Improving students’ learning of mathematical problem solving
Introduction. Schoenfeld (1992) identifies five skill sets required for mathematical problem solving (MPS): mathematical skills, heuristics, metacognition, beliefs and practice.  University mathematics teaching is typically dominated by mathematical skills: the remaining skill sets are often covered implicitly, if at all, despite the acknowledged value of MPS to students (Lesh & Zawojewski, 2007).  Since the 1980s, research on strategies for teaching MPS reveals no “silver bullet” for teaching these remaining skill sets.
Aims. To discourage rote-learning patterns of solution and improve authentic MPS skills learning in a second-year MPS course.
Methods. We advised students at the outset of the course that exam questions would no longer mirror tutorial problems.  We introduced a method for writing down solutions where students explicitly annotated relevant heuristics and metacognitive steps, and introduced assessments that focused on these skills.  We evaluated the impact of these changes on students’ attempts to solve final exam problems, and on the single A4-page notes they were allowed to bring with them into the exam
Results. We observed a reduction in the use of rote-learnt approaches, and improved capacity for setting up appropriate models, although students still struggled to solve these models.  Students were more likely to recognise when their approaches were not working, and change them: a hallmark of expert problem-solving.
Discussion. We recommend the development and transparent use of activities and assessment strategies that directly target the various requisite MPS skills, focussing on process rather than result.
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