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Background
Covariational reasoning—how a
change in one quantity results in
a change in another, related
quantity—is integral to how
scientists model and understand
the physical world. This idea has
been extensively studied in
Mathematics Education
research, but demands attention
in Physics. We present the
results of replicating a study
done by Hobson and Moore
(2017) in MER to better
understand covariational
reasoning in expert physicists.

Methods
We conducted 10 think-aloud
interviews with physics graduate
students that, for the purposes
of this study, are considered
experts in the introductory-level
material we presented. The
interviews were transcribed
using the application Otter,
hand-corrected, and coded
using a modified approach to
grounded theory. The interviews
comprised of the three tasks
shown right, each of which
asked the students to watch an
animation and graph the
relationship between the two
distances given in the problem.

Further Work
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Covariational reasoning is
integral to introductory physics
education, and it appears that it
is different at times to the
covariational reasoning students
learn from math courses. To
better understand the role of
covariational reasoning in
physics, we are continuing this
work with physics-context tasks
to eliminate the familiarity of
constant motion and look for
similar behaviors.

Tasks and Responses

Mathematics Expert Responses Physics Expert Responses

“10 miles total distance traveled and it’s also 
10 miles closer to Gainesville.”1

“They're going at constant speed... so I'm just 
gonna draw it versus time, and then kind of 
parameterize it.”

Results

v

Compiled Relationships
In contrast to the direct
comparison of quantities given
by math experts, physics experts
tended to use a previously
known relationship between
distance and time in the Going
Around Tacoma task. Similarly,
in the Ferris Wheel problem, we
noticed physics experts directly
applied uniform circular motion
while math experts consider how
the rate of change evolves over
total distance increasing.

Analyzing Neighborhoods
We observe that physics experts
attempted to derive the Ferris
wheel graph by examining the
slopes at key points and
connecting them with a smooth
curve, where math experts
compared equal sections of
change in x to determine the
curvature.

Going Around Tacoma:

Mathematics 
Expert 

Responses

Physics Expert 
Responses

“Then you notice in 
the first x interval… 
there’s very little 
change in y…But 
then if you look at 
the same amount of 
x… you get a much 
bigger change in y.”1

“So if I want it to be 
slow, fast, slow 
here... and then 
symmetrically, on the 
other side.”

“It’s not a constant 
rate of change.”1

“Because I know this 
is a circle, and so the 
height goes like a trig 
function.”

Ferris Wheel: Square Track:

Mathematics 
Expert 

Responses

Physics Expert 
Responses

“For each unit I move 
up, along the square, 
whatever this height 
is is going to be 
twice the original 
height, or if you want 
to call it a unit 
height.”1

“So at the middle it’s 
going to be closest to 
the wall and then the 
distance from the 
wall doesn’t depend 
on the turn it takes 
on the sides…like a 
triangle wave.”

”Is this right here… 
the same as this 
right here?” [referring 
to changes in height]

“The distance of the 
car from the wall will 
decrease the same 
rate this whole time”

1Hobson and Moore (2017), RUME proceedings


