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Bottleneck to Learning | General Physics  

Many students find Physics to be a very difficult subject. 
No doubt that it really is! 

If student preparation could be improved before they 
face the challenges that accompany an introductory 
calculus-based physics course, this perception of 

difficulty could be lessened.  



Bottleneck to Learning | General Physics  

Bottlenecks | Calculus-Based Physics Course  

ü  Literal Equations (Symbolic Equations) 
 

ü  Vectors 
 

ü Trigonometry 
 

ü Derivatives and Integrals 

Conceptual 

ü Abstract Analysis 
 

ü  Visualization 
 

ü  Critical Thinking 
 

ü Making Connections with Previous Knowledge 

Skills 



Bottleneck to Learning | General Physics  

Literal Equations | Student Struggles 

ü  Better understanding of physical quantities and concepts 

ü  Students struggle to manipulate literal equations to solve 
for a specific variable (i.e., physical quantity) 

ü  Students can handle literal equations involving just one or 
two variables. However, they struggle when the literal 
equation includes several variables  

ü  Students struggle to translate the mathematics into and 
out of science 

Literal Equations | Student Benefits 

ü  Expansion of critical thinking, abstract analysis and 
visualization skills    



Expert Thinking and Analogy 

How does an expert do these things? 

ü  Goal in mind is to isolate a physical quantity       

ü  Experts will undo 
 - addition/subtraction, 

 

 - multiplication/division,  
 

             - grouping symbols, and 
  

  - exponents and radicals. 



Expert Thinking and Analogy 
How does an expert do these things? 

ü  Decoding Expert Thinking | Proper Sequence and Use of Algebraic Operations 



Expert Thinking and Analogy 
How does an expert do these things? 

ü  Examples of Literal Equations Used in Physics 



Expert Thinking and Analogy 

How can these tasks be explicitly modeled? 

ü  Model the UNDO Concept by using an Analogy 

 Person dresses and undresses 

•  To dress à One first puts on their t-shirt and then their shirt  

•  To undress à One does the reverse (takes off their shirt 
and then their t-shirt) 

ü  This is analogous to what happens when working with literal 
equations. A literal equation has already been “dressed” with 
variables, operation symbols, grouping symbols, and so on  

ü  To solve the equation for a specific variable, one needs to 
“undress” the equation step by step 



Student Practice | Projectile Motion 

How will students practice these skills and get feedback? 

ü  All problems will be connected to the appropriate physics 
concepts and gradually increase in difficulty 

ü  Feedback will come in written form through the grading of 
assignments and in verbal form through class discussion 

ü  Students will practice through 
 - instructor-led demonstrations,        

  

 - class discussion,  
 

            - group worksheets, and 
  

  - individual assignments. 



Student Practice | Projectile Motion 

How will students practice these skills and get feedback? 
ü  Projectile Motion – 2D Motion 

Table	Format	Developed	by	Claire	Riccardi	based	on	work	by	Joan	Middendorf	and	Leah	Shopkow		



Student Motivation | Growth or Fixed Mindset 

What will motivate the students? 

ü  Show interesting videos about growth-versus-fixed mindset* 

ü  Questions about student expectations – First day of class 

Most STEM students appreciate the need to further 
develop their math skills  
 

ü  Emphasize the need for patience and persistence 
 

Know student mindsets | Three-Part Assessment  
 

ü  Current skill-level pertaining to literal equations 

ü  Learning orientations – Growth or fixed mindset 

*Austin’s	Butterfly	video:		https://www.youtube.com/watch?v=dOSiU42P8Gc	|	Growth	mindset	video	1:		https://www.youtube.com/watch?
v=KUWn_TJTrnU	|	Growth	mindset	video	2:		https://www.youtube.com/watch?v=J-swZaKN2Ic	



Student Motivation | Growth or Fixed Mindset 

What will motivate the students? 



Student Motivation | Growth or Fixed Mindset 

What will motivate the students? 



Student Motivation | Growth or Fixed Mindset 

What will motivate the students? 

ü  It’s easier to remember the rules and steps if your writing is more 
neat and organized. 

ü  You’re doing much better!  I’m confident you’ll get the next one right. 

When students feel frustrated, offer encouragement such as   
 

ü  You’re on the right track - you just need to be more careful with …. 
 

ü  Great job! You must have worked really hard.  Let’s try a more 
challenging problem.  

ü  I like how you tried all kinds of strategies until you got it right. 

ü  It seems like you are not ready for this topic YET, but you WILL be 
able to do it. 

ü  Keep in mind these three important words in learning: 
Understanding, Visualizing and Practicing. 

ü  Keep working hard, but more efficiently. 



Assessment 

How well are the students mastering these learning tasks? 

ü  Use Pop Quizzes (i.e., short tests given without prior warning 
during the first 5 minutes of class) | Peer Instruction and 
Just-in-Time Teaching approaches*   

ü  Administer these assessments in the middle and at the end of 
the semester to measure student knowledge of course content 
and to highlight cases of significant improvement 

Formative Assessments 
 

ü  Give these assessments throughout the course to provide quick 
feedback to both the instructor and the students 

Summative Assessments  
 

ü  Assessment will be the midterm exam and the final exam 

*Lasry,	Mazur	and	Watkins,	American	Journal	of	Physics,	2008,	and	Formica,	Easley,	and	Spraker,	Physical	Review,	2010	



Decoding Strategy 

ü  will provide useful feedback for everyone involved,   

The Implementation and Assessment of this Decoding Strategy* 
 

*Pace,	D.	and	Middendorf,	J.	(Editors).	“Decoding	the	Disciplines:	Helping	Students	Learn	Disciplinary	Ways	of	Thinking.”	New	Directions	for	
Teaching	and	Learning.	No.	98	Summer	2004.		

ü  will help students become better critical thinkers, and 

ü  will help students be more emotionally prepared to face the 
challenges of their disciplines as they move forward in their 
academic and personal lives. 



Discussion / Ideas   



ü  Hostos Community College, CUNY 

ü  CCRP’s 2018-2019 Cohort 

ü  Gretel Johnson and Claire Riccardi, CUNY-CCRP 

ü Natural Sciences Department 

ü  Elizabeth Wilson, Hostos Community College 


