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A Story about Differentials Example Concept Image — Tables and Contour Maps

Differentials underpin the entire learning progression Differentials describe the small changes necessary to

Evaluate (z_u) at =10 atm., 7 = 410K using the information below.

physicists reason about small quantities, which is not define the derivative from representations of data. o
how derivatives are commonly taught in math courses
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Derivatives can be thought of as “ratios of small N T
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differentials represent small “enough”quantities
differentials linearize complicated equations
differentials can be manipulated algebraically
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changes” using a variety of representations T T
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 tables with three columns (partial) T T Y
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A concept image should emphasize coordination and T
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information from a table to a contour map). S —— e
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Example Representations — Algebraic,
Graphical, Tangible, Embodied

= Differentials in spatial settings can be
combined into the algebraic vector
ditferential, which describes all directions

at once. The multivariable chain rule
becomes a statement about the gradient

df =Vf-di (1)

Equation (1) can be used to find:

* any directional derivative

* the total derivative with respect to a
parameter like time

 properties of the gradient (e.g., it is
perpendicular to the level curves and
its magnitude is the slope in the
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Students pointing in the
direction of the gradient
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Concept Image Representations Research
A concept image incluf:les the set of .all Different representations have material [t is not possible to validate an entire
mental pictures, ass.oc1ated. properties features that support different kinds of learning progression that spans four
and processes associated with a concept. reasoning and problem-solving. undergraduate years and multiple math

Middle-division students need rapidly
to develop rich concept images.

and physics subdisciplines. Instead, we
empirically validate in snapshots across
the curriculum using a wide variety of
formal and informal methods and
perspectives.

We use and develop representations
that relate different elements of a rich

Students should be able to go back and concept image and/or task.

forth between various elements.
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