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Fahmy and Lagowski (1) have related their systemic approach (SATLC) to the constructivist theory of learning (2). They have argued that the methodology used to implement this theory of learning may have been too much influenced by linear and hierarchical thinking. Thus the “big picture” and the inter-relationships between concepts that may be evident to teachers are not made evident to Learners.

Such an omission may be related to the familiar criticism that students have compartmentalized knowledge and lack ability to solve real (as opposed to routine) problems. It may also be related to the familiar testimony that ‘it's only when I taught this topic that understood it’.

Fahmy and Lagowski and their coworkers have conducted a number of pilot programmers to explore the application of their ideas and reported some definite successes(s). This is encouraging, and prompts further research and development. In this paper, I propose two particular areas that I think warrant attention: the role of practical work in implementing the systemic approach to concept development and the use of the systemic approach to develop general models and theories.

The Rote of Practical Work in Implementing SATLC

There are mixed views about the efficacy of practical work in concept development (4). Clearly there is much to learn about how to do it. In any case many teachers do no practical work for reasons of cost, safety, lack of training or lack of motivation (5).

Those teachers who do, often lack understanding of how observations relate with concepts- Often the conduct of the experiment are an exercise unto itself. Organizing it and managing its successful implementation is such a big task, that it leaves neither time nor energy for reflection. No wonder concept learning is often rot achieved.

Yet I interplay between experiments and concepts, principles and theories (6). Lies at the very heart of progress in science. To omit this is to miss an essential, vital characteristic of science in general, and chemistry in particular.

For this fundamental reason, I would argue that practical work should be integrated with the SATLC approach. Furthermore giver that this approach aims to emphasize relations between concepts in a cluster, the practical work needs to be simple and easy to conduct. This will permit the emergence in concrete form of the entire cluster in the minimum time, If this is not done then the potential impact of the big picture” will be lost.

To achieve simple, easy hands—on practical work microscale chemistry offers a solution. Many authors have reported these as advantages of the small-scale approach. In addition, it has the virtue of being lower cost, more safe and having a lesser impact on the environment. My own group’s work in this area has focused on low-cost, plastic equipment using micro well plates as a core feature (7). We have developed student kits that can be extended from a basic set to one that covers titrations, electrochemistry and organic chemistry. This range of possibilities suits secondary schools, teacher training colleges and university first year in most countries. Small-scale glassware, mostly suited to universities, is also available from many sources.

Use of SATLC to Develop General Models and Theories

Relationships between concepts (according to Novak (6)) are propositions. When generalized these qualify as principles. A set of related principles is comprehended within the framework of models and theories. Models and theories do not originate from single instances or principles. They originate from and are justified by sets or groups of them.

The emphasis on a cluster of concepts in the SATLC approach is exactly the kind of emphasis required to promote understanding of models and theories related to a cluster of concepts. In the linear approach we often attempt to impose models and theories as we go through the steps of development. Yet, in the early stages, the justification for these models and theories is often tenuous. In this linear approach it is unavoidable. This is a serious handicap, as most models and theories of chemistry are abstract and rot immediately plausible. To be able to show the range of concepts and principles that can be understood with one model or theory is immensely helpful in enhancing their plausibility.

Let me take a basic model of chemistry — the particle model. In most school curricula, this is introduced in simple form at a fairly early stage: in South Africa it is in Grade 8. At this stage, the introduction of the model is prompted by consideration of the topic ‘States of Matter and ‘Changes to State’. There is no reference to forces and energy: it is only the state which is considered. There is no reference to the consequences of different particles with different properties. In other words, there is no sense of the pervasive power of the particle model to interpret a wide range of phenomena. In Grade 9, a distinction is drawn between atoms end molecules, but the latter are limited to diatonic examples, and the implications in terms of the particle model are not explored. In Grade 40 we suddenly plunge into the nuclear atom and an introduction to ionic and covalent bonding. And there is no reference to the particle model at all. It is only re-visited in Grade 11, in the up-graded version of the kinetic theory of gases, etc.
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Now the shortcomings of the South African syllabus are of no concern to the rest of the World, but I suspect they exemplify a common occurrence, because we tend to copy from each other. Anyway, it's an example of a linear development of concepts over several grades, of a particularly unsatisfactory kind. We can cluster the concrete, phenomenological concepts all together for some elementary consideration, for example in Grade 6, as is suggested by the following:

Before considering how this cluster might be presented, let us superimpose features of a particle model interpretation of the phenomena mentioned:
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And finally, let us confirm that all of the phenomena can be experienced by learners first hand, very quickly and easily on micro scale. The details will vary from teacher to teacher; that is bow it should be and we need not explore the details here. However, my general vision would be that from an experimental study of a number of different phenomena, the class would move to consideration of some unified interpretation of the phenomena. The outcome should be comprehension of the model and its justification, as well as some capacity to predict one physical property from another. It should also lead naturally to questions of why different particles (i.e. different substances) have different properties.

Another example will suffice perhaps to illustrate the case I am making here. The concept of acids is again a very common one, encountered at many points in a learner's chemistry curriculum. Although there are several theories of acids that may be presented, the old Arrhenius theory is probably universal and certainly is very useful, and I use it here thus, again, a variety of phenomena involving acids may first be explored by bands — on experimentation. Thereafter comes the question of interpretation and evaluation of a particular theory of acids (due to Arrhenius). This interpretation can be superimposed on the original concepts cluster to add emphasis to the explanatory power of the Arrhenius theory:
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A specific methodological variation to consider would of course be to omit one or more phenomena from the original round of experimental investigations and then call for predictions based on the theory just developed. The predictions would then be tested by experiment. The complete teaching/learning process would then be following the learning cycle model (8), which in turn, simulates the typical scientific process.

Conclusion

There seems to be much potential in SATLC. To realize this potential to the full. We should try to integrate hands — on practical work into the learning process. This will be made possible by using microscale chemistry which is convenient for the teacher and easy for the students. Furthermore, the opportunity should not be missed to relate clusters of phenomenological concepts to explanatory models and theories. With these features the cluster of concepts idea serves not only as an aid to learning selected chemical concepts but also to represent the advancement of science in general.

References:

1.
Fahmy, A FM and Lagowski, J. J. Systemic approach to teaching and learning chemistry: SATLC in Egypt. To be published.

2.
Bodner, C. M. Constructivism: A theory of knowledge. J. Chemical Educ 63,

873-878,1986

3.
Fahmy, A FM end Lagowski J I The use of a systemic approach in teaching and learning chemistry for the 21” century. Pure Appl. Chain. 71, 859— 263, 1999

4.
Hodson, D. A critical look at practical work in school science. School Science Review, 71 (256), 63 — 72, 1990.

5.
Bradley, J D. UNESCO/IUPAC — CTC global program in microchemistry. Pure Appl. Chem. 73, 4215—1219, 2001.

6.
Novak, JO arid Gowin, 0 B. Learning How to Learn. Cambridge: Cambridge University Press, 1984.

7.
Bradley, J 0, Durbach, 8, Bell, B Mungarulire, J and Kimel, H. Hands-on practical chemistry for all — Why and bow? J. Chemical Educ. 75, 1406-1409, 1998
8.
Abraham. M R and Renner, J W. The sequence of learning cycle activities in high school chemistry. J. Res. in Science Teaching, 23, 121-143, 1986
1
1

