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This is a report on two yearlong experimental courses and an analysis of the technology
needed. The research aim of the project is to gather information useful in the development
of future courses that produce students who can use their knowledge in flexible and creative
ways to solve nonroutine problems. In a study of first calculus students done in Spring
1988, we concluded that average students coming from small, well-taught traditional classes
cannot work nonroutine problems [2].

In a traditional calculus course many students rely heavily on remembering sample so-
lutions. This produces inflexible students, unable to understand problems and applications
they have not previously seen. In addition, such students are often deficient in conceptual

understanding, remember the material poorly, and tend to find calculus boring.

The courses described here are meant to be similar to traditional ones in content,
credit, and manpower requirements, while allowing for a constructivist approach to their
teaching. By a constructivist approach we mean that the teacher observes and uses a
student’s conceptual base in guiding his construction of further concepts and skills [5]. The
opportunity to understand a student’s thinking arises naturally in one-on-one tutoring but
is uncommon in traditional lecture courses.

DESCRIPTION OF THE COURSES. Although there are many possible ways
of implementing constructivist ideas, most would involve considerable interaction between
the teacher and the students. In our approach, students present their own solutions to
problems in class. It is best if the problems are cognitively nontrivial, i.e., if the students
have not previously seen solutions to essentially similar problems. For a discussion of
problem solving in this sense, see [1|. Since adding a significant amount of this sort of work
to a traditional lecture course could more than double its length, we decided to remove
many of the explanations, sample solutions to problems, etc., and instead, converted this
material into problems for the students to solve. Students must explain and justify their

solutions when presenting them to the class and we provide criticism.

In both first calculus and graduate algebra our goal is not only that students should
learn the usual course content but also that they should be able to use it effectively in new
contexts. In calculus this means students should be able to solve concrete, but cognitively

nontrivial problems and provide arguments for the validity of their solutions. In graduate







