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AMY POPE
PHYSICS AND ASTRONOMY

Critical Thinking Through
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My students think physics is….



But physics is so much 
more…

https://bokcenter.harvard.edu/taxonomies-learning



Break it down · Make it clear · Take the guess 
work away



Predictable Structure · Repetition of assignment Types 
· Consistency of Workload



Office Hour Hints · How I would Study



https://bokcenter.harvard.edu/taxonomies-learning

Structure frees up mental 
room for course content.  
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COVID has made boundaries and structure and CREATIVITY even more 
important.

• Personalized emails.

• Pacing guides with best practices included.





COVID has made boundaries and structure and CREATIVITY even more 
important.

• Personalized emails.

• Pacing guides with best practices included.

• Discussion boards to post questions to discuss.

• Emails or announcements to go over the finer points of class.  

• Many low-stakes assessments.



• Today’s students are quite adept at finding resource or solution on the internet 
(Chegg, Discord, GroupMe).

• Education must move beyond textbook exercises and rote memorization (this can all 
be found online), toward critical thinking and analysis. 

• As instructors we must provide an educational environment that
• Allows students to find the answer – not just give the right answer
• Pushes them to analyze scenarios 
• Compels them to reason through possible solutions

How can we do this? We must think outside of the box.

Covid has changed student mentality.



We can explain a concept to students or we can wait for them to arrive at the conclusion on 
their own…with a bit of creativity and guidance.

Connect the dots with no more 
than 4 straight lines without 
lifting your hand from the 
paper.



That was fun…

You learned to think outside of 
the box.



What do the students need/want? 

•The experience should be meaningful or build practical skills.
I need to teach them content.
Students want impact on their major or life.

•Desire authentic connection not just book knowledge (which they can google).



Today’s students are the first to jump on a challenge.  They want to post 
themselves portrayed in some novel way on TikTok or Snapchat.

Interaction with Real Life.





Assuming the period is 4 s, Determine the length of 
the rope these men are using.  
a. Impossible to determine
b. 2m
c. 3m
d. 4m
e. 6m

Roxy proposes that the period of the swing should be 
changing as more guys pile onto the swing.  If her 
assertion is true, it is because the effective length of 
the string is ___________ and the period is 
subsequently ________________.
a. increasing, increasing
b. increasing, decreasing
c. decreasing, increasing
d. decreasing, decreasing
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Interaction with real life???

Put the students in control by allowing 
them to link out to interactive sites.



Today’s students are the first to jump on a challenge.  They want to post 
themselves portrayed in some novel way on TikTok or Snapchat.

Interaction with Real Life.
Extra credit activities.
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Today’s students are the first to jump on a challenge.  They want to post 
themselves portrayed in some novel way on TikTok or Snapchat.

Interaction with Real Life.
Extra credit activities.
In class games.



Is play for serious scholars?

Newton was at play in his mind when he saw the apple 
tree and conceived the force of gravity.  

Watson and Crick were playing with possible shapes of 
DNA molecules when they stumbled upon the double 
helix.



How Many Combinations Are Possible Using 
6 LEGO Bricks?

Mathematician Søren Eilers wrote a computer 
program modeling all the possible brick 
combinations:

915,103,765 combinations

When you are in the magic circle, the rules 
of the game matter more than the rules of 
the real world.  

Gamification involves elements of games so 
we need to put the player as much as possible 
in the magic circle.  

Real world

game



Right hand rules in physics are
HARD

…but then add zoom…

Traditional questions are presented with a gaming flair

§ 4 players and all have unique clues.

§ All clues are necessary to solve the problem and progress through the next door



Find your way through the maze

Join us in this latest craze

The magnetic field is large

You must steer the charge



Google forms!

Allows feedback without penalty.



Up, down, left, right 
Determine the direction I invite. 
A charged particle moves within a magnetic field 
What electric field will the magnetic field yield? 
The relationship between magnetic fields, electric fields and velocity 
Will help find their colors as you work with reciprocity. 



Player 4

Player 2

§ Overlap in clues allows students to “check” the answers.
§ No one player can do it alone!
§ Peer to peer teaching.
§ ALL players must be active learners.

Player 1





Students self-reported their level of engagement in the escape 
room activity as compared to the use of clickers in the classroom.



§ Escape rooms worked for in person 
groups as well as zoom breakout rooms.

§ The students were so engaged, few 
noticed I was there!





What Students Thought
I think this required some 
critical problem solving 
and teamwork. It was 
helpful to have people 
explain things that I did 
not understand.

I liked the escape room a lot because you could move at your own pace. I also like how you 
must really understand the problem/find the right answer before you advance.

This activity was engaging and, therefore, 
allowed me to retain more of the core 
essential information needed for all 
concepts in this chapter and on the 
upcoming exam. It was also a ton of fun 
which will make the memory of this activity 
and the lessons learned stay in my brain 
longer!

I think it was less stressful because it was not a grade based on if you got it 
correct the first time, but were you able to adjust and work through it. I enjoyed 
having the option to ask for help from peers and learn tips and tricks from them.



•Today’s students are the first to jump on a challenge.  They want to post 
themselves portrayed in some novel way on TikTok or Snapchat.

Interaction with Real Life.
Extra credit activities.
In class games.
Demonstrations they can interact with.



So how do you grade this?

§Labor based grading
§Did you do it?
§How hard did you work?
§Did you learn?

§Metacognitive feedback assignment in Canvas.
§Focus on what students learned.
§Students reflect as to what skills were 
developed.

§Full credit for a credible attempt.

Grades "play to extrinsic (not intrinsic) motivation, decrease enjoyment 
of learning, and increase fears of failure.” (Flaherty) . 

Flaherty, Colleen. “When Grading Less Is More.” 
(https://www.insidehighered.com/news/2019/04
/02/professors-reflections-their-experiences-
ungradingspark-renewed-interest-student)

https://www.insidehighered.com/news/2019/04/02/professors-reflections-their-experiences-ungradingspark-renewed-interest-student


https://bokcenter.harvard.edu/taxonomies-learning

Structure frees up mental 
room for course content  

Low stakes assessments 
allow for freedom of 
failure while trying 
higher order thinking.

Escape RoomExtra Credit TikTok In-Class 
Experiments 



Encouraging FUN and CREATIVITY can turn classroom 
learning into an ALL-IN learning opportunity. 
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