Energy island, a suitable context for science education
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In The Netherlands, secondary education students can opt for a course called NLT (Natuur, Leven en Technologie). In English it is sometimes named ASMaT (Advanced Science, Mathematics and Technology). Since 2007, this new interdisciplinary subject is offered to science stream pupils in upper secondary education (age 16-18) in addition to regular subjects such as physics, chemistry, biology and mathematics. It offers the students the possibility to widen and deepen their knowledge of science and shows students the relevance of interdisciplinarity. It completes the natural sciences, and is meant as a good preparation for a study in higher education in the field of science and technology (a steppingstone towards science and technology). Currently about 40% of the Dutch schools are offering NLT.

The programme – based on a context-concept approach – currently consists of a set of over 70 modules that have been developed as teaching material for national use. The concept-context approach is the most recent development in context-based science education in The Netherlands. In context-based education, different sorts of situations, applications and contexts play an important role in the realization of meaningful learning. In addition, it emphasizes concepts and the interaction between concepts and contexts, building a coherent conceptual framework and improving (strengthening) the transfer of knowledge and skills. (Whitelegg & Parry, 1999; Goedhart, Kaper, & Joling, 2001; Pilot & Bulte, 2006).

Each of the 70 modules for NLT is assigned to one or more of the nine domains of the programme and is developed by a team in which teachers of secondary schools work together with one or more experts on the subject. Most modules are interdisciplinary and deal with topics profoundly. Both now and in the future there is a need for more modules. One of the domains is titled ‘(Sustainable) use of raw materials, energy and space’.

At Delft University of Technology, Science Education & Communication, a group of trainee teachers developed a new module called ‘Energy Island’, supported by the Faculty of Technology, Policy and Management. The module is mainly assigned to the mentioned domain. The context is an idea of a subsurface-lake power station in the North Sea powered by windmills with zero CO2 emission. The lake is created by building a circular dike in the sea. In case of a surplus of electricity and/or wind, water is going to be pumped out of the lake into the surrounding sea. A shortage causes seawater to flow back, while driving generators (KEMA & Lievense, 2007). 

The module consists of a textbook, a teacher’s manual and a web based management game. Students become more aware of the decreasing fuel stocks and increasing environmental pollution, forcing science to develop methods of energy supply which are more sustainable, efficient and clean. Students deal with electricity supply, storage and transport, windmills and energy, the subsurface-lake concept and the process of making decisions at an administrative level. The module concludes with specific assignments such as designing a battery, building a hydroelectric power unit and an investigation of reducing the electricity consumption at home.

In 2010 this new module has been tested and evaluated with and by a class of 22 secondary school students. After finishing their special assignments, the students have done a 100-minute test in order to measure the achieved level of knowledge and understanding.

Two main issues will be subject to research. The first question is to what extent the module has caused more awareness of the importance of sustainable energy (supply). The second question focuses on knowledge. To what extent was it possible to apply existing knowledge in a new context? Did the module contribute to the gathering of new knowledge about sustainable energy? In summary, is this module Energy Island useful to:

· become (more) aware of sustainable energy(supply),

· apply existing knowledge concepts in a new context,

· gain new knowledge?

In particular we will look at the suitability of the energy island as a possible context for teaching and learning about energy concepts. Current literature suggests that contexts should enable making already learnt knowledge more versatile and also obtaining new knowledge in a meaningful and transferable way. These claims will be tested in our research study.

We will answer these questions based on the data we have gathered from:

· interviews with the students and an inquiry form,

· the results of the special assignments,

· the results of the test.

In short, the conclusions are:

· the context of energy island is suitable for both teachers and students,

· the students are successful in applying existing knowledge to the new context,

· by this module the students successfully gain new scientific knowledge about energy and in a lesser extent about sustainable energy.

Whereas Goedhart et al (2001) warn that realistic situations in science are often too complex, we found:

· students with physics as a regular subject are more successful at applying existing knowledge in the new context and they are able to transfer their knowledge into a new context

· for students without physics as a regular subject it is hard to learn the concepts of energy in the real-life scenario of an energy island, they need much support/coaching

An implication could be to support the students without physics as a regular subject by an introduction to the basic concepts of energy before starting the module 
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