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TEACHING OF THE BASIC ELECTRIC QUANTITIES!
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During the recent years there has been great interest in studying
the misconceptions or children®"s science in electricity (e.g.
Andersson & Karrqvist, 1979; Maichle, 1981; Cohen et al, 1983;
Shipstone, 1984; Joshua, 1984; see also Aspects of Understanding
Electricity, ed. Duit, Jung & Rhoneck, 1985).The results from the
various studies are very much alike although they have been car-
ried out with pupils with different ages and nationalities. Among
the false ideas on electric current and voltage are e.g. the fol-
lowing:
- only one wire is needed to connect a bulb to the battery;
- current flows from both terminals to the bulb (clashing
currents);
- current is used up by the batteries in the electric circuit;
- electric current gets weaker further away from the source;
- voltage is the same as charge, current, energy or power;
- current is stored iIn the battery which iIs the source of constant
current;
Osborne (1983), Cohen et al (1983) and Shipstone (1984) have also
tried to analyse the reasons for the common false ideas of elec-
tric phenomena. Andersson (1986) has gone one step further and
introduced a more general explanation for children®s alternative
frameworks in different areas of physics, the so called experimen-
tal gestalt of causation. There has, however, been little discus-
sion on the possibilities to meet these false ideas or on rectifi-
cation of such inherent features of the conventional teaching
which strengthen these ideas. Driver (1985) concludes that differ-
ent ways of thinking should be introduced so that the pupils had
to test their own models frequently in different contexts. The
experienced physics teachers (e.g. Hewitt, 1983) often have
pointed out that at the basic levels physics should be taught
qualitatively based on phenomena.

Kurki-Suonio has introduced simple scheme of successive hier-
archical levels of physical concepts as a framework for discussion
of the concept formation in physics and for analysis of direction
of approach in teaching (see his paper in this seminar). In teach-
ing of physics iIn comprehensive school the Ffirst three levels
should be of main importance. Kurki-Suonio emphasizes that, al-
though the process of learning like the concept formation is
rather a perception or pattern recognition process than a logical
one, it has a well defined natural direction from lower hierarchi-
cal levels towards the higher ones. This defines also the natural
direction of learning from observation towards concept formation.
As a consequence, theory will be understood as an approximate but
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forever developing model with which the phenomena of nature can be
described.

Analysis based on this scheme shows clearly that in the Finnish
textbooks and iIn the Finnish tradition of physics teaching the
main approach is exactly the opposite. The starting point is usu-
ally the accepted general theory. This treatment leads to the mis-
understanding that the phenomena are approximate realization of
the exact and invariable theory. As J.P. Snow says, one cannot
understand scientific knowledge only on the basis of the products
of science, also the process how the scientific knowledge has been
achieved, has to be understood.

The traditional Finnish way iIn teaching electricity as seen from
the text books is to start from the atomic model: an atom consists
of a positively charged nucleus surrounded by negatively charged
electrons. Electrostatic charge is then defined as an excess or
deficit of electrons in the matter and the electric current as a
flow of electrons. Charging of bars by rubbing with a cloth is
told to be transfer of electrons from the cloth to the bar or vice
versa. There is no experimental concept formation even on the low-
est level

In an experimental approach the concept of charge should be based
on observable macroscopic phenomena. There is no need for the
atomic model and this should not be taken up before the world of
basic electrostatic phenomena, quantities and laws are know the
observational basis. This is also the direction of the historical
development. The electric charge and many of its properties and
basic laws were known Ffirst. This knowledge was used in the forma-
tion of the atomic model. Consequently, the teaching of electro-
statics should start as done in 17th and 18 th centuries with the
qualitative studies of the properties of charged bodies. These
experimental observations should be followed by the observation
that charge can move from one object to another and the studies on
induction phenomenon. The electrostatic phenomena were given
qualitative definition in terms of electrostatic forces and
sparks, and simple tests using the Leyden jar were developed for
verification. The attractive and repulsive forces, the conserva-
tion of charge, the transfer of charge from one body to another,
the summation and neutralization of charges, conduction and isola-
tion, polarization or electrostatic induction and the difference
of conductive and nonconductive materials in these phenomena were
verified experimentally and the qualitative basic model of the two
kinds of charges and the two basic kinds of materials was devel-
oped. All this forms the level of phenomena or of qualitative in-
formation and its essential parts should be included also in the
first level of teaching electrostatics. Only after these consid-
erations the level of quantitative information can be reasonably
reached and charge can be introduced as a measurable quantity with
the aid of its force effect.

Similarly, the phenomenon of electric current should be intro-
duced first and defined in terms of macroscopic qualitative obser-
vations including some properties of batteries, detection of heat
generated in the wire and its effect on a magnetic needle as well
as transport of matter associated with the current in electrolytes
etc. highly structural physical quantities in their relation to
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the information structure of physics, but it is possible to intro-
duce them as quantification of verified properties of the phenom-
ena without referring to the theoretical considerations. The ex-
planation that current is movement of charges should also be veri-
fied. The concept of voltage could be introduced by trying to an-
swer the question: how to get charge to move.

On the basis of the scheme no conclusion can be made concern-
ing the order in which electrostatic phenomena should be taught,
at least not in the level of the comprehensive school. However, if
one intends to make use of the atomic model their connections
throughout the two different areas of charge and current should be
made clear through observation and experiment, as was done around
the time of publication of Volta®"s results. Otherwise the explana-
tion of current as flow of charges not to say electrons- makes no
sense.

There i1s the general demand that the pupils should learn the
means how to evaluate knowledge and information critically and
perhaps also learn how to extract new knowledge. To achieve these
objectives which are consequences of central educational objec-
tives one has to learn the scientific process of concept formation
and creation of knowledge which is time consuming and more diffi-
cult than learning facts by heart without any visible increase in
learning results. The present conventional way of telling the pu-
pils what is now known in physics especially on the basis of the
present theories works strongly against this aim. It only teaches
the pupils to accept authoritative information. Therefore, it
seems necessary to survey critically the physics curriculum at the
lower secondary level in order to find out what kind of physical
knowledge is important for a person just to adjust himself in the
modern technological and information centred society and what kind
of physical approach would help the development of a critically
minded thinking person. Because of the high hierarchical structure
of the concepts used in physics subjects taught and approach are
intimately coupled. Subjects requiring concepts on high hierarchi-
cal level do not allow true experimental approach on the basic
level.
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