The 20th International Conference on Chemical Education, August  2008


SATL, Learning Theory, and the Physiology of Learning

J. J. Lagowski*
Department of Chemistry, University of Texas at Austin, Austin, Texas USA
*Author for correspondence e-mail:  jjl@mail.utexas.edu
INTRODUCTION
The Systemic Approach to Teaching and Learning (SATL) is a tool designed to help teachers teach and students learn, and which has been used successfully in a variety of disciplines 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, which is also of interest to us here.
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CONSTRUCTIVIST LEARNING THEORY

Several theoretical frameworks for how learning occurs have been developed by cognitive and educational psychologists that are displacing behaviorist notions [1]; the latter are often the basis of many 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 also 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 it—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.  The process called “assimilation” creates 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 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
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Novak [5], using Ausubel’s ideas of how learners construct meaning, developed concept maps as a tool to represent the concept/propositional framework for 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 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 given 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.,
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A concept map is a collection of concepts organized as propositions in a hierarchical manner; see Figure 2 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 produces 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 or space to do here.  A quick review of the key SATL 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.
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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 substances, atoms, and mixtures.  In general, several different concept maps may exist for a given collection of concepts; one concept map is not necessarily “better” than another, except by personal preference.  As the number of concepts increases, the complexity of the corresponding map increases.  Note that the concept map shown in Figure 3 could be expanded to include other concepts such as formulas, atomic mass, molecular weight, chemical symbols, and chemical equations.  In other words, we could start with the concept map shown in Figure 3 and make a larger, more encompassing map that includes these new concepts.  This kind of cycle could repeat any number of times, each time the previous concept map “grows,” to include the new concepts..  The addition of new concepts to a previously established concept map is, in its essence, a manifestation of constructivist ideas.


The key structural element of the SATL method is the systemic diagram which has all of the attributes of a closed concept map.  A closed concept map is limited by the number of relationships.  [image: image5.wmf]S
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Let’s now relate these ideas to the basic unit of learning in the SATL technique.  Figure 4 is a simple systemic diagram that covers a part of the chemistry of organic acid chlorides.

The SATL approach involves the creation of a series of interlocking closed concept maps that will, ultimately, be a part of the overall systemic diagram for a given domain of knowledge.  The overall systemic diagram is a representation of the way a teacher views the concepts in question.  Starting with a prerequisite closed concept map where all the relationships are known, the learner works through a series of associated closed concept maps containing unknown (to the learner) relationships to be learned until all the unknown relationships are known.  By “associated closed concept maps,” we mean closed maps that share at least one concept.


The overarching idea of systemic diagrams is that new knowledge—understanding—is constructed upon previous knowledge that the learner possesses (Figure 5).  Thus, the SATL technique starts with a systemic diagram—a closed concept map—that incorporates previously known relationships represented by (SDO in Figure 5).  Then the relationships to be learned are systematically assimilated into the overall systemic diagram.  Using other words, the learner constructs the final systemic diagram upon his/her previous knowledge using the process shown in Figure 5.
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Overall, systemic diagrams can become very complex as shown in Figure 6, which covers the essential chemistry of alkyl halides.  The SATL approach requires that the teacher produces the final systemic diagram (e.g., Figure 6) and breaks it up into the smaller systemic diagrams (e.g., Figure 5).  In
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doing so, the teacher’s view of the knowledge domain is revealed to him/herself as well as eventually to the students.  The teacher determines the prerequisite systemic diagram (e.g., SD0 of Figure 5), which also includes the links to the next systemic diagram; this, then, becomes the new prerequisite diagram, which has a new link, etc., etc., until the entire systemic diagram is revealed (e.g., Figure 6).  By this general process, the teacher becomes a guide to the learner ‘s learning process through potentially very complex relationships using constructivist principles.


SATL methods have been shown, empirically, to be successful in helping students learn in a variety of settings—pre-college, college, and graduate systems of formal education as well as adult education—in a variety of disciplines; the sciences, (chemistry, biology, physics); mathematics; engineering disciplines; medical-related disciplines; and linguistics.  A number of statistical studies involving student achievement indicate that students involved with SATL methods taught by teachers trained in those methods achieve at a significantly higher level than those taught by standard linear methods of instruction.  Finally, more than 60,000 teachers have been trained in SATL methods in Egypt, Libya, and Jordan.  Thus, SATL methods clearly are universally useful, irrespective of the discipline or level of education.
BRAIN FUNCTION


Research on the way the brain functions has involved, in the recent past, the study of the electrochemical impulses that occur when the brain is actively engaged in various tasks [7].  Non-evasive probes that have been employed in establishing brain behavior include:

· Computed Tomography (CT)

· Computer Axial Tomography(CAT)

· Magnetic Resonance Imaging (MRI)

· Functional Magnetic Imaging (fMRI)

· Positron Emission Tomography (PET)

· Single-photon Emission Computer Tomography (SECT)

· Diffuse optical imaging (DOT)

· Event Related Optical Signal (EROS)

· Electroencephalograms

Using such techniques, the functions of the different areas of the brain have been identified.  One current view of the human brain is that it has a modular organization consisting of identifiable component processes that participate in the generation of a cognitive state.  The five senses—sight, smell, touch, hearing, and taste—are the gateways to the brain (figure 7).  Our view of the world is constructed by our brain, as it interprets the signals from these five senses coming through the gateways.  Although much is known about the details of how the chemical and electrical signals from the five senses are created and pass into the various areas of the brain, these details are not important for our purposes here.  The totality of these methods and the results of other experiments produce a representation of the major parts of the brain as well as detailed information of how these are believed to  interact with each other.
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Our current knowledge produces the following model of how the brain works—how it does what it does.  The information input in the brain is not stored in a single part of the brain.  The brain does not store information like an encyclopedia—to be retrieved as a unit on demand.  Rather, the data suggest that information is distributed in different networks of neurons, which are the basic elements of brain activity (Figure 7).  Thus, when someone perceives a tiger, all the sensual characteristics of the tiger—the snarl, the stripes, the stealthy movement, the cat-like odor, etc., are stored in different, but appropriate neuron networks (Figure 8).  Retrieving the concept of the tiger from memory corresponds to the interaction of all the specialized networks that contain the tiger-related characteristics, which are then reassembled by the brain into the memory of a tiger.


The human mind creates a number of categories for the kinds of information it stores.  About 20 have been identified and there are probably a very large number more (Figure 9).  Notice how the categories listed have strong components associated with the senses, because these are the only signals [image: image10.wmf]M
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that reach the brain.  So, it appears that this kind of information storage in the brain is genetically encoded since humans have only five (5) senses with which to learn about the world in which they live.  So, from one point of view, the human brain is automatically (genetically hard-wired) a knowledge-seeking entity.  The knowledge is that associated with the world in which the brain will exist.
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The distributed information is stored in appropriate networks of neurons that exist in many parts of the brain.  The networks are probably interconnected so that the retrieval of the distributed information can start from many places.  Many experiments indicate that information is stored in distributed forms, which is then reassembled or reconstructed upon retrieval.  It must be noted that “reassembled” and “reconstructed” represent processes that are synonymous with the constructivist model of learning.

CONCLUSION

We believe we have shown here that the unprecedented success in using SATL techniques to help students learn a variety of disciplines stems from modern learning theory (constructivism) and the current ideas of brain function (Figure 10).  In effect, the arguments made here represent the theoretical basis for the effectiveness of SATL methods.  From this point of view, it is, perhaps, not surprising that the SATL methods have proven to be so successful irrespective of the discipline in which they have been expressed.  Success in learning new knowledge, whatever it may be, comes from teachers teaching in a systemic way and learners trained in the use of systemics learning in a systemic way.
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Figure 2.  An example of a concept map.
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Figure 3.  A representation of a closed concept map involving the concepts listed at the left.  Closed concept maps that share common concepts are the basis for producing overall systemic diagrams as illustrated in Figure 6.





Figure 6.  An overall systemic diagram that represents the chemistry of alkyl halides.  The numbers represent one sequence of systemic diagrams that can be used to reveal the overall systemic diagram.  The question marks (?) represent the unknown relationships that are revealed during this sequence.





Figure 5.  Individual small systemic diagrams, each of which incorporates stored concepts, are the basis of producing an overall systemic diagram of a domain of knowledge.
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Figure 4.  A simple systemic diagram describing the chemistry of organic chlorides





Figure 9.  Kinds of categories identified for knowledge organization.





Figure 8.  Some of the sensual information that is associated with the concept “tiger.”  This information is obtained by the brain and parsed to be deposited in appropriate neural networks.





Figure 7.  A representation of how the brain takes input from sensual information and deposits its components in various neural networks.





Figure 10.  A representation of the relationship of SATL methods, Constructivist Theory, and brain function with learner activities in learning new knowledge.
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Figure 1.  A diagrammatic relationship among the kinds of concepts and learning, and the ability to retain these in memory.
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