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What is physics 1707

How is it taught?

Why change it?

What did you change?

How do you know it worked?
What still needs to be worked on?



Development Timeline

The talk presents the efforts of teaching PHYS 170 for three years while not
in charge of the course.

First Year (SCI Data)

* Developing lesson specific learning goals (tasks)

* Developing Reading Assignments

* Create at least two clicker questions for every lecture
 Develop Worksheets based on assessments

* Concept Evaluation using Statics Concept Inventory

Second Year (SCI Data)

« Developing broader course learning goals (Polya’s Method with Tom
Mattison)

« Pair taught one section and mentored a new instructor.

Third Year (No SCI Data)
» Using clickers to scaffold the problem solving process in worksheets



What is PHYS 170?

« 13 week combined Statics and Dynamics
course for Engineers using Hibbeler. z el

* 90% of grade comes from exams. 5%
from assignments, 5% from tutorials.

800+ students in 3 sections

* Generally regarded as conceptually dry
(Fret = 0 and Fret = ma) and many people
don’t want to teach it.

 Hard to teach because the problems are
long and detail oriented (no negative
sign mistakes allowed!), more so than
any student has seen until this point.




Typical Statics Problem with Solution

Member AB is supported at B by a cable
and at A by a smooth fixed square rod
which fits loosely through the square hole
of the collar. Determine the x, y, z
components of reactions at A and the
tension in the cable when F=(20i-40j -

75 k) Ib.
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Why Change 1It?

« Course has very poor performance on
Statics Concept Inventory (SCI)
developed by Carnegie Melon.

* Perception was that it didn’t contain
enough concepts to create clicker
guestions and active learning in the
course was a “lost cause”.

* | wanted to teach the course around my
teaching philosophy under the
constraint of a multi-section course that
wasn’t aligned with my philosophy.




Reading Assignments

- A set of 4-5 simple problems that use the skills needed for class.
- Students recognize that they’re useful, but can’t motivate themselves to do
them without grade incentive (2%)

Weighted Exam Percentage

Score on Reading Assignment vs Exam + Midterm (r = 0.48)
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“though at first i thought the extra reading
assignment were annoying they forced me to
keep up with the course material and ended up
being very beneficial”

“The instructor also added pre-reading
component to the course, which is, even though
at times annoying, very effective.”

“He prepared very useful reading assignments
the other section did not have. This gave us a
very strong concept of what we were learning
and the type of questions we would see.”



Reading Assignments Build Community

“without a doubt one of the only classes | genuinely enjoy going to (especially on mondays when
he reads out the student feedback from the reading assignments)!”

GWO uhink

eyes quite lictle blah since ;. .
using energg N.Obhing use ?Seeks ?:eaa;gngq e  losb mggg dream BS
e n m a death's pearkingdom ph93|cv§’gea“dg P Lt lemons
engineerin, undal 0 straightforward ease
ini’pulsfe b?gebher bananas ey WY ljlmed gbrOkeIPImuch

Comment :;?:jl reSblbls.!uﬁbedioK;ﬁn ljrggv? d!:ShbiarQ feﬁ!mgy‘!s_es

03/22/15 ant mabterial

Save wel II o h I 1a
o * =lea ggo SCNOOI! 18 coefficient
Submitted L = X b- b stuff men qyesblons a linear g outside
Score UngradEd o e Jusuo Jec sbar klllconservablon CIas
. N pm impluse James N easg prebbg [ en ds
- valey dleformation bopic. I|ke
” Thine SpPace Lee™ ¥ mis WIGNOUG ™" ¢ occed” Shadow
g‘;ﬂi reading getting CJUIESGION “Sgn';d Wong ™~ VN T bad " book
1 wagon
Pober Wslsjk pl’ICklg \Igg:;se 'Egd must W29

velocity 00s new Kingdom swiighs Nollow
momen ljm”“"‘*’s"a"‘d"19 force pjly ™eevconcers bimes
students betbter
Wong

Gold

JohnCenaPobatoSalad N -

* The coefficient of restitution and
other wordy terms seem pretentious, a
simpler explanation in class of what
they actually represent would be much
appreciated!

10/10 quality pre-reading assignment,
an emotional rollercoaster that kept
me on the edge of my seat the entire

time. I laughed, I cried, I learned : : :
* The restitution constant was menaciling.

42 new ways to season and cook a pork : . .
Trying to wrap my mind around it made

Zhoulder. ErUlYl? gew standard h2§ me feel like Oberyn Martell when he
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Teaching Tasks and Setlists
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More Equilibrium
prep: print worksheet

1. Last class — reduction to a wrench. My laptop is broken.
_2. Equilibrium again
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Slide Design and Notes

Slide design is intentionally stark and minimal, but accompanied detailed
notes. Research shows that students with low working memory struggle to
divide attention between cluttered slides and the professor talking.
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“The quality of resources he provided,
including notes, lecture slides, and custom
weekly homework was unprecedented and
far better than my other courses.”

“His lecture slides were truly a work of
art - concise, detailed, rife with yellow
fruits, and even animated.”



Used problem from old exam problems.

Length of the problems made them hard to solve in class.

Many students had difficulty starting them.
Goal of the worksheets became to understand the problem, and make a plan,

rather than to do the question.

Worksheet Week 5 Q6

Member AB is supported at B by a cable
and at A by a smooth fixed square rod
which fits loosely through the square hole
of the collar. Determine the x, y, z
components of reactions at A and the
tension in the cable when F=(20i-40j -
75 k) Ib.

“Also the worksheets with online
solutions are a great study tool that | use
to stay caught up in the course. “

“Weekly worksheets saved me.”

“I find that his teaching method is quite
effective; we are given worksheets for
each topic and the Mr. Charbonneau
posts extremely detailed online solutions
for them.”



Banana Problems

Design problems similar to those that appear on the Statics Concept
Inventory (SCI) to tackle to core concepts in an engaging way.

25. The member is subjected to the force at the lower right
corner, and is maintained in equilibrium by a hand (not shown)

gripping the end A. '
\ l
Al - _
I - | You want to peel your banana. To do so you act a force on the right end, shown
S~ 20° above, and grip the left end with your hand to maintain equilibrium. Which
TSNS reaction load could represent your hand?
~ ~
L~ A) [ 4 B) v
Which of the following could represent the load(s) exerted 4 4
by the gripping hand? T

C) D)
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SCI Results (First Transformation Year)

Pretest scores are indistinguishable from each other and have been the

SCI PreTest % (SDM) SCI PostTest % (SDM)

same for years.

Traditional 1 21.5 (0.9)

28.0 (1.0)
Traditional 2 23.2 (0.9) 31.7 (1.7)

Transformed 21.5(2.1) 37.4 (1.2)

Transformed class shows a much larger jump in conceptual learning.

*The final exam grades show that time spend on conceptual learning didn’t
sacrifice pure computational training. Course assessment was unchanged.



Framing Around Polya’s Method

A lecture can be designed around
Polya’s method for problem solving.

1. Understand the Problem
 scaffolded clicker questions
2. Make a Plan
e Students work on worksheet
3. Execute the Plan
« expert solution by the instructor
4. Reflect
 instructor reflects on answer

How tO

Solve [t

a new aspect of

mathematical method

G.

With a new foreword
by John H. Conway

POLYA



Scaffolded Clickers and Worksheets

Worksheet Week 5 Q6

Member AB is supported at B by a cable
and at A by a smooth fixed square rod
which fits loosely through the square hole
of the collar. Determine the x, y, z
components of reactions at A and the
tension in the cable when F=(20i-40j -
75 k) Ib.

- Expand the role of conceptual Banana questions to actual problems.
- The clicker questions take the role of understand the problem.

- Give the students time to make a plan/start the problem.

- The instructor guides the students through the execution/reflection.



Scaffolded Clickers and Worksheets

A is a square collar. What are
the possible reaction forces
that act at A?

A) Fu Fy F;
B) F, F,
C) F;

D) None of the above

Which point should we
choose as O to calculate our
moments about?

A) A

B) B

C) C

D) Where the F is acting.
E) Any of the above is fine

X

A is a square collar. What are
the possible reaction
moments that act at A?

A) My, My, M,

B) My M,

C) M,

D) None of the above

Worksheet Week 5 Q6

The axes are rotated!

Member AB is supported at B by a cable
and at A by a smooth fixed square rod
which fits loosely through the square hole
of the collar.

a) Write down all the reaction
components at A.

b) Write down the equations of
equilibrium for forces.

c) Write down the equations of
equilibrium for moments.

d) Determine the x, y, zcomponents of
reaction at A and the tension in the
cable when F=(20i-40j-75k) Ib.



- Banana questions provided movement on SCl is decent for a 6 week
course, but would be much better if the assessments were designed
around testing these concepts. The inability to have complete control
over the assessments made is difficult.

- Do the scaffolded questions cause an improvement in the SCI?

- | didn’t want to “penalize" this section with “extra work” so reading
assignments and clicker questions had no grade incentive. This
worked of clickers, but not for reading.

- Clicker questions did not have to be graded. The philosophy is that is
they’re good enough they’ll do them, if they’re garbage they won't.



