1. In cach of the three boxes below (Box A, Box B, Box C) there is a pair of vectors

All arrows have the s

vectors.

Student difficulties with graphical representation of vector products
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In an effort to test students’ understanding of the graphical representation of scalar and vector products, a
four-question quiz was administered to students in a first-semester calculus-based physics course [221]
during the spring and summer of 2004, as well to as students in a second semester calculus-based physics
course [222] during the summer of 2004. The questions and results are below. (Questions were
administered during the final week of the spring course, and near the mid-point of the summer courses.)

¢ length. Consider the dot product (“sc:

X is the dot product of the vectors in Box A

X is the dot product of the vectors in Box B.

X is the dot product of the vectors in Box C

Choose the answer that best describes the dot products: Xa. Xa. Xc
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221Spring | 168 | 68%

221 Summer | 36 | 64%

222 Summer | 41 | 76%
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2. In each of the three boxes below (Box A, Box B, Box C) there

Allarrows hay

vectors,

X is the dot product of the vectors in Box A
X i the dot product of the vectors in Box B.

Xe s the dot product of the vectors in Box C.

Box A

he same length. Consider the dot product (“scalar product”) of each pair of
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Choose the answer that best describes the dot products: Xa, Xa. Xc.

B.Xa>0,Xa >0, Xe =0
C.Xa=0, X >0, Xe <0

X, o cos(6])

A Xa>0, X5 >0, Xe >0 T3, =12 cos(e)
Since allvectors areof equal lengih:

cos(@,)<0, cos(6,)>0. cos(0,)=0
D, Xa >0, Xa =0, Xc >0 5 X, <0, X, >0, X =0

E.Xp >0, Xp =0, X <0
F.Xa< 0, Xa > 0, Xc > 0 C

rrect Respon:

Xa< 0, X
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221Spring | 168 | 52%

H. Xa<0,Xa >0, Xc <0

221 Summer | 36 | 58%

L Xa<0, X = 0,Xe > 0

222 Summer | 41 | 61%

J. Cannot be determined from the given information.

‘Those students who appeared to utilize a component method for calculating the scalar products were
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3. Ineach of the three boxes below (Box A, Box B, Box C) there is a pair of vectors. 1 and 2

All amows have the same length. Consider the cross product (“veetor product”) of each pair of

X is the magnitude of the eross product of the veetors in Box A

X is the magnitude of the cross product of the vectors in Box B.

Xe i the magnitude of the cross product of the vectors in Box C
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J. Cannot be determined from the given information.
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Choose the answer that best describes the magnitudes of the cross products: Xa. Xa, Xc
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Since all vectors are of equal length:
X, = sin(g,)

sin(¢,)>sin(6,) > sin(6,)

5 Xe> X, > X,
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‘Typical student response for an incorrect calculation of the magnitude of the vector product:
“Because for cross prodfuct] it is (1)(2)cos G and you can factor out the (1)(2)”

Typical student response when failing to recognize X, is negative

X is the cross product of the vectors in Box A

X is the cross product of the vectors in Box B,

e is the eross product of the vectors in Box C

Box A Box B

“Iknow C has 10 be 0, because cos(90) = 0, and you use the absolute values so [the magnitudes]

-
4. In cach of the three boxes below (Box A, Box B, Box C) there is a pair of vectors, T'and 2.

All arrows have the same length. Consider the cross product of each pair of vectors.

(seen in 221 and 222 students):
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Note: @ represents a vector pointing gut of the page.

() represents a vector pointing int the page.

Choose the answer that best describes the direction of the cross products:

Correct Responses
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I Cannot be determined from the given information.

‘The absence of “F” responses in the spring 221 class is rather troublesome. Before the quiz was administered we

speculated that F would be the most common incorrect answer. Our expectat

jons were confirmed during the summer
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In order to get down to five choices, we removed B, D, E, F,
and H. Even though choices E and F had more responses
than choice I, studies have shown that some students have
difficulty distinguishing the direction of a vector from that

Which of the following boxes best deseribes the direction of C

Box C

)

and
coeiy dseib,

he direetion of O

Box D

Box £

Both Box A and

Box B cometly The cross-product
deerie hey has s mazaitude
rccton of equal o 2o

ummer 222 (N = 56)
BT CTD]J

One sixth (17%) of 221 students responded that the vector product has a
‘magnitude of zero.
On Question 3, 15% of 222 students had explicitly given “zero™ for the
‘magnitude of the vector product of two perpendicular vectors (i.c..

stated that X, = 0 on that question). On this exam question, by contrast,

quizzes (combined) and the one that did not.

The biased nature of a “random” sample
when using an online medium

In the process of testing students’ understanding of vector and scalar products, we were
offered an opportunity to use an online medium, WebCT, to administer a quiz. Complying
with the instructor’s request, we divided our six question quiz into two 3-question quizzes.
At the end of the semester, we analyzed the overall class scores (final numerical grade) of
every student in the class. Below is the score distribution for the two groups that took

Gourse Scoros

PercantageofStudents
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Statistical analysis shows the following:

Descriptives.
SCORE.
95% Confidence Interval for
Mean

N Mean | Std. Error | Lower Bound | Upper Bound

NoQuz | 293 638 667 624 651

Quiz 1 167 713 844 696 729

Quiz2 204 709 818 693 726

‘The mean course score for students who took Quiz 1 (71.3) s statistically identical to the
score of those who took Quiz 2 (70.9), but significantly larger (p < 0.0001) than that of those
who took no quiz (63.8) [a difference equivalent to one full letter grade].
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