


three school textbooks.

a. In the fraditional textbook, the energy concept is dispersed in different thematic
units. This characteristic reflects the traditional approach of curriculum where the object
of teaching is conceptually splintered off and is collated in small thematic units. Only 3
out of 47 units of the textbook have the energy concept as a main object. Energy is
introduced as a derivative concept of the particularly abstract and mathematicised
concept of work. The basic epistemological element is that it also favours the mixture
or/and collating of elements from different conceptual frameworks such as mechanics,
statistical mechanics, thermodynamics and electromagnetism (Koliopoulos 1993).
Consequently the «non continuous» character of the scientific knowledge is hidden. Thus
an illusion of linear sequence in the units is created. In substance, however, there is a
collation of qualitatively different conceptual units. In all of them, energy acquires a
different meaning. Moreover, there is a mixture of different physics models like the
atomic model and force-particle model.

b. In contrast, the energy concept in the innovative textbook consists of a wide
conceptual unit.* In the concrete textbook, the negotiation of the concept takes place
within the framework of one conceptual framework. This is thermodynamics which is
transformed didactically through the model of energetical chains. According to this
model, energy appears, in different forms, as the common physics magnitude which
characterize different «storages» of energy. More concretely, it attributes the following
features for energy: storage in energy containers, transfer under various forms and
transformation of one form of energy transfer to another. Objects and properties are
represented by symbols which constitute the energy chains.

¢. Finally, in the constructivistic «textbook», the wide conceptual unit where the energy
is introduced as primary concept is kept. The concrete content, however, is influenced
more by the cognitive background of the students to whom it is addressed. The authors of
the concrete teaching materials write: «Laboratory demonstrations of conservation are
impossible without a prior understanding of the quantification of energy which brings its
own problems» (cLisp 1987). For this reason many recommend that activities are focused
on the direct measurement of energy.” The conceptual framework is uniform
(corresponding to that of thermodynamics) and the energy concept is introduced through
a set of its attributes: transfer, transformation, quantification, conservation and
degradation.

3. Psychological level. In regard to psychological analysis based on the conceptual distance
there is great difference between the three school textbooks.

a. One approach shows that the conceptual distance of the content of the traditional
textbook from the junior secondary school students’ conceptions is great. This can be
distinguished if the conceptual content of the school textbook is compared with research
which claims that a small number of students describe and interpret the physical states
and mainly the mechanical states in terms of energy or according to the principle of
energy conservation, even when they have attended courses on energy (Brook 1986). This
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is natural since the school textbool was written without systematic psychological criteria.

b. The previous conceptual distance in the innovative textbooks seems smaller, not only
because this textbook is mainly influenced by the psychological, pedagogical and
didactical ideas of the respective period (for example, discovery, experimental approach
e.t.c.), but because it was also a by-product of feedback of experimentations in classes.
Moreover, aposteriori research showed that the conceptual framework of energetical
chains is compatible, in a first approach, with a simple causal knowledge structure which
appears to be wide-spread in pupils’ predictions and interpretations of events in several
phenomenological fields (Arsac, Develay and Tiberghien 1989, Koliopoulos et al 1989).

c. Finally, in the constructivistic textbook the students’ conceptions are taken earnestly
into account for the content construction. The teacher’s guide prudently reduces, as much
as possible, the conceptual distance among the alternative students’ conceptions and the
content of the programme: «Children tend to think of energy as something that gets used
up (when a fuel burns it gives off heat which disappears; when a moving object stops it
has used up energy). If children are to appreciate energy conservation, they need also to
address the issues of degradation and dissipation. In these schemes this is done by taking
situations where these changes are perceptually obvious, and so the conservation is made
to seem reasonable. The schemes adopt a ’you can’t get something for nothing” approach,
and it must have gone somewhere, where is it now?’ is a frequent question» (CLISP 1987).

Notes

1 The concept of didactical tranformation is placed within the framework of French research in
science education they declares that the set of transformations which take place in a knowledge
should be integrated for teaching (Arsac, Develay and Tiberghien 1989).

2 In constructivistic curricula we have notes of experimental character and not a complete
curricula.

3 This study is mainly focused on the construction of an analysis tool and not on an extensive
and systematic application which is still in process.

4 In some innovative programmes, the energy concept becomes an organizational principle of
the programme (Falk and Herman 1981).

5 However, we have to point out that the writers do not attempt to solve the concrete
conceptual problems which they localize to students with interventions in the conceptual content of
the curriculum, but mainly, in the level of activities. For this reason, what they stress in regard to
the conceptual content of energy, are few and superficial.
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