~____—problem-solving processes to students, “thereby also doing the thinking fox
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contradictory, erroneous, Or unnecessary concepts, with the result that lea
ing and problem solving become difficult and ineffective.

Tracking the development of learners’ mental models through the tran=
sition from novice to expert can be a means for determining what next steps
in instruction should be taken (Gagné & Glaser, 1987). In a developmenta
study, Carey (1985a) documented changes in children’s concept of alive a8
they gained domain-specific knowledge about biological functions. Like
wise, Siegler and co-workers (Siegler & Klahr, 1982; Siegler & Richards, 198 2)
found that children’s reasoning about palance-scale problems was greatly if
fluenced by experience with new information. Using a task analysis proce
dure to determine what theory guided children’s performance, Siegler
able to match their current knowledge state with learning events that helped
them move to a new level of reasoning.

Teachers’ knowledge of students’ problem-solving knowledge has alse
been associated with problern—solving achievement. Peterson, Carpenter, anc
Fennema (1989) concluded that more knowledgeable teachers appeared &
pose problems to students, question their problem-solving processes, 3 d
listen to their solutions. These actions were related to problem-solving
achievement. Less knowledgeable teachers, by contrast, tended to explain

students” (Peterson et al., 1989, p- 568).
How can teachers ascertain the mental models of their students? There

are at least four possible ways to do it: (1) Observe them; (2) ask them for an
explanation; (3) ask them to make predictions; and (4) ask them to teach an-
other student (Jih & Reeves, 1992). A mathematician who does research on
math instruction, Schoenfeld (1985) often asks his students without warning
to explain their reasoning on a problem or to justify the approach they are
taking to solve it. Not only does this enable him to judge their mental moc
els, but also the tactic encourages students to monitor their own mental
models. “By the end of the term, I don’t need to ask questions anymore. Stix
dents have gotten into the habit of analyzing where they are” (Schoenfeld,
quoted in A Mathematician’s Research on Math Instruction, 1987).

By understanding what models learners are currently using to guid

their performance, teachers and designers can build upon them by specify-

ing what Glaser (1984) called pedagogical models. These may be the same as|
conceptual models that have been invented to make some system under—
standable, or they may be a series of approximations that may be thought
about and debugged in the course of instruction. diSessa (1982) referred to &
kind of task analysis for identifying components of preexisting theories that
can be involved in developing more sophisticated theories. Collins and
Stevens (1982, 1983) offered a model of inquiry instruction that provides
strategies for helping learners make predictions from and debug their cur-
rent models of understanding (see Chapter 7 for more discussion of this



