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A
PHYSICIST

(and a high school teacher!)



Uof T Physics
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physics, eh?
Hated It.
Terrible
Teacher.

Physics
seemed
Interesting,
but it was my
M worst subject.
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“Considering physics
- 12is arequirementto
= ~ ‘ apply to engineering
| ~ . programs in Canada, ;

this has serious
implications for the
Canadian engineering
talent pipeline.”
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How Serious?
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WOMEN IN SCIENCE

Physics hovers near the bottom of the pack with regard to the
percentage of female graduate and undergraduate degree recipients.

Biosciences
Social sciences

Mathematics

Economics

Skibb?a, Ramin.g "Womeni
in physics face big
hurdles—still." Nature

Engineering

Physics News (2016).
_ 5 Doctorate
Computer sciences | W Bachelor's degree

0 10 20 30 40 50 60
onature Female recipients in 2012 (%)
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Gender Imbalance







Force Concept Inventory (J*30
 Stop

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.






Force Concept Inventory Scores
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Hake, Richard R. "Interactive-

engagement versus traditional
‘ \ methods: A six-thousand-
\ ' - student survey of mechanics
, T test data for introductor
A- By m y

physics courses." American

StereOty p | C al St U d ent journal of Ph63;3|7c43 66.1 (1998):
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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.
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Traditional
Instruction he Future

0.3 of Physics
Education

0.4

0.2

0.1

Fraction of Courses

0.08
0.16
0.24
0.32
0.48
0.56
0.64
0.72

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.




A Scientific
Revolution
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A Phl‘zsopher giving a Lecture on the Orrery in WhICh a lamp is putin place of the Sun,
Joseph Wright of Derby, 1766



What
happens
IN
students




Neuroscience

+
Cognitive
Psychology

n
Physics
Education
Research

+

Classroom
Practice




' Applied Science of Learning

,\
Education W
Design Curriculum
Cycle Development

Instruction




The Goal owaTEI\/I Education

| L. “to maximize the extent

to which thelearhers
develop expertisein the
relevant subject, Where
expertise is defined by
Wheat scientists and

eineers do.”
>arl Wieman,
.~ Physics Nobel laureate

NiEman, Carli “Ap) I aisezifan o linorove Scizrnce
'J,jI'Edu ation.Issues It “Fagnnolac)y 29, ge). I (Fall 2012)




| STEM Education Goal
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W  STEM

s .

* Education
Goal:

EXxperts talk to one |
another
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Work and Learn in Groups




Social Learning

“For most mdmduals IearnmLsz\__;
~most effectively carried out via

social interactions.”

Redlsh Edward F. "Millikan feeture 1998: Building asuencé of teaching
. physics." American JournaI OWS 67/_(1999) 562-573.




SPH4U: Newton’s Third Law

Recorder: _

Manager:
Speaker:

A: Forces as Interactions

Throughout our unit on forces, we have been making use of the term interaction.

When two objects affect one another, we say that they inferact. We have also
noticed that these interactions come in the form of a push or a pull on the objects W

veary imnartant idaa

es. This brings us to a

Whenever two objects interact, they each exert a force on the other.These two forces are really just two parts of a single
interaction. We will call the two forcesa 3 “law force pair. The forces in a 3" law force pair share some important
characteristics:

e they have the same magnitude sthey point in opposite directions

e they are the same type (gravitational, normal, etc.) sthey arise and act simultaneously

e they involve the same pair of objects

This understanding of interactions is known as Newton’s 3" Law. Please never use the words action or reaction when

1;3. Reason. Isaac says, “l think gravity and the
onormal 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

fo .

= Isaac? Explain.

Fg Eopg® YWHILILITAQUD. UIC 1UICT Ul gldavily O1 UIC €arum acung on me
book™.Using this notation we can write Newton’s 3™ Law as:

ﬁ i = —F s, With the understandingof the characteristics of a force-
pair.

2. Represent. Label the forces in your force diagram using this new
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Goal:
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sense-making




Exam Question #1

Find the current
through the 2 ohm
resistor and the
potential
difference
between point a
and b.




Exam Question #2

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

the battery
(b) the brightness of
the bulbs

Average =

Yikes!




Cognitive Learning Cycle

Zull, J. The Art of Changing the Bre



Traditional Instruction

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



Traditional Instruction

Active
lesting

&£  Reflection
R s : .
—  to Assign

Meaning

Zull, J. The Art of Changing the B



I Lesson on “Oomph” l




" Lesson on “Oomph”

SPH4U: “Oomph”

When you catch a heavy object you feel a lot of “Oomph”. What is this
mysterious quantity that we all kind of know? Let’s find out.

Recorder:
Manager: |
Speaker: ‘

A: Figuring Out the Formula for Oomph!

The more oomph something has, the harder it is to stop. and the more ability it has to knock ot

out the formula for oomph.

1. Reason. A small pebble and a larger rock are thrown at the same speed.
(a) Which one has more oomph? Why?

(b) The rock is twice as massive as the pebble. Intuitively, how does the rock’s oo
oomph? Is it twice as big? Half as big? Three times as big?




Sense-Making Tools

A: Pictorial Representation
Sketch showung "‘before and "after”, coordinate system, label givens and unknowns with symbols, conversions, describe evenis

—D 0( 6{/&1/5

')r",(,-
v Fa \)&')

B: Physics Representation
momentum bar chart, interaction diagram, force diagram

g ; +pp+ I= F'Az"'F'rﬂ

l/.__,/_\-rﬁ-‘._\_\_.

gl Cﬂlf'tq) L -! o t{t.D

i ’}LH Tk -

——Fartn—
Calculate, Now calculate the 500 g car’s speed and direction of motion after the
collision. Use the bar chart to help construct your momentum equation (leave out any

—




Sense-Making Before Math

D: Mathematical Representation

Complete equahnns dascribe t;tppq algebraic work, substitutions with units, final statement
rsl (‘ 1“‘.’ Ve "’fi‘f\l\ /‘* "{ ’L"'lf"l c ..-»(‘.

NPy, pvs. I""—'\":)f—‘- .
Y’ I d Bhe aullis) opn ’
= 2

Y!}-\ — P.{\»\;: e |

MaVa, = Ma \/A2 4- Y’/\g‘\fﬁz_

\ 2,

Ma Va ] - IMNaVa =

colltsran

E: Evaluation ,

Answer has reasonable size, direction and units? Why? OgFTEwde of e
Answet hes {‘“'?u"“‘b € -;:I:’:‘ berawse ?L{’ okt e s
c"""’"""-."*/z‘ T less By At of

The Ur;wm { v:"’w,.r“" W srnce
+0 The (@08 q Cort « AMwer & negotive becawse ait ic Joyeliny f
Test. Set up thlS situation on your track and try it out. Does our momentum law work?

Té ’\’\ '}.*‘.f"l“ o \“'-'.. 0 @ MO EN 4+ UM { O LAJ "(/(J:“: '-'{4/'/(




Understanding

ISt
Math Second

(math makes understanding more precise) |




Théﬂa\/'erage student
was not making sense
the physics

Fraction of Courses

0.48
0.56"
0.64
0.72

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.




Understandlng First

Teachers can’t
give students |
understanding.

Students must
explore and
construct their &
own
understanding. :




Scienceis a process for the construction
and testing of knowledge. ‘
4

Scientific habitsfand thinking processes
are,woven into every lesson.

PN ——



O .
b STEM
Education

Goal:

Experts test and refine f
own knowledge |
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‘Does All This Work?

,\
Education W
Design Curriculum
Cycle Development

B Instruction




Attitudes About Physics

Colorado Learning Attitudes Survey for Science

Grade 12 Change in Expert-like Attitudes by Gender
York Mills C. I. (n female = 55, n male = 129)

0 Women

B Men

Overall

Personal Interest

PS General



Physics at York Mills 2018
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Other, 20%

Engineering,
34%




Force Concept Inventory Scores

York Mills
Room for Ga|n 57%

Improvement:
]| [P
—I Test Score i

I Test Score I i

58%

Start of Course End of Course
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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.




Good For All STEM Disciplines

Computer
Science

Engineering

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 |

m Advocate for scientifically-
Informed pedagogy.

m Connect with phySICS COUrSEesS
and teachers

m [arget grade 10 students for
Immediate results
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