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ABSTRACT 

This is an inquiry into 6th grade primary school children’s conceptions about aspects of 

mechanical and solar energy and their change within a context of teaching interventions.  The 

main focus is to provide insights into a particular teaching and learning environment 

throughout a certain period of time and to understand and describe aspects of conceptual 

change about mechanical and solar energy with 11-12 year-old children in a primary science 

classroom in Greece. Theoretical underpinnings of this inquiry lie upon a phenomenographic 

research approach and a developmental design moves within the Model of Educational 

Reconstruction, seen through a practitioner-researcher point of view.  Sixteen (16) out of a 

total of thirty five (35) children have been interviewed before and after teaching interventions 

on mechanical and solar energy.  Additional data collection techniques have been used for 

methodological triangulation purposes, such as: concept maps, concept cartoons and 

children’s writing. 

1. THEORETICAL BACKGROUND 

Over the last twenty five years, many theoretical approaches on learners’ conceptual change 

in science education have been developed (cf. Duit, 2002).  In general terms, it appears that 

“conceptual change denotes learning pathways from students’ pre-instructional conceptions 

to the science conceptions to be learned” (Duit, 1999).  The classic approach of Posner et al. 

(1982) and its revised version (cf. Strike & Posner, 1992) is considered to support a radical 

form of conceptual change.  Science educators faced several difficulties when they attempted 

to put into practice the four proposed conditions (dissatisfaction, intelligibility, plausibility 

and fruitfulness) in order to promote successful conceptual change.  Strike & Posner (1992) 

criticise their theory for being too linear and overly rational, based on the assumption that 

learners have well-articulated conceptions or misconceptions for most science concepts. 

Hewson & Hewson (1992) suggest that conceptual change can be seen through a change of 

status, which can be attributed to a particular conception and they distinguish between 

conceptual capture and conceptual exchange or replacement.  Carey (1991) and Vosniadou 

(1994; 1996) appear to be considering a form of weak restructuring with elements of 

enrichment of pre-existing knowledge and strong or radical restructuring with elements of 

revision of prior knowledge and interpretative frameworks.  A radical notion of conceptual 

change is often related to restructuring, revision or accommodation of new conceptions to the 

learners existing systems of beliefs or knowledge.  Nevertheless, as Duit & Treagust (2003) 
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contend, there is no documentation of a case where a learner’s conception could be 

completely extinguished or even replaced by a new idea.  In this sense, conceptual change 

may not always be a radical, revolutionary shift in a learner’s conceptions of a phenomenon.  

It can also be a gradual, evolutionary change in the way learners reconstruct their conceptions, 

in an attempt to interpret the world in more advanced ways, within a context that includes 

situational and cultural factors facilitating this process (Vosniadou & Ioannides, 1998; 

Vosniadou et al., 2001).  Moreover, affective factors, such as the learners’ goals, intentions, 

purposes, needs and expectations, appear to be equally important in a process of conceptual 

change (Sinatra & Pintrich, 2003). 

A teaching and learning approach of the “energy” concept in science education is considered 

to be important because it constitutes a fundamental process which allows predicting and 

interpreting the behaviour of a wide variety of physical systems, referring to diverse branches 

of physics and/ or other areas of science (inter-phenomenological character of energy).  

Moreover, the understanding of socio-scientific issues, such as energy supply and use within a 

sustainable development approach, appears to be of equal importance nowadays (socio-

cultural character of energy). 

Within the context of “school science” or science curriculum “energy” is treated as a rather 

compulsory topic for secondary science. Nevertheless, it constitutes a disputable and 

controversial issue for primary science education, mainly due to its abstract nature, which is 

difficult to become concrete or even reified to a certain extent for the age group of 10-12 year-

old children. There appears to be a lack of consensus in primary science education with 

respect to the developmental appropriateness of the concept and the “correctness” of possible 

“simplifications” and/or approximations (Trumper, 1990). In most cases energy is associated 

with sources or properties of certain objects e.g. batteries and fuels rather than concepts like 

heat and light (Duit, 1984). There appears to be a tendency to conceive energy as a property 

of living organisms commonly associated with motion or a physical endeavour, which seems 

to be strongly linked with the meaning ascribed to the word “energy” (energetic) in every day 

situations (Solomon, 1992). Moreover, “energy” is often used as a label to attribute different 

meanings to different contexts e.g. “something happening” “something going on”, “giving-

taking energy”, “make something go or stop” etc. (Brook, 1986). 

It is often claimed that energy seen as “the ability to do work” and the focus on the 

conservation law have not been very successful in the promotion of functional understanding 

of the energy concept (Duit, 1986). It has been claimed that even when secondary students are 
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taught and somehow recall the second law, they often fail to answer questions which require 

deeper conceptual understanding of the law (Solomon, 1992).  Furthermore, learners tend to 

avoid referring to the conservation law when they analyse the behaviour of given physical 

systems (Driver & Warrington 1985).  This lack of understanding with respect to the law of 

conservation is often attributed to the fact that it is counterintuitive, in the sense of being 

inconsistent with everyday experience (Solomon, 1992). In other words, it appears that 

learners have difficulties in conceiving the idea of “closed energy systems”, and if that is the 

case for secondary science, perhaps it can be equally considered as an “epistemological 

obstacle” for the teaching and learning of “energy” in a primary science context. 

Nevertheless, there appears to be a shift in the emphasis from teaching about forms and 

transformations of energy per se, to the analysis of systems depicting a process, based on the 

idea of energy transfer and transformation (Chisholm, 1992).  It is also claimed that an 

approach of “energy degradation” should be present in association with the conservation law 

(Duit, 1986) and that could be started at the last two grades of primary school (11-12 year-

olds).  This is based on the premise that understanding energy degradation might enhance the 

development of understanding about the conservation law (Duit, 1986; Solomon, 1992; 

Kesidou & Duit 1993) or at least it can create a sort of a fruitful foreground.  In this inquiry, 

“energy” is seen through a context of “change-degradation”, providing foreground hints for 

energy conservation, within a primary science education approach. 

Certain theoretical underpinnings of this inquiry lie within a phenomenographic approach. 

Phenomenography is seen as a research specialisation, which adopts a relational point of 

departure and discusses two complementary perspectives, through which we can see the 

world.  In the first-order perspective, which is the most commonly adopted by people, we 

orient ourselves towards the world and we make statements about it.  In the second-order 

perspective, we orient ourselves towards people's ideas about the world (or their experience 

with it) and we make statements about people's ideas about the world (or about their 

experience with it) (Marton, 1981).  The phenomenographic view of learning appears to be a 

qualitative change in a person's conception of a certain phenomenon or a certain aspect of 

reality.  This is considered to be a distinct change in how that phenomenon is understood or 

focused upon and what meaning it carries for the learner (Johansson, et al., 1985).  This 

approach depicts conceptions as being characterisations of categories of description reflecting 

person-world relationships.  A conception is not visible, but remains tacit, implicit, or 
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assumed, unless it is thematised by reflection.  In this sense, conceptions appear to be 

categories of interpretation, in terms of which we understand the world around us. 

Marton (1981; 1986; 1990) argues that whatever phenomenon people are confronted with, 

there seems to be a finite set of qualitatively different ways in which the phenomenon is 

experienced, conceptualised, understood or seen.  In these terms, phenomenography has 

essentially been the study of variation in the qualitatively different ways of seeing, 

experiencing and understanding various aspects of the same phenomena.  It provides 

descriptions that are relational, experiential, content-oriented, qualitative, as well as socially 

and culturally embedded (Marton, 1986; Marton & Pang, 1999). 

The particular features of a person’s understanding of a phenomenon can be seen as the 

complex of dimensions of variation, which are discerned and simultaneously appear in focal 

awareness. It is thanks to variation that we experience or discern critical aspects of the 

situations or phenomena we have to deal with and, to the extent that these critical aspects are 

focused on simultaneously, a pattern emerges (Marton & Booth, 1997).  Thus, if conceptual 

change is considered as “a change in the way of seeing something” (Marton, 1990), then the 

qualitatively different ways of experiencing various phenomena dynamically, can be 

interpreted in terms of a “change in the critical aspects of the phenomenon that are figural, 

thematised and in our focal awareness” (Marton & Pang, 1999).  In this sense, if a person’s 

awareness is the world as experienced by the person and learning can be seen as a change in 

the structure of awareness, then conceptual change can be seen as a change in the ways of 

experiencing various phenomena in terms of changes in discernment, simultaneity and 

variation of deeper or more advanced layers of understanding the phenomena, within a 

person-world relationship. 

2. METHODOLOGY AND RESEARCH DESIGN 

From a practitioner-researcher’s standpoint (Schön, 1983), research has been carried out in an 

educational setting of a 6th grade of primary school with 35 children, divided into two classes 

(18 and 17 respectively).  The over all aim is to provide insights into a particular teaching and 

learning environment throughout a certain period of time and to understand and describe 

aspects of conceptual change about mechanical and solar energy with 11-12 year-old children 

in a primary science classroom.  In other words, according to Niedderer et al. (1992), this 

inquiry aims to describe “selected states” of children’ s conceptions before, during and after a 

teaching and learning process, in order to understand the variety of these conceptions and the 
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ways they evolve and change.  Two research episodes are involved in this inquiry, the first 

focusing on the study of aspects of conceptual change on teaching and learning about 

mechanical energy and the second about solar energy, whereas the latter has been extended to 

include a science fair, with children being involved in projects about applications of solar 

energy in every day life. 

More specifically, the research questions of this inquiry are the following: 

• What variety of conceptions or ideas do children have about mechanical and solar energy?  

• What kind of changes in children’s ideas and conceptions about mechanical and solar 

energy can be pointed out? 

• To what extent does a conceptual framework of “energy change and energy degradation” 

enable children to understand aspects of mechanical and solar energy? 

Sixteen (16) out of a total of 35 children, selected to be of mixed ability, have been 

interviewed before and after a teaching intervention for each research episode, with the 

Interview-About-Instances technique (Gilbert et al., 1985), using the same set of interview 

cards.  The instances depicted on the set of 10 interview cards for mechanical energy came 

from everyday activities (i.e. man pushing a heavy box), children’s playground (i.e. children 

playing on the seesaw, swinging, going down the slide, child throwing a tennis ball bouncing 

on the floor), sport (i.e. weightlifter), natural phenomena (i.e. a stone going down a hill slope) 

and human constructions for the use of mechanical energy (i.e. a water mill, a wind mill and a 

sailing boat). Respectively, the set of 6 solar energy interview cards depicted a container with 

water heating in the sun, a solar heater, a green house, a box solar cooker, a card phone 

working with a solar cell and a toy car moving with a solar cell and an electric motor.  The 

same children were interviewed again three months after the completion of the two research 

episodes using a third set of 8 interview cards (4 mainly focusing on mechanical energy and 4 

on solar energy), which depicted both similar but also differentiated instances from those of 

the two earlier sets. 

The interviews have been fully transcribed and are analysed in three levels.  At first level the 

Pre-Intervention Interviews and the Post-Intervention Interviews are analysed separately, in 

order to elicit a variety of qualitatively different conceptions about the depicted instances 

before and after the teaching interventions on mechanical and solar energy.  At second level 

the elicited conceptions are to be compared within the context of each depicted instance, in 

order to identify conceptualisation differences, in an attempt to reveal the dynamics of 
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conceptual change. At third level the conceptions of particular children-cases are considered 

across the interview cards, both in pre and post intervention interviews, in an attempt to 

obtain deeper insights in children’s evolution of conceptions and conceptual change.  The 

post-interviews, taken 3 months later, will be considered separately and in combination with 

the 2nd and 3rd levels of analysis. The NVivo software from QSR has being used in the coding 

and analysis of the interview data (cf. Gibbs, 2002).  

In an attempt to achieve methodological triangulation, additional research methods have been 

used, within the same context.  Thus, concept cartoons (Keogh & Naylor, 1999; Naylor & 

Keogh, 2000) have been used as a tool of formative assessment during the teaching 

interventions (cf. Harlen, 2003), 6 for mechanical and 4 for solar energy. The children have 

been asked in class to write down their arguments replying to a “what do you think?” 

question, after considering the views of 3-4 children-characters about a particular instance, 

scenario or phenomenon, pictured on the concept cartoons.  Concept maps (Novak, 1996; 

1998) for mechanical and solar energy have also been constructed by children, in an evolving, 

dynamic approach throughout the teaching interventions, whereas a total one was put together 

at the end of each research episode, enhancing reflection in action (cf. MacAleese, 1998).  

The concept maps have been constructed with paper and pencil, but also with the Inspiration™ 

software in the computers lab.  Moreover, children’s written work (Harlen & Qualter, 2004) 

from particular question items and from report documents has been collected and is to be 

analysed accordingly. 

3. THE TEACHING INTERVENTIONS 

In the design of the teaching interventions, the “Model of Educational Reconstruction” has 

been taken into account, in an attempt to balance approaches that pay attention to the science 

subject matter structure with those that mainly focus on learners’ perspectives, abilities and 

needs (Kattmann et al., 1995; Duit, R. & Gropengießer, 2004).  It is claimed that the overall 

aim of the model is “to identify the connections between scientific knowledge and the 

students’ alternative frameworks in every day life and also to re-construct meaningful 

relations which may get lost in the course of scientific and teaching activities” (Kattmann et 

al., 1995).  The most valuable feature of the model appears to be the intimate interaction of its 

three main components: a) the analysis of content structure, b) the empirical investigations 

and c) the construction of instruction.  Thus, science subject matter appears to be a reference 

position in order to understand the learners’ perspective, but also the latter may constitute a 

reference position to facilitate more adequate understanding of the science point of view and 
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vice versa (ibid.).  In the course of development of the teaching interventions several teaching 

and learning strategies have been employed such as: extension of existing views and 

application in new situations, development of scientific understanding in parallel with existing 

notions or even recognition of appropriateness and/or applicability of explanatory frameworks 

in various situations (cf. Scott et al., 1992). 

The teaching intervention about mechanical energy lasted for a series of 12 teaching hours 

and dealt with concepts like work, kinetic energy, dynamic energy, wind energy, energy 

change and energy degradation, within a context of practical investigations (e.g dropping 

balls on wet sand, of various weights and from different heights), examination of everyday 

toys (e.g. jumping toy frogs, moving toy cars) and construction of toys (e.g. aeroplanes and 

catamaran boats moving with “rubber band energy”) (Taylor, 1998).  “Wind energy” in the 

case of sailboats and wind mills was discussed as an example of energy change and 

degradation. 

The teaching intervention about solar energy lasted for a series of 10 teaching hours and dealt 

with concepts like “energy and heat from the sun”, the greenhouse effect, “electricity from 

the sun” (solar cells) energy change and energy degradation, within a context of practical 

investigations (e.g. water heating in the sun in various containers, painted black or not) 

activities with models (e.g. examining box models of greenhouses) and applications of solar 

energy (e.g. construction of solar heaters, solar cookers and toy-cars and boats using 

photovoltaic cells and motors).  Additionally, the children worked in pairs for a period of 6-8 

weeks in order to prepare, construct and present a science fair project on solar energy, mainly 

within three groups of projects (solar water heaters, solar cookers and solar toys). Moreover, 

social, environmental and ecological issues were discussed in class, mainly concerning the 

energy crisis within a sustainable development framework, various policies in the use and 

application of solar energy, cultural factors that encourage or resist the spread of solar energy 

applications etc (cf. Tsagliotis, 2004). 

4. PRELIMINARY FINDINGS AND DISCUSSION 

Preliminary findings indicate that before the teaching intervention mechanical energy appears 

to be seen as an “action”, an “activity” or a “human endeavour”, strongly associated with 

motion and “pace”, whereas things that are not moving “have no energy”. Solar energy, 

respectively, seems to be conceived as “the energy coming from the sun”, which “gives light” 

and “heats up things like water”, or makes “black things very hot” and perhaps “it can even 
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cook food” or it can somehow “give electricity” or “electrical energy” with the solar cells. 

These appear to be seen initially as “properties” of solar energy, which happen or could 

happen anyhow due to “normal” every day processes (e.g. solar heaters do heat up water 

using the energy from the sun) or material properties (e.g. black things heat up very fast 

because that is what black things do or green houses are “hot boxes” because they heat up 

from the sun or “gain” high temperature), without discerning characteristics of energy change 

or energy degradation, within the context of depicted instances of the interview cards.  After 

the teaching intervention mechanical energy appears to be seen as “stored energy” (dynamic 

energy) when “things are high up” or when they are “stressed”, “pushed down” or elastically 

deformed, but also “energy of motion” (kinetic energy) which is related to the “speed of 

objects” or to the “pace they have while moving”. “Energy change” appears to be discerned 

in the card-instances as dynamic-kinetic-heat change [rock rolling down the hill slope], but 

also solar-heat-kinetic [water circulating in a solar water heater, thermosiphon effect] or solar-

electric-kinetic-heat [moving solar toy car with photovoltaic cell].  Energy degradation is 

seen though “energy change to heat” due to “friction” [e.g. swing, seesaw, wind mill, sailing 

boat, solar toy car] and “crashes” “fading” [e.g. rolling rock, water crushing on the water 

wheel] or “leakage” or “waste” of heat energy due to bad insulation [e.g. solar cooker, solar 

water heater, green house]. In this sense energy degradation is seen as energy which “is put 

out of use” or is “incapacitated” for a useful cause or result, “turned into heat”, which cannot 

be easily used further. 

Such aspects of change on children’s conceptions about energy from the pre and post-

intervention interviews can be seen through a framework of multiple variations of 

conceptions about energy, discerning different aspects of situations and phenomena, which 

come into focus, are thematised by reflection and appear to be context dependent. 

Within a dynamic approach to conceptual change, children appear to experience and discern 

some varied features of mechanical and solar energy, in terms of characteristics and aspects 

that come to the fore and remain into focus, within the particular context of the depicted 

instances of the interview cards.  As Marton (1990) has argued, “within the internal dynamics 

of a conception of something, a restructuring is taking place and one meaning develops into 

another” and that appears to be a gradual and on-going procedure.  

The notion of multiple varied conceptions can be seen as a challenge to a theory of conceptual 

change, which assumes conceptual stability and does not focus on the dynamics of awareness 

(Pong, 1999).  If multiple, varied conceptions are context dependent, it appears more 
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important to be able to recognise a context, discerning some of its features into focal 

awareness, and in this sense evoke an appropriate conception, in terms of conceptual 

appreciation, delimited by the particular context (cf. Linder, 1993). 
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