Gain: 57%



Hake, Richard R. "Interactive-engagement versus traditional methods: A six-thousand-

student survey of mechanics test data for introductory physics courses." American journal 

of Physics 66.1 (1998): 64-74.

Traditional 

Instruction

The Future

of Physics Education



Good For All STEM Disciplines

Freeman, Scott, et al. "Active learning increases student performance 

in science, engineering, and mathematics." Proceedings of the National 

Academy of Sciences (2014): 201319030.



Advice for PEO and STEM

Advocate for scientifically-

informed pedagogy

Connect with physics courses 

and teachers

Target grade 10 students for 

immediate results
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