











Plenary Lectures - Invited Talks

an alarm system to protect a
backpack against unnoticed
opening the zipper and or
cutting it open with a knife.

In the orientation phase
students explore the problem
in small groups. As a tool for
this orientation they make use
of a concept map in which they
can freely mark all kind of notions connecting to the
problem. To support an orientation from different points
of view some roles are already filled in (thief, client,
yourself...).

Can't turn off the alarm

|

You cannot see the backback |

The thief

Protect a backpnack with an alarm |

You yourself

The people around you

We discovered that it is very important to take time for
the orientation phase. It stimulates divergent thinking in
later phases and improves the quality of the outcomes of
the design process.

In the definition phase some requirements are given,
for instance:
e Analarm is given when the thief opens the zipper,
e Analarm is given when the thief cuts in the backpack
with a knife,
e  The user must be able to switch off the alarm,
e The alarm system must be electrical.

Students are asked to add at least two more
requirements and are allowed to delete one. Like in real
design practice there is room for negotiation with the
client (teacher), but choices must always be motivated.

The client
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The teacher checks the list with requirements and signs
for it. The list acts as a kind of contract with the client.

From now on students are trying to generate practical
ideas for a solution. They are stimulated to be creative and
not to think there is only one solution. One of the tools
used for this purpose is the so called ‘table of ideas’.

In the first column of the table desired system
functions are translated in sentences starting with “how
to”, for instance:

e How to turn on the alarm when we cut in the

Figure 2. A filled in ‘table of ideas’

backpack with a knife?
e  How to turn on the alarm when we open the zipper?
e How to switch off the alarm by the owner only?

Students are asked to generate at least two different
solutions for each function. In their search for solutions
they make use of simulation programs and electricity
boards.

Finding a proper electric circuit for the alarm system is
not simple. You can try to design a solution which
switches on an alarm when opening an electrical circuit
(cutting with a knife!).

You can also use the knife to make electrical contact
between two or more parts of the circuit (see f.i. the table
of ideas above).
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Simulation programs like ElektriX allow students to
try and test their ideas in an easy way. Alternatively they
can use standard equipment (circuit boards) from the
electricity lab.
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From the table of ideas students compose the solutions
which best match the requirements and use them to
formulate their design proposal. In this phase they also
make sketches and technical drawings.
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The teacher checks the final proposal and both parties
sign a contract. With this ‘green light’ the design team has
the consent to built and test a prototype for the alarm
system with the materials available in the class room (e.g.
patches textile, wires, wire netting, batteries, knife, steel
wool, buzzers, .....).

At the end — after working with a whole class room on
the same problem -we clearly see the results of the
divergent thinking in the separate groups: almost every
design team presents a different solution for the problem!

16

4 Conclusions and recommendations

We found that students — boys and girls — are highly
motivated to perform these kinds of tasks. And...that
there is a lot of learning in it!

The students not only develop technical problem
solving skills but also learn much about science: in the
example above about electrical circuits. Although in
preceding physics lessons the theory of series and parallel
circuitry was already treated students had a strong feeling
of discovering the subject matter again. They showed
much ownership. Also the physics teacher(s) had the
impression after these lessons that they gained a much
deeper understanding of the subject.

We feel that (besides motivational aspects!) it is the
combination of thinking and doing that contributes to
these results. Solutions are constructed by trying,
manipulating and by group communications about
strategies and results. This corresponds with the findings
of Roth [5], who was experimenting for some 10 years
with design projects in science. Roth sees design activities
as an ideal learning environment for integrated learning.

We conclude with some recommendations for future
developments:

e It is very worthwhile to continue the search for
optimal conditions in which authentic learning in
science and technology education can take place.

® All innovations have to be accompanied by systemic
change in the educational system: the curriculum,
teacher preparations, evaluation/exams have to be
adapted accordingly.
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