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Three Fundamental Principles of Learning

"Decades of work in the cognitive and developmental sciences has provided the foundation for an emerging science of learning….  We focus on three fundamental and well-established principles of learning that are highlighted in How People Learn and are particularly important for teachers to understand and be able to incorporate in their teaching."  (page 1)

Principle 1.  Teachers must engage students' preconceptions..

Students come to the classroom with preconceptions about how the world works.  If their initial understanding is not engaged, they may fail to grasp the new concepts and information, or they may learn them for purposes of a test but revert to their preconceptions outside the classroom.  (page 4)

Moreover, people possess resources in the form of informal strategy development and mathematical reasoning that can serve as a foundation for learning more abstract mathematics.  But that link is not automatic.  Faculty must building on existing knowledge in intentional ways. (page 219)

Principle 2.  Understanding requires factual knowledge and conceptual frameworks

To develop competence in an area of inquiry, students must 

(a) have a deep foundation of factual knowledge, i.e. procedural fluency. 

(b) understand facts and ideas in the context of a conceptual framework, and 

(c) organize knowledge in ways that facilitate retrieval and application. (pages 6, 7)

Knowledge of facts and knowledge of important organizing ideas, far from being opposites, are mutually supportive.  Indeed the ability to see separate pieces of information as part of an organized set of ideas is one of the characteristics that separates "novice" thinking from that of an "expert.   The debate about teaching mathematics as a set of procedural competencies, vs. teaching to broad conceptual understandings is alive and well.  But both are critical if the goal is to develop competent and efficient problem solvers. (page 232)

Principle 3.  A metacognitive approach enables student  self-monitoring

Helping students become effective learners is at the heart of the third key principle: a "metacognitive" or self-monitoring approach can help students learn to take control of their own learning, consciously define learning goals, and monitor their progress in achieving them. (page 10)  For example, students who were directed to engage in self-explanation as they solved mathematics problems developed deeper conceptual understanding than did students who solved those same problems but did not engage in self-explanation.  This was true even though the common time limitation on both groups mean that the self-explaining students solved fewer problems in total. (Page 11)

An important aspect of metacognition is learning about oneself as a learner, thinker, and problem solver.  Students' experiences have strong effects on their … abilities to remember information and use it spontaneously to solve new problems.  The commonly held belief that one is "not mathematical"  (often learned as a consequence of taking mathematics courses) can be countered  with appropriate classroom environments that embrace a variety of problem solving strategies. (pages 236-239)

Learning Environments and the Design of Instruction

”The three key principles of learning…. [lead to] four design characteristics… that can be used as lenses to evaluate the effectiveness of teaching and learning environments. " 

· Learner centered:  Encourages attention to preconceptions and begins instruction with what students think and know.

In a learner centered classroom students are presented with "just-manageable difficulties" – challenging enough to maintain engagement and yet not so challenging as to lead to discouragement.  They find the student strengths that help them connect with the information being taught.

· Knowledge centered:  Focuses on what is to be taught, why it is taught, and what mastery looks like.

Knowledge centered classrooms ask:   What it is that is really important for students to know and be able to do.  What are the core concepts that organize understanding.  What detailed knowledge will allow students to see a structure of the knowledge and master core concepts effectively? 

· Assessment centered:  Emphasizes the need to provide frequent opportunities to make students' thinking and learning visible as a guide for both the teacher and the student in learning and instruction.

Assessment-centered classrooms provide students with frequent opportunities to revise and improve their thinking, and to see their own progress over time.  These assessments are often informal, and formative in nature.  They may include early activities or problems designed to make student thinking public and observable by teachers. They also enable students to develop metacognitive abilities to assess their own progress.  

· Community centered:  Encourages a culture of questioning, respect, and risk taking.

Every community operates with a set of norms – whether explicit or implicit – that influences interactions among individuals.  If classroom norms encourage and reward students only for being "right", we can expect students to hesitate when asked to reveal their unschooled thinking.    A focus on student thinking requires classroom norms that encourage the expression of ideas (tentative and certain, partially and fully formed), as well as risk taking.  It requires that mistakes be viewed not as revelations of inadequacy, but as helpful contributions in the search for understanding.  "Math talk", the asking and answering of questions among students, is part of this environment.

