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FIGURE 3. Diagram for postest #2. Students were asked

to writef in terms ofsi')!fj,ﬁ

POST-TESTS

We gave two differentposttests to assess the
effediveness ofhe inclass group work. In 2011 and
2014, a month after the-itlass work, students took an
exam that had both pesists on it. In 2017, two
weeks after the helass work, students took a quiz that
had just the posdests on it. Podest #1 (Fig. 2)

leasthalf for all butPoints 3 and 4 For some reason,
students in 2014 struggled with Pointe¥en though it
seems analogous Point 1.t is encouraging thatven

in therathernew context o&§0# on averageat least

half of studentaisedcomect reasoning, and less than a
third resorédto usingthe form ofEqn. (1).

CONCLUSIONS

In the future itwould be good to &ve homework
after the inclass work so that students can practice
what they learnedbefore taking a summative

assessmentThe homework fog0 ©could be to redo
points 4, 5, an® from the preest. Posttest #1 would

assessed near transfer by asking students to again writdh€nhave to besuitably modified.

the position vector in terms o080 Note that points

A, B, and C appeared on the gest, but were never
discussed with the class afterwards. Rest #2 (Fig.
3) assessed for fiher transfer by asking students to

write the position vector in terms &0n a verydif-

Only one student spontaneously drew triads
of §0Bor§ L0 din the postests to try to helghem

think abouttheir final answers. We need to do more to
help students use that representation,adding it to
homework andexplicitly putting it on the posttest
Coordinatingmultiple represetations isan excellent

three classes.
As reported in [2], the most common incorrect
answer to the preest was bthe form:

r=ab+bO+c® abc! " (1)
About half of all student answers had that form. The
OLNnO columnmin Tables 3 and 4 shothe percent of
students using that foron the postests. It is encour
aging to see thaior 900 (Table 3) the use ofthat

form was reduced by at least hétlh 25%) Because
of small N, it is probably not possible to discern any
reliable yeaito-year patterns. Butroaverageabout
72% of students are using correct reasoning whilyg o
11-15% of thosewho arenot areusingEqn. (1) For

§0p(Table 4) the useof Eqn. (1)is also cut byat

networks and functional understanding.

Based on the results in Tables 3 and 4, it appears
problems #1 and #2 done in a LMDM classroom
have been effective in helping students gain some
understanding of neRartesian unit vectoiigs the face
of their initial strong negative reactiandBut there $
clearly still more work to do.
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