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Abstract

Designing and teaching a post-secondary elective Liberal Education course in “Puzzles and Problems” prompts a veteran mathematics professor to re-examine the roles of student and instructor in a university classroom. As students became authentically engaged in collaborative and cooperative development of problem-solving skills, and the classroom environment shifted from teacher-centric to learner-centric, the role of the “teacher” changed radically to a new teacher-learner paradigm, reflecting the emerging 21st century learning environment as it affects both teachers and students. 
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The evolving shift in post-secondary education, away from the traditional lecture-by-expert model of instruction towards a twenty-first century pedagogy of engagement and collaboration (Kay, 2010), demands a concurrent shift in the role and attitudes of the instructor. I experienced my own journey along such a transformative path while developing and instructing a pilot offering of an undergraduate university course called “Problems and Puzzles”, aimed at teaching problem-solving skills. 

My first challenge in the course began with the problem-solving focus and content itself. Despite being a mathematician trained in algebra, I have always found puzzles hard and rather intimidating. I was unsure at the start of the course whether I myself could master problem-solving skills, let alone communicate them to others. Thus I was in a large sense a student in my own course, trying to stay a step or two ahead of the other students. Although initially intimidating, this experience of being a student in my own classroom helped shift the paradigm from the traditional “teacher as expert” to the somewhat disquieting “teacher as facilitator in a community of learners” (Carnell, 2007).


           The wide range of majors, interests, experience and backgrounds of the thirty-five students in the course added considerably to the class dynamics, but also challenged me as an instructor. I had become comfortable and confident teaching mathematics courses in which I knew fairly precisely who the students were, what they knew or did not know, and what skills and perspectives they would bring to the class. I was also accustomed to teaching highly structured mathematics courses, in which every component is laid out well ahead of time in a sequential and entirely predictable way. But this course was by its very nature extremely non-linear, and my efforts to organize it in a linear way were not successful. 


 I knew that my traditional lecture-only format would likely not be appropriate for a course in problem solving, and thus had planned to include some limited problem-solving time along with lectures on theory. I realized quickly that this was not the right approach for this course. The students quickly became disengaged with lecture material but loved working on puzzles and problems. I began to start each class with a puzzle, let students explore collaboratively and come up with ideas and eventually solve the puzzle, and then debrief the process as a class. The subsequent discussion of strategies was much more powerful for the students and they eagerly contributed their ideas.  Some lively class discussions early in the course confirmed for me the importance of a highly student centric learning approach, based on principles of constructivist learning theory (Bruner 1986; Clements and Battista, 1990).  I found that students needed to engage fully and sometimes uncomfortably with a problem in order to solve it, with support available as needed. 


Thus instead of lecturing I spent most classes circulating among the students. I learned to refrain from providing answers or insights, and rather to simply ask “How are things going?” or “Are you making any progress?” and let the students tell me about their approaches, conjectures, differences of opinion, strategies, solutions, triumphs and challenges. I could see a learner-centered classroom environment evolve and flourish from class to class as students learned to teach themselves and each other. They soon reported becoming deeply involved with the puzzles, games and problems, both in and out of class; they worked intently and appeared to be very determined to solve the problems. Several times many of them stayed and continued working after class ended, or appeared to not even notice that the class time had ended - which never happens in traditional mathematics courses! It was very rewarding to experience the concentration and energy being expended in the classroom. 

            I began this course knowing that I was not an expert in the subject of problem solving, which was certainly an uncomfortable and unfamiliar starting point (Huston, 2009). But I was willing to learn and to share my learning experience with my students. In this sense I viewed myself as a guide and model for students rather than the traditional expert bearer of knowledge. The Educational Origami article “21st Century Teacher” (2010) lists the characteristics of a twenty-first century teacher as being collaborative, adaptive, information media and technology savvy, a communicator, a visionary, a risk taker, a learner, a model, and leader. At the start of this course, I would have described myself as a communicator, a learner, and a model, but as not particularly adaptive or media savvy, and definitely not as a risk taker or visionary.  But over the course of the semester, I learned to instruct less and to observe, coach and encourage more. I was forced to become more adaptable and flexible, in the ways described above, and I became more willing to take risks in the classroom. By the end of the semester, I often started a class with three different possibilities planned for topics and puzzles, depending on the time available, the mood of the class, and what came up in our discussions. This need for “adapting to a dynamic teaching experience” (Educational Origami, 2010) forced me to let go of tight organizational control, which I found to be both frightening and exhilarating. The loss of control was unnerving at times; I never knew when class started where we might go, how long we might take on one or more puzzles, or what questions students would ask. But watching the students take on a puzzle, and play or struggle (or both) with it was tremendously exciting and rewarding. I found each class period simultaneously energizing and exhausting.  As for risk-taking – near the end I presented in class a puzzle I did not actually know how to solve, and my confidence that someone in the class, or we as a group, would be able to solve it was validated!


Teaching this course challenged me to change my teaching style on a number of levels. I learned to be a twenty-first century teacher, a role model and a guide rather than an expert; and to deal with and even enjoy the lack of structure and control which that entails. I learned to foster an environment where students themselves will happily do the hard work of engaging with difficult problems, and developed both my problem solving skills and my teaching abilities in the process.
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