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Physics majors did not reconcile 
different possible changes to state 
variables in thermodynamics.
Explicitly prompting covariational reasoning in a 
thermodynamics context

Jonathan W. Alfson, Paul J. Emigh, Reese R. Siegel, Aaron Wangberg, Robyn Wangberg, & Elizabeth Gire

In-Class Activity
Students worked in groups 
and were provided contour 
maps and plastic models 
of thermodynamic states of 
water vapor.

Ocean, River, & Skye
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Ocean: “Right here [pointing 
at red dot on purple surface]. 
Volume is increasing this way 
[gestures]. So [U] decreases?”

Blaze, Phoenix, & Valentine

Phoenix: “So right here, is a point 
with a given entropy, and a given 
volume [gesturing on surface]. If I 
keep the entropy constant and 
change the volume by moving up 
and down this [gesturing], along 
the surface and that’s at different 
heights.”

Hunter & Laurel

Hunter: “So as long as S changes 
accordingly with it. . . cause I 
mean obviously there’s levels of 
internal energy . . . . If you follow 
that line across, volume is 
changing but so is S. . . . So as long 
as they change together.”

Research Questions:
• How did the activity 

prompts elicit 
covariational reasoning?

• How did the students 
select a graph in response 
to the activity prompts?

Considering
∆U along a 
path parallel 
to the V axis

Acknowledging 
S is held fixed 
parallel to the 
V axis

Choosing a 
surface by 
matching the 
axis variables 

Realizing 
that S can 
change when
V changes

Themes

Students inferred a constraint to 
provide a single response to the 
prompt. 

This did not cause the groups to reconsider their responses to the first Explore prompt. 

Students understood at least some of the features of the various graphs. 

Skye: “Oh, you’re right. [. . . ] 
So that would be [begins 
drawing on surface while 
looking over it], let’s try to 
make a straight line [draws 
while making a sound effect]. 
So that, yeah, that looks like 
it’s decreasing.

Prompt 1: Starting at the red star, as you increase the volume of the system, what 
happens to the internal energy of the water vapor?
Prompt 2: Is it possible to change the volume without changing the internal energy?
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