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Abstract 

This paper will present the result from one main investigation and two smaller follow-
up studies. The main study consists of an interpreting, iterative analysis of 
statements made by „experts‟ on contents of education gathered from a 
questionnaire, which result in a subject-specific content for physics education on 
sustainable energy systems (SES) presented as a category system. The categories 
from Step 1 are used as means for analysis in Step 2 and 3, which involve the study 
of educational material and one classroom analysis. The results show that the 
content of physics for upper secondary, in order for students to reach insight, should 
comprise certain physical concepts and relations not only in “limited contexts” but 
also in relation to greater contextual connections, in which problematisation and 
insight in solutions for the future is necessary. These parts should have a similar 
weight according to the statements of the experts. This is not to be found in either the 
typical educational material (textbooks) or in one studied classroom teaching 
example. 
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1. INTRODUCTION 

This investigation has the intention to formulate a description of content for the 
teaching of Sustainable Energy Systems (SES) in physics teaching at upper 
secondary level.  
The Swedish Environmental protection agency (2006) presents a strategy to create a 
sustainable energy system with little environmental impact, in three bullets: 

1. Lower the energy usage and make it more efficient.  
2. Increase the partition of renewable energy in the total amount of energy used.  
3. Use purer technology  
The bullets can be seen as ways towards the goal a sustainable energy system, and 
an example on how the content of a SES can be structured. An energy supply that 
makes it possible for future generations to satisfy their needs must, according to 
Bruntland (1987), be built on renewable energy sources, but it also demands a 
development of purer and more efficient technology and a more even distribution 
globally by existing generation.  
The three bullets, described above, have been chosen to be a definition of SES 
within this study. 
 
2. RESEARCH QUESTIONS 

This study has two all-embracing aims, derived from previous research: 
1. To find a content concerning the subject of physics which aim to give students 
ability to use notions of physics in discussions about sustainable energy usage.  
2. By finding and highlighting this content, enhance the contribution of physics in the 
education of sustainable development. 
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The research questions that are put within the frame of this investigation are the 
following:  
1. What content, and what treatment of this content, should be used in physics 
education in upper secondary school, in order for students to develop an insight in 
sustainable energy systems? 
2. How is such content treated in textbooks written for the Physics A-course in upper 
secondary school, and in other educational materials? 
3. How is such content treated in one teaching example from a Physics A-course, 
concerning energy and heat? 
 
3. THEORETICAL BACKGROUND 

Competence of action is a central notion in an education for sustainable development 
(Öhman, 2006). This includes both knowledge of, as well as the will to influence, the 
development. Education for sustainable development is in its nature interdisciplinary. 
It comprises economical, social and environmental dimensions. Students shall be 
encouraged in critical thinking and reflections (UN, 2003).  

“The science education that can have a relationship with environmental education 
(and sustainable development) is not necessarily that currently practised, but a 
reconstructed form, which incorporates a more mutualistic relationship, could well be 
what is needed.” (Gough, 2002) 

Sustainable energy (energy and society) constitutes an interdisciplinary field that 
involves physics, engineering, chemistry, economy, sociology, psychology, politics, 
ethics, religion and history (Hobson, 2007). 
Perspectives of user and of supplier (Areskoug, Eliasson, 2007, Gyberg, 2003) take a 
point of reference in notions like energy service, which describes the benefits we 
experience from the energy. The insight that supply must be treated by renewable 
energy sources is fundamental, but also the insight in non-renewable energy sources 
and the effects of the usage of these. It is important to understand the science behind 
a fuel cell, sun cell, heat pump, waterpower, wind power as well as the meaning of 
bio-energy (SEET, 2008, Areskoug, Eliasson, 2007).  
In the literature, we find examples of those other contexts that are concerned within 
physics education in sustainable energy systems: the student‟s own energy usage, 
sources of energy, the carbon cycle, the function of the power plant, climate change, 
climate change due to human impact, energy efficiency, partly physical notions, partly 
notions such as ecological footsteps (Connecticut Energy Education, 2008). The aim 
with physics education is, according to Space (2007), to encourage students to 
discuss physical processes and political standpoints, with the help of the teacher 
stressing issues researchers agree on. Within the STS approach (Science – 
Technology – Society) in science education, researchers have found results showing 
that students learn science with increased motivation and more positive attitudes, as 
well as greater insight in scientific notions, when it is learned in relation to social 
issues and technology issues (Bennett et al, 2003). The education environment shall 
involve student‟s values and standing points and give a possibility for engagement in 
group-work (Young, 1993). When considering education for sustainable development 
there is a valuating dimension, thus one can consider the education to be normative. 
The teacher seeks to establish a certain viewpoint with the students. They shall be 
made aware of their habits and how these effect the environment (Gayford, 1991).  
 
4. METHODS 

This study can be seen as qualitative finding categories in its first part (Step 1) and 
evaluating using the categories of step 1 in its later parts (Step 2 and 3), thus both a 
flexible and a fix design (Robson, 2002).  
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In Step 1, data is collected by a questionnaire given to a number of experts in the 
area of physics, physics education and the field of energy. Their written answers 
were analysed with an intention to find content objectives for physics education in 
which students will find insight of sustainable energy systems. What basic physical 
concepts, relations/phenomena and examples are important to learn? It was also 
asked how and why these notions should be introduced and treated.  
A questionnaire with a following analysis can be said to make the first part of a Delphi 
study (Murray & Hammons, 1995; Osborne et al., 2003) The analysis of the empirical 
data has been made as an interpretive analysis, an iterative process with both an 
idiographic and nomothetic component (Driver et al.1996, Andersson & Wallin, 2000). 
The units of analysis are constituted by the answers given by the “experts” in their 
statements. These units of analysis have been delimited to comprise a specific 
notion, explanation or example of a problem or viewpoint. The categorisation of texts 
into categories resulted in a structure of logic over the content, the contextual base 
for introducing traditional notions of physics, the problematisation and solution 
thinking that is necessary for insight in sustainable development. To primarily test, 
but also increase, interrater agreement similar categorisations were made by two 
other researchers. Agreement was found in 77% of all 442 statements. 
 
In Step 2, a content analysis of textbooks is made, with the intention to examine the 
existence of the content that was the result of Step 1. The units of analysis are 
represented in a couple of words or smaller sections of text of at most a couple of 
sentences.  In Step 3, a case study of one teacher teaching “heat and energy” was 
performed. One teacher and its class were video filmed under an 8-week duration of 
lectures, labs and student exercises in physics.  
 
5. RESULTS 

From our categorisation, we found five main categories of content objectives: Basic 
notions of physics (B) as a foundation, their application to scientific phenomena and 
technology (C), their use in larger contexts related to the needs of mankind, values 
and so on (D), problems around sustainable energy (E) and future solutions (F). 
Category A was about general statements of experts about why and how education 
about sustainable energy should be conducted, and arguments why students should 
understand strategies and how these connections can be taught.  
The structure, mentioned above, could be linked to Gyberg (2003) who describes a 
hierarchy of knowledge in the education of energy in school. He describes the 
scientific facts-section to be rated highest, a “middle layer” of content that can be 
related to facts, and that there is a more valuating content of knowledge that is made 
up by viewpoints, a “sphere of viewpoints”. In the results of this study an association 
is made with category B and C to the content of facts, while category D, E and F are 
interpreted as a more valuating content. 
 
5.1 Results of category A 
A.1 Students should learn about energy, specifically SES, because they need to 
understand global problems with a non-sustainable usage of energy and it is 
important that students realise their role in a continuous system. 
A.2 Students should gain an understanding of systems, they should learn to see 
physics in context.  
A.3 Cross-scientific education. Knowledge in physics is important in cross-scientific 
problems in order to understand relations and find solutions. 
5.2 Results of category B – Basic notions of physics 
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B.1 Traditional notions of energy. The panel of experts all agree on that the student 

should understand all of the following relations and concepts: Energy, the energy 
principle and energy transformations, effect, work and power as well as energy forms 
and energy carriers. 
B.2 Second law of thermodynamics. Important concepts are exergy, energy quality 

and efficiency 
B.3 Additional concepts from physics: Heat and temperature, fission, phase 
transformations, heat capacity, melting points and related concepts. 
5.3 Results of category C – limited contexts, not related to society 

C.1 Scientific phenomena from physics, chemistry, biology and geology, which give a 
basic insight. In this category, we took only contexts, which are not related to human 
activities or the processes of human society.  
C.2 Energy resources. Energy flow from the sun, the energy balance of the earth and 
renewable/non-renewable sources of energy 
C.3 Existing technology. The panel suggests examples of technology, without putting 
them in a larger context. These can be e.g. electric engine, heat pump, steam 
machine. In addition, differences between certain functions of fuels and what 
combustion imply. 
5.4 Results of category D – larger contexts with relations to society 
D.1 Exterior aspects of environment in society. D.1 includes man‟s relation to the 
exterior environment, such as ecological boundaries for human activity, the 
importance of man living in balance with environment, the notion of lifecycle analysis, 
the national environmental goals and that energy usage shall relate to these. 
D.2 Energy flow. The panel singles out specifically energy flow through biomass and 
on to society in forms of fuels and food, energy production, distribution and 
consumption. Also, specific areas such as food production, garbage disposal and 
transports. 
D.3 The student’s own usage of energy.  
D.4 Economical aspects. The panel values especially the knowledge about price of 
electricity and how the electricity market functions. 
D.5 Ethical and political aspects. This category does not have its starting points in 
physics relations, but in values and political viewpoints. In this context it is important 
to show what affect the development, political forces and indirect economical forces. 
What powers and values does man possess considering energy usage and its 
relation to nature? What political intentions exist nationally and internationally? 
5.5 Results of category E – problems of existing energy system 
E.1 Wastage of energy. According to the panel, education shall give insight in three 
principal matters; the inefficiency of the systems (low efficiency, insufficient taking 
care of heat and exergy in systems), the endurance of earths energy resources, and 
the unequal usage of resources.  
E.2 Negative impact on environment. The panel emphasises climate change, security 
and waste problems of nuclear power, the impact of waterpower on nature and how 
our lifestyles (production and consumption) have an impact on the environment. 
5.6 Results of category F – Strategies and technological solutions for SES 
F.1 Decrease and make usage of energy more efficient and F.2 Increase usage of 
renewable energy. It is important that students learn that the amount of renewable 
sources of energy must be increased and that flowing energy must be the primary 
source and thereafter other renewable sources of energy.   
F.3 New purer technology. The panel put weight on the importance of learning the 
function, potential and advantages/disadvantages of certain technology, e.g. sun 
cells, fuel cells, fusion reactors. Moreover, learning different techniques for cleaning 



XIII.IOSTE Symposium, The Use of Science and Technology Education for Peace and Sustainable Development. 
September 21-26, 2008, Kuşadası / Turkey 

 

 5 

to decrease discharge from vehicles and combustion plants is also important 
according to the panel.  
 
The result in Step 1 can be summarised in two points: 

 The content of physics education should comprise the content in categories 
B, C, D, E and F with subcategories. Hence, not only conceptions and 
relations of physics. 

 There should be, for students to get an insight in SES, a relatively even 
distribution between categories B and C on the one hand, and categories D, 
E and F on the other. This result was found by counting the different 
statements in each category. 

 
5.7 Results in step 2 – What is written in textbooks? 

The aim of step 2 was to study how the content categories of step 1 are represented 
in textbooks. Moreover, it was interesting to study the balance of the categories, 
which is thought to be important for the insight of the learners. 
Textbooks 1 – 4 (typical physics books) do all present a rather large amount of 

notions and definitions, primarily notions of physics. These notions return in 
explanatory texts, calculations and examples of calculations. The context that is 
given most attention is D.2, descriptions of different flows of energy. The textbooks 
present a strategy that takes a staring point in notions with explanations and 
calculations. The notions are exemplified to a small amount in certain types of limited 
contexts and few cases of larger relations. Some contexts are not present at all, and 
solutions, problems, economy and own usage are mentioned very little.  
 
5.8 Results in Step 3 – How does one teacher teach? 

The analysis in Step 3 showed that the teacher in his teaching focuses on basic 
notions and relations, as well as strategies for successful calculation. The teacher 
occasionally exemplified with limited contexts, which only in rare cases were put into 
larger contexts or touched upon problems. This teacher never talked about strategies 

for sustainable usage of energy or future technology, or the importance of changing 
to renewable sources of energy. The teacher never mentioned the concept of energy 
quality, and thus not mentioned the importance of using low-quality energy for a more 
efficient usage. 
 
6. DISCUSSION AND CONCLUSIONS 

The panel of experts has clearly given arguments to develop the teaching of physics 
towards not only comprising basic notions and their relations, but also including 
education on larger relations, problems and solutions. Our interpretation of the 
answers of the panel is that it should be an even distribution between these parts in 
physics education. In the analysis of textbooks and one educational example, results 
show that such a distribution does not exist, and that the focus is on basic concepts. 
There is an apparent difference between the content the panel addresses and the 
actual content in textbooks and the classroom teaching example.   
“Limited context” is in this study introduced as a new notion and does in this case 
stand for an application, scientific phenomena or an example to which the basic 
concept can be linked. It is used to give students an understanding of an everyday or 
a “in nature” example in which a concept of physics can be applied.  
Physics education should comprise obvious and long-lasting themes. It should not be 
impossible to make the themes longer and more in-depth by relating the physical 
notions to technological applications in a chain of energy, in which both problems and 
future solutions are exemplified. In these themes, aspects like prices of energy and 
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political values can be incorporated (Space 2007, Hobson 2007). One possibility is to 
teach with the problems and move into the larger relations where basic concepts and 
limited contexts are mandatory for students to understand and be able to use 
arguments in the debate, and that the larger relations involve economy, politics and 
ethics (Space, 2007).   
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