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Abstract 
This is an inquiry conducted in an educational setting with 5th grade children in Greece.  Children’s 
conceptions about mechanical energy have been elicited before and after a teaching intervention, 
using the Interview-About–Instances technique. Children’s conceptions have been considered as 
characterisations of categories of description within a second-order perspective, interpreted through a 
phenomenographic approach of the Theory of Awareness (Marton & Booth, 1997).  Furthermore, the 
varied conceptions elicited before and after the teaching intervention were analysed comparatively, in 
order to describe qualitatively different ways of experiencing structural and referential aspects of a 
phenomenon.  In this sense, it is claimed that if a “change in the way of seeing something” is 
considered to be a dynamic view of phenomena, then it can be seen as an interplay of a complex of 
multiple conceptions of variation, discerned and thematised simultaneously in our focal awareness. 

Conceptual change within a Phenomenographic approach 
Phenomenography is 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 
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).   
In a recent theoretical advancement of phenomenography, Marton & Booth (1997) 
took the “way of experiencing something” as a basic unit and pointed out two 
constituting aspects of people’s awareness: (a) the discernment of the whole from 
the context and (b) the delimitation of the parts and their relation to the whole (Marton 
& Pang, 1999).  The former refers to the experience of something coming to the fore 
as figural and thematised, whereas other characteristics recede to the background 
and remain tacit.  The latter refers to the interplay of the component parts with the 
whole figure, carrying an overall meaning.  These constitute the structural aspect of a 
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way of experiencing a phenomenon, which has a dialectical relationship with the 
referential aspect, which denotes the overall meaning assigned to a phenomenon, 
discerning it from its context and seeing it in a particular way (ibid.).  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.  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. 
Research methodology 
In an attempt to approach conceptual change within the Theory of Awareness 
(Marton & Booth, 1997), children’s conceptions on mechanical energy have been 
elicited and compared before and after a teaching intervention.  Within a second-
order perspective, focusing on the descriptions of phenomena as they appear to 
people, 13 children were interviewed before and after a teaching intervention on 
mechanical energy.  The Interview-About-Instances technique was used (Gilbert, et 
al., 1985).  The same set of eight depicted instances was presented and discussed 
with the children in both cases.  These instances pictured 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 a human construction for the use of mechanical energy (i.e. a water mill).  
The interviews were analysed in two levels.  At first level the Pre-Intervention 
Interviews and the Post-Intervention Interviews were analysed separately in order to 
elicit a variety of qualitatively different conceptions about the depicted instances 
before and after the teaching intervention.  At second level the elicited conceptions 
were compared within the context of each depicted instance, in order to identify 
differences in discernment, simultaneity and variation at deeper layers of awareness, 
as an attempt to reveal the dynamics of conceptual change. 
The teaching intervention on mechanical energy 
The educational setting was a class of 31 children in the 5th grade, divided in two 
groups.  The teaching intervention on mechanical energy was conducted in a series 
of eight teaching hours.  Concepts like work, power, dynamic and kinetic energy, 
transformation of one form to the other and the principle of conservation of energy 
were explored and discussed in class, in an authentic, open-inquiry teaching and 
learning environment (Roth, 1995).  Everyday objects and activities were presented 
and discussed (i.e. displacement of furniture, lifting loads with pulleys).  Some toys 
were examined and/or deconstructed (i.e. plastic, bouncing frogs with elastic tails, toy 
cars moving with systems of spiral plates and springs).  Experiments with common 
materials were also conducted (cf. Taylor, 1998).  An aeroplane toy with a “rubber 
engine” was constructed in class and Maxwell’s wheel was observed and discussed, 
in an attempt to approach the conservation of energy principle. 



Findings 
In the Pre-Intervention Interviews, energy is mainly seen as something happening 
associated with a discerned result of an effort to do something (i.e. moving a heavy 
box) or an action in terms of an endeavour (i.e. weightlifter). 
There is a focus on human activity and the happening of events and variation is 
brought about in terms of pushing and pulling things in order to “do” or to “have” 
some energy (i.e. pushing a box, playing on the seesaw). It appears to be discerned 
that we “put a lot of energy with our body” when we play or do sports and “we lose a 
lot of energy” and we have to “take it back afterwards when we eat and drink 
something” (i.e. weightlifter). 
Furthermore, energy appears to be strongly associated with the movement of things 
and that comes into focus when variation is brought about things that “have” energy 
when in motion, but “lose their energy” when they stop moving or there is more 
energy when something is moving than when not moving (i.e. seesaw).  Thus, motion 
appears to be an aspect of energy that is initially discerned. 
A conception of force appears to be related to energy, which becomes focal when 
variation is brought about “giving movement” to things (i.e. waterwheel) or “help” to 
get energy (i.e. child throwing the tennis ball upwards) or “get things started” (i.e. 
rock start rolling, box start sliding).  Thus, aspects of force seen as a “push” or a 
“pull” or even a “hit”, but also “weight” or “pressure”, appear to be discerned and then 
focused upon, in order to interpret an “energy of motion related to force” aspect of 
energy. 
In some cases, a sort of impetus is discerned, in the sense of “gaining some pace” 
while moving, when variation is brought about fast and slow movement or coming 
down fast from a height, which appears to affect a quantitative aspect energy (i.e. 
waterwheel, rock rolling down the hill slope). 
In the Post-Intervention Interviews, there is discernment between dynamic energy, 
which is seen as “stored energy” and kinetic energy seen as “energy of motion”, 
whereas particular characteristics, affecting one form of energy or the other, come 
into focus. 
Variation on conceptions of dynamic energy is brought about when people and 
objects are placed “high”, “gain some height” or “fall from a height”, whereas if there 
is no height discerned, dynamic energy does not become an aspect of the 
phenomenon (i.e. man pushing the box).  Dynamic energy appears to be associated 
with a force (e.g. weight or push), which “does” or “produces” work, because there is 
a discerned outcome in the movement of the object, from one place to another (i.e. 
stone going down the hill slope) or there is a potential movement about to happen 
(i.e. child on the seesaw or on top of the slide).  In this sense, whereas absence of 
speed or motion implied no energy at all, there is now a search for dynamic energy 
(i.e. child sitting on top of the slide or child stopping momentarily in the front top of 
the swinging trajectory), discerning other aspects of variation.  These appear to 
constitute critical aspects of dynamic energy, which become focal and discerned as a 
change in the way of seeing and experiencing particular situations and phenomena. 
Variation on conceptions of kinetic energy is brought about when objects are moving 
with a ranging speed determining, in a way, the maximum and minimum values of 
kinetic energy. Thus, kinetic energy is increasing when “fast motion” or “a lot of pace” 
or even “constant motion” (i.e. waterwheel) are discerned as critical aspects of a 
situation or phenomenon. 



When conceptions of dynamic and kinetic energy come into focal awareness 
simultaneously, the transformation aspect is discerned. Hence, one form of energy is 
turned into the other repeatedly in a “loosing part of one gaining part of the other” 
mode, until there is “nothing happening any more” (i.e. the tennis ball, that keeps 
bouncing until it stops).  Some children appear to explain this in terms of energy loss 
due to collisions, friction, or simply “energy fading”. 
Discussion and Comments 
There have been pointed out aspects of change on children’s conceptions about 
energy from the pre and post-intervention interviews, seen through 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 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 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 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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