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Abstract. Throughout its long history, the conceptual change literature assumed that student

‘misconceptions’ in mechanics have been formed prior to instruction. As an attempt to shed
light on conceptual change, this paper examines some of the trends in the literature and argues
that misconceptions may be spontaneous rather than preformed, that schema theory may be

the most appropriate theory to take into account this spontaneity, that misconceptions should
also be viewed through the lens of the subject as a system of well-defined concepts and that any
conceptual change model may have to be prescriptive and engage the student with a meta-

discourse concerning the abstract nature of the subject.

1. Introduction

The conceptual change literature spans four decades.1 It is the leading field
of research in science education and its domain is extending to other sub-
ject areas such as mathematics (e.g. Vamvakoussi & Vosniadou 2002) and
religious education (e.g. Pnevmatikos 2002). Crudely speaking, a concep-
tual change theory is one that describes the nature of alternative concepts
(‘misconceptions’) and prescribes ways in which these concepts can change/
modify/evaporate in the exposure to scientific concepts. However, despite
the conceptual change literature’s long history, the question ‘what changes
in the conceptual state of the student?’ (or, rather, what is it that changes
when we speak of conceptual change?) has yet to be satisfactorily answered
and only recently have there been attempts to answer this question
(Caravita 2001). According to Caravita (2001), alternative conceptions
research has been descriptive and discrepancies still exist in assessing,
describing and ‘utilising’ students’ prior knowledge.
This paper is an attempt to go some way in answering this question with

mechanics in particular. Throughout its history, conceptual change
research has assumed students carry with them these alternative concepts
that have been formed prior to instruction. This paper reviews some of the
trends in the conceptual change literature and argues:
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(1) ‘Alternative concepts’ may not be concepts and may not have existed
prior to instruction, but arise spontaneously in response to considering
a scientific concept within its scientific context for the first time. Schema
theory may be the most appropriate theory to take into account the
spontaneity of alternative ‘concepts’ because it is able to identify the
perceived dominant features of motion that may trigger these concepts.

(2) Ultimately, we may have no choice but to look at intuitive concepts
through the lens of the subject as a system of well-defined concepts.
The intuitive schemata of force and motion does not account for all
different types of motion but are instead dependent on the dominant
features of motion. This contrasts with the Newtonian concept of force
because the laws of motion can account for different types of motion
(projectiles, circular motion, etc.) without having to change the defini-
tion of force with respect to each type.

(3) Any model of conceptual change may have to be prescriptive in the
sense that misconceptions are analysed in the light of attempts to move
the student towards a conceptual understanding of the Newtonian sys-
tem. To be successful, any such move may require Halloun’s (1998)
‘middle-out’ strategy of introducing force as the central unit of analysis
from which all concepts of the system are discerned – as opposed to
the gradual, piecemeal, instant-by-instant, episodic teaching approach.
It is in this sense that conceptual change may be seen as a dramatic af-
fair rather than ‘Instant-by Instant’.

(4) Moving the student towards a conceptual understanding of the Newto-
nian system would involve the use of thought experiments. The ‘issue’
of conceptual change then becomes the issue as to how the student
responds to this form of mediation.

2. What is Conceptual Change? From Spontaneous Reasoning to a System

of Concepts

Research into conceptual change began with what may be described as the
‘misconceptions literature’ with mechanics in particular. The misconcep-
tions 2 literature found that, cross-culturally and across the age range,
including physics graduates, many students exhibit intuitive beliefs regard-
ing force and motion that are at odds with the concept of force in Newto-
nian mechanics (e.g. Helm 1980; Peters 1982; Jagger 1985; Boeha 1990).
For example, that a thrown ball must have a force pushing it in order to
overcome gravity. It has often been stated that misconceptions are persis-
tent, either in the sense of intransigence or in the sense that they are unaf-
fected by (‘traditional’) instruction. For example, many instructed students
who are able to correctly identify the forces acting on a thrown ball in a
question that demands an algebraic response nevertheless apply the
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non-existent ‘impetus’ force to a vertically thrown ball (Perkins &
Simmons 1988). Such students are said to have a dual perspective in
mechanics (Gilbert et al. 1982; Berry & Graham 1991), that is, a quantita-
tive understanding of force and motion appropriate to questions that
demand a quantitative response, yet exhibit misconceptions when asked to
account for force and motion qualitatively. An example of intransigence is
the unwillingness of someone to change their mind in the light of anoma-
lies with their argument.
What is a misconception: a misunderstanding, an alternative understand-

ing, an alternative concept, a different point of view? With the possible
exception of the first, they seem to suggest a ‘theory like’ way of looking
at the world and a different way of reasoning. Since the seminal paper
‘Pupils and Paradigms’ (Driver & Easley 1978) it has been assumed by
many researchers that pre-instructed children carry with them conceptual
or alternative frameworks that are at odds with the scientific framework.3

The most influential conceptual change theory is the original theory of
Posner et al. (1982) and the extent of its influence can be found in psychol-
ogy and education textbooks, such as Howard’s (1987) excellent coverage
in Concepts and Schemata. From a sample of 50 articles on conceptual
change identified in four science education journals of the period
1980–2000, the most influential articles cited are Posner et al. (1982) at
72% and the revised theory of Strike and Posner (1992) at 22% (Soto-
Lombana & Sanjose 2002). The original theory viewed conceptual change
as a (Kuhnian) paradigmatic change from intuitive concepts to the scien-
tific framework. According to the theory, change can occur by the creation
of cognitive conflict through the presentation of anomalies. However, the
question what changes in conceptual change has yet to be answered. Do
individual concepts change, for example, from ‘force implies motion’ to
‘force implies a change in motion’ or the ‘alternative framework’/‘forms of
reasoning’ to which the individual concept is embedded? The alternative
framework metaphor to describe intuitive ideas (in the sense of a para-
digm) is very popular and some researchers argue that it would be more
appropriate to speak of conceptional (mental structure) change rather than
conceptual change (e.g. White 1994; Tynäjä et al. 2002).4

A ‘conceptual change’ seems to suggest a kind of theory change, but can
we speak of misconceptions as theory like? It has often been presumed that
‘misconceptions’ are something that the pre-instructed student has formed
prior to instruction and carries with her into the classroom (for example,
McCloskey et al. 1980; Bliss & Ogborn 1994; Biemans et al. 2001; Mason
2001; Mildenhall & Williams 2001; Vosniadou et al. 2001; Duit 2002).
With reference to the literature prior to 1992, Orton states that ‘our
experiences of force and motion throughout life lead us to draw
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conclusions which may be incorrect. Intuitive beliefs extracted from our own
experiences explain mechanics for us in a way which we find acceptable and
perhaps even helpful, but they may be wrong’ (Orton 1992, p. 22, empha-
sis added). This does seem to suggest that misconceptions are fairly well
formed, coherent (hence theory like) and acquired from the world of the
preinstructed student. This suggestion is still very popular. For example,
Biemans et al. (2001) define preconceptions ‘as domain-specific conceptions
constructed by students based upon their concrete everyday experiences or
interactions with particular natural phenomena before formal instruction’
(p. 266). Mildenhall and Williams (2001) attribute non-instructed students
with such an intuitive model: ‘to be that which has been developed infor-
mally through day to day experiences’ (p. 645) and ‘We found that most
children start their Newtonian mechanics instruction with a well estab-
lished intuitive Aristotelian model’ (p. 653). The generality in the results
may imply that intuitive models are ‘well-established’, but it does not im-
ply that the pre-instructed child is walking around carrying a well-estab-
lished model.5 This does not undermine the results of the Mildenhall and
Williams’ study; the point is that the results may be an indication of what
kind of misconception is prompted or constructed by what kind of ques-
tion. This is perhaps the biggest assumption made throughout the history
of the conceptual change literature: misconceptions are theory-like (para-
digmatic) and formed prior to instruction.
Strike and Posner (1992) have radically revised their conceptual change

theory and is quite a departure from their original theory:

[I]t is very likely wrong to assume that misconceptions are always there in a developed
or articulated form during science instruction. This conclusion may be wrong even in

those cases where widespread misconceptions have been documented. Misconceptions
may be weakly formed, need not be symbolically represented, and may not even be
formed prior to instruction.... (Strike & Posner 1992, p. 158, emphasis added).

They also argue that misconceptions may be the result of misplaced meta-
phors arising from the students’ ‘conceptual ecology’. So rather than bom-
bard the hapless student with anomalies, they suggest that instruction
ought to create the awareness of scientific concepts distinct from their
everyday contexts. This idea of misleading metaphors and plural concep-
tual schemes has become very popular. For example, there has been a so-
cial constructivist/sociocultural trend that has regarded student conceptions
as socially situated within the everyday and that the instructors job is not
to challenge these conceptions but to enable the student to contextualise
the concept with respect to its appropriate domain, whether scientific or
everyday (e.g. Linder 1993; Driver et al. 1994; Kuiper 1994; Mortimer
1995; Leach & Scott 2003). However, the point is, whether a conceptual
change model assumes that ‘misconceptions’ or intuitive beliefs arise out of
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the child’s interaction with the physical world or, alternatively, as ‘ways of
speaking’ within appropriate or inappropriate domains, nevertheless there
seems to be a majority consensus that these conceptions are fairly well
formed prior to instruction (and quite contrary to Strike and Posner’s
revised theory). However, if that is the case, then these (‘theory like’)
conceptions ought to be consistent in student reasoning, but this is a very
moot point.6

Strike and Posner’s revisionist theory challenges the idea that ‘prior con-
ceptions’ are ‘theory like’ in the Kuhnian sense. This implies that it is very
unlikely pre-instructed students will bring into the classroom an intuitive
but explicit ‘framework’ or alternative concept-map of force and motion. If
misconceptions may not even be formed prior to instruction (Strike & Pos-
ner 1992) then the majority of students may have to think about a qualita-
tive question concerning force and motion for the first time. In this sense,
misconceptions may be seen more in terms of spontaneous reasoning ra-
ther than ‘well established intuitive models’ or misplaced everyday meta-
phors. Spontaneous reasoning may be defined as reasoning applied to an
unfamiliar situation, is usually the ‘first thing that comes to mind’ and can
be influenced by what stands out in the question. Viennot (1979) reported
that even teachers and experts tend to make similar mistakes when answer-
ing in a hurry or when there is lack of time to reflect. In spontaneous rea-
soning, ‘students are not usually conscious of the ‘notion’ they use and
may call it, sometimes indifferently, ‘force’, ‘impetus’, ‘energy’, ‘momen-
tum’, and so on’ (Viennot 1985, p. 433). In spontaneous reasoning of an
unfamiliar situation in mechanics, the first thing that springs to mind may
be an original thought in the sense that the person thinking it may not
have had the thought before. What any research instrument ‘captures’ and
terms a ‘misconception’ (or ‘alternative framework’ etc.) may be such an
original thought. Of course, a misconception may be prompted that is not
an original thought, it may have been constructed in the attempt to under-
stand a prior science lesson, or from the memory of having to push some-
thing. The point is, we cannot assume that a ‘misconception’ is formed
prior to its revelation. It would be better to assume the converse: that mis-
conceptions are spontaneous, they are evoked (‘constructed’) rather than
revealed. Later we will argue that misconceptions that are spontaneous
may also contain elements that have been formed prior to evocation, and
that one of the aims of research ought to be to discern those elements (and
not merely assume them).
The aim of conceptual change theory is to capture and model the shift-

ing event (Caravita 2001) and one of the fundamental issues is what
changes when conceptual change occurs (Tynjäjä et al. 2002). However,
what changes in conceptual change may be interpreted in different ways
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according to what model defines the structure of intuitive concepts, such
as, for example, Rumelhart’s schemata, Johnson or Vosinadou’s mental
model, Carey’s domain-specific theories or Chi’s ontological categories
(Mason 2001). After nearly four decades the question ‘what changes?’ has
yet to be answered and the problem, according to Tynjäjä et al. (2002), is
that the philosophical foundations of these models are seldom explained or
explored. For example, the research has paid little attention to the variety
of meanings given to the concept of ‘concept’ (Tynjäjä et al. 2002).
According to Limón:

The questions about stability, coherence and universality of misconceptions in the do-

main of science are still unanswered. Some theoretical models of conceptual change
have tried to describe features of this prior knowledge, but there is a lack of precision,
in our view, to clarify what we are talking about – ideas, beliefs, theories, misconcep-

tions, preconceptions, mental models, students’ misunderstandings or failures to learn
something,’’ (Limón 2001, p. 367)

Unfortunately there is no space to give a review that would do justice to
the various models that have developed recently. Justice requires a book.
Needless to say, however, that many of these models have not examined
the logical structure of the system that is presumably the culmination of
conceptual change (with notable exceptions such as Hestenes 1992, and
Halloun 1998, for example). If misconceptions have spontaneity then they
must have specificity to the scenario in mechanics that has prompted the
misconception. That specificity ought to be examined through the lens of
Newtonian mechanics. That lens is the understanding of the subject as a
system of concepts and may enable us to put into perspective the nature of
intuitive concepts and the nature of conceptual change.
What does it mean to have a conceptual understanding of force? Well,

to think in concepts is to think of a concept within a system of concepts
(Vygotsky 1987) and that would be a necessary condition for conceptual
understanding. For example, a conceptual understanding of bird is the
understanding of the concept embedded within a system of concepts such
that robin is subordinate to bird, and animal is a superordinate concept to
both bird and robin. However, a conceptual understanding of force would
involve more than realising gravity, reaction, friction, etc. are superordi-
nate to force or the ability to include various instances of force in the cate-
gory of force – it involves how real and ideal situations can be explained
according to the laws of motion. For example, that acceleration due to
gravity is the same for all objects in vacuo because the greater the mass the
greater the force of gravity required to give the same acceleration. A hall-
mark of conceptual understanding has to be the ability to explain an unfa-
miliar situation according to the laws of motion. Why the laws of motion?
Because they are the defining axioms of force that gives mechanics its
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unified form (Wittgenstein 1974) within which work, energy, power and
pressure are superordinate to force.
Vygotsky (1987) makes a distinction between thinking in concepts and

thinking in ‘complexes’, the former is aided by concepts within a system of
concepts whereas the latter is influenced by perceptual features. To throw
light onto the nature of student conceptions of force and motion, Nikolaou
and Watson (2004) raises Vygotsky’s distinction and this may be very fruit-
ful in understanding intuitive ideas: that ‘misconceptions’ may not be con-
cepts at all, but complexes that do not admit to a hierarchical order and the
meanings of which are contextualised with reference to what the student
deems as the salient features. Nikolaou and Watson’s study is an attempt to
see how Vygotsky’s theory of concept formation can apply to ‘misconcep-
tions’ of force and motion and the fruitfulness of the study may well lie in
showing how ‘misconceptions’ can be modelled, not as concepts, but as
intuitive responses that have a spontaneity in their formation. How fruitful
the distinction by Vygotsky remains to be seen. Will the distinction enable
us to account for the intransigence of intuitive ‘beliefs’, for example?
How can we model conceptual change as a dynamic process, that is, as a

change from spontaneous ideas to understanding the structure of the New-
tonian system and the way the system can be brought to bear on the phys-
ical world? Conceptual change is part of the learning process and a model
of conceptual change must include the learning situation including the
method of teaching. However, the model must also ‘capture’ and put into
context the formation of ‘misconceptions’ and how these misconceptions
change in the light of instruction. Schema theory may the most appropri-
ate theory to account for the formation of misconceptions in terms of
spontaneous reasoning with respect to situations that demands a ‘Newto-
nian response’.
Howard (1987) has provided an extensive introduction to schema theory

and the following is a very brief description taken from his book. A schema
may be defined as a cluster of related concepts that help us make sense of
the world; for example, face is not only a concept (part of the human body)
but is also a schema that helps us organise how the concepts of eye, mouth,
ear and nose are arranged. A schema consists of a set of expectations about
how parts of the world are organized. For example, if we walk into a dark
room and see a pair of eyes then we would instantiate our face schema. A
schema has slots or variables that are filled with concepts and are organised
in a certain way. Most schemata are often hard to ‘dislodge’ as a conse-
quence of their function as a filter: once we feel that the world is organised
in a certain way then we are reluctant to abandon that view. Discrepant
data is therefore either ignored or the data changes the schema in
idiosyncratic ways. According to Rowlands et al. (1999), the student who is
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asked to account for motion in terms of force will slot ‘force’ into his or
her schema instantiated to account for the motion: ‘force’ will be used to
account for the motion in some way and the slotting in of ‘force’ will de-
pend on the way the student conceives the motion (e.g. for a thrown ball, a
force is ‘required’ to push the ball in order to overcome gravity; to main-
tain circular motion, there ‘must’ be a force that acts radially outwards). In
other words, ‘force’ may be utilized by the student as a metaphor to de-
scribe motion and spontaneous reasoning in mechanics may be the instanti-
ation of vague notions that are arranged, re-arranged or modified to
account for a phenomenon for the first time. If a schema of motion is
instantiated with force as one of the slots, then the definition of the student’s
intuitive concept of force is dependent upon its relation to the other slots in
the schema. For example, if a student’s schema of a thrown ball includes a
force pushing the ball, then the definition of the student’s concept of force
in this instance is specific to that which overcomes gravity to maintain mo-
tion (Rowlands et al. 1999). This, however, is nothing new, Champagne
et al. found that:

Motion-of-objects schemata of uninstructed students are situation-specific, thus sug-
gesting that no naı̈ve abstract representation is extant in the schemata to make them

appear to be applicable to a large number of physical situations... For example, stu-
dents do not recognise that the same physical laws apply to objects in free fall and to
objects sliding down an inclined plane (Champagne et al. 1982, p. 36, emphasis added).

It is not as if students bring with them into the classroom pre-instructed
‘items’ of knowledge such as free-fall and motion down inclined planes.
The difference in the items must lie in the way they are situation-specific.
This is not to suggest, however, that the student’s schemata of force and
motion arises out of a vacuum. What may already exist beforehand is
what Stinner (1994) refers to as a ‘personal kinesthetic memory’ upon
which we base our ‘commonsensical’ notions of force when asked to
account for force and motion for the first time. Personal kinesthetic memo-
ries aren’t theories or ‘mini-theories’, they are memories that can be
‘evoked’, or rather, instantiatiated. For example, to respond ‘force main-
tains motion’ with a memory of pushing a large, heavy box with a con-
stant push so as to maintain a uniform motion. That evocation/
instantiation may be something that is triggered by what stands out for the
child/student/adult in situation specific reasoning. According to Rowlands
et al. (1999), in situation-specific reasoning we tend to focus on the domi-
nant features of motion (‘up’, ‘down’, ‘moving horizontally’, ‘large body’,
etc.) and force as a concept is instantiated a number of different ways
according to the various schemata of motion – it is as if student reasoning
tends to focus on the body in the context of motion (to which force is
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instantiated), rather than the motion in the context of forces acting on the
body.
For example, Viennot (1985) found that ‘V–F’ reasoning, a common be-

lief that the force acting on an object is proportional to its velocity, occurs
mainly when motion is a striking feature of the proposed physical situation.
From an interview with a student, Marton (1986) found that ‘the concep-
tion the student shows initially (the force in the direction of the movement
exceeds the sum of the forces in the opposite direction) is always linked
with focusing on the fact the body is moving (instead of being at rest)’
(p. 46). The point is, misconceptions tend to be context-specific and it may
well be the case that, for some students, several different contexts exhibit
the same dominant feature which activates a particular kinesthetic memory.
What is deemed the dominant feature may perhaps only be ascertained by
research, but it might give a clue as what it activates. The following are
implications of modelling conceptual change using schema theory:

• According to Viennot (1985), a taxonomy of student misconceptions
may be impossible because the consideration of misconceptions
requires a specificity regarding the context from which the misconcep-
tions occur, such as what kind of problem prompted the misconcep-
tion. However, a taxonomy of student misconceptions with respect to
what dominant features prompted them may be possible, but this tax-
onomy would depend upon schema structure and instantiation and
would not necessarily reflect previously held ideas. Existing taxonomies
may in fact reflect instantiations specific to what prompted them.

• Misconceptions are resilient, not because misconceptions have been
formed over years and years of experience, but because of the cogni-
tive strain in forming an intuitive schema of force and motion to
account for examples of force and motion for the first time (Rowlands
et al. 1999).

• Although misconceptions are spontaneous and not theory-like, they
may nevertheless exhibit elements of kinesthetic memory or meanings
of force as a metaphor in everyday speech. A model of conceptual
change needs to discern these elements and, if possible, to capture per-
sistent dominant features, their consistent activation of these elements
and how these elements are expressed. Of course, not all responses are
misconceptions. ‘A constant push is required to maintain a large, hea-
vy box in uniform motion’ may be a legitimate expression of a previ-
ous experience of pushing boxes, but the sentence may have either
been employed to explain an initial response that force is required to
maintain motion or may have been part of the cause of the response.
The point is, the initial response may be independent of the kinesthetic
memory employed in justifying it. We can not merely assume that kin-
esthetic memory is the mechanism whereby misconceptions are formed.
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3. Misconceptions through the Lens of Newtonian Mechanics

According to Halloun (1998), schemata can only be explored indirectly
through the construction of scientific concepts. He adds that the ultimate
aim of science education is to empower students with schemata that are
compatible with that of the scientist and this can only be achieved through
the negotiation of scientific constructs. In other words, we can only view
misconceptions through the lens of Newtonian mechanics and conceptual
change can only occur with explicit reference to Newtonian mechanics.
The implication, as stated by Halloun, is that the evaluation of student
schemata and its development (i.e. misconceptions and conceptual change)
cannot be in the abstract but by comparison with desired standards. It is
not how the child sees the world (although for some constructivists this
ought be the major, if not the only, object of the research) or how different
the view is from that of the scientist. Rather, it is how student reasoning
develops in the attempt to move the student to a Newtonian understand-
ing. It is in this sense that we cannot view misconceptions outside of the
teaching/learning situation. There is a tradition within conceptual change
research that has yet to be fully acknowledged, and that is the contextual-
sing of misconceptions in the teaching/learning situation explicitly with
respect to Newtonian mechanics (e.g. Arnold Arons, Lillian McDermott,
Ibrahim Halloun, David Hestenes).
The intuitive schemata of force and motion does not account for all dif-

ferent types of motion but is instead dependent on the dominant (or par-
ticular) features of motion. On the other hand, the Newtonian concept of
force is implicitly well-defined by the laws of motion (Hestenes 1992) and
can account for different types of motion (projectile motion, circular
motion, motion down an inclined plane, free-fall, etc.) without having to
change the definition of force (or, rather, what is to count as force) with
respect to each type. There are many implications that follow from this.
For example:

• A ‘Newtonian understanding’ of the force concept in the qualitative
sense of understanding what forces are acting on which body and the
effect of those forces on the body would require the student’s apprecia-
tion that his or her intuitive schema of force and motion lacks the
same consistency or coherence compared to the Newtonian system.
Hence Hestenes’ (1992) proposed non-separation between ‘modelling
games’ or ‘model centred instruction’ and the ‘evocation’ of miscon-
ceptions: different questions concerning different ‘scenarios’ or
phenomena but which all have the same explanation under the Newto-
nian system can be asked so as to illicit inconsistencies in student
reasoning. Of course, how students respond to their own inconsisten-
cies is still speculation. Whether they make rapid attempts to correct
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their reasoning when they become aware of contradicting ideas (e.g.
Minstrell 1982; Marton 1986; Hake 1987) or they are intransigent (e.g.
Viennot 1979; Howard 1987; Burbles & Linn 1988) maybe dependent
on the use of anomalies as directional signs and stepping stones to-
wards understanding the subject.

• To involve the student with modelling games will necessarily require
the student to think of abstract, ‘possible worlds’ which are impossible
in the real world, for example, to ask the student how a stationary
puck on a frictionless horizontal table can be given uniform motion.
Students independently of whether they are concrete or formal think-
ers can be invited to enter the ‘Newtonian world’ which provides the
perfect opportunity to consider ‘if then’ abstract possibilities that may
well lie within their capabilities that might otherwise be restricted to
the concrete. It is in the nature of the system that the mediation has to
involve abstract thinking and the main vehicle for this are thought
experiments.

• Mechanics is not only a system of concepts, it is also a hierarchical
system of concepts structured by the laws of motion as axioms
(Wittgenstein 1974; Hestenes 1987, 1992). For example, energy is the
capacity or ability to do work and work is the product of force and
displacement. The point is, ‘misconceptions’ of force and motion are
fundamental because understanding the Newtonian concept of force
and motion is essential in understanding the system as a whole. Mis-
conceptions about energy are not so fundamental. For example, many
science textbooks and articles in the conceptual change literature speak
of energy, in the scientific context, as a possession that can be ‘con-
verted’ or ‘transferred’ (e.g. Trumper 1990). This is a misconception:
energy is a thing that can be transformed or passed on from one
object to another. Nevertheless, provided that energy is taught as the
ability to do work, then this way of speaking is acceptable, but it is
still a misconception nevertheless. It would be better to express the law
of conservation of energy as the work that a body can do is equal to
the work done on the body. That way, the Newtonian system can be
conceptualized for the hierarchical system of concepts it is – a neces-
sity if the student is to understand how this system can be brought to
bear on the physical world.

• To ‘view misconceptions through the lens of Newtonian mechanics’
is to suggest a certain sense in which we cannot view children’s
ideas ‘in their own terms’ but only with respect to the demands
placed on children to account for examples according to Newtonian
mechanics. In this sense, children’s ideas are seen as responses to
those demands. To view children’s ideas ‘in their own terms’ might
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be to divorce those ideas from the very stimulus that prompted
those ideas. This is not to suggest that meanings should be imposed
that were otherwise intended, the point is that questions asked have
a correct explanation under the Newtonian system and require an
intellectual engagement. Misconceptions should be seen in this sense
of engagement more than the retaining of firmly held ‘beliefs’ or
ideas. Indeed, teaching experience has shown that some students
who have a sense of this engagement enthusiastically defend
(what may then be defined as, depending on the input of the
teacher/researcher) Aristotelian/impetus theory.

4. Is Conceptual Change Dramatic or ‘Instant-by Instant’? Looking through

the Lens

There are differences of opinion in the literature as to whether conceptual
change is evolutionary or revolutionary (Wiser & Amin 2001). Since the
‘revisionist theory’ of Strike and Posner (1992), there has developed a
majority consensus that conceptual change is a slow revision of the ‘initial
conceptual system’ rather than a revolutionary paradigmatic affair (e.g.
Vosniadou et al. 2001). Duit (2002) argues that learning science should be
a gradual process such that ‘initial conceptual structures based on chil-
dren’s interpretations of everyday experience are continuously enriched and
restructured’ (p. 8). We seem here to have a twofold contradiction. One
the one hand, initial conceptions are to be ‘enriched’ yet ‘misconceptions’
may in fact be obstacles to a conceptual understanding of force and
motion and not something to enrich. On the other hand, students need to
become aware of the shift in their initial views towards the ‘metaconceptu-
al perspectives of science knowledge’ (p. 8), which implies change, not
enrichment.
Indeed, Linder’s (1993) ‘conceptual appreciation delimited by context’ or

Kuiper’s (1994) ‘instant-by-instant dealing of incoherent student ideas’ are
piecemeal, instant-by-instant gradual modification approaches to concep-
tual change and these approaches have become very popular. For example,
von Glasersfeld (1995) argued that a significant change in the nature of
and relationship between concepts can occur through ‘re-conceptualisa-
tion’: from ‘force implies motion’ to ‘force implies acceleration’. However,
Champagne et al. (1982) argued 13 years earlier that the change from
‘force implies motion’ to ‘force implies acceleration’ does not involve the
simple modification of ideas and that a more dramatic conceptual change
must take place. If students tend to see force as a property of the object
(for example, children use grammatical constructions such as ‘the marble
has no more force’, see Leboutet-Barrell 1976) rather than a relationship
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between two objects, then this would seem to imply that a conceptual
change would have to be a dramatic one and not a simple modification of
the elements of a schema (and at least as dramatic as an ontological
change). The schema itself has to change. However, a dramatic conceptual
change is not to say that the change is paradigmatic from the alternative
framework to the scientific one. The change may be dramatic if it involves
the active construction of new concepts within a new framework:

Newtonian forces are relations between two or more bodies. Students, however, con-

ceive of ‘motion’ as a process that bodies undergo and believe that all motion needs an
explanation.... Changing existing representations requires that they be taught how to
construct the new concepts and work these into a quite different representation of the

phenomena. We can also see that calling this process ‘restructuring’ is potentially quite
misleading. It makes it seem like the elements of the conceptual structure are fixed and
all that is required is to rearrange these elements, as one would the furniture in a room.

However, learning a scientific conceptual structure requires more than rearranging exist-
ing elements and also more than fitting new facts into an existing framework. ... it re-
quires constructing new concepts and working them into a new framework. I, thus, prefer

to refer to this process as conceptual change (Nersessian 1992, p. 50, emphasis given).

The implication is that we cannot really separate the misconception from
the ‘new framework’: the misconception (or spontaneous conception) has to
be seen in the light of Newtonian mechanics and the job of the educator is
to enable the student to realise his or her misconceptions in the same light.
Schema theory may be able to explain not only the formation of miscon-
ceptions but also the shift in conceptions as responses specific to teaching
strategies that attempt to model the world through Newtonian mechanics.
Duit’s (2002) ‘metaconceptual perspectives of science knowledge’ (p. 8) may
be an essential approach for conceptual change to occur in that students
may have to be engaged in a meta-discourse concerning the nature of force
in order to reflect on their own ideas and to see the disparity. If so, schema
theory will have to accommodate such features as a meta-discourse of force
and motion, whatever the form of the meta-discourse. For example, an his-
torical introduction to the epistemological obstacles of force and motion
(e.g. Arons 1990; Matthews 1994, 2000), or the Socratic method of reveal-
ing, identifying and discussing misconceptions in the light of Newtonian
mechanics (e.g. Hake 1987; Arons 1990; Hestenes 1992).
According to Vosniadou et al. (2001), misconceptions may be tied to

years of confirmation and if they are to change then the entrenched pre-
suppositions that gave rise to the misconceptions must also change and
this is a gradual affair. This implies that misconceptions are pre-instruc-
tional, but what these ‘entrenched’ presuppositions are supposed to be is
unclear. However, Vosniadou et al., are in accord with the majority of
researchers who, according to Caravita (2001), no longer view conceptual
change as a result of a crucial experience but instead dependent on other
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factors such as motivation. Now while there is a sense in which conceptual
change is a gradual affair involving the construction of new concepts and
working them into a new framework (plus the motivation to do this), nev-
ertheless, according to Hestenes, a piecemeal (instant-by-instant) approach
is ineffectual because such attempts to eliminate misconceptions of force
have concentrated on individual misconceptions separated from the others
and ‘‘ignores one of the most fundamental characteristics of the force con-
cept, the coherence of the Newtonian theory’’ (Hestenes 1992, p. 742, italics
added). Hestenes (1992) argues that the most critical misconceptions are
the Impetus and Dominance principles and if they are dealt with effectively
then most other misconceptions tend to fade away when the general force
concept is integrated into the students’ thinking.
There has been a tendency in research to examine only single concepts

and not the complete student understanding of mechanics, and so the
research has tended to overlook the coherence of the Newtonian theory
(Hestenes 1992). What Halloun and Hestenes (1987) propose is a general
strategy for dealing with misconceptions (model-centered instruction or the
method of paradigm problems). They state that the laws of motion are
revealed by applying the laws to construct and validate models of specific
physical phenomena and that the strategy should elicit from the students
explicit formulations of alternatives to Newtonian concepts to be analysed
and evaluated. This implies a non-separation between the teaching of mod-
elling in mechanics and the consideration of misconceptions which we shall
discuss further in the next section. Meanwhile, the implication of model-
centered instruction is that we teach what Halloun calls ‘middle-out’, that
is, from force as the central unit of analysis to the rest of the system. This
way, the learner learns what Davydov (1988) calls the ’kernel’ of the disci-
pline from which all other items of knowledge from the discipline are
derived. This is by far a superior form of teaching than the ‘episodic’
method of introducing concept after concept such that force becomes
awash in a sea of concepts and detail and no longer becomes the central
unit of analysis (Halloun 1998). There is a danger that the piecemeal
(instant-by-instant) approach to misconceptions becomes episodic such that
the student fails to accommodate the kernel of the discipline and hence
fails to understand the Newtonian system as a coherent whole.

5. Instigating Conceptual Change through Newtonian Mechanics

Supposing a clinical interview study of student reasoning in mechanics
manages to eliminate all interviewer bias. The interviewer’s question elicits
a response that can be classified as a ‘misconception’. If the interviewer
follows the question up with another question then the interviewer may
well be evoking a cognitive response from the interviewee with respect to
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mechanics. This illustrates the interview as a teaching episode, despite the
elimination of bias. We may have no option but to accept that any method
of data gathering regarding misconceptions may be the very genesis of
those misconceptions. For example, a student’s response to a test item in a
mechanics questionnaire may be a response to a question for the first time
– it may be something that the student has not thought about before – and
may not reflect, in any way, what is in the student’s ‘head’ prior to the
questionnaire. Of course, the response may contain elements of prior ideas
with respect to kinesthetic memory or the use of force as a metaphor, but
these elements have to be discerned, it cannot be assumed that the response
reflects or comprises these elements. The major implication from this is that
it may be impossible to develop a model of conceptual change that is pure-
ly descriptive – any research instrument may in itself become a form of
intervention that encourages a cognitive response and prompts a concep-
tual change. In other words, a model of conceptual change may have to be
prescriptive and it may well be the case that no satisfactory conclusions
can be established from the plethora of descriptive accounts.
If a model of conceptual change has to be prescriptive, then the model

has to accommodate the attempt to move the student towards a conceptual
understanding of the Newtonian system. The ‘issue’ of conceptual change
thus becomes how the student response cognitively to the mediation, whether
the mediation takes the form of questioning, answering a test item, use of
a metaphor, etc. The question as to what changes in conceptual change
then becomes how responses change in the light of mediation. Whether or
not the response is a result of reflection (meta-thought) may well depend
on the nature of the mediation. The mediation, however, ought to engage
students with abstract ‘if then’ possibilities (thought-experiments) from
which a qualitative understanding of how real situations are modelled can
be developed. An historical example is how Galileo’s ideal pendulum can
be used to model real pendulums (see Matthews 1994, 2000).

6. Conclusion

A misconception may be a spontaneous response in attempting to provide
an answer to a given question. Student reasoning in trying to defend the
response might reveal components that can be said to be ‘pre-instruc-
tional’, such as the personal kinesthetic memory of having to push a large
box so as to maintain motion, or regarding the inability to move a box as
not being forceful enough. Some components may involve the misuse of
scientific words. But what components may be evoked will perhaps be
ascertained by a future model of conceptual change that looks for these
components and examines them in the light of empirical research, but
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within a framework that views conceptual change as a dynamic process of
spontaneous reasoning as directed towards a conceptual understanding of the
subject domain. To gain a fuller picture, such a future model may have to
incorporate adaptations of other models and theories, such as Chi et al.’s
(1994) ontological differences between everyday and scientific concepts or
Vygotsky’s theory of concept formation (Nikolaou & Watson 2004).
Such a model will have to prescribe teaching strategies specifically

designed to evoke ‘misconceptions’ and to instigate conceptual change.
Any research as to what changes can only be in the light of the teaching
strategy. The teaching strategy itself has to be designed in a way that
attempts to move the student’s towards a conceptual and qualitative
understanding of the force concept, that is, how the concept of force struc-
tures the Newtonian system and how this system models the world. Such
an attempt must involve a meta discourse component that encourages stu-
dents to reflect on their misconceptions and the coherence of the Newto-
nian system. One such component is the use of concept and parallel
questions (Rowlands et al. 1999). A concept question might instantiate an
intuitive schema of force and motion. What parallel question to ask (a
question that requires the same explanation as the original concept ques-
tion but to a different scenario) is determined by the response to the con-
cept question but is structured according to the Newtonian system. The
idea is to create anomalies that can be explained by the Newtonian system.
This way, the student can be led through reasoning to a situation whereby
any explanation has a greater chance of becoming more meaningful.
The use of concept and parallel questions may induce cognitive con-

flict, but it isn’t the only method. Analogies and metaphors or discussion
may lead a student to a meaningful cognitive conflict (Limón 2001) and
the many examples of the use of historical narrative in Science & Educa-
tion springs to mind. In other words, conceptual change may have to be
seen in terms of involving the student/s with a meta-discourse in which
evocation and change occur as a process of reflection. Conceptual change
then becomes a change in mind, and mind that is engaged with model-
ling forces in a way that it can reflect on its own initial response to the
concept of force as part of the process. Conceptual change can be seen
as the inclination and ability to model an unfamiliar situation according
to the laws of motion, as well as (perhaps) an intuitive gut response that
could be categorised as a misconception. There is a sense in which con-
ceptual change occurs when the child/student/adult/expert realises that
their gut response may be inadequate. Conceptual change is an intellec-
tual engagement open to all learners that cannot be meaningfully
divorced from the very intervention that instigated it, whether that inter-
vention is teaching in a classroom, a clinical interview, answering test
items or reading a book.
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Intuitive reasoning that does not bear a similarity with Newtonian
reasoning in a clinical interview may be a reflection of not knowing what
kind of answer is expected to a given question. To give any hint as to what
kind of answer is expected would be to introduce an element of bias, but
bias may be unavoidable. Why not embrace the bias and examine concep-
tual change in the light of intervention, enabling the student to construct a
scientific understanding of force? We may never know the ideas of the pre-
instructed student, but we may get a glimpse of those ideas as the student
responds cognitively to the mediation. A mediation that enables the stu-
dent to think of abstract, idealised worlds that are used to model the real
one (and perhaps independently of whether the student is a formal or con-
crete thinker). In other words, to think in what Hestenes (1992) calls the
‘Newtonian World’.
Of course, what we have outlined above is a ‘theory’ and, as with any

theory, empirical evidence is required to show the credibility of the theory.
We aim to build a model of conceptual change in the light of empirical
data and we are currently in the process of evaluating student responses to
the question ‘what is force?’ and how these responses differ with how the
same students answer questions concerning force. Our model will incorpo-
rate a method for investigating intuitive schemata of force and motion
based on the strategy of Socratic questioning, either within the context of
one-to-one interviews or the dynamics of the classroom setting. It is hoped
that the construction of our model plus the empirical data it generates will
appear in a subsequent article in a journal more suited for empirical data,
and that the findings will inform the practitioner via the professional
journal.

7. Notes

1 Perhaps the ‘misconceptions’ literature began with the following statement by the U.K.’s
Mathematical Association’s A Second Report on the Teaching of Mechanics in Schools: ‘‘Pu-
pils are inclined to think that force would be needed to keep a body moving even if resis-
tances could be eliminated – i.e. that force is responsible for speed and not for acceleration

– and considerable discussion might be required to eradicate this belief.’’ (M.A. 1965, p.
25).
2 The very term ‘misconception’ is controversial and many authors prefer to use other
terms that reflect the approach and the assumptions made with regard to student ideas of
force and motion. Arons (1990), for example, argues that ‘misconceptions’ is both deroga-

tory and misleading leaving the impression that the misconception is to be removed through
asserting the correct notion. He prefers ‘preconceptions’ since student concepts were initially
held by many of our predecessors. Driver et al. (1994) prefers ‘plural conceptual schemes’

as this shifts the focus from being right or wrong to the way the student constructs an
understanding specific to different social settings. Viennot (1979) prefers ‘intuitive notions’
that reflect vagueness in student ideas rather than ideas which are well articulated. We
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would like to stress at the outset, however, that ‘misconceptions’ may be an appropriate
term to use if only because the student may be judged right or wrong in relation to the
Newtonian system, although a misconception can be utilized as a ‘teaching aid’. For exam-

ple, the teacher may say ‘that is not the right answer, but it is a good answer because that
was the answer given by Aristotle and accepted for two thousand years until challenged by
Galileo’, etc. The problem with the term ‘misconception’, however, is that it implies con-

cepts that are fairly well formed. This paper argues that misconceptions may not be
concepts.
3 Although much of the literature has assumed that intuitive concepts, whatever they are,
are fairly well formed prior to instruction, there is disagreement as to the nature of these
concepts. For example, diSessa (1993) questioned the ‘theory-like’ characteristic of intuitive

reasoning and argued that intuitive ideas are instead composed of self-explanatory ‘phe-
nomenological primitives’ (‘p-prims’), For diSessa, there is no conceptual change whereby
intuitive ideas are replaced by scientific ideas, rather, these intuitive ideas are refined and
developed through learning. In student reasoning, p-prims can be discerned. For example,

that a bottle at rest on a table does not accelerate due to its weight because the table is in
the way or a person in a car that is accelerating is also accelerating because the person is in
the car. The problem is that what counts as empirical evidence for p-prims becomes almost

arbitrary, which is especially problematic if p-prims are to account for all ‘misconceptions’.
For example, diSessa and Sherin (1998) interviews a pupil whom they attribute p-prims in
her responses to questions that demand a very sophisticated form of reasoning in Newto-

nian mechanics. Now this is fair enough if the aim is to move the student towards this
sophisticated form of reasoning, but if that is the aim then the interview becomes a teaching
dyad. However, diSessa and Sherin have attempted to remove all bias.

There are various problems with this: the interviewer does not make it clear what kind of
answer is required, it is not clear whether the conversation is about uniform motion or
acceleration (the commentary ascribes the notion ‘that the force of the hand is overcoming
friction in moving a book’, p. 1185, as naı̈ve and contrary to F=ma. The ambiguity is in

the words ‘overcoming’ and ‘moving’. If the conversation was made clear, then we would
have a teaching dyad), the interviewee’s reasoning is open to various interpretations, in
parts the interviewer and interviewee seem to talk past each other, the interviewee is

prompted to use certain terms and the interviewer actually states misconceptions in the pro-
cess (such as feeling the force of gravity when you hold something, p. 1180). This is not to
undermine their critique of the conceptual change literature’s concept of what a concept is

and their formulation as to what changes in the process of conceptual change. We do not
agree with much of their critique, but its analysis is exemplary.
4 Tynäjä et al. (2002) make the important distinction between the two in terms of Popper’s
World Two of mental processes and subjective thoughts and World Three of the objective
content of thought (scientific concepts). A conceptual change or a conceptional change,
albeit one from the World Two of intuitive ideas to the World Three of the scientific frame-

work, does seem to suggest that intuitive ideas are in a sense ‘theory-like’ and constitute a
‘world-view’ (weltanschuung). The central argument of this paper is that pre-instructed
pupils may not hold any such theory-like view of force and motion. For Chi et al. (1994),

conceptual change is not a theory change, it is a change in the concept’s ontology. For
example, from the concept of force as a property of the body to the concept of force as a
relationship between two bodies. This may well prove to be fruitful in understanding the

dynamics of conceptual change as it lays a basis for distinguishing everyday thinking with
scientific thinking. For example, a layperson may interpret the proposition ‘the ball is red’
in the sense of red being a property of the ball; whereas the scientist may interpret the

proposition as a shorthand way of saying that when the ball is irrigated with white light it
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reflects only the red. On the one hand the ball is predicated the quality red, on the other
hand red is seen as a process: the difference is an ontological one and may hold the key in
the attempt to develop scientific literacy.

However, Chi et al.’s conceptual change theory has come under criticism. For Duit
(2002), it is an example of the one-sidedness of focussing on what he calls the ‘rational’,
that is, the logic of the science. But that is precisely what is required if we want our young

learners to be scientifically literate, that is, being able to think scientifically akin to world
Three. Duit (2002) may not disagree, for he states that the major limitation of the classical
conceptual change model is its emphasis on the content of science rather than about the

nature of science. Nevertheless, a conceptual change theory must focus on the rational but
not exclude teaching method, classroom dynamics, motivation etc. This paper will focus on
the ‘rational’ but will argue that conceptual change cannot be divorced from the learning

environment and that a conceptual change theory ought to prescribe a meta-discourse as to
the nature of science in the teaching of science.
5 A ‘well established intuitive Aristotelian model’ seems to suggest that most children have

mental models of force and motion that are Aristotelian. However, children’s ideas of force
and motion do not have the complexity of Aristotle’s theoretical framework and tend to
be sporadic and contradictory. This paper will argue that conceptual change may require

these sporadic and contradictory ideas to be thought out by the students themselves. In
other words, conceptual change may have a meta-thought component.
6 Especially since consistency in student reasoning may reflect more the ability to reason
than the (‘theory likeness’) consistency of previously held ideas.
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