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Research Methods
• Video transcript from one group of three 

students: Olive, Forest, and Sage
• Second day of junior-level Paradigms course
• Instructed to represent the equipotential curves 

for a collection of four positive point charges, 
then for a quadrupole.
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Next Generation Science 
Standards* Scientific Practice 5: 
Using mathematics and 
computational thinking

• “Express relationships and quantities in 
appropriate mathematical or algorithmic 
forms for scientific modeling and 
investigations.”

• “Use simple test cases of mathematical 
expressions, computer programs, or 
simulations—that is, compare their 
outcomes with what is known about the real 
world—to see if they `make sense.’”

Instructional Prompt
“I want you to draw curves that represent 
equipotential surfaces. What does that mean? That 
means every point on the curve has the same value 
of electric potential. So could you draw a curve 
that corresponds to the same value of electric 
potential along that curve.” 

*NGSS Lead States. 2013. Next Generation Science Standards: For States, By States. Washington, DC: The National Academies Press 

What We See:
o Mathematical Reasoning: Students reasoned about the 

inverse proportionality of the point-charge potential and 
about limiting behavior for small or large r.

o Use of External Representations: The group represented 
their reasoning on the whiteboard, including:

• Writing an equation
• Sketching the equation 
• Drawing equipotential curves for a single point charge
• Writing formal mathematics language for a limit 

o Directionality of the Reasoning: In the quadrupole task, the 
group changed their whiteboard image in response to the 
computer-generated image.

Research Question
How do the uses of these external 
representations interact with the 
students’ mathematical and 
computational thinking?
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“Right. And then, yeah, so it is actually spaced farther 
out that way and closer this way [pointing to the 
computer screen]. So it's the opposite of what you drew. 
[Erases curve from whiteboard]” 

“I was gonna say if we look at it in this… region right 
here [Pointing to graph near r=0] if we want to halve 
the value, right, you only have to move a little bit? 
Right? But out here [Pointing to graph far from r=0] 
if we want to halve the voltage we'd have to move a 
ton.”

“The limit of V as, what do we wanna
say...As r approaches infinity should be 
equal to zero. [Writes, ‘lim V r-> 
infinity = 0’]”

“So a single one's 
gonna just be like 
circles, right? 
[Drawing a point with 
two concentric 
circles around it.] 
And they should be 
evenly spaced 'cause
it's over r. But then... 
[Erases sketch with 
hand.]”

“I'm just gonna write 
this up here, so 
we've got it. Just to 
think about.”
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