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In the figure, there is net movement of K+ ions out of the 

cell (as indicated by arrow). 

What can we change to cause net movement of K+ 

INTO the cell?

The reason for my answer is

2. Investigate students current understanding
of the principles

a. Create a set of interview tasks
b. Conduct student interviews

3. Create a learning progression (LP) with five levels 
based on student responses using grounded theory.

4. Create teaching tools to help students move up 
Learning Progression

a. Flux Thought Organizer

5. Assess effectiveness of teaching tools  
a. Create written assessments linked to LP

7. Create a teaching taxonomy to assess 
fidelity of implementation of teaching  methods

b. In-class activities (Clicker Questions)

“What can we change to cause net   

movement of K+ INTO  the cell?”

b. Generate a rubric to assign LP level

1. Deconstruct the principle to create frameworks for 
principle-based reasoning

Flow Down Gradients

I. Flow is the movement of “stuff” from one point in a system to another point in the system.

II. Flow occurs because of the existence of an energy gradient between two points in the system. 

A. Concentration gradients cause molecules and ions in solution to move.

B. Electrical potential gradients cause ions in solution to move.

C. Pressure gradients between two points in a system cause substances to move.

III. The magnitude of the flow is a direct function of the magnitude of the energy gradient that is present; the 

larger the gradient, the greater the flow. 

IV. More than one gradient may determine the magnitude and direction of the flow. 

V. There is resistance or opposition to flow in all systems.

A. Resistance and flow are reciprocally related. 

B. Some resistances are variable and can be actively controlled. 

Adapted from Michael, J., & McFarland, J. (2011). The core principles (“big ideas”) of physiology: results of faculty surveys. Advances in 

physiology education,35(4), 336-341.

6. Develop computer scoring of written answers so 
assessments can be easily scored

Expert thinking in a discipline is principle-based 
while novices rely on superficial features

We will focus on 2 key principles in physiology: 
Flux (movement) and Mass Balance (amount)

Description Student Exemplars

5

The interaction of 

the conc. gradient 

AND electrical 

forces determine 

ion movement.

Lower the membrane potential below -91 mV, increase 

the concentration of K+ outside the cell, or decrease 

the K+ concentration inside the cell. The concentration 

gradient and/or the electric gradient must be changed 

so that the driving force into the cell (caused by the 

electric gradient) is greater than the driving force 

out of the cell (via the concentration gradient).

4

The electrical force 

OR conc. gradient 

can impact ion 

movement. 

Make the inside of the cell more negative and add 

more potassium ions to the outside of the cell.  

The negative charge of the inside of the cell will attract 

the positively charged potassium ions creating a 

stronger electrical gradient. 

The addition of potassium to the outside will create a 

concentration gradient that makes the ions flow in.

3

The conc. gradient 

is the ONLY thing 

that impacts ion 

movement.

By making the ion concentration greater outside the 

cell than inside, there will be a gradient that will result 

in a net movement of ions into the cell.

Human Scoring

Computer 

Prediction 3 4 5

3 194 14 5

4 8 133 42

5 1 17 69

Kappa 0.72

Accuracy 0.82

Accuracy 95% CI 0.783 - 0.853

Used AACR Confirmatory Analysis to develop predictive 

model of human scoring.

Level Descriptions 

Level 5 Principle-based reasoning with full 
consideration of the interacting components 
Flux: Student constrains their explanations or predictions of 
movement of a substance by identifying and integrating the 
impact of all gradients (e.g. electrical & chemical) and all 
variation in resistance. 

Level 4 Principle-based reasoning using individual 
components 
Flux: Student constrains their explanations or predictions of 
movement of a substance by using the gradients (e.g., 
electrical & chemical) and variation in resistance 
independently but not integrating them.  

Level 3 Incorporating principles as just another fact in 
storytelling 
Flux: Student uses gradients or resistance as another 
factual element in their “steps story” of a physiological 
process. They do not constrain their explanation, "their 
story", by applying the principle. 

Level 2 Storytelling without mechanistic understanding 
and no use of principles 
Flux: Student tells a story that only includes the steps of a 
process and does not include the underlying mechanism or 
principle (e.g., steps in generation of an action potential). 

Level 1 Teleological and anthropomorphic reasoning  
Flux: Student describes phenomena occurring because the 
organism "wants" or "needs" to perform a physiological 
function. 

 


