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Interestingly, Sam used a box algorithm for the set model, and a count-by-1s strategy
for the length model. Specifically, Sam was able to apply the box algorithm to the set
model because he recognized there were groups of 1s, but was unable to conceptually
recognize a 12 as an object that could be manipulated on its own. This is why when
prompted to manipulate a 5, he was unable to do so. He needed to perceive the 1s. By
contrast, Dean had similar exposure to length models, but was able to anticipate a

composite unit and interact multiplicatively with both representations.

Various research suggests that when students are provided models that include visible
discrete units of 1, many will use count-by-1s strategies to solve it. However, when
students are presented a context where the unit of 1 is disallowed, they are more likely
to engage in multiplicative reasoning. Consider the responses by Cass in Figure 2 to
two similar area model tasks. In the first task, Cass counts each individual square unit,
instead of considering the column in reference to 20. But when each square unit must

be inferred, Cass showed skip-counting in his work.
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The two sets of examples pragmatically exemplify what much of my work explains
empirically; that the visual models teachers use with students matter significantly.
Although there is great benefit in using set representations like the standard array
model, teachers (and teacher educators) can overuse such representations. If overused,
some children will not infer the multiplicative nature of the arrays because they are
only exposed to contexts where they can rely on counting-by-1s to reason why their
algorithms produce correct answers. As noted by Davydov (1991), “a precondition for
multiplication...is denying direct counting, one by one” (p. 21). The question is

whether teachers and teacher educators enable children to meet this precondition.
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