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Based on:

 COLLEGE 
PHYSICS 

 EXPLORE 
and APPLY Join Facebook group “Exploring and 

applying Physics”, make sure you 
answer the question there.



What does the word “coherence” mean?

the quality of being logical and consistent.

the quality of forming a unified whole.



Types of coherence in physics

Coherence of 
physics

Process of 
physics Main ideas Representations



Process of physics (NGSS – science practices)

Elements of physics knowledge  (what is physics made of? – bricks of 
physics)

Organization of the elements (what is holding these bricks together – 
the mortar of physics)



Elements of physics knowledge

Physical phenomena (observational experiments)
Physical quantities
Measuring instruments
Physical models (causal and mechanistic) – of objects, systems, 
processes
Experiments to test the models (testing experiments)
Physics devices
Anything else???
How are they organized?



Testing Experiments

Reflection and Revision

Application
Experiments

YES

NO

MORE

More Testing 
Experiments

Do Outcomes Agree with
Predictions?

Orgnization of the elements - The Investigative Science 
Learning Environment (ISLE) approach framework

PROPOSE NEW

IDENTIFY PATTERNS

MAKE 
PREDICTIONS

Different Explanations,
Models

Check 
Assumptions

Observational 
Experiments

Etkina and Van Heuvelen, 2001, 2007; Etkina, 2015, Etkina et al., 2019



This representation is in 
Chapter 1 in the textbook, 
compare it to the previous 
slide.



Content (NGSS – crosscutting concepts)

• The concept of a system and the environment
• The concept of causality
• The concept of conservation
• Occam razor concept



Multiple representations

• Pictorial (useful sketches)
• Mathematical: linear, quadratic, and trig functions
• Graphical (non-physics) – graphs of functional dependencies
• Graphical (physics) – motion diagrams, force diagrams, bar charts – 

momentum and energy, field representations (many), wave 
representations (many), electric circuits representations.



A different approach to problem solving



Problem solving approaches
This problem is from Chapter 3 in 
the textbook.









Rubric Item Adequate Needs improvement Inadequate

…is able to clearly 
explain and justify the 
key steps of their 
reasoning process

Student verbally explains what 
they are doing and why. 
Explanation is clear, sufficiently 
detailed, easy to follow, and 
shows physical and conceptual 
understanding.

Student explains what 
they are doing, but 
missing why they are 
doing it. And/or there is 
some difficulty in 
following their 
explanation.

Explanation is incoherent,
confusing, or missing; 
and/or invokes 
incorrect/irrelevant 
physics ideas; and/or is 
unrelated to that which is 
being explained.

…is able to create 2 or 
more consistent 
representations of the 
problem

Two or more representations 
are constructed according to 
accepted standards learned in 
class, and the representations 
are consistent with each other.

Two or more different 
representations are 
present and they are 
consistent, but there are 
mistakes or missing 
elements in the 
representations.

There are major (key) 
mistakes/missing 
elements in 
representations or 
different representations 
are inconsistent with each
other.

…is able to choose and 
apply productive 
mathematical 
procedures for solving 
the problem 

Mathematical procedure is 
productive for solving the 
problem. Implementation of 
procedure is free of major 
conceptual errors.

Productive mathematical 
procedures are chosen, 
but implementation 
reveals misunderstanding 
about how to implement 
them.

Mathematical procedures
are 
unproductive/inappropria
te and will not lead to a 
physically reasonable 
answer to the problem, 
even if implemented 
correctly.

…is able to evaluate 
the reasonableness of 
final result.

Evaluates reasonableness of 
the result, correctly applying all 
the steps of one of the possible 
evaluation techniques listed 
below: a. limiting/special case 
analysis, b. unit analysis, c. 
physical reasonableness of 
answer, d. two independent 
methods, e. cross substitution 
consistency, f. consistency of 
representations. A valid 
conclusion is drawn from the 
analysis

An appropriate evaluation
technique is used, but 
there are mistakes in the 
implementation of the 
technique  (wrong units, 
misunderstanding of how 
reasonable the numbers 
are) and/or student 
neglects to draw a 
conclusion from their 
analysis.

There is no evaluation, or 
evaluation technique is 
implemented in an 
incoherent way, and/or 
an invalid conclusion is 
drawn, such as concluding
the answer is reasonable 
when evaluation analysis 
shows it is not 
reasonable.

This rubric is 
from the 
Instructor 
Guideby 
Etkina, Brooks,
Planinsic and 
Van Heuvelen. 
The IG 
accompanies 
the textbook. 
Chapter 1 (an 
additional 
chapter posted
separately on 
Mastering 
Physics).



A different approach to problem solving

• Think of representing instead of solving first.
• Give students the numerical answer if the problem asks for it, only 

grade on the reasoning.
• Focus on clarity of their explanations
• Make sure they systematically evaluate their answer.



We have developed a whole library of these 
new unique AP-style problems, see textbook.




