








I: What does that mean, “perpendicular all
around”?

S: Like "cause E is perpendicular to k so, like,
it’s gonna be this way, right, or another di-
rection, I guess [indicating various linear po-
larization options]

I: All right, so it could be pointing anywhere
in a plane

S: Yeah, I don’t know, maybe that’s why
people like the squares [from the first visual
prompt].

The associated picture drawn by the student is shown in
Figure 5. Student B’s answer is type #4: although it does
refer to planes, it derives planes using outside information
(electric field being allowed in any orientation normal to
the wavevector). While the orientation of the plane is
drawn correctly, the student has incorrectly identified a
plane in electric field space (the plane of possible field
polarizations) rather than a plane in Cartesian space (the
locus of points with the same phase).
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FIG. 5. Student B sketched a plane composed of a box that
“holds” multiple possible linear polarizations, thus defining a
plane. Note that this student employed the same sine-wave
picture to depict the plane wave as used by Student A.

IV. CONCLUSIONS

No student offered an initially correct answer to the
question of how the mathematical expression for an elec-
tric field plane wave dictates planes. In most types of
incorrect response, students ignored a key aspect of the
question itself, either the precise form of the mathemati-
cal expression or the geometrical nature of the planes. In
one sense, one can regard this as behavior that resolves
cognitive dissonance, which is what the 3PSIT-MR in-
terview is intended to explore. In several instances, in-
cluding the excerpts shown from Student A’s interview,
a correct conceptual description of plane waves having
planar iso-phase surfaces was abandoned once a mathe-
matical expression was placed in view.

The tendency of the students to ignore the “rules of the
question” merits further investigation. It could be that
this behavior is indicative of a novice/expert disparity.
As noted earlier, Kuo et al. [2] and Hull et al. [3] suggest
that “blended” conceptual and formal mathematical rea-
soning is a hallmark of physics expertise. Here, the stu-
dents’ willingness to stop short of answering the question
suggests some difficulty in blending their conceptual and
formal mathematical reasoning. Perhaps, however, the
students themselves recognized that their answers were
incomplete; future interviews could investigate this.

Future research could also investigate whether students
answer more correctly (without additional prompting)
if the question is preceded by an exercise in relating
mathematical expressions to conceptual diagrams. Fur-
ther analysis of students’ specific mental images of plane
waves, and the difficulty of linking these to the mathe-
matical expression, will also be performed.
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