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INTRODUCTION

The Systemic Approach to Teaching and Learning (SATL) is a tool designed to help teachers teach and students learn, which has been used successfully over the last ten (10) years.  Here our goal is to link SATL methods to the constructivist theory of learning and to the current views of brain function.  We begin with learning theory because there is an obvious and natural connection to the current ideas on brain function.

CONSTRUCTIVIST LEARNING THEORY


Several theoretical frameworks for how learning occurs have been developed by cognitive and educational psychologists that are displacing behaviorist notions [1], which often are the basis of much of current instructional methods.  One of the more useful of these newer theories of learning for our purposes here is constructivism.  Historically, constructivist theory has multiple roots going back to Piaget [2] and Ausubel [3]; constructivist theory has several manifestations [4].  We choose here to concentrate on that thread of constructivist theory that goes back to Ausubel [3] who describes the learning process of students as taking the new knowledge (to be learned and assimilating—incorporating—it into what the learner already knows.  In Ausubel’s view, successful students take possession of knowledge actively, by seeking explicit conceptual linkages between the new concepts they learn and those they already possess.  By “possess” Ausubel means “deeply known” which he distinguishes from “rote learning” or memorization.  This process is described by Ausubel as “assimilation”—the process creating personal meaningful knowledge by restructuring the already existing conceptual frameworks that the learner possesses to accommodate to the new concepts being learned.  Ausubel’s constructivist ideas are summarized in Figure 1.  “Facts” are the most numerous of concepts.  They are learned by rote and are the most fleeting, being least easily retained in memory.  At the other extreme, the most general concepts are the most meaningful and are most easily retained in memory; they are the most enduring concepts available because they subsume all the facts.

CONCEPT MAPS


Novak [5], using Ausubel’s ideas of how learners construct meaning, developed concept maps as a tool to represent the concept propositional framework for representing domain-specific knowledge. In a concept map, labels representing concepts are arranged in hierarchical order and are connected by linking verbs forming propositions.  See Figure 2 for an example of a simple map involving the concepts periodic table, atomic number, periodic groups, and periods.  The resulting two-dimensional organization of concepts reveals the cognitive structure 
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of the map’s maker.  This learner has taken the “Periodic Table” as the key concept of the group and, accordingly, it is placed highest in the hierarchy above the other concepts.  The concepts of “# of protons” and “noble gases” elaborate in different ways on the “atomic number” and “groups” concepts, respectively.  After these concepts are arranged as indicated, the connecting verbs (in the ovals) then establish the propositions.  A different learner might produce a different concept map by choosing a different key concept; starting with a collection of concepts it is possible that several “acceptable” concept maps can be constructed.  Thus, concept maps become a vehicle by which teachers can describe the key relationships among concepts and, in doing so, reveal to students the way they think about those concepts.  Concept maps produced by learners provide an insight to the teacher of the learners’ understanding of a knowledge domain.


Novak [5a] defines a concept as a “perceived regularity (a pattern) in events or objects or records of events or objects, designated by a label.”  The basic unit of a concept map is a proposition, which consists of two concepts connected by a linking word, e.g.,

· Solids can dissolve

· Ice can melt

· Knowledge is composed of propositions

· Human learning can be meaningful

A concept map is a collection of concepts organized as propositions in a hierarchical manner; see Figure 1 for an example.  The most general concepts are at the highest rank; the lower ranks are filled with examples.  The most efficient process of producing concept maps from, say 15-20 concepts, is to start with the most general concepts at the top followed by a group that are less general, forming propositions with appropriate linking words to form propositions.  The lower ranks of concepts are very often specific examples of the more general concepts.  The final step in creating a concept map is to establish cross links or relationships in, and between, different sections of the map.  The original concept map can be elaborated as the learner experiences new concepts.  Thus, the creator of a concept map incorporates within it a construction process that reflects one of the basic tenets of constructivist theory, i.e., that knowledge is attained by a learner by assimilating (or integrating) it into his/her understanding of a basic knowledge structure.


Meaningful learning, from Ausubel’s point of view, is expressed in the most general concepts which are the most enduring in memory and which are constructed from (related to) all other units of knowledge in a given domain.  The process of creating (constructing) a knowledge structure in a concept map by the learner creates meaningful learning which is the most enduring (Figure 1) and which allows the learner to transfer knowledge to novel settings.  Progressively greater skills development in solving novel problems comes from the process of the continual refinement of a learner’s knowledge base through constructivists methods.

SYSTEMIC APPROACH TO TEACHING AND LEARNING (SATL)


The relationship between SATL methods and Constructivist Theory which is the focus of this section goes through the idea of concept mapping.  We do not intend to address the details of the SATL method here; this has been done by others [6] more effectively than I have time to do here.  A quick review of the key ideas is, however, appropriate for the purposes of establishing the relationship between SATL, Constructivist Theory, and concept maps.  For the purposes of orientation, we observe that concept maps and SATL techniques share some common ideas.


Recall that, in concept maps, the concepts are arranged hierarchically and in two dimensions; concepts are connected with connecting phrases to produce propositions.  As an example, Figure 3 is one concept map involving the concepts compounds, matter, pure subst
Figure 2.  An example of a concept map.
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